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Foreword

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

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

The main task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopfed by the technical committees are circulated to the member bodies for voting. Publigation as an
Intermational Standard requires approval by at least 75 % of the member bodies casting a'vote.

Attenttion is drawn to the possibility that some of the elements of this document may'\be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO [29201 was prepared by Technical Committee ISO/TC 147, Water  quality, Subcomnjittee SC 4,
Micrgbiological methods.
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Introduction

Testing laboratories are required to apply procedures for estimating uncertainty of measurement (see
ISO/IEC 17025[5]). Without such an indication, measurement results cannot be compared, either among
themselves or with reference values (see ISO/IEC Guide 98-3:2008[7]).

General guidelines for the evaluation and expression of uncertainty in measurement have been elaborated by
experts in physical and chemical metrology, and published by ISO and IEC in ISO/IEC Guide 98-3:2008.17]
However, ISO/IEC Guide 98-3:2008[7] does not address measurements in which the observed values are counts.

The emphasis in ISO/IEC Guide 98-3:2008!71 is on the “law of propagation of uncertainty” principle, whereby
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timates of the uncertainty of the final result are built up from separate components evaluat
ans are practical. This principle is referred to as the “component approach” in this Interna
s also known as the “bottom-up” or “step-by-step” approach.

understood for the application of the component approach (see ISO/TS_19036:2006[¢])
this approach underestimates the uncertainty because some significant uncertainty contriby
Reference [19] shows, however, that the concepts of ISO/IEC Guide 98:3:2008!7 are adap
le to count data as well.

Liple, a “black-box” approach known as the “top-down” or “global’ approach, is based on stati
ries of repeated observations of the final result (see ISO/TS 19836:2006(6]). In the global app
5sary to quantify or even know exactly what the causes of-wncertainty in the black box are.

the global philosophy, once evaluated for a given method applied in a particular labor:
ty estimate may be reliably applied to subsequent\results obtained by the method in the

ult produced by a given method thus should havé the same predictable uncertainty. This state
Hable against its background of chemical analysis. In chemical analyses the uncertainty g

b possibility that there might be something unique about the uncertainty of a particular analyg

pllable “variation without a cause” that always accompanies counts alters the situatio
al enumerations. The full uncértainty of a test result can be estimated only after the final
tured. This applies to both the'global and the component approaches.

ctable variation that accompanies counts increases rapidly when counts get low. The on
N is therefore not suitable for low counts, and therefore also not applicable to most pro
N) methods and other low-count applications, such as confirmed counts.

essary, and.always useful, to distinguish between two precision parameters: the uncertainty
Asuring procedure (operational variability), which is more or less predictable, and the unprediqg
is duesterthe distribution of particles. A modification of the global principle that takes into ac
urces\of uncertainty is free from the low-count restriction. This is the global model detailed i
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Intheory, the two quantitative approaches to uncertainty should give the same result. A choice of two approaches
is presented in this International Standard. Offering two approaches is appropriate not only because some
parties might prefer one approach to the other. Depending on circumstances one approach may be more
efficient or more practical than the other.

Neither of the main strategies is, however, able to produce unequivocal estimates of uncertainty. Something
always has to be taken for granted without the possibility of checking its validity in a given situation. The estimate
of uncertainty is based on prior empirical results (experimental standard uncertainties) and/or reasonable
general assumptions.
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Water quality — The variability of test results and the uncertainty
of measurement of microbiological enumeration methods

1 Scope

This International Standard gives guidelines for the evaluation of uncertainty in quantitative microbiological

ana|\) ses hased an enumeration of micrabial parhblnc h\)l culture It covers all variants of r\nlnn\]/ count methods

and most probable number estimates.

Two approaches, the component (also known as bottom-up or step-by-step) and a modified glob
apprgach are included.

bl (top-down)

The qim is to specify how values of intralaboratory operational variability and cembined uncert
test results can be obtained.

hinty for final

The procedures are not applicable to methods other than enumeration mgthods.

NOTH 1 Most annexes are normative. However, only the annexes relevanf to each case are to be applied. If the choice

is the

NOTH
to be

NOTH

global approach, then all normative annexes that belong to the component approach can be skipped 4

2 Pre-analytical sampling variance at the source is outside the scope of this International Stand
pddressed in sampling designs and monitoring programmes.

3  The doubt or uncertainty of decisions based on*the use of analytical results whose uncertg

nd vice versa.

brd, but needs

inty has been

estimpted is outside the scope of this International Standard:
are also not
ntrol. The use
o be included

NOTH 4 The extra-analytical variations observed in proficiency tests and intercalibration schemes|
detailgd in this International Standard, but it is necessary to take them into consideration in analytical co
of int¢rcalibration data in uncertainty estimationioeffers the possibility for the bias between laboratories
(Nordtest Report TR 537[12]),

2 Key concepts

2.1 |[Uncertainty of measurement

Unca@rtainty of meastrément according to ISO/IEC Guide 98-3:2008[7]is defined as a “paramete
with the result of measurement, that characterizes the dispersion of the values that could reasonably
to th¢ measurand®It is a measure of imprecision. The parameter is expressed as a standard u
relatije standard uncertainty.

r, associated
be attributed
ncertainty or

2.2

Estimation of the uncertainty of measurement

According to ISO/IEC Guide 98-3:2008,[7] the parameter can be evaluated by statistical analysis of series of
observations. This is termed type A estimation of uncertainty.

Any other type of procedure is called type B estimation of uncertainty. The most common type B estimates in
microbiological analysis are those based on assumed statistical distributions in the component approach.

Types A and B may refer to the uncertainty of individual components of uncertainty as well as to the combined
uncertainty of the final result.

Type A evaluations of standard uncertainty are not necessarily more reliable than type B evaluations. In many
practical measurement situations where the number of observations is limited, the components obtained from
type B evaluations can be better known than the components obtained from type A evaluations (ISO/IEC Guide
98-3:2008!71).
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2.3 Intralaboratory reproducibility

A somewhat abstract expression of uncertainty, intralaboratory reproducibility, is frequently considered
the most appropriate parameter of the uncertainty of measurement, see ISO/TS 19036:2006.1 It is also
known as intermediate reproducibility or intermediate precision, e.g. [time + equipment + operator]-different
intermediate precision standard uncertainty as defined by ISO 5725-3.[2] The idea is to evaluate how much the
analytical result might have varied if the analysis had been made by another person in the same laboratory
using different equipment and batches of material and different analytical and incubation conditions than those
actually employed. The value of intermediate precision estimated never belongs to any actual analytical result,
but is assumed to give a general estimate of reasonable uncertainty for the application of a method in one
particular laboratory.

Intralaboratofy reproducibility is estimated either by combining separate components of uncertainty deterrmined
under intralaporatory reproducibility conditions (component approach) or by special experiments in“whigh the
analytical copditions are varied by design (global approach).

2.4 Combined standard uncertainty

241 Genglral

The final tedt results of microbiological analyses are calculated from interméediate observed values| The
main intermediate observation is the count. Most of the other observed yalues are connected with vqlume
measuremernts.

Combined gtandard uncertainty, as defined in ISO/IEC Guide 98<3:2008,["] is the “standard uncertaifty of
the result of @ measurement when that result is obtained from the values of a number of other quantities, gqual

to the positivi
weighted acq

NOTE1 O
uncertainty. O

NOTE2 In
i.e. statistically
of component

2.4.2 Signi

According to
uncertainties

that in bordgrline cases,_even a single component might provide an adequate estimate of the com

uncertainty.
other compo

EXAMPLE

ficant property of combined uncertainties

ording to how the measurement result varies withi‘changes in these quantities”.
bservation of covariances is only necessary .if significant correlations occur between compone

therwise a simple root sum of variances is sufficient (see 2.4.2 and 2.5).

uncorrelated. In such instances, the eembined standard uncertainty is the positive square root of th
variances, i.e. the root sum of squares (Annex B). (ISO/IEC Guide 98-3:2008.[71)

EURACHEM/CITAGCG 4[10], “Unless there is a large number of them, components (

[0 decide when a component is unimportant, its approximate size should be known in relat

The\ combined uncertainty of two components, one three times the other, is calculatq

sta
) that are less than@he-third of the largest need not be evaluated in detail”. This statement irx

b square root of a sum of terms, the terms being variances or covariances of these other quantities

hts of

cases of microbiological enumeration, itcan’be assumed that all components of uncertainty are independent,

P sum

dard
plies
bined
on to

nents. Génerally at least two, usually more, components are significant and should be inclugled.

d as

ng(y) = V3% 4

120 10 = 3,16 .

Without the smaller component, the estimate would be 3,00. Ignoring the smaller component underestimates the
combined uncertainty in this case by about 5 %. For the sake of caution, setting a four-fold difference as the limit might
be recommended.

2.5 Relative standard uncertainty

2.5.1 Gene

ral

The formula for the final results of microbiological analyses involves only multiplication and division. Under
such conditions, the combined standard uncertainty should be calculated from components expressed as
relative standard uncertainties (ISO/IEC Guide 98-3:2008(["])(see Annex B).
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With both type A and type B estimates, the symbol chosen to represent the relative standard uncertainty is ug|.

NOTE 1 Relative standard uncertainty is often expressed as a percentage. The term commonly used for this expression
is coefficient of variation (CV), Cy.

NOTE 2  When it is important to stress that the standard uncertainty has been calculated by the type A process, the
symbol used is s.

NOTE 3  Any systematic or random variation that takes place in the process before the final suspension, such as
subsampling, matrix, and dilution effects, influence the target concentration in the final suspension proportionally. Relative
variances of these components are therefore additive. Such effects after inoculation as incubation, and reading, can be
more complicated statistically and are not well enough known. Proportionality can still be the best simple approximation.

S Str\ atic areare 1n thaon tnfliianane arn ool tenntad Ao fFth v vanrn ran A ara AfF ts
ystepratie-errors-these-irfiuences-are-usualy-treated-asi-they-wererandem-effests:

2.5.2| Logarithms and relative standard uncertainty

“Glohal” estimates of experimental standard uncertainty are traditionally made by calculation with common
logarfthms. When using such estimates in further calculations together with otheryestimates, it js necessary
to express all components of uncertainty on the same scale of measurement,' gither by converting relative
standard uncertainties into logarithms or logarithms into relative standard uncertainties.

In mgst cases, absolute standard uncertainty calculated in natural logarithmic scale and the relafive standard
unceftainty in interval scale can be assumed to be numerically equal.Malues calculated in comma@n logarithms
can be converted to natural logarithms and vice versa by use of a@ppropriate coefficients. The fathematical
relatipnships between relative standard uncertainty and standard{uncertainty on different logar|thmic scales
are shown in B.9.

2.6 |[Relative variance

The $quare of the relative standard uncertainty is called the relative variance (ISO/IEC Guide 98{3:2008).[7]

2.7 |Expanded uncertainty and expanded relative uncertainty

Espegially when the test result is used for @ssessing limits concerned with public health or safety, it is pertinent
to give an uncertainty value that encompasses a large fraction of the expected range of the obsé¢rved values.
The parameter is termed the expanded uncertainty, for which the symbol is U.

The Yalue of U is obtained by multiplying the combined uncertainty with a coverage factor £:

':kuc(y)

(-l

The Value of k isiypically in the range 2 to 3. On the relative scale

[l

rel = kuc,rel (y)

For nbrmal distributions, about 95 % of the results are covered by the expanded uncertainty intervalli + U, where
4 is the mean, when the coverage factor £ = 2 is chosen. When & = 3, coverage corresponds to about 99 %.

Microbiological test results almost never fit a normal distribution perfectly. Distributions are often markedly
asymmetrical (skewed). When there are sufficient reasons for assuming distributions to be other than normal
(e.g. Poisson or negative binomial or log—normal distributions) and plausible estimates of the relevant
parameters are available, upper and lower 95 % boundaries can be based on these distributions. Annex N
gives more details about estimation and use of expanded uncertainty.
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3 Microb

31

iological methods

Common basis

Microbiological enumeration methods based on culture are technical variants of the same basic principle.
The analysis often begins with the mixing of a measured portion of the laboratory sample into a suitable liquid
medium to produce a homogenate called the initial suspension. It may have to be diluted further to produce
a final suspension of appropriate density for detection and enumeration of the target microorganism. In water
analysis, the water sample is the initial suspension and, when dilution is unnecessary, also directly serves as
the final suspension.

3.2 Quant
Measured pg

The detectio
plates in diffe

3.3 Uncertainty structure

A complete 1
a) subsam
b) dilution;
c) delivery
d) develop
e) counting

The operatio
use in the ¢
random distr
approach all

3.4 Expression of combineduncertainty

3.4.1 Two-

For many pr

results to consist of two’groups of components.

Combined u

itative instruments
rtions of the final suspension are transferred into a detection instrument for quantitative evalu

N instruments in microbiological analyses vary from a single Petri dish to systems of many p3
brent dilutions and to most probable number (MPN) systems of diverse complexity.

nicrobiological analytical procedure consists of five or six succegsive steps:

bling and mixing;

of test portions(s) into the detection system of nutrient media;

ment during incubation;

and possibly confirming the (presumptive).target organisms.

bmponent approach. When estimating the uncertainty of the final result, the uncertainty d

bution of particles in suspensign ‘s additionally taken into account (5.2). In the traditional ¢
operational components andithie random distribution of particles are estimated together.

component madel

hctical and.ilfUstrative purposes it is sufficient to consider the uncertainty of microbiologicg

hcertainty of measurement is obtained by combining the operational variability and the int

tion.

rallel

nal variability consists of the effects.ofthese technical steps. They are individually estimatg¢d for

ue to
lobal

| test

rinsic

variability (di

stribution uncertainty).

In microbiological contexts both variances are to be expressed as relative (or logarithmic) variances. The
symbols used in this connection in this International Standard are:

Ug rel(y) =

where

2 2
VHo,rel TUd rel

(1)
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uc,rel(y) is the combined relative standard uncertainty;

Uo,rel

ud,rel

is the relative operational variability (experimental relative standard uncertainty);

is the relative intrinsic variability (relative distribution uncertainty).

Equation (1) is applied in both the modified global and the component approaches to construct the combined
relative uncertainty of measurement of the final result.

NOTE

intermediate or intralaboratory repeatability and R for interlaboratory repeatability).

Subscripts can be used to indicate the experimental conditions or level of uncertainty (r for repeatability, R* for

3.4.2

Oper
analy

to prg¢pare the final test suspension. It also includes the possible effects of incubation and the |

readi

3.4.3

Intrin
in the
follow
varia

NOTH
numb

4 (

4.1

The

Diffe
unce
unce

This
with
apprq
of m4q
and 1
qualif

Operational variability (technical uncertainty)

ptional variability is the combination of all the uncertainties associated with thetéchnical
tical procedure. It includes the variability of the subsampling, mixing, and dilution'of the labor

hg the result. Bias components are involved but form parts of random variation.

Intrinsic variability (distributional uncertainty)

Sic variability is the unavoidable variation without a cause that is.associated with the distributig
final suspension and in the detection instrument. In microbiological suspensions it is usual
the Poisson distribution. When partial confirmation is practised or the MPN principle is used
ion increases considerably and no longer follows the Paisson distribution (Annexes D and B

The intrinsic variability can be decreased by using'teplicate plates and for MPN estimates by
er of parallel tubes.

Lhoices of approach

General

tradition of evaluation, presentation and use of measurement uncertainty is short in
ent parties still have different/interpretations and understanding of the meaning and use of 1
rtainty. Because of this-fluid state, there is no unique right way of determining, expressing 4§
rtainty of measurement.

nternational Standard is primarily intended to provide guidelines for laboratories on how {
bstablishing thepractices of evaluating the uncertainty of measurement. Basic global an
aches are described. While the recommendations presented do give valid approaches to t
basurement’ uncertainty for many purposes, there exist other uncertainty evaluation system
arrower in scope than the present protocol. They can provide solutions to specific demand
yeontrol situations. Some of them are briefly characterized in the remainder of this subclau

steps of the
atory sample
ncertainty of

n of particles
y believed to
, the intrinsic

:).

ncreasing the

microbiology.
neasurement
nd using the

0 get started
i component
ne evaluation
5, both wider
s or different
se.

In addition to the two basic approaches in this International Standard, there exist other approaches to the
analysis and expression of the uncertainty of measurement. They have gained favour particularly in those
parts of the world where they have been developed. Five examples are given below. Their common feature
is that they are mainly or completely based on data generated in connection with internal and external quality
assurance activity. They address the technical aspects of method validation and analytical competence of
laboratories, and the associated uncertainties, rather than the measurement uncertainty of test results. Also
the statistics may differ. For instance, robust statistics instead of standard statistics may be employed.

The methods in the Nordtest Report TR 537[121 and NMKL Procedure No. 8['1l are based on stable reference
samples which permit some control of the bias components within and between laboratories. The connection
and applicability to microbial populations of real natural samples necessarily remain somewhat obscure.

NMKL Procedure No. 8[!1] for the uncertainty in quantitative microbiological examinations is widely accepted
among food analysts in the Nordic countries. It uses internal control data as well as results of validation

© 1S0O 2012 — All rights reserved 5


https://standardsiso.com/api/?name=905954a216343841c39c75828ab23993

ISO 29201:2012(E)

data from collaborative studies for estimating the measurement uncertainty at the participating laboratories.
Nordtest Report TR 537[12] deals for example with intralaboratory bias.

The most comprehensive of the systems is, at the time of publication, under preparation by AFNOR (see
Reference [9]). It is reported to address the evaluation of different levels of uncertainty (repeatability,
intermediate and interlaboratory reproducibility) from internal and external quality control data and to employ
Bayesian statistics in confidence interval (Cl) estimation.

BS 8496(8] is designed to detect the presence of overdispersion (termed “uncertainty of measurement”) between
duplicate counts of natural drinking water samples. A value for the uncertainty of measurementis not determined.

A system in t

jse in New Zealand (Reference [16]) is based on special experiments with natural water sam

The design
samples in
intrinsic com
require sepa

4.2 Choid|

The uncertai
precision) is
can be ident
samples are

s an extension of the basic global design. Data by three technicians analysing several
huintuplicate are used to estimate general measurement uncertainty values. Operationa
ponents are not separated. As a consequence, low and “normal” counts (limit set at’20-colq
rate assessment.

es of evaluation approach

hty of measurement established under intralaboratory reproducibility cenditions (the intermg
the focus of this International Standard. Under these conditions, the.components of uncer
fied and both the global and component approach basically apply. Experiments based on n
considered important.

Both main approaches to uncertainty of measurement described inithis International Standard shou
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other. Subje
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more fitting t
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has most of {
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According to
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difficult micrg
the particle d
interpreted c
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special arran

e the same results. There are few objective reasons for.choosing one approach rather thg
Ltive preferences or requests by a customer or an.acéreditation authority may be equally
ther of these approaches might be the one to chqose, if one of the approaches outlined in
b the quality control system and quality control data possessed by the laboratory.

already has a good quality control system formonitoring details of the analytical procedure, it pro
he necessary data available to calculate_a“component uncertainty estimate. If not, then the ¢
Lild seem to provide the fastest way to.get started with estimation of the uncertainty of measure

recent observations, two components of operational uncertainty are expected to be larger
are the subsampling varian¢e-(matrix effect) with solid materials, and the incubation effec
ds. Subsampling variance ‘eften exceeds the particle distribution effect in solid samples.
bial populations and peor-selective methods, the incubation effect can become as importg
istribution effect, whereas with good selective methods, simple microbial populations, and ¢
blony morphology;the incubation effect is insignificant.

on effect is{evaluated by observing the possible overdispersion of parallel counts of]

Such tests belong to the quality control arsenal of all laboratories irrespective of which evaly
y prefer:Evaluation of the incubation-effects component is therefore usually possible withou
gements.

With water

amples, the subsampling variance is not expected to exceed the Poisson distribution vari

ples.
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significantly. Other liquid samples and finely powdered materials might be in the same category. In laboratories
where the quality control is based on details of procedure, the estimate of measurement uncertainty can be
constructed from the normally available quality control data. A global approach in such cases would be superfluous.

With solid samples the situation is different. Significant overdispersion between subsamples is the rule. In
these cases, either the global approach should be chosen or the subsampling variance component should
be evaluated by a dedicated experiment. The dedicated experiment for subsampling variance (Annex H) is
a statistically somewhat more complex design than the entire global experiment (Annex F). The question is
which is considered a more useful parameter to evaluate, the global operational uncertainty or the subsampling
variance. The choice depends on subjective preference.

Evaluation of the operational variance by the global approach is based on subtraction. The smaller the
operational component is in comparison with the distribution uncertainty, the greater its relative imprecision.
The global approach is less efficient with low counts than the component approach. This is a typical situation

6 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=905954a216343841c39c75828ab23993

ISO 29201:2012(E)

with water samples. With increasing heterogeneity of samples, the efficiency of the global approach improves
progressively. As soon as the operational variance is expected to become larger than the distribution variance,
the global approach is a reasonable choice. This is a likely situation with solid samples.

When the estimate of uncertainty is to include interlaboratory biases, the evaluation is based on intercalibration
data using the same reference samples for all laboratories. In such cases, the analysis can only be based on
the global approach. The components of uncertainty cannot even be identified. Such evaluations are not within
the scope of this International Standard. Those interested in the approach are advised to consult relevant
protocols (e.g. Nordtest Report TR 537[12]).

4.3 Choices of expression and use of measurement uncertainty

Cust
unce
be g
expa
the e

bmers, accreditors and the laboratory may have different expectations and uses of thelrmeasurement
rtainty information. Observation of these requirements determines whether the~uncerfainty should
ven as operational uncertainty, combined uncertainty, expanded uncertainty onan”interyal based on
hded uncertainty of measurement, and in which specific form or scale of measurement. Both the use and
kpressions relevant to various uses are presented in Annex N.

5 The component approach to the evaluation of operational uncertainty

5.1 | General

In the
inocy

component estimation, individual contributions to the uncertainty of measurement (subsamg
lation, incubation, and reading) evaluated separately‘are mathematically combined usin

ling, dilution,
g the law of

propagation of uncertainty (ISO/IEC Guide 98-3:2008[7]), @omputationally, it means forming the root sum of

squa
reprg

5.2

Statid
2) wi

Unce
Influg
conc
mear

Unce
with t
they

Varigtion ,after the final suspension includes the uncertainties connected with the reading of th

influg

res of the component uncertainties. The combined\estimate produced can be called the in
ducibility when the components are determined:under reproducibility conditions within one

Identification of the components ofiuncertainty

hin; and 3) after the final suspension. For a more detailed list, see 3.3.

rtainty before the final suspension consists of the subsampling and matrix variation, as wg
nce quantities before the~final suspension affect the combined uncertainty proportionally
bntration. Whatever additional variation occurs in subsampling or during dilution is transj
of the final suspension’proportionally.

rtainty within théfinal suspension consists of the random distribution of particles in suspens
he distributionof-colonies on the plate, and the possible contribution of the uncertainty of partial

tralaboratory
aboratory.

tically thinking the uncertainty structure’in microbiological enumerations consists of three laygrs: a) before;

Il as dilution.
to the mean
ported to the

on. Together
confirmation,

constitute-the intrinsic variation. Intrinsic variation does not contribute to the operational uncgrtainty.

B results and
rtainties may

includ

nees. of the incubation environment and time on the apparent observed result. The unce

Experiments and examples for the quantitative estimation of the components of uncertainty are detailed in the
annexes. The variance components for subsampling and incubation effects require special experiments. The
other three operational components are available from quality control procedures.

5.3 Evaluation

When components are independent (statistically uncorrelated) and the influence quantities are multiplicative, the
combined relative operational uncertainty is calculated as the positive square root of the sum of relative variances.
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The combined operational relative variance is obtained as the sum of the relative variances of the components.
)

2 2 2 2 2 2
Ugrel = Urgl M T Urelp +Urely T Urgl) +Urel L

The meaning of the symbols is given in Table 1. Detailed instructions for the practical evaluation of the
components are found in the annexes listed in Table 1.

Table 1 — Meaning of symbols

Component Symbol Determination
Wratrixand-subsamptimg Trel,M ANTNEX
Dilution factor Urel,F Annex K
Test portion urel,v; urel,sy | Annexes |, J
Incubation Urel,| Annex M
Counting Urel,L Annex L

The uncertainty of the first three analytical steps is largely independent of the méethods and the operatdr, but

may depend
microbiologi(

In the fourth 1
the target org

In the fifth st

6 The gl¢

6.1 Genel

If all of the qU
by statistical
a global expd
them in a plg

The global 4

with the modlel given in ISQ/TS 19036:2006.[6] The idea is to duplicate the whole analytical process

preparation g
modification

The precisio
source, 10 s3

on equipment and material. Once determined, the values can be used repeatedly and for se
al methods.

btep, the uncertainty depends on the incubation conditions (temperature, atmosphere, and timg
anism, but is independent of the operator. It can depend onthe nutrient medium. It is method sp

pbal approach to the determination of the operational uncertainty

al

antities on which the result of aymeasurement depends are varied, its uncertainty can be eval
means (ISO/IEC Guide 98-3:2008(7]). This is the theoretical basis of the global approach. Pla
riment requires not only @ good vision of the important influence quantities, but also a plan tg
usible and realistic way:

pproach presentedhin this International Standard is based on experiments identical in d

f the initial suspension to the final count. Natural samples shall be studied whenever possible
n this Interpational Standard concerns only calculations.

n of the~average estimate depends on the number of samples examined. According to the or
mples might provide a sufficient database. In this International Standard at least 30, but prefq

bp, the uncertainty depends on the operator or equipment used for detection or enumeration.

veral

) and
bific.

Lated
hning
vary

sign
from
. The

ginal
rably

A
CoS arc T oo iCTiaCUrT

more’ Sampl QABrA ran o A

The global estimate of uncertainty should be evaluated separately for every procedure, type of matrix, and every
target microorganism. To make the estimate realistically representative of the intralaboratory reproducibility, the
factors that are expected to be important should be varied during the experiment. The list presented in 3.3 is helpful.

It is implied in ISO/TS 19036:2006[¢] that the generally validated estimate of uncertainty is determined under
conditions in which the distribution (intrinsic) uncertainty is negligible. These conditions are not met when
the counts are low, or even with high counts when the subsampling variation is low. For this reason, the
original global approach is not well suited for water, MPN methods, and low count applications in general. A
modification to the original approach is proposed.

The suggested modification in the calculations is to estimate the more stable part, the operational variance,
by subtraction (6.2). This should correct the low count restriction. Low counts and partial confirmation should
nevertheless be avoided, if possible, in the global experiment, because they increase the imprecision of the
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estimate of operational uncertainty. If this cannot be avoided, the effect should be compensated by increasing
the number of samples studied.

6.2 Evaluation

The parameter initially determined is the combined standard uncertainty. It can be called the intralaboratory
reproducibility standard uncertainty S o (common logarithmic scale) when the experiments are carried out

under intralaboratory reproducibility conditions. Planning and analysing such experiments is detailed in Annex F.

After conversion of S to a natural logarithmic scale by Up ol = 2,303er an estimate of the relative operational

variafce, ug e IS oObtained by subtracting the intrinsic variance (distribution uncertainty), u#glei, from the

intralaboratory reproducibility variance, ”12?',rel (B.9).

2 2 2
Uorel =UR' rel ~Ud rel 3)
wherg
Yd.rel is an estimate of the relative distribution standard uncertainty\(intrinsic variability);
R is the relative intralaboratory reproducibility standard uncertainty.

With |colony counts it is usually assumed that the Poisson distribution is a plausible model forf the intrinsic
variation of the final count.

NOTH 1 It also has been suggested that reproducibility stahdard uncertainties generated in interlabofatory method
perfofmance trials and proficiency tests could serve a similar function to sz (see ISO/TS 19036:2006[6]). The parameter
evalugted is the interlaboratory reproducibility standard wcertainty, sg, which is not linked with any given apalytical result
in ong laboratory. Those interested in the use of inteplaboratory trial data in uncertainty evaluation are adviged to consult,
for ingtance, Nordtest Report TR 537.[12]

In kepping with ISO/TS 19036:2006, 6] the intralaboratory reproducibility is initially calculated uging common
logarjthms. An estimate denoted s,%- is computed. Conversion to natural logarithms enables thqg calculations

as abjove: u,%-m =5,3019 x s,%- cSee also Annex B.
Calcuilations without taking legarithms are also possible (see Annex I).

In pripciple, the global approach is valid for any type of microbiological enumeration. However, it js not always
clear|what the best gstimate of distribution uncertainty is. It is therefore advisable to avoid situat|ons in which
the djstribution un€ertainty might form the main source of uncertainty in global determinations. Low counts in
genefal, MPN_eounts, and especially partial confirmation are such situations. Application of thg subtraction
approach isdetdiled in Annex F.

NOTH 2~ \If a considerable number of replicate series of analyses covering the whole practical counting rrnge of colony
numbkers-within one dilution are available a regression approach can be applied (see ISO/TR 13843[4]).

An estimate of the relative operational variance is obtained as the slope of the regression line fitted to a plot of the variance
to mean ratio, X, vs. the mean number of colonies, 7

2
K =a+ugenc 4)

where ug rel 18 the estimate of the relative operational variance.

The advantage of the regression approach is that it is not upset if the distribution of the final numbers of
colonies does not fit the Poisson distribution after incubation. The estimate of uc2>,re| is possibly more reliable
than that obtained by the subtraction approach.

© 1S0O 2012 — All rights reserved 9
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7 Combined uncertainty of the test result

7.1 Basic

principle

The variability (combined uncertainty) of the test result, ucrei(y), is obtained by combining the operational
variability estimate with the intrinsic variability that corresponds to the current observed result of enumeration
(count, confirmed count or MPN estimate).

2 2

Uc rel (y) =+yUo,rel T Udrel ®)
where

uorel ip the relative operational standard uncertainty under intermediate reproducibility conditions;

udrel ip the relative intrinsic standard uncertainty of the test result.
The principld is the same for global and component approaches. Also the intrinsic variation is the same ir] both
cases. The djfference is that the operational variability is determined differently inthe two approaches. Another
difference is that common (base 10) logarithms are likely to be the favoured scale-of measurement in the global
approach while natural logarithms or estimates of relative standard uncertainty in interval scale are the choice
in the compdnent approach.
7.2 Opergtional variability
With global festimates, there is only one operational uncertainty estimate per matrix and target mi¢grobe
combination{Once determined for a given method, the value isbelieved to be valid for the sample type in qugstion
until the next major change in equipment, operators or procedure. The experiments for the determination of
global estimates of operational uncertainty are detailed\in Annex F.
Details of the procedures for the determination.of’ individual components in the component approach are
described in|Annexes H to M and the combined-estimate of operational uncertainty in Annex G.
7.3 Intringic variability
Detailed desgriptions for determination of the intrinsic component can be found in Annex C for “normal” cplony
counts, Annex E for confirmed colony counts, and Annex D for MPN systems.
7.4 Combined uncertainty
The components, the.eombined and expanded uncertainty, and the uses of measurement uncertainty, are
presented in|[Annex-N.
7.5 Bordertinecases

When one component dominates the combined uncertainty, it is possible to omit the smaller component
(2.4.2). This is particularly advantageous for situations in which the operational variability is the insignificant
component. Then the intrinsic variability can be considered representative of the combined uncertainty. No
experimental work is required. The estimate is obtained from the test result itself assuming Poisson or possibly
other a priori distributions (e.g. MPN, partial confirmation).

Analyses of indicator organisms directly from water samples by either colony methods or MPN systems
traditionally have been considered such borderline cases, see 1ISO 8199.131 Some liquid and powdery materials
undoubtedly belong to the same category, especially when the counts of colonies are low.
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(informative)

Symbols and definitions

mean (arithmetic mean)

dilution factor of a dilution series

ISO 29201:2012(E)

N > xS 4m o=

nc
nq
ns

nz

SR

dilution factor of one dilution step

variance to mean ratio (Lexis ratio), s2/u

coverage factor

counted number

number of repeated observations, number of objects

number of positive tubes

number of colonies

total number of sectors

selected number of sectors

a count, the number of discrete entities\(cells, colonies, positive tubes, etc.)
experimental standard uncertainty based on a series of observations

experimental reproducibilitystandard uncertainty
experimental intralaboratory reproducibility standard uncertainty

lower limit of interval estimator

upper limit ef interval estimator

expanded dncertainty, U = kuc(y)

expanded relative standard uncertainty, Ure| = kug rel(y)

standard uncertainty

Uc

uc,rel(y)
ud,rel

Uo,rel

Urel

Urg|

lo. ol 4 <l al b iad
wuronicu staridaru uricveiialtity
combined relative standard uncertainty
relative distribution uncertainty

relative standard uncertainty of operational components, overdispersion

relative standard uncertainty, u.o =s/x=u/p

relative variance, the square of relative standard uncertainty

© 1SO 2012 — All rights reserved
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intralaboratory relative reproducibility standard uncertainty

UR' rel

14 volume

X an input quantity, a measured value, confirmed colony count
y an output quantity, the final test result
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Annex B
(normative)

General principles for combining components of uncertainty

General

The
beca
statig
of un
simp
com
gene

The yincertainties of sums and differences are added together in the interval scale and those of

quoti

Estin
confy
for tH

uy =
deno

To Kk
quan

B.2

Assu
stand

The (
A/B 4

B.3

omplete law of propagation of uncertainty as expressed in the ISO/IEC Guide 98-3:2008[1jig
Lise of the covariances involved. Whenever the components of uncertainty are independent
tically uncorrelated) the covariances vanish and calculations become simpler. Most lof the
certainty in microbiological methods can be assumed independent or so weakly correl
ification is acceptable. The combined uncertainty of independent components is calcul
onent uncertainties as the positive square root of the sum of the variances! A quantity of
Fally called the root sum of squares.

bnts in the relative (or natural logarithmic) scale of measurement:

ation of the uncertainty sometimes involves both sums and préducts. In order to minimize
sion caused by moving between two scales of measurement, different symbols, « and
e uncertainty in the two scales. The relation between*the absolute, u, and relative, ure|, U
urel xX, where X is the measured value (or mean).ofdhe quantity. Additionally, the symbo
le an experimental standard uncertainty based on a-series of results.

ow which scale(s) of measurement to apply;\the mathematical relation of the test result
ities should be expressed in the form of aimathematical equation.

Basic rules for combining two independent components of uncertaint

e the values of two independent quantities 4 and B and their standard uncertainties u4 and
ard uncertainties wure| 4 andusel g are known.

ombined uncertainties of the quantities derived by the basic algebraic operations, 4 + B, 4
re detailed below.

Standard-uncertainty of a sum, 4 + B

2" 2
4+B, N4 TUB

complicated
(orthogonal,
components
ted that the
ed from the
hat nature is

broducts and

the possible
rel, are used
ncertainty is
s is used to

vith the input

y

up or relative

- B, AB, and

(B.1)

Ther

u

© 18O

elative standard uncertainty of a sum IS

Ug+B
A+ B

rel,A+B =
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B.4 Standard uncertainty of a difference, 4 - B

The standard uncertainty of a difference is the same as that of a sum
[2 2
uA_B = UA + UB

but the relative standard uncertainty is different:

Urel 4-B =

Uyg-B
A-B

(B.3)

(B.4)

B.5 Star

Z/IABZAZ

The relative

Urel, AB =

B.6 Star

Uyip =

Sl

The relative

Urel,4/B =

B.7 Extg

The uncertai
for the sum )

uc(y):\

For products
expressed a

)dard uncertainty of a product, 4B

2 2
Uag  Up [ 2 2
5t — = AB\Juge| 4 +tire| p
A° B

standard uncertainty

% = \/”rzeI,A + “rzel,B
)dard uncertainty of a quotient, 4/B

2 2

uy up _A4[2 2
+ = —+Urel 4 T Urel,B

4° B?> B

standard uncertainty of a quotient is the same as that of a product

2 2
\Urel4 T Urel,B

nsion to more thanwo components

UglB _

Al B

hty of a sum or difference of more than two components follows from B.3 and B.4. For exa
= A4 + B — C the combined uncertainty is

2?2

and quotients, the corresponding rule follows from B.5 and B.6. The individual component
5 relative uncertainties. For example, the combined relative uncertainty of the product y = 44

(B.5)

(B.6)

(B.7)

(B.8)

mple,

(B.9)

s are
/C is

2 2 2
Ucrel = \/”reI,A +Urg| g T UrelC

(B.10)

When the equation involves both sums and products, take care to use the right scale of measurement in each
elementary operation.
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Equations for dependent variables

Whenever the two variables are correlated, the value of the combined uncertainty is different from independent
variables. A positive correlation increases and a negative correlation decreases the combined uncertainty
according to the general Equation (B.11):

2 2
Uy,p =\/uA +up +2recl g

(B.11)

where u4 and up are the respective uncertainties of 4 and B and r¢¢ is the correlation coefficient between the
uncertainties.

Itis 1
micrd

B.9

ot often that information is available about the correlation (or covariance) of two influence
biological test results.

Conversions

It is @ common practice in microbiology to convert test results or counts to |egarithms before

calcy
repor
used

The 1
Takin

Standard uncertainties are expressed in interval scale or in relative)scale, possibly as per

to the relative scale of measurement: ure|(y) = u(In y). About.the same result is obtained from u

Althol
natur

Conyv
unce
by th
2,307
1/2,3

To cg
to na

B.1(

A fre
relati

The 3

ugh estimates calculated in the interval scale are usually not exactly the same as those cal
al logarithms, they do not differ markedly.

ersion from one scale to another is often negessary when computing and combining co
rtainty. Conversion from common logarithms*to natural (base e) logarithms is achieved b
e modulus between the two systems. The-value of the modulus is 2,302 59; for all practi
or 2,3 are adequate approximations:;-The coefficient for converting natural to common

D2 59 = 0,434 3.

nvert variances from a logarithmic scale to another, the square of the conversion factor is us
ural logarithms: (2,302 59)2'%'5,301 9. Natural to common logarithms: (0,434 3)2 = 0,188 6.

Calculation of-the relative variance

huent mathematical operation in uncertainty estimations in this International Standard is to
Ve variancesbétween two values (xq and x2). Values calculated in different scales are preser]

tandard-equation is

quantities in

athematical

lations. A considerable part of the scientific information on the precision.ef microbiological {est results is
ted on the common (base 10) logarithmic scale. In water microbiology, legarithms are no longer commonly

ntages.

elative uncertainty of a quantity is approximately equal to the-absolute uncertainty of its natural logarithm.
g the natural logarithm before computing the standard uneertainty is thus one way of converting results

el(y) = u(y)y.
culated using

mponents of
y multiplying
Cal purposes
ogarithms is

ed. Common

calculate the
ted below.

p - Z(xi "7)2

n—1

When n = 2, the variance becomes

N

© 18O

2
2 _ (x1-x2)
2
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and relative variance is

2

_ S
Urel = —5

X

The mean being (x1 + x2)/2, the relative variance calculated in interval scale is:

I/lrze|=2><

Taking logari

=

thms means_in effect transformation to relative scale Hence relative variance calculated

Xq+ X9

(B.12)

Ising

natural logar

(In

2
Urgl =
in common |

The symbol

Interconvers

ule = (2,

B.11 Exa

When there
calculated by

y= 2
N

In order to e
needed. The

The estimats
of Znc and X

Assume the

thms:

Xq — In X9 )2
2

pgarithms:

1-1gxp)?
2

was chosen in keeping with ISO 3534-1:2006,['l Annex A and.ISO/TS 19036:2006.[6]

on of s2 and urzel is possible by the use of the relation:

803)° 52 = 5,302 52

mple

dividing the sum of colony counts*by the sum of test portion volumes.

y are computedras-indicated in Equation (B.1).

" as indicated in B.6.

Calibration e

are counts from more than one plate, the microbial concentration of the final suspensi

stimate the uncertainty of the result y, the standard uncertainties of the two sums Xn¢ and 3

of y is the ¥esult of division. Its uncertainty is computed from the relative standard uncerta

resalts ngq1 = 45 and ngp = 35 from parallel plates inoculated with 0,1 ml of the final susper
kKperiments had given the result that the relative standard uncertainty of measuring 0,1 ml wag

B.13)

B.14)

on is

(B.15)

V are

nties

sion.
3 %.
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Assuming a Poisson distribution in the final suspension, every colony count is simultaneously an estimate of
the mean and variance of the population. Accordingly, the standard uncertainty of the sum is

u

$ny =\t +1ca =Y ng =~/45+35 =/80

The relative uncertainty of the sum is

u

_ \/Z”c _ 1 _ 1
rel,Zng znc \/ﬁ \/@

=0,111 8~112%

(B.16)

(B.17)

In ordler to calculate the standard uncertainty of the sum of test portions, the uncertainty of 01

exprd

N

and

Havi
unce
calcu

N

ssed in millilitres. The value of 3 % of 0,1 ml is 0,003 ml. The uncertainty of 0,2 ml (£V)lis

., =+/0,0032 +0,0032 = 0,004 2 ml

he relative uncertainty of XV is therefore ure| s = 0,004 2 ml/0,2 ml = 0,021 (24 %).

rtainty of the sum of test portion volumes (0,021), the relative standard.uncertainty of their qui
lated according to B.6

et =10,1122 40,0212 =0,114 =114 %

ml should be

(B.18)

g available the relative standard uncertainty of the sum of counts.(0112) and the relafive standard

otient can be

(B.19)
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Annex C
(normative)

Intrinsic variability — Relative distribution uncertainty of colony counts

C.1 Gen

eral

Final susperf
numbers of [

sions can be considered well enough mixed such that the Poisson distribution govérn
articles in subsamples. The unavoidable intrinsic variability, which also can be called distrib

uncertainty, depends on the mean number of particles or colonies counted in the test portions culfivated.

following dis
medium resu

C.2 Relg

With perfectl

Cussion, it is assumed that #¢ living particles (colony-forming units) deposited in e plate of g
It in nc observable colonies in the plate.

tive uncertainty of a single colony count

y mixed ideal suspensions, the mean and variance of particle numbers are the same. This af

to distributions when the test portion is a small fraction of the total volume. Dug to the equality of the mea

variance of g

2
Ud rel = }_,l_

Conversion t

2
Ud(lg) =
EXAMPLE
According to
2
u =
d,rel 3

Its common

If the test po
dilution), the

n “infinite Poisson” distribution the relative variance of a single €olony count, ng, is

C
b the common logarithmic scale:

0,188 6

C

0,188 6 x 1 o) =

Assume n¢ = 36 colonies were observed on a single plate.

Equation (C.1), the relative distribution variance is
- =0,027 8
6

ogarithmic equivalent is 0,188 6 x 0,027 8 = 0,005 2.

"V

2
Ud rel =

5 the
ution
n the
owth

plies
h and

(C.1)

(C.2)

:Ition is a large-fraction (more than 5 % or 10 %) of the laboratory sample (not the portion of the final
elative distribution variance should be multiplied by a finite sample correction factor (Reference

[15]):

o)

L

(C.3)

¥

where

nc

14

c\ J

is the observed number of colonies;

Vip is the test portion volume in terms of the laboratory sample;

Vv

is the laboratory sample volume.

Large subsampling proportions are common with water samples and membrane filtration methods.

NOTE

correction factor becomes zero and there theoretically is no distribution variance.

18

Sometimes the whole laboratory sample is consumed in the test (Vi = V). In such cases, the finite sample
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C.3 Relative uncertainty of a sum of counts

When several test portions (e.g. parallel plates) are derived from the same final suspension, the quantitative
estimate of bacterial density is calculated by dividing the sum of all counts with the sum of test portion volumes.

Because of the additivity of the Poisson distribution the intrinsic variability is inversely proportional to the sum
of counts. The relative variance is computed from

2 1 (C.4)

Ud rel = Zn
ci

Wher Ny dcothao taotal miimhar of cnlaniac Ahcarvad
HototHe—tetarHHH B8 -o0+-601o B8 S O pS8 e G-

The sum of the volumes of the test portions can constitute a large proportion of the laboratory|sample. The
finite[sample correction should be applied to ugm (Reference [14]). In this case the correction fgctor is

1 [ V=21
g,rel = zn { v pJ (C.5)
Ci

wherg X4, is the sum of test portion volumes expressed in terms of the laberatory sample.

IN

EXANIPLE The following counts were observed in four plates that form & multiple-plate detection instrument involving
two phrallel plates in two successive dilutions. The test portions inoculated oh each plate were of volume [| ml. The total
volumre of the final dilution was 100 ml and the finite sample correction was unnecessary.

Dilution Counts Sum
104 185, 156 341
1075 17, 22 39

Total'nc = 380

1
The relative Poisson distribution variance is uirel ~ 380 0,002 6.

Its common logarithmic equivalent is 0,188 6 x 0,002 6 = 0,000 49.
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D.1 Gen

Annex D
(normative)

Intrinsic variability of most probable number estimates

eral

Even though
intrinsic varid

Common tal
estimates of
computer pr(
value of the

by 2,303 (An

For single-di
computer by
D.2 Calig

The value of
limits by Equ

1

the Poisson distribution is assumed to prevail in all suspensions of the MPN instrumien

bility of the MPN value is increased because of an additional element of binomial probability.

les do not provide an estimate of the uncertainty of the MPN value directly. They usually
the lower and upper 95 % confidence limits from which the uncertainty can b€ calculated. §
grams do provide, in addition to the 95 % CI, the standard uncertainty of thexcobmmon logari
MPN. It can be converted to an estimate of the relative standard uncertainty, ure, by multig
nex B).

lution MPN instruments, it is possible to calculate the uncertainty)without the assistancg
an equation from Reference [17].

ulation from confidence limits

the relative distribution uncertainty can be computed\from the upper, T4, and lower, T, config
ation (D.1):

T1 —lnTO _ |nT1 —|nT0

Ud rel =

The standarq

2x196 3,92

uncertainty expressed in common [ogarithmic units is

_ |g]T1 - |g To
"o =T gen
where
. . 2 2
udrel, udflgy e the square roots of the respective variances sought, ug g, ugg);
To is.the’lower 95 % confidence limit;
T4 is the upper 95 % confidence limit.

t, the

give
bome
thmic

lying

of a

ence

(D.1)

(D.2)

D.3 Calculation by equation in the single-dilution case

An equation adapted from Reference [17] for the calculation of the standard uncertainty of the logarithm of an
MPN estimate is

20
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1—exp(-MV)
MV\/n+ exp(—MV)

u(ln M):

where
M is the MPN value per millilitre;
V' is the volume of sample per tube, in millilitres;

n+ is the number of positive tubes

CaICtIIIations become easier if the symbol for the most probable number is replaced with the. férmula for the
calcUlation of the most probable number

ny
In[n/(n—n+)]\/nn+(n—n+)

wherg n is the total number of tubes.

InM)= (D.4)

N

The relative distribution uncertainty uq rel = u(In M)

If theluncertainty on the common logarithmic scale is needed, it cah be obtained from

u(ln M)

D.4| An example

D.4.1 Introduction

Assume an MPN system with 50 parallél;wells. A sample of 100 ml was run and 23 of the wellg were found
positive after incubation. The manufacturer of the 50-well MPN system provided the following information.

Positive wells MPN/100ml 95 % Cl lower 95 % Cl upper
23 31 20 47

D.4.2 Calculation by formula

For the application of Equation (D.4) the necessary input data are: n = 50; n+ = 23.

Inr =0,2118 0,21 (D.5)

IN

23
)= In[50 /(50 - 23) /50 x 23(50 — 23)

D.4.3 Calculation from confidence limits

The estimate of relative distribution uncertainty calculated from the confidence limits is

Ugrel = % =0,2180~0,22

The output from a computer program (Reference [18]) in the same case is
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Positive wells MPN/100 ml 95 % CI lower

95 % Cl upper

Standard deviation of Ig(MPN)

23 30,8 20,3

46,7

0,091 99

From these numbers

g el = W =0,2125~ 0,21

Conversion of the standard uncertainty of the common logarithm of the MPN to natural logarithms gives

practically the same value: 2,303 x 0,091 99 =0,211 9= 0,21

NOTE THe theoretical relative variance of a Poisson distribution with the mean 30,8 is 1/30,8 = 0,032 5. 'lts'Square
root is 0,18. Cpmparison with the values 0,21...0,22 obtained in D.4.2 and D.4.3 indicates that the Poissoncdistribufion is
not always anladequate model of distribution uncertainty for MPN values.

22
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Annex E
(normative)

Intrinsic variability (standard uncertainty) of confirmed cou

General

nts

Som{
susp
tests
presy

e selective methods are not as specific as is desirable. When the specificity (confirmdtig
pcted to be unsatisfactory (less than about 80 %) the presumptive results should be confirmed

In method performance studies and comparative trials, “total confirmation”, i.e. confirmal
mptive colony, may be imperative. In daily routine work, laboratories no doubt prefer“partial

which means taking a random pick of a small number of presumptive colonies for gonfirmatory te

Supp
confi
coun

E.2

In tot|

In thi
usua

If the
can i

E.3

E.3.1

ose n; out of a total of nc presumptive colonies are tested and n; of thentare found to be p
mation test. The relative number of success ni/n; is used as the multiplier to convert the
nc into the confirmed count.

Total confirmation

bl confirmation, the confirmed count is obtained directly
= n—k nC = nk
g

5 situation, the intrinsic variation (distribution uncertainty) of the confirmed count can be ca
for colony counts that follow the Poissan distribution for infinite populations.

1
rel,x = 4|
V Ry

test portion forms a significant proportion of the laboratory sample, the correction for finitg
e taken into account as\described in Annex C.

Partial confirmation

General

Ther
nc) C

are different practices and recommendations for the random selection of the subset n; g
lohies when there are too many presumptive colonies for total confirmation. With MPN me

n fraction) is
by additional
tion of every
confirmation”
sts.

ositive in the
presumptive

culated as is

(E.1)

b populations

ut of n¢ (n; <
hods, partial

: ) . o .
confifmmatiomstoutdt-beavoidedif possitte:

E.3.2

Selection of a constant or proportional number

The most common partial confirmation practice is to pick at random a preselected number n, of colonies for testing
(nz <ng). The practice of selecting a proportion or the square root of the presumptive count cannot be recommended.
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The final result, the estimate of the confirmed count of the target organism per plate, x, is calculated from
Equation (E.2):

x="k g (E.2)
nZ
where
ne is the number of presumptive colonies;
n, is the number picked for confirmation;
ni is the number confirmed positive.
The number [ of presumptive colonies is related to the presumptive concentration in the laboratory sample,
with uncertainty governed by the Poisson distribution. The confirmation fraction ny/n, providespan‘estimate of
the proportign of positives in it, with uncertainty according to the binomial or hypergeometrie\distribution. The
two uncertaipties combined provide the uncertainty of the confirmed count of target orgarismis.
Equation (E.B) shows how the relative Poisson distribution variance of the presumptive)count and the rejative
binomial varignce of the confirmation fraction are combined to yield an approximate relative standard uncertainty
of the confirmed count.
1 n,-ng
”rel,x = (E3)
ne  Nphy
NOTE Mpre sophisticated statistical theory of the finite confirmation,situation gives an improved equation fpr the
relative variarjce of the binomial proportion ni/n. (References [13][15]).* With this formula the estimate of the r¢lative
standard uncertainty of the confirmed count becomes in most cases somewhat smaller than with the simple approximation
in Equation (E.3).
1 n, +0,5)(n, —n;, +0,5 nzz
Urelx = [T ( : )(2 ‘ 2) (E.4)
c (nz+1) (nz+2)nk
E.3.3 Rahdom sector approach
In this alternptive confirmation work ig reduced by dividing the surface of the plate into nq equal sectors. All
colonies of ohe or more randomly selected sectors are subjected to confirmatory tests. The number of segtors,
ns, is choser| such that the meantnumber of presumptive colonies in the ng sectors together is expected|to be
reasonable. It is not necessary.tg make an actual count of the total number of presumptive colonies in the plate.
This omissioh, however, increases the uncertainty of the confirmed count to some extent.
The random|sector alternative represents “total confirmation” of colonies in a test portion that is the frgction
ns/ng of the griginaldest portion. The total number picked (n.) varies and cannot be decided beforehand. It is
a random sample from the final suspension in the same way as n¢, but its origin is a test portion that is|ns/ng
times smallef than with nc.
The result, an estimate of the confirmed count of the target organism per plate, x, is calculated from
nan
x=— "k _Tak (E.5)
(nSV / nq) ngV’
where
nq is the number of sectors the surface is divided into;
ns is the number of sectors selected:;
ni is the sum of the confirmed numbers of colonies in the ng sectors;
V' is the test portion volume in millilitres.

24
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The equation for the final result contains neither the original number of presumptive colonies, n¢, nor the
number, n., isolated for confirmation. All the information concerning the distribution uncertainty of the estimate,
is contained in the number of confirmed colonies, n;. The relative distribution uncertainty is calculated in the
same way as for any “totally confirmed” count

u

1
relx = 4|
V Ry

where ny is the number of confirmed colonies.

(E.6)

If the technician takes the additional trouble of also noting the total number ne and the sampled number 7. of

presu
(E.31

X = nj
E.3.4
Shou

multi

E.4

Five
color

The felative distribution uncertainty of the confirmed count'is

ure|,x=\/1 Nk i+i:1/0,02+0,05:0,26

Using

A ma

Most
with
confi

mptive cotomies; theTandonTsectorapproacirbecomes another case of the generat rardonTsan
). In that case, it is appropriate to calculate the confirmed count using all the information in_the
nc/nz. The additional information lowers the estimate of uncertainty. Equations (E.3) or (E.4) ap

|l Finite sample correction
Id the test portion form more than about 10 % of the laboratory sample,.the estimate of 1

blied by the finite sample correction factor (see C.2).

Example

Colonies, n;, were randomly selected from a total of nc = §Q presumptive colonies observeq
ies, nk, were confirmed positive. The estimated confirmed)count is x = 50(4/5) = 40.

50 5x4 \50 20

) the advanced formula, the relative distribution uncertainty of the confirmed count is

4+0,5)(5-4+0,5)x5°
re,,xz\/;_0+( ) )x67 _ [1 16875 _ 502500418 - 0,25

(5+1)° (542) x 42 50 4032
rginally smaller value than above.

of the uncertainty_ef 26 % was due to the uncertainty of confirmation. If all colonies had be
the result & =40, the uncertainty of confirmation would be zero and the relative unce

'med countyy/(1/40) =0,16.

ple approach
e normal way,

ply.

2
relx May be

. Four of the

(E.8)

en confirmed
tainty of the
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Annex F
(normative)
Global approach for determining the operational and combined
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is reunited wi
2

ug(y)=1
where
Uo

ud

uncertainties

leral

dea of the original global approach according to ISO/TS 19036:2006[6] is to estimate the.dom
f the final test results by an experiment based on duplication of the whole analytical pro
bles of the same kind are studied. To obtain a reliable mean, results of at least 30.samples s

b been studied. The test protocol and the calculations are suitable for a gradual build-up of

e selection of different technicians, equipment, and incubation conditiens in the basic exper
can be made to represent the intralaboratory [equipment + time + operator]-different intermg
y standard uncertainty, see ISO 5725-3.121 Once determined, thé.uncertainty value is assum
imate for all analyses of the target microorganism in the given;type of matrix by the same me
ent is required only following changes to any of the influence\factors.

global approach runs into difficulties in microbiological analyses whenever the distril
s a non-negligible component of variance. As a’cenhsequence, the original global desi
r low counts in general and especially for MPN m&thods and partial confirmation.

with low counts can be overcome by a modification of the original approach. The more s
ncertainty component is “extracted” from«the reproducibility standard uncertainty of each ss
b of the basic experiment. The average-(root mean square) operational uncertainty calcy

cause the evaluation is based on ‘'subtraction, the estimate is imprecise. As a consequenc:

hd MPN methods, and not(toyuse partially confirmed counts. This recommendation refers f{
experiment only. Once an_estimate of operational uncertainty is available, low counts and
not a problem. There_is no difference in the daily use of the estimates in the global and comp
Both can deal with-partial confirmation.

Lise of an estimate of the standard uncertainty of a test result is required, the operational uncer
th the relevantidistribution uncertainty, ug, to form a combined uncertainty for any given test reg

2 2
o Tug
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b, the
avoid
o the
MPN
bnent

tainty
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(F.1)

is the standard operational uncertainty;

is the assumed distribution uncertainty.

It is the task of a global experiment to provide a plausible general estimate for the operational uncertainty.

F.2

Experimental protocol

The design for determining the reproducibility standard uncertainty of the final result in microbiological analyses
by the global approach appears in ISO/TS 19036:2006.161 The model is the same as corresponding models in

chemistry. In

26

microbiology it is a tradition to make the calculations in common logarithms.
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For practical reasons and simplicity of calculations, the recommended experimental unit consists of only two
independent analyses of every sample. A large number of similar samples should be studied. A challenge is
to create experimental conditions such that the estimate can legitimately be considered an intralaboratory
reproducibility standard uncertainty.

According to ISO/TS 19036:2006,16! the conditions in the two replicate analyses should be as different as
possible and should ideally include as many variations as may be encountered from one day to another within
the laboratory, in terms of technicians, batches of culture media and reagents, equipment and time of analysis.
“As different as possible” should be interpreted to mean “as few of the technical influence quantities the same” as
possible. For each sample, two different operators take one test portion (a subsample from the same laboratory
sample), and prepare from it one initial suspension, and analyse it once. It is not necessary that the same two

operators-studyattsamptes—Thetwooperators—stoutdusedifferentequipmentand-materiatsforthe test.

With
on tw

at least five operational uncertainty components to consider it is not easy to design anexpefiment based

o replicates in which all components are varied in a statistically balanced manner.,

Varigtion of influence quantities, such as equipment for homogenization of the initial suspension,| position and
time |n the incubator, and batches of nutrient media and reagents, can only be approximated by arranging a
randgm choice. Even then it is not certain that truly representative variation is achieved. Ideas for randomization
of such details can be found in Annex M.

F.3 | Calculations

F.3.1 The combined reproducibility standard uncertainty

In thi
resul
calcy
sens

5 annex, the calculations are made in the common-logarithmic scale. For each sample, t
s are obtained, one for each operator. An estimate of intralaboratory reproducibility vari
lated from the results. Calculation in logarithmi¢ 'scale ensures that the value of the par3
tive to contamination level (dilution). Thereforey it can be calculated from the original counts

wo analytical
ance can be
meter is not

The

appli
this |

ommon logarithmic scale is a relative scale of a kind. Nevertheless, in this annex the subscr
bd in connection with uncertainty estifnates. This is done in order to avoid confusion with ¢
nternational Standard, where subscript “rel” indicates standard deviations in natural logarith

pt “rel” is not
ther parts of
mic scale. To

chan on to natural

logar

e the end result in common lagarithmic scale to real relative standard uncertainty, convers
thms is possible. See examples F.5.1 and F.5.2

From alculated for

every

the results of the basic global experiment, the reproducibility standard uncertainty is ¢
sample.

(Ignc1 -1ghe, )2
2

N

(F.2)

N

wher:

11

f..Js the number of colonies in the first replicate;

Cq

ng. is the number of colonies in the second replicate.

2
The parameter determined for each sample is accepted as an estimate of the relative reproducibility standard
variance. For use in further calculations, as presented in the examples below, take care to express the relevant
uncertainties (operational, distributional and combined) in the same logarithmic scale.

© 1S0O 2012 — All rights reserved 27


https://standardsiso.com/api/?name=905954a216343841c39c75828ab23993

ISO 29201:2012(E)

F.3.2 The distribution uncertainty

The intrinsic variability of the determination, in common logarithmic scale, due to particle distribution is
estimated for each sample, i, by Equation (F.1)

2 _2x01886 _ 01886

q. — (F.3)
T Mgy T, Rei
where n; is the mean count of colonies per plate in sample i.
The arithmetic mean of the sample distribution variances is
- | 2
ZZ di
ug == (F.4)

H

where n is the number of samples.

F.3.3  Mean operational uncertainty

Operational Uncertainty is estimated by subtracting the mean distributional variancefrom the mean reprodudibility
variance, takfing care that both are expressed in the common logarithmic scale.

u2 =u? |3 (F.5)

The subtractjon can be made individually in each sample, and thé mean difference calculated as the last|step.
Another alternative is to calculate the mean values of ui, and u§ first and make the subtraction last.|Both

alternatives are illustrated in the example below.

NOTE When the global approach is applied with amMPN method, the average distribution variance is calculated as
the mean of the relative variances of the two MPN estimates. See Annex D.

F.4 Combined standard uncertainty of the test result
Once a global estimate of the operational uncertainty for a given sample type is available, it can be used for

construction|of a combined uncertainty estimate with any new test result by the same method. Compined
relative unceftainty of the finaltestresult is calculated according to

Ug (y) =y ug + ud2 (F.6)

where

uo is themean relative operational uncertainty for the given sample type and parameter;

uq is the relative distribution uncertainty (intrinsic variation) of the count.
It is necessary to express ug and ug on the same scale of measurement.

The distribution uncertainty is derived without experiments from assumed statistical distributions. In
microbiological methods, the value of the parameter depends on the observed count and is different for colony
methods and MPN methods (Annex C and Annex D).

NOTE Sometimes microbiological results are confirmed by testing a subset of presumptive colonies. This is termed

“partial confirmation”. In such instances, the uncertainty of confirmation becomes a major additional component of intrinsic
variation and considerably decreases the precision of the combined uncertainty estimate (Annex E).
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Examples

Example 1: Colony count method — Calculation with common logarithms

Several samples were studied independently by two analysts. For each sample, each operator took one test
portion (a subsample from the same laboratory sample), and prepared one initial suspension from it, which
was analysed once.

Each analyst used dilution blanks and plates of medium from a batch selected randomly and the plates were
placed in randomly selected positions in the incubator. The plates were removed for counting after randomly
allocated times of incubation. Each analyst read their own plates. The results (colony counts) of six samples

are sfTowm i rapte r.1.
Table F.1 — Calculation with common logarithms

PP | | 2 2 2

Shmple No Dilution g, N, gng, gng, u ug ug
1 -4 5 8 0,6990 0,903 1 0,020 8 0,0290 -0,008 2
2 -3 15 11 1,176 1 1,041 4 05009 1 0,014 5 -0,005 4
3 -4 1 19 1,041 4 1,278 8 0,028 2 0,012 6 0,0156
4 -6 21 39 1,322 2 1,591\1 0,036 1 0,006 3 0,029 8
5 -5 68 45 1,832 5 1,653 2 0,016 1 0,003 3 0,012 8
6 -4 151 203 21790 2,307 5 0,008 3 0,001 1 0,007 2
Mean 0,019 8 0,011 1 0,008 6

a Dilution needs not to be considered when working with logarithms.

NOTH Theoretically, variance should never bé_negative. However, when an estimate of variance is obtained by
subtraction and the experimental variances are based on small numbers of replicates such things can happen.

2

The relative operational variance in common logarithmic scale is given by ug =u 2

uq -

The final result, the estimate of theimean operational uncertainty, can be obtained in two ways.

a) [frrom mean values: ug = ulze, —ug =0,0198 - 0,0111=0,008 7 (with this calculation the last ¢golumn of the
table is unnecessary.)

b) From the mean-of the individual values (last column): mean ug =0,008 6.

The gmall différence between the two estimates could be due to the effects of rounding in hand galculations.

Commont l6garithms are not likely to be utilized in the component approach. Uncertainty estimates are

exprgsséd as relative standard uncertainties or percentages. If comparison with uncertainty estimates

2

expressed as relative or In values is desired, the result of the global analysis, u§, can be converted to the

relative scale by multiplying by 5,302. In this example ug‘re| =5,302x0,0086=0,0456.

Hence, the averagerelative operational uncertainty fromthe setofsixsamplesis u, (o) = /0,045 6 = 0,208 ~ 21%

F.5.2 Example 2: Most probable number method — Calculation with common logarithms

Two analysts made independent analyses of coliforms in water samples using an MPN method. The trays were
incubated in randomly allocated positions on the incubator shelves and in randomly chosen layers in stacks.
The maximum height of stacks was 20. The MPN values, x1 and x2, and their confidence limits, Tp and 71, were
obtained from tables provided by the manufacturer. Results of five samples are shown in Table F.2
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The estimates of relative reproducibility variance are

2
Igx;—Igx
2 _(lgx1-lgxs) (F.7)
2
where x1 and x2 are MPN estimates.
Table F.2 — Calculation with common logarithms
2
Sample X1 70,1 T11 X2 70,2 T1,2 U u§1 u§2 ug “g
1 42,9 29,7 62,5 53,1 37,5 76,2 | 0,0043 | 0,0068 | 0,0062 | 0,0065 | ~0/0p22
2 22,2 14,1 35,2 28,8 19,0 43,9 | 0,0064 | 0,0103 | 0,0086 | 0,009 4)[--0,0p3 1
3 25,4 16,5 39,4 271 17,7 41,6 | 0,0004 | 0,0093 | 0,0090 | 0,009 | -0,0p87
4 23,8 15,3 37,3 45,3 31,5 65,6 | 0,0391 | 0,0097 | 0,0066 [(0,0082 | 0,0309
5 65,9 47,2 93,7 50,4 35,4 72,5 | 0,0068 | 0,0058 | 0,006.3 |./0,006 1 0,000 7
Mean | 0,011 4 0,007 9 0,0d)3 5
2
42 _('9 To1 -9 T1,1J
AT 200
3,92 2 12
; ug _ Ut T iz ; ug =u123 —ug (F.8)
2 2
42 9702 ~19 712
d2 3,92
The relative common logarithmic operational variance is the difference between the means of ui, and u§:
ug =0,0114(-0,007 9=0,0035. An alternative is tocalculate the mean of the individual differences| (last
column). Its gquare root is the global estimate of the relative operational uncertainty u, =./0,003 5 =0,0p9 2.
Conversion of the operational standard uncertainty to natural logarithmic scale makes it more expressive:
0,059 x 2,308 = 0,136 = 13,6 %.
F.6 Calgulating the combined uncertainty of a new test result
For a colony|count result, ¢, the combined relative standard uncertainty in common logarithmic scale is
0,188 6
Ug (y): —+u§ (F.9)
g
For an MPN Jrestlt, with upper and lower 95 % CI given, T1, To, the combined relative standard uncertaipty in
common logarithmic scale is
IgTy —1g T, 2
1~'91g 2
u =,||——| +u F.10

30
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Annex G
(normative)

Component approach to evaluation of the combined relative uncertainty
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Inc is the sum of colonies counted;

4

under intralaboratory reproducibility conditions

General

mponent estimate of combined uncertainty is constructed from previously determined
onents that represent the analysis, added with the intrinsic distribution uncertainty conr
r'ved count(s). It is normally sufficient to consider five operational components apd.One or two
trinsic) distribution uncertainty. All components shall be expressed as relative’ standard
- in decimal form or percentages because the mathematical relation of the principal influen
on, count, and volume) is a product.

lard uncertainty values in natural logarithms are considered equivalent to relative standard
jhdard uncertainties are available in common logarithmic (bas€/10) scale, it is best to cor
al logarithms before further calculations.

The relative operational uncertainty

 of the operational influence quantities associated with the analytical process are identified
ion for the final test result, y.

P
D

=F

a)
-

=

is the dilution factor frofn sample to final dilution (F = 1);

LV is the sum of the*volumes of the test portions, in millilitres, of the final suspension.

tion (G.1) shows that it is necessary to consider the relative operational uncertainties of the g
unting the-nimber of colonies, and of measuring the test portions. These components are
ation experiments and other tests that should be part of the normal analytical quality control in

dition- to these, there may be “hidden” causes of uncertainty, which do not appear in Equati

operational
ected to the
components
uncertainties
ce quantities

ncertainties.
vert them to

by stating the

(G.1)

ilution factor,
derived from
a laboratory.

bn (G.1). The

impnrf:\ni‘ are: the variation of si lheampling of the Iahnrnfnry enmpln (thn matrix nffnr‘f) andth

uncertainty

generated during incubation. Special experiments are required for the evaluation of these components. Values

once
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G.3 Combined relative uncertainty of the test result

Combined relative uncertainty of the final test result is calculated in the same way as in the global model according to

[ 2 2
Uc rel (y) =4/Uo,rel TUd rel (G.2)
where
uo rel is the combined operational uncertainty (relative standard uncertainty);
ud rel is the distribution uncertainty (relative intrinsic variation).
In the compinent procedure the operational uncertainty is obtained as the sum of five relative variandes of
influence quantities
2 D 2 2 2 2
Uo,rel = Utel,M T Urel F T Urel,y T Urel,L T Urel)l (G.3)
The meanings of the symbols are shown in Table G.1.
The distribution uncertainty is derived without experiments from assumed statistical distributions. In
microbiologi¢al methods, the value of the parameter depends on the observed count and is different for cplony
methods and MPN methods (Annex C and Annex D). Possible partial confiratation should be taken into acgount
in the distribdition uncertainty (Annex E).
It is useful tolset up a table for keeping track of the relevant components’of uncertainty. A full list of compopents
is given in the table below. If a component is absent or too small tdche effective, the space can be left open.
Table G.1 — Meaning-of symbols
Cdmponent Symbol Relative standard uncertainty Determination
Matrix and sybsampling M Urel, M Annex H
Dilution factor F Urel F Annex K
Test portion v,V Urel,V, Urel sV Annex |, Annex J
Incubation I Urel,| Annex M
Counting L Urel,L Annex L
Distribution gnd confirmation d ud rel Annex C, Annex D, Annex B

The combing¢d uncertainty’is” obtained as the sum of all components of variance (squares of the re

uncertaintieg

G.4 Exa

). It is informative to add up separately the operational and intrinsic components.

mples

ative

G.41 Example 1

G.4.1.1 General

The standard plate count of aerobic mesophilic flora was determined for a sample.

The essentia

| features of the test protocol:

a) asubsample of 25 g was weighed into 225 g of diluent and homogenized in a mechanical mixer to produce

the initia

| suspension (10~1);

b) further decimal dilutions were made (1 ml + 9 ml);

c) two parallel plates with 1 ml test portions from the 105 dilution gave countable numbers of colonies;
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d) the numbers of colonies counted were 41 and 45.
The task was to report the estimated mesophilic count of the sample with the expanded uncertainty attached.
The final result y = F nc/SV = 10° x (41 + 45)/(1 + 1) = 4,3 x 106 g,

The combined relative uncertainty is obtained as the square root of the sum of relative variances (squares of
relative uncertainties) of the relevant components. Table G.2 is helpful for keeping the calculations in order.
(The values are taken mostly from the other annexes.)

Table G.2 — Order of calculations

Relative uncertainty
Component Relative variance
Symbol Value
Matrix and subsampling Urel,M 0,152 0,023 104
Dilution factor Urel,F 0,039 0,00296
Test portion Urel, sV 0,011 0,000 121
Incubation Urel,| 0,237 0,056 169
Counting Urel, L 0,097 0,009 409
Subtotal 0,090 099
Distribution ud rel 0,108 0,011 628
Confirmation

Sam 0,101 727

G.4.1.2 Matrix

The uncertainty of subsampling for the test material was obtained in a special experiment of the kind described
in Annex H. Its average value on the basis of 10 representative samples in this laboratory was w1 m = 0,152 .

NOTH If a laboratory’s own experimental data on subsampling are unavailable, information can sometinjes be found in
the litgrature. Forinstance, the tables annexed to the food analytical global uncertainty standard (see ISO/TS 19036:2006(6])
contajn experimental standard uncertainties for the “initial suspension” (matrix and subsampling) for a great number of
food types in common logarithms. Corfesponding data for solid or semisolid materials of environmental sample types (soil,
sludge, etc.) seem at the time of publication to be unavailable.

G.4.1.3 Dilution facter

The ¢stimate is baSed on the principles and values presented in Annex K following basic data o volume and
masq uncertainties: The uncertainty in weighing 25 g was 1 %, the relative uncertainty of the volime (actually
masq) of 225\ml' was 0,025 (2,5 %). The uncertainty due to the initial dilution is therefore 0,024 2. The four
further dilution steps from the initial dilution (10—1) had the same uncertainty calculated from Vj m = 1,6 %,
V9 mi[5-0,5 %. Uncertainty of one dilution step urel » = 0,015. The initial dilution followed by four dilution steps

. [ 2 2
give the 1otal \/U,UZ‘I-A + 4 x 0,010 :”reI,F =0,Us0 7.

G.4.1.4 Test portion

The total volume of the test portions was 2 x 1 ml. The combined uncertainty was calculated according to J.2
from the information that the relative reproducibility standard uncertainty of 1 ml was ure,y = 0,016 (1,6 %). With
two replicates of equal volume, the relative standard uncertainty of the sum is uzy = 0,016/~2 = 0,011 3.

G.4.1.5 Incubation

The overdispersion attributed to incubation for the standard heterotrophic plate count was determined in a
special experiment following the principles illustrated in Annex M. The value once determined was believed to
be valid. The value obtained from the study of seven samples with six replicates was urel| = 0,237.
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G.4.1.6 Counting

The intralaboratory reproducibility of counting had been determined as part of the AQC previously (Annex L).

The value es

timated was ure| 1 = 0,097.

G.4.1.7 Particle distribution

The relative distribution uncertainty is based on the sum of colonies counted. The uncertainty due to the
Poisson particle distribution in the final suspension is thus ug ¢ =1//Zn, =1//41+45 =1/86 =0,108 .

G.4.1.8 Est

Therootsum
due to volum
is negligible.
The combing
variances u

Expanded re
the interval |
divided by ex

In this examy
the lower lim

G4.2 Ex

The concenfration of Escherichia coli in a water sample\was estimated using a commercial MPN sy

Correspondi
8,7 (per 100

With special

this method @s 0,067 (6,7 %) and an incubation effect 0,10 (10 %).

The average
by calibratior

With water s
assumed ne

An estimate

ud,rel = (I

imation and application of combined uncertainty

of squares of the five operational componentsis u, ¢ = /0,090 099 = 0,300 . The small cempo

e measurements (dilution factor and test portion) could have been omitted as their effect,on thg
\Without these two, the operational uncertainty component would have been 0,298

bd relative uncertainty (variance) is obtained by adding together the operational and int
rel (y) =0,090 099 + 0,011628 = 0,101727 . Accordingly, u re| (y) =0,319=319%.

ative uncertainty, twice the relative combined uncertainty, is accordingly Uyl = 0,638. To ex

p(U) expressed in decimal form (Annex N).

le y =4,3 x 106 and exp(U) = exp(0,638) = 1,893. The upper limit is 4,3 x 1,893 x 106 = 8,1 3
tis (4,3/1,893) x 106 = 2,3 x 106,
ample 2

g to the number of positive wells, the tables supplied by the manufacturer gave the MPN
ml) with lower and upper 95 % confidencelimits of 4,5 and 17,1, respectively.

experiments, the laboratory had previously estimated the relative reproducibility of countir

relative reproducibility (of several technicians) of measuring a test portion of 100 ml was deterr]
experiments to be about-0,05 (5 %).

jligible. There was_no dilution.
bf the relative-distribution uncertainty was calculated from the 95 % confidence limits:

N 171 =1n4,5)/3,92 = 0,34 = 34,0 %

NOTE C
scale, ud rel =

2,3

nents
total

rinsic

press

ased on expanded uncertainty of the test result, the point estimate y should be multiplied and

108,

stem.
value

g for

nined

bmples, the subsampling variance, apart from the uncertainty of the test portion volume, can be

x 0,148 = 0,34 = 34 %.

Ithmic

The combined uncertainty is obtained as the root sum of squares of the known components of uncertainty:

Ugrel (y)

— |/0,0672 +0,102 +0,052 +0,342 = 0,132 589 = 0,364

(G.4)

Should it be preferable to report the combined uncertainty in common logarithmic scale, uc rel(y) should be

transformed

34

by dividing by the modulus: u¢(y) = 0,364/2,303 = 0,158.
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Annex H
(normative)

Experimental evaluation of subsampling variance

General

The

varia
expe
made

The
analy
is im

Repli
tosu
be un
in thi
shou
that

H.2

An analysis of variance with replication 6f subsamples and dilution series is a standard method for

the ¢
circu
The 1

Loga
varia
Natu
direc
cons

EXAN
subs3

brdinary global design does not enable the evaluation of any components of uncertainty

portant enough to warrant the effort of evaluating this single parameter)separately. Such i
invalyiable when there is a need to analyse reasons for an observed or su$pected high combined

cation at subordinate (lower) levels is necessary to permit estimatién of the variance compong
psampling of the laboratory sample. In water and other liquid atrices, the subsampling variar

5 annex shows the analysis of one sample. At least 10%specimens of the same type of sar

Jifferent persons process different samples, but,it\is recommended that the analysis be
repeatability conditions. Only one person should be involved in reading the results of any one sa

ion of subsampling of the laboratory sample, also called the matrix effect, can be(eyalu
iment in which duplicate analyses are made from two or more (preferably three or four)initial
from equal subsamples measured from a laboratory sample.

tatistical design is more complex than the global experiment for the evaluationofthe uncertaint
tical process. It therefore requires some thought whether the quantitative“information about

important and experimental evaluation of subsampling variance is unnecessary. The examy

d be tested to obtain a sufficiently reliable mean valde for the subsampling variance. It is

Analysis of variance

recision (imprecision) of subsampling. The laboratory sample, mixed as well as possib
mstances, is randomly subsampled 4 times and n repeat analytical tests are carried out on eac
hinimum values for n and & are 2. An estimate of subsampling variance can be computed froj

Fithmic transformation‘of'the data is usually recommendable. The main reason is to eliminatg
ble contamination-levels of the different samples. Also the normality of the data is likely to
al logarithms are-somewhat more convenient than common logarithms because the re
ly interpreted asrelative variances. With common logarithms the final result requires multipl
ant if conversion to relative or percentage expression is desired.

IPLE

n detail. The

ated with an
suspensions

y of the entire

subsampling
hformation is
Lincertainty.

nt connected
ceis likely to
le presented
nple material
permissible
made under
mple.

investigating
le under the
N subsample.
m such data.

the effect of
be improved.
sults can be
cation with a

independent

A laboratory sample of solids containing material was mixed as well as possible. Si
mples (k = 6) were measured and suspended in sterile diluent. They were carefully mixed. Two diluti

were

o

mMade from each initial suspension and one plate was inoculated from the final suspension of each serjes. A count of

series (n = 2)

targe

© 18O

colonies was made atter the specified incubation time. The results are presented in Table H.1.
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Table H.1 — One-way analysis of variance, using natural logarithms, of the results of six
subsamples of one laboratory sample for the extraction of the subsampling variance

Dilution Observed Subsample Subsample
Subsample In ng (In ng)?
series count, n¢ sum of In n¢ sum of In nc squared
1 1 34 3,526 4 12,435
2 45 3,806 7 14,491 7,3330 53,7729
2 1 50 3,9120 15,304
2 61 41109 16,899 8,022 9 64,366 9
3 1 60 4,094 3 16,764
2 72 4,276 7 18,290 8,371 0 70,073 6
4 1 82 4,4067 19,419
2 70 4,248 5 18,050 8,655 2 741912 5
5 1 58 4,060 4 16,487
2 64 4158 9 17,296 8,219 3 67,556 9
6 1 40 3,688 9 13,608
2 59 4,077 5 16,626 7,766 4 60,317 0
Sum 48,367 9 195,669 391,000

Natural logarnithms of the counts were taken and a one-way analysis of variance was computed. The resulis are
shown in Taljle H.2. Calculations proceed as follows.

a) Calculate the sum of all natural logarithmic values (48,3679).

b) Calculate correction term (CT), tcorr = (48,367 9)2/nk $:27339,453 8/12 = 194,954 5.

c) Calculate the sum of squared natural logarithmic Vrafues (195,669).

d) Add the parallel results of each subsampleA3,526 4 + 3,806 7 = 7,333 0, 3,912 0 + 4110 9 = 8,022 9,|etc.).

e) Square

f)  Obtain the total sum of squares (8S)-from 195,669 — tcorr = 195,669 — 194,954 5 = 0,714 5.

g) Calculate between subsamples’ sum of squares (391,000/n) — ftcorr = (391,0/2) — feorr = 195,500

194,954|5 = 0,545 5.

h) Obtain v

he values and sum them up (391,000).

ithin subsamples sum of squares from 0,714 5 - 0,545 5 = 0,169 O.

i)  Calculatg variancés (mean squares, MS) by dividing sums of squares by appropriate degrees of freedom|(DF).

Table H.2 — One-way analysis of variance

Source of variation DF SS MS Estimate Fstat P
Between subsamples (k—1)=5 0,5455 0,109 1 25 nsé 3,87 0,064
Within k(n-1)=6 0,169 0 0,028 2 s2
Total (kn-1)=11 0,714 5

The results in Table H.2 were calculated by hand. If the data are entered in a computer program the results may
come out slightly different because of greater precision in the calculations.

The column headed “estimate” shows how each mean square (MS)is structured. The within subsamples variance,
52, is a measure of the average variation between the duplicate dilution series from one initial suspension, with
distribution uncertainty and all other operational components of uncertainty except subsampling included.
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It is of only passing interest to note that the between subsamples variance is not statistically significant (at the
5 % level) compared to the within subsamples variance (Fstat = 0,109 1/0,028 2 = 3,87, P = 0,064). Even if not

statistically significant, it contains the necessary information for calculating the subsampling variance, sé .An
estimate of the subsampling variance can be obtained from the calculation:

0,1091-0,028 2
2

53 = =0,0405

Because natural logarithms were used, s gives the estimate of relative uncertainty of subsampling,

urel,M = 0,20 = 20 % (H.1)

The fesult is an estimate of the subsampling uncertainty in the material tested, or actually inthe gne particular
laborptory sample mixed using the equipment and practices of the laboratory.

One pample is not enough for a general subsampling uncertainty statement. Several‘samples of the same type
should be examined and their subsampling variances averaged. The entire experiment from which|this example
was ghosen consisted of 10 samples of the same type of material. The mean valuefrom the experimentwas 15,2 %.

NOTH The same analysis using common logarithms first gives the subsampling variance (0,020 6 {+ 0,005 3)/2 =
0,007[65, whose square root is 0,087 5. Conversion to natural logarithms yields yej m = 2,303 x 0,087 5 = 0}201 5 = 20 %,
i.e. the same result as given by Equation (H.1).
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Annex |
(normative)

Relative repeatability and intralaboratory reproducibility of

volume measurements

1.1 Prin

Weighing is 1
volumetric in
mean and st4

To calibrate

obtained using the instrument in question. In order to simulate aseptic working technigues, a different p

or tip should

A series of rd
more person
Possible biag

Relative stapdard uncertainty is the most convenient parameter for-further use. It is obtained by di

the standard
specified in 4

ciple
nore accurate than the ordinary volume measurements in microbiological routine. The-precis

ndard uncertainty are obtained by standard statistical equations from the series.@f.measuren

A volumetric instrument (pipette, cylinder, etc.), a series of at least 20 observations shou

be picked for each measurement.

sults from one person provide a repeatability standard uncertainty. Analysing results from t
s together produces an uncertainty estimate that may be tertmed intralaboratory reproduc
es between operators become included in the common uncertainty estimate.

uncertainty by the mean or by doing the calculations’using natural (or common) logarithr
Annex B (see 1.3, Note 2).

on of

struments can be determined by weighing portions of distilled or deionized water. The €stimaes of

ents.

Id be
pette

WO or
bility.

iding
s as

.2  Personal repeatability standard uncertainty
The precisioh of measuring 0,1 ml test portions.using a glass pipette was studied by weighing. Each df two
technicians (A and B) made a series of 20 measurements. To illustrate the calculations, a small number of the
data (six megsurements per person) are shewn in Table 1.1.
Table 1.1 — Results of calibrating 0,1 ml test portion volumes by weighing
NOTE Sik independent volume measurements by two persons (A and B) are shown. The relative standard unceftainty
was calculated in all three optional ways presented in Annex B (see 1.3, Note 2).
Interval scale Natural logarithmic scale | Common logarithmic s¢ale
Va s In Va In ' Ig Va Ig Vg
0,105 | 0,107 -2,2538 | -2,2349 -0,978 8 -0,970 6
0,113 | 0,116 -2,180 4 -2,154 2 -0,946 9 -0,93§5
0:460—6;89+F 22464 273330 8;962-6 4564312
0,103 | 0,097 -2,2730 | -2,3330 -0,987 2 -1,013 2
0,115 | 0,083 -2,162 8 -2,4889 -0,9393 -1,080 9
0,123 | 0,085 -2,0956 -2,465 1 -0,9101 -1,070 6
Mean 01113 |0,0975 | — — — —
Standard uncertainty 0,007 3 |0,0126 | 0,065 0,129 0,028 2 0,056 1
Relative standard uncertainty | 0,066 0,129 0,065 0,129 0,0652 0,1292

a

Obtained by multiplying the standard uncertainty by 2,303.

The personal standard uncertainties indicate the repeatability of volume measurements by the two operators
separately. The laboratory would probably only use them for internal quality control purposes and personnel
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training. A general reproducibility estimate for the laboratory would be preferred when calculating the combined
uncertainty of a test result for a customer.

.3  Relative intralaboratory reproducibility

An intralaboratory reproducibility standard uncertainty of volume measurements should include any possible
biases between the operators. Bias is included in the estimate if the uncertainty is calculated by putting the
results of different technicians in the same data file before calculating the mean and standard uncertainty. This
was done with all 12 values in Table I.1 using all three methods of estimation as specified in Annex B (see
Note 2). The results are as shown in Table I.2.

Table 1.2 — Analysis of the variability of volume measurements

NOTH 1 Data of two technicians put together.

V InV lg
N 12 12 12
Meap 0,104 4 — ]
Standard uncertainty 0,012 2 0,121 2 0,05p 6
Relative value 0,116 9 0,121 2 0,121 12
Percent value 1,7 121 12,12
14 is the volume
N is the number of observations
a Dbtained by multiplying the standard uncertainty by 2,303.

The arithmetic mean 0,104 4 does not differ significantly from the nominal volume 0,1 ml. It would |be legitimate
to calculate the relative standard uncertainty also from 0,012 2/0,1 = 0,122.

The iptralaboratory reproducibility estimate'should be used as the test portion uncertainty when computing the
combined uncertainty.

NOTH 2  When studying the uncertainty of dilution blank volume, it is probably of no importance to gmploy several
techn|cians in order to evaluate intralaboratory reproducibility. Observations on different autoclave batches gnd/or different
dispepsers should be made instead. Dilution blanks should be weighed after autoclaving.
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J.1 Gen

Uncertainty
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The uncerta
component \

J.2 One

J.21

When a serisg
by direct app
Vi+Vo+ ...

Annex J
(normative)

Relative uncertainty of a sum of test portions

eral

bf @ sum of test portions is needed in computations of the uncertainty of the concentration

inal suspension when the detection system consists of a set of plates from one or more\dilu
nty of the sum is an intralaboratory reproducibility estimate when the uncertainty values

olumes have been estimated under reproducibility conditions (1.2).

dilution, general case

General

s of plates is made from the same final suspension, the uncertainty of the total volume is obt
lication of the combined uncertainty rules. According to Annex B the uncertainty of the sum
+ 1, is calculated from

uZV :\/142

where u1, u2,

For further
urel, sy = usy/]
J.2.2 Ex

Four plates K
a 0,1 ml test

2 2
1 +u2 +...+Mn

... are estimates of the standard uncertainty.gf 77, V2, ... expressed in units of volume (millil

se in uncertainty calculations, it is usually best to express the result as relative uncer
LY.

ample

ave been made from the same suspension: two plates with a 1 ml test portion and two plate
portion. The total volume of the final suspension examined was therefore 1 ml + 1 ml + 0,1

0,1 ml=2,2 ml. The uncertainty ofthetotal volume should be calculated. The relative uncertainty (reproduci

of the 0,1 ml

Before sumn
and up1 ml =

The uncertai

pipetted volume had\been previously estimated to be 8 % and that of 1 ml to be 2 %.

ation, the relative uncertainties shall be expressed in units of volume: 1 = 0,02 x 1 ml =0,
0,08 x 0,4-mi{™= 0,008 ml.

hty ofithe sum is

bf the
ions.
f the

hined
N4

J.1)

tres).

ainty

5 with
ml +
bility)

D2 ml

usy =0

2 2

=00305ml
orooo—o-HhH

J.2)

The relative uncertainty is: ureizy = usp/ZV = 0,030 5/2,2 = 0,014 = 1,4 %.

J23 On

e dilution, equal test portions

Usually, in a series of parallel plates the test portions are equal. If the uncertainty of the volumetric instrument
is given in relative scale, for instance as a percentage, the relative uncertainty of the sum, as a percentage, can
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be obtained more directly than shown above. The relative uncertainty of the sum is the relative uncertainty of
one measurement divided by the square root of the number of parallels.

Urel v
Urel, sy = —j; J.3)
where
n is the number of parallel plates;

urel,y  is the relative uncertainty of one test portion.

J.3 | Two dilutions

J.3.1 General

Assume a final result based on the enumeration of colonies from ng plates of the final'suspension and j11 plates from
a secpnd dilution obtained by dilution of the final suspension one more step with aldilution factor /between dilutions.

The gum of test portion volumes in terms of the final suspension is:

A4

:V = I’loVo +% I’Z1V1 (J4)

wher:

11

o is the number of parallel plates made from the final suspension;

o is the volume of test portions measured from the final suspension;
i1 is the number of parallel plates made from the second dilution;

b is the dilution factor;

1 is the volume of test portiohs measured from the second dilution.

Typidally the numbers of repligates and inoculum volumes are the same in both dilutions ng = n1|= n and 7 =
V1 = V. The equation for therelative uncertainty of the sum of test portion volumes is

2
1 el

sy =52+ 1) (v5)

(F+H-L "

wherg

¥ is the dilution factor between the two levels within the detection system;
7 istheumber of parattet pratesmeachditutior;
Vv is the volume of the inoculum per plate;

urel,y  is the relative uncertainty of the inoculum volume;

urel,r is the relative uncertainty of the dilution factor (calculated by the formula in Annex K from the
relative uncertainties of the transfer volume and dilution blank volume).

NOTE The contribution of the second dilution to the uncertainty of the volume sum is insignificant when the dilution
factor /' between the two dilutions is great (five or more). Uncertainty of the dilution and the uncertainty of test portion
measurements in the second dilution can be ignored with impunity. A satisfactory estimate of the relative uncertainty is
obtained by considering only the first dilution:
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ureI,V

2 ~
Upglsy =

(See J.3.2)

Sometimes a plate may be missed in one dilution, or different inoculum volumes may be used. A general
Equation (J.6) can then be applied. The relative variance of the total test portion volume is obtained from

(J.6)

2 _ 1 2,2 2 22”r26|,V1 2 ﬂ
Urelzy = figlo= W1V1)2 [”of Vouy, i [ " +”relf/
where
f is the dilution factor between the two dilutions;
no is the number of parallel plates in the final suspension;
1) is the volume of suspension inoculated per plate in the final suspension;
n1 is the number of parallel plates in the second dilution;
4] is the volume of suspension inoculated per plate in the secon@-dilution;
Urel, ¥ is the relative uncertainty of volume 7p;
Urel, V4 is the relative uncertainty of volume V7;
Urel,f is the relative uncertainty of the dilution factor 1.

The equation is complicated because it permits diffefent numbers of parallel plates (ng and n1) in thg

dilutions and

J3.2 Ex

different volumes of inocula (Vo and V3)-in different dilutions.

ample

b two

A sample wgs studied by making the injtial suspension by homogenizing 25 g of sample with 225 ml difuent.
This constitufes the first dilution (10-1) &ndis also called the initial suspension. The initial suspension was frther
diluted in seVeral steps of 1 ml + 9(ml.: Two parallel plates were inoculated from each dilution with test portion
volumes of 1|ml. The dilutions with-Suitable numbers of colonies for enumeration were found to be 10~# and|10-°.

The dilution History until the final suspension (the first countable dilution) is of no consequence for the task at hand.

The total tes{ portion yolime in units of the final suspensionwas V=1 ml+1ml+ 0,1 ml + 0,1 ml =2,2|ml.

To calculate the relative (percentage) uncertainty of the sum of test portions information about the uncerjainty

of different vplume measurements is needed. This information is collected in Table J.1.

Table J.1 — The relative uncertainty of volume measurements

Measurement Relative standard uncertainty
mi Urel,V
1 0,005
9 0,02
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The relative uncertainty of the dilution step was calculated as described in Annex K.

2
vy = (197](0’022 +0,005% ) =0,000 344 W.7)

The information relevant to the calculation of the relative uncertainty of XV is shown below.

V=1ml,f=10,7=2, uk; =0,000344, u% , =0,000025 (J.8)

The values are inserted into Equation (J.6):

2 _
rel,X) —

IN

1 [0,000 025

5 (100 +1)+0,000 344} -0,000 013 J.9)
(10+1) 2

The felative variance of the sum of test portions is 0,000 013. The estimate of relative*uncertainty of the sum
of volumes is therefore, u v =4/0,000 013 = 0,003 6.

Using the approximate solution presented in the note, the calculation simplifies fo

, _uly  0,000025

Wl sy = =0,0000125

n

The $quare root of 0,000 012 5 gives the relative uncertainty-0,003 5. The difference between|0,003 6 and
0,003 5 is negligible.

J.4 | Most probable number

Somé¢ MPN systems are inoculated by measuring one large test portion (e.g. 100 ml) which gets distributed into
numgrous wells. The uncertainty of the total volume is determined by calibrating the volumetric instrument as
descfibed for volume measurements in Annex|.

In some other MPN systems, test portions are measured into the reaction wells or tubes one af a time. The
collegtive uncertainty is determined ‘as described in J.2. The uncertainty of the total volume in thgse instances
is ustially negligible.
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(normative)

Relative uncertainty of dilution factor F

The dilution factor may consist of several successive steps

F=f1 f3—F (K1)
The relative tincertainty (variance) of each individual step is estimated from
2
2 Mo ( 2 2 )
u = +— u +u K.2
rel,f (Va +Vbj rel,a T Urel,b (K.2)
where
Va is the volume of microbial suspension transferred,;
129 is the volume of the dilution blank;
urel,a ip the relative uncertainty of the transfer volume;
urelb ip the relative uncertainty of the dilution blank volume:
Relative variance of the total dilution factor is the sum of squares of the individual relative uncertainties
2 2 2 2
Urel,F = el 7, + Urel f, +...+ Urelf, (K.3)
EXAMPLE An initial suspension was made by homogenizing 25 g of sample with 225 ml diluent. This consijitutes
the first dilutign (10-1) and is also called the initial suspension. The initial suspension was diluted further in several[steps
of 1 ml + 9 ml] The dilutions with suitable nymbers of colonies for enumeration were found to be 10~4 and 10-5. The first
dilution with cpuntable colonies (10~4) bedomes the “final suspension”.
The task is tp calculate the relatiGe,standard uncertainty of the dilution factor of the final dilution F = 1/10~4. It
represents the relative uncertainty, of the true but unknown mean concentration of the analyte in the final suspemsion.
Data on the yncertainty of ‘different measurements of mass and volume were needed. This information is lisfed in
Table K.1. (THe values ought to be available from observations in the quality assurance programme of the laboratory.)
Table K|1 < Data on the relative uncertainty of different measurements of mass and volumT
Measurement Retative Squared
uncertainty uncertainty
259 0,01 0,000 1
225 ml 0,025 0,000 625
1 ml 0,016 0,000 256
9 mi 0,005 0,000 025

The relative uncertainties of the different dilution steps were calculated as shown using Equation (K.2). Dilution

steps /2, /3, and f4 were identical. Therefore:

2
Initial dilution 2 (225j x (0,0252 n 0,012) — 0,000 587

44
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2
Other dilution steps 2, . = S« (0.0167 + 0,0082 ) = 0,000 228
10

Consequently, UrZeI,F = 0,000 587 + 0,000 228 + 0,000 228 + 0,000 228 + 0,000 228 = 0,001499

and the relative uncertainty of the dilution factor is u  =/0,001499 =0,0387 ~ 3,9 %
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Annex L
(normative)

Repeatability and intralaboratory reproducibility of counting

L1 Gen

eral

The uncerta

uncertainty i quantitative microbiology. A person can usually repeat his/her own result of reading to@pre
cent. The counts of different persons agree less well, resulting in a significant intralaboratory

of a few per
uncertainty @

The values
or repeated
programme (
for second ¢
the extent th

Personal differences are especially marked when target colonies should be distinguished by their ou

appearance
only persong

Both repeatd
taken into ad
values estim

Reading pos
of even sligh
reproducibili

L.2

L.2.1

An estimate
when compg
evaluation sh

Data can be

Personal uncertainty of counting

General

nty of reading the number of colonies of a plate is often one of the significant compohe

f counting.

bf the parameter are studied by obtaining readings of the same plates by different opel
readings by the same operator. This should be done as part of the normal quality assu
f a laboratory. Normal routine samples should be studied. The plates.should be picked rang
bunting after the initial count has already been made. Problem casés should be included o
bt they get chosen randomly.

shape, colour, size) from a background of other coloniesxFor this reason, the uncertainty
| but also method-specific and possibly sample-type spécific.

bility and reproducibility of counting are meaningful parameters. Repeatability may have
count in internal quality assurance work and reproducibility is needed for combined uncer
hted by the component procedure.

tive reactions in MPN series is more reproducible than counting colonies. However, the e
differences in reading are magnified in'the MPN values. Recent observations show that als
y of reading MPN results may desérye attention.

of personal ungertainty of counting has some intrinsic value, but this information is also ng
nents of uneérdinty, such as incubation effects, are estimated by cultivation experiment
ould be made with every method and target organism separately.

cumujated over days and weeks until an adequate number (at least 30, preferably many mo

plates have

T

calculation presented in the example allows gradual build-up of data.

eehwread. The only practical problem is how to avoid the first count influencing the second

nts of
ision

ators
ance
omly
hly to

ward
s not

to be
ainty

fects
o the

eded
An

o

D.

re) of
. The

L.2.2

Example 1

A technician has noted down the results of her/his own repeated reading (L1, L) of several plates. The plates

were chosen

at random during the daily routine work. A small part of the results is shown in Table L.1:

The relative variance of each pair was calculated using the equation

2 _
UrelL =

2
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L1 +L2
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Table L.1 — Results of repeated reading (L1, o) of several plates

Plate L1 Lo I1—-1Lp L1+ Lo ”n%l,L
1 343 337 -6 680 0,000 156
2 40 39 1 79 0,000 320
3 57 62 -5 119 0,003 531
4 399 397 2 796 0,000 013
5 112 130 -18 242 0,011 064
6 349 325 24 674 0.002 536
7 85 84 1 169 0)0po 070
8 129 122 7 251 0,0p1 556
9 16 17 -1 33 0,0p1 837
10 27 27 0 54 0,0p0 000

Sum 1557 1540 0,0p1 083

The average estimate of the personal relative variance of counting is the-tmean value of

The 1
by th

L.3

L.3.1

The
the r
unce

L.3.3

Four
seleg

2 0,021083

rel, L =

=0,002108 3

bquare root, 0,045 9, thus indicates a 4,6 % relative standard uncertainty of the repeatabilit
S person.

Intralaboratory reproducibility of-counting colonies

General

ntralaboratory uncertainty can be“evaluated by involving all or several technicians of the
bading of the same plates. Ahy Systematic differences (biases) between persons are ing
[tainty estimate and are viewed as random variation.

Example

technicians (A,B;€)D) involved in daily routine microbiological analyses read the same ei
ted plates indepenhdently. The results were the following:

y of counting

laboratory in
luded in the

ght randomly

© 18O
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Table L.2 — Randomly selected plates

Plate LA Lg Lc Lp X; S; Urel L
1 21 23 24 26 23,5 2,08 0,089
2 38 38 42 40 39,5 1,91 0,048
3 27 29 34 30 30,0 2,94 0,098
4 16 22 19 21 19,5 2,65 0,136
5 33 25 33 38 32,3 5,38 0,167
6 67 65 74 66 68,0 4,08 0,060
7 160 166 176 174 169,0 7,39 0044
8 89 81 94 92 89,0 5,72 0,06¢
Sum 451 449 496 487
Si is the standard uncertainty
U, IS the relative standard uncertainty of counting of the ith plate
X; is the mean

The sums af
persons, A {
firm conclusi
standard ung

The sum of s

their mean is
in the labors
counting with

The estimate
same group

L.4 Intralaboratory reproducibility due to uncertainty of reading most probable
number rgsults
L.4.1 General

The intralabg
the same rol

the bottom of Table L.2 indicate that the average results of counting might differ betwee
nd B and C and D, forming two “schools” of interpretatien. The data set is too small to
pns. The possible systematic differences might be worth study, but are presently included
ertainty.

quared u ;. values (sum of relative variances)0,0892 + 0,0482 + ... + 0,0642 = 0,075 84

0,009 480 75. It is the sought estimate of the*average relative reproducibility variance of re

this method and group of operators. (9,7 %).

strictly applies only to similar situations as in the experiment (same type of sample, same mg¢
bf operators).

ratory unecertainty of reading MPN results can be studied by allowing different operators to
tine, MPN series. No special experiments are needed.

It may be of

n the
draw
n the

b and

hding

tory as a whole. Its square root 0,097 4 is the average relative intralaboratory uncertainty of

thod,

read

soMe interest to note the average differences and standard uncertainties of the primary pg

sitive

wells or tubes, but the actual effect of the uncertainty is seen in the MPN estimates. The uncertainty calculations

are made wit

L.4.2

h the MPN values.

Example

Analyses of E. coli in water were made using a commercial MPN system. The results of many routine samples
were blindly read by two technicians and the corresponding MPN values were obtained from tables. The
beginning (seven samples) of the series of results is shown in Table L.3. The numbers are MPN values per

100 ml of wat
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