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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.

The procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria needed \for the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2, www.iso.org/directives.

Attention is|drawn to the possibility that some of the elements of this document may‘be the subject of
patent rightk. ISO shall not be held responsible for identifying any or all such patent rights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the ISO list ¢f patent declarations received, www.iso.org/patents.

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the W.FO principles in the Technical Barjriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISOLTC 147, Water quality, Subcommittee $C 4,
Microbiological methods.

This second|edition cancels and replaces the first edition (ISO 17994:2004), which has been technically
revised.
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Introduction

This International Standard specifies criteria and procedures for comparing the average quantitative
results obtained by two microbiological analytical methods, one of which may, but need not, be a
standard or reference method.

The methods considered are based on counts of colonies or of positive and negative liquid enrichment
tubes (MPN).
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INTERNATIONAL STANDARD

ISO 17994:2014(E)

Water quality — Requirements for the comparison of the
relative recovery of microorganisms by two quantitative
methods

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its

use.

ens

re compliance with any national regulatory conditions.

This| International Standard specifies an evaluation procedure for\comparing two m¢
established performance characteristics according to ISO/TR 13843(and intended for the qU
of the same target group or species of microorganisms.

This|International Standard provides the mathematical basis for the evaluation of the avef
perfgrmance of two quantitative methods against chosencriteria for the comparison. It does
dataffor assessment of the precision of the methods being compared. It is appropriate that t
of m¢thods is assessed as part of their performance gharacterization.

This|International Standard does not provide.fethods for the verification of method p
charficterization in a single laboratory.

2
The

Normative references

following documents, in whale ‘or in part, are normatively referenced in this docuni

indigpensable for its application: For dated references, only the edition cited applies. ]
referfences, the latest edition of the referenced document (including any amendments) appl

[SO §199, Water quality = General guidance on the enumeration of micro-organisms by cultui

ISO/TR 13843, Watenquality — Guidance on validation of microbiological methods

3

3.1

L

[erms, definitions and symbols

Terms and definitions

actices and to

5 document

bthods with
antification

age relative
not provide
he precision

erformance

ent and are
For undated
es.

e

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

3.1.1 General terms

3.1.11

comparison trial
interlaboratory method comparison that involves laboratories which perform paired measurements on
several of their own samples with two different methods

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=49eab51ef558a9d9da4f645a03d493c2

ISO 17994

3.1.1.2

:2014(E)

not-different method
method considered quantitatively not different to another method when the mean difference between
their confirmed counts and stipulated difference lie between predetermined stipulated limits, taking
into account all sources of variation

Note 1 to entry: This difference can be assessed by the average relative difference of their confirmed counts.

3.1.1.3

predetermined stipulated limit
permitted average difference (based on a “confidence interval” designated -2L to +2L) between results

obtained by

Note 1 to ent

limit of 2L =

and thishash

a predetermi

3.1.1.4

reference n

method of a
Note 1 to ent

3.1.1.5
standard nj
measureme

[SOURCE: I§
3.1.1.6

trial method

any method

3.1.2 Speq

3.1.2.1
count
observed ny

EXAMPLE
Note 1 to ent

3.1.2.2

presumptiy
colony coun
tubes that hl

3.1.2.3

confirmed c

L tlhod 1 | £, 3 1 A3 1ot 3 s
CaCT e TITUtL OaSTO O pTOTCS STOTIAT pTracttrictSOT TCEUTAtOT y T O OIT CTITCTICS

ry: Reference [1] suggests that, in international and interlaboratory method performance-te
[0 % for setting the “confidence interval” be the predetermined stipulated limit for drinking
een widely used. However, for environmental waters, such as bathing waters, Refergnce {2] pro
hed stipulated limit of 2L = 20 %.

nethod
halysis internationally recognized by experts or by agreement between the parties

y: As arule, the reference method is a standard or a commonly used method.

easurement uncertainty
ht uncertainty expressed as a standard deviation

0/1EC Guide 99:2007 (3), 2.30]

which is to be tested for comparisonwith a reference method

tific terms

mber of objects
Colonies or cellSef'microorganisms, plaques of bacteriophages

Fy: In this Intérnational Standard, the result of an MPN estimation is also considered to be a cg

e count
[ of most probable number (MPN) estimate based on the number of colonies or ferment

sts, a
vater,
boses

unt.

htion

velan outward appearance thatis inhnrprphnr‘ as fypir:\] ofa target organism
o

ount

presumptive count multiplied by the confirmation coefficient

3.1.2.4
relative dif
RD
difference b

ference

etween two results, a and b, measured on a relative (natural logarithmic) scale
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3.2 Symbols and abbreviated terms

A
a

ai

|

XL

XU

X2

y

(symbol for the idea of) trial method

test result by method A

test result (confirmed count) of method A in sample i
(symbol for the idea of) reference method

test result by method B

test result (confirmed count) of method B in sample i
subscript indicating a series
coverage factor used for calculating the confidence interval

smallest microbiologically significant mean relative difference between the res
methods A and B

most probable number quantitative method

number of samples

experimental standard deviation of the relativedifference (standard uncertain
experimental variance

standard deviation of the relative difference (standard uncertainty) of the mea

half-width of the confidence intérval

relative difference

value of the relative difference between a; and b; in sample i
arithmetic mean(ofx; (i=1,2 ... n)

value of the‘relative difference at the lower confidence limit, derived by subtrag
value of the half-width of the confidence interval from the mean

value 6f the relative difference at the upper confidence limit, derived by adding
tle half-width of the confidence interval to the mean

experimental Poisson index of dispersion

ults by

Ly)

ting the

the value of

-, 1 11 g - b +1 1 £ 1 £ : .
LUIIUILIOIAT VAT TdDIC USTU 11T CUIITPULITTE UIT ITUIITOCT U SAITIPICS TUI CUMNIPdITSUII LeStlng

4 Principle

This International Standard is based on the principle of the paired ¢t-test (see Annex C).

The basic data are pairs of confirmed counts (a; b;) obtained from the examination of two equal portions
taken from the same vessel of a carefully mixed test sample, one determination (count) per method. The
complete design consists of a large number of similar determinations.

In this International Standard, two methods are considered quantitatively “not different” if the mean
relative difference of the paired confirmed counts does not differ significantly from zero and the

© IS0 2014 - All rights reserved
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confidence interval does not extend beyond the level of the predetermined stipulated limit. The decision

rules based

on the above principle are given in 7.2 and 7.3 and a flow chart is given in Annex A.

5 Basicrequirements for a comparison study

5.1 General

Both methods shall have data on detailed performance characteristics, derived in accordance with the

guidance ou

tlined in ISO/TR 13843.

The most i

by a numbd
geographicd
participatio
laboratory ¥
sample typsq

[tis essentid
systems in U

5.2 Desci

It is import;
well unders
comparative
from each m
(see Clause

Performanc
methods sh{

EXAMPLE M
have been sh
of a greaterr

5.3 Type

The require
and often n
contain eno

Samples for
Natural sam
geographicd

portant basic requirement of comparison studies 15 a wide range of sampies. Particip
r of laboratories is preferable, allowing the expansion of the sample range over

| areas. Also the credibility of a general conclusion is commonly believed tosequir
h of several laboratories. However, the inclusion of a wide range of sample typés'by a s

s studied. Advice on the conduct of comparison studies is given in Annex'B:

1 thatall laboratories taking partin a collaborative study have recognized quality assuf
se and apply approved basic techniques of cultivation.

ription of methods

int to note that the principles of operation of the twoumethods being compared shou

 assessment should be recognized. This is particularly important if the confirmed re
ethod are based on different principles. Any différences should be detailed in the test r¢

5).

e characteristics data shall be derived in.accordance with ISO/TR 13843. Such data fq
11l be compared in order to assess potential differences in performance.

ethods for the enumeration of coliferm*bacteria based on possession of the enzyme [3-galactos
bwn to produce higher counts thanthose based on the fermentation of lactose due to the detq
hnge of coliform bacteria.

5 of samples

ments for methodeomparisons differ somewhat from the daily routine situation. It is u|
bcessary to preselect or prepare special samples. Samples for method comparisons
gh target organisms that the likelihood of scoring a zero count is small.

method.eomparisons shall represent types that are included in the scope of both met
ples are ideal. Samples to be tested shall represent those water source types relevant
1 ahd environmental area where the method is applied. The water types to be tested

htion
arge
b the
ingle

vill also be valid. The result of the comparison is generally valid only within the ranjge of

ance

Id be

tood and that the significance of any differences inthe methods on the outcome of the

sults
bport

r the

idase
ction

seful
shall

hods.
o the
shall

be included

ared

to-the scope of the methods under evaluation. Appropriate samples may also be prey

by dilution, spiking, or mixing of different kinds of water to achieve the desired population in a suitable
density. Spiking with pure cultures shall be considered the last resort.

To avoid the inhibition of the target organisms by other organisms, ensure that the concentration of
total bacteria in a sample is not too high. Consult ISO 8199 to ascertain the ranges of the colony counts
for different cultivation methods.

It can be appropriate to influence the microbial population of existing samples to simulate situations
encountered in routine laboratory practice. Such modifications could be the applications of disinfectants
(e.g. chlorine, ozone or UV, Reference [1]), different ranges of temperature or the influence of daylight,
in order to simulate different environmental situations from where the samples for laboratories can
originate.
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5.4 Number of samples and participating laboratories

5.4.1 Number of laboratories

Thenumber oflaboratories participating in comparison trials shall be sufficientto obtainarepresentative
result for the relative recovery of the two methods being tested. Factors that shall be considered when
deciding on the number of participating laboratories in a comparison trial include:

a) whether the alternative method is being assessed as a replacement for the reference method;

b) whether the comparison trials are for statutory or verification purposes;

c) the need to cover the range of geographical areas and water types for which the altern;Jtive method
may be used;

d) the need to consider seasonal variability in occurrence of the target organisms;

e) the number of test results needed for the assessment of relative recoveny;

f) the number of laboratories with sufficient capacity and technical expertise available to|participate.

It cah be acceptable to have a limited number of participating laboratories analysing a wjide range of

water types rather than a higher number of laboratories analySing a narrower range of
apprppriate for the methods being compared.

NOTH
possible that one laboratory is able to conduct a suitable comparison study provided they have aca
enou

5.4.2

It is ot possible to determine beforehand the-exact number of samples required for a valid
The number depends on the actual difference observed, on the experimental standard devi
ifference considered significant/This International Standard includes an adequacy clayise based on
a “prledetermined stipulated limit” and the half-width of the confidence interval. If the da
inadequate for deciding that theantethods are either “different” or “not different”, more sa
be cqllected and examined.

the d

If the methods happen to differ markedly, a small number of samples might suffice to def
fact.
differences between.the methods. If large differences are not found (result inconclusive), m
are ffaken until thesystem is able to detect the average relative difference that corresp
predetermined Stipulated limit chosen at the beginning of the trial.

Several successful comparisons have been achieved\with three to six laboratories. Iy

bh range of sample types for which the methods have.b€en characterized.

Number of samples

It is therefore adviSable to proceed in stages. The first stage should be planned to

Wwater types

theory, it is
ess to a wide

comparison.
htion and on

ra are found
mples are to

ermine this
detect large
ore samples
onds to the
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The total number of samples, n, for a two-sided evaluation (Z7.2) that would be sufficient for the detection
of a given average relative difference at about 95 % confidence depends on the experimental variance

according to Formula (1):
2
4s
= (M
L2
where
n isthe number of samples required for the detection of a difference L;
L s trfﬁm@rmmMW
s istle experimental standard deviation.
EXAMPLE A rather frequently observed value for the experimental standard deviation~of the relative
difference is|approximately s = 80. In order to detect an average relative difference of 10'% (L = 10 %), n =
25 600/100 4 256 samples is expected to be sufficient for a two-sided evaluation.
For a one-sifded evaluation (7.3) the corresponding number of samples cancbecalculated accordipg to
Formula (2)
2
3s
=— (2)
Lz
The rationale for the derivation of Formulae (1) and (2) is presénted in Annex C.
High variabjlity of counts can be experienced due to irregular behaviour of either laboratories of the
range of sarpple types analysed. Whether it is warranted to continue a comparison of methods q4tudy
can be asceftained by an examination of the standand deviation of the mean relative difference. Valid
comparisong are indicated by standard deviations of less than 100.
NOTE ith some recent methods based on(chromogenic substrates, it is possible to estimate two bacferial
groups simultaneously. One of the groups can‘he 10 or more times as numerous as the other. It is possibl¢ that
the number f samples sufficient for making'a final decision of equivalence with the more numerous type |s not
sufficient forfan organism present in low'numbers.

© ISO 2014 - All rights reserved
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5.4.3 Number of additional samples

Formula (3) can be applied to estimate the number of additional samples when the initial number has
been found to be inadequate (see 7.2.4 and 7.3.5) (see also Annex D).

2
n=4[ij (3)
y

where
n is the number of samples required;
S is the standard deviation of the relative difference;
! is the larger of the two quantities:
Y1=X
) =‘x‘—|2L|
in which
2L is the predetermined stipulated linmitfrom 0 in the case that the methods are
“not different” in %;
X is the arithmetic mean of the'relative difference in %.
NOTH In the case of a one-sided evaluation (%3) using Formula (3), y2 is calculated as y, =X 12L, with the

algebrraic signs of 2L and x taken into account.
5.5 | Counting and confirming

5.5.1 Counts

Cournts shall be recorded-te-the last digit observed. Do not round the counts to two significant figures, as
often} specified for reporting routine results. MPN results shall be rounded to the nearest whole number.

5.5.2 Confirmation

Mos{| of the-meéthods are of a type that include confirmation of the presumptive observations. Even
though often overlooked in daily routine practice, the basic rule of confirmation in method|comparison
trial$ iS40 confirm every count by testing every presumptive positive observation (colony ¢r tube).

Detailed advice concerning confirmation shall be given in the instructions from the panel of experts (see
Annex B).

To confirm a colony count reliably, the presumptive colonies should be well separated from each other
and from background colonies. For practical and statistical reasons, the ideal range for confirming
counts is from 10 to 30 target colonies per plate. Dilution of the samples should be chosen accordingly.

Itis recommended to use dilutions of 3-1 to 2-1 or even less should be used. This will allow the selection
of the plate(s) that fulfil the basic quality criteria of reliable confirmed counts. If the plan fails to produce
any plates with well separated colonies, the sample shall be discarded. Another sample from the same
source (if considered indispensable) should be taken and diluted such that the objective of a reliable
count can be achieved.

© ISO 2014 - All rights reserved 7
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Each presumptive positive observation should be confirmed. Partial confirmation shall be justified and
a sufficient number of confirmed observations needs to be undertaken to ensure that they truly reflect
confirmation rates of the methods under evaluation.

Both the presumptive and confirmed counts shall be recorded and reported. This provides data for
comparison of the confirmation rates. Methods with the possibility of in situ confirmation (e.g. by
transplantation of the membrane filter) give the confirmed count directly. In such cases, the presumptive
results need not be reported.

Every presumptive positive observation in MPN methods shall be confirmed.

6 Calculations

6.1 Preliminary editing of the raw data

Samples shall be excluded from calculations when both methods give a confirmed count of zero (0J0) or
either meth¢d gives a result other than a count (e.g. TNTC, “larger than”, etc.). The primary observations,
except the presumptive result (0,0), should nevertheless be reported.

6.2 Basidrelative differences

6.2.1 Regnlar count data

An estimatg of the relative difference is calculated for every paitr-of non-zero confirmed counts (¢;, b))
following Fqrmula (4):

x;=[In(a;)~In(b;)]x100% (4)

6.2.2 Resllts with zeroes

Some results of the types (a;, 0) and (0, b;) aré almost inevitable. To avoid omitting these samples, the
relative differences are calculated using Eormulae (5) and (6).

When the rgsult is of the type (a;, 0),the relative difference is obtained from

x; =In(d; +1)x100% (5)

When the rgsult is of thetype (0, b;), the relative difference is obtained from

x; =—In(b; +1)x100 % (6)

Adding a constant reduces the mathematical problems caused by zeroes but does not completely ¢rase
them. It is therefore-advisable-to-try-to-minimize-the number-of samples-with-zereresudts—Atleast’5 %
of the samples are required to contain regular count data from both methods. Samples with zero results
can have a great influence on the mean relative difference if the other method gives a high count. These

data can be detected by the outlier test. The inclusion of such data should be carefully considered.

NOTE The equations are the result of adding the constant one (1) to each “count” when one of them is a zero.
For example, in the case of (g;, 0), the values entered in the general formula are (a; + 1, 0 + 1).

8 © ISO 2014 - All rights reserved
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6.2.3 Mean relative difference

The average relative performance, X, is estimated in percentage units according to Formula (7):

2
n

X (7)
where

n is the number of samples;

A7 istheTetative difference imrsampte T
6.3 | Half-width of the confidence interval
The $tandard uncertainty (standard deviation) of x is obtained from the coriventional Formula (8) for
expefrimental standard deviation:

Y (x;-x)?
S|=4|=——— 8
— (8)
The standard uncertainty of the mean (formerly “standard error”) is computed from Formula (9):
s
Sy = )
* Jn
The half-width of the confidence interval (W) is derived from the standard uncertainty of fhe mean by
using the coverage factor k = 2 resulting in Formula (10):
2s
W=ks-=— (10)
* Jn

To eyaluate the result of the comparison the “confidence interval” around the mean is calculated by

computing the limits

Lowg

Uppd

b1 limit:
xL=x-W

r limit:
xu=x+W

7 Evaluation

7.1

Preliminary evaluations

7.1.1 Examination by groups

The evaluation of comparative recoveries should begin with different groupings of the data to detect
possible differences between laboratories, categories of samples, seasonality or geographical location.
The analysis of variance on log-transformed data or its non-parametric equivalents are likely to be
suitable methods.
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If great differences between laboratories are apparent, they should be critically examined. In extreme
cases, the statistical analyst may recommend exclusion of the results of a laboratory from a collaborative
trial. Deviation from the agreed protocol or demonstrable technical problems are valid reasons for

exclusion.

In addition to the grouping by laboratory, the data should be grouped by the type or origin of the samples
for similar analyses of heterogeneity. Large differences attributable to the origin of samples can lead to
arecommendation to exclude certain sample types from the scope of the method.

NOTE 1

NOTEZ R

samples studE’ed when a trial method yields significantly higher confirmed results than the reference meth

7.1.2 Out]

This Interng
sample type
of outlier te
against In(b
variation ag

Particular attention should be paid to the higher counts where differences’between methods be

pronounced|
these shoul
technical).

If there are
or sample c§
provide a pd
proceed by

7.2 Two-

7.2.1 Gen

Whether or
that neither;
practical pu
for the lows
graphical re

The term “method” refers to confirmed results by the method.

ier detection

tional Standard provides no formal tests for the detection of outlier laboratories, unsui
s, or individual outlying test results. It is left for the statistical analyst tordecide upon th
5ts. However, individual outlier values can usually be detected graphically by plotting
) points. Omission of results may be suggested by the statistical €xpert. The great rar
sociated with the low counts characteristic of method comparisons is a major diffi

and the linearity of the association may fail. If outliers are*excluded from data ana
[l be listed in the test report together with the reasons<for their exclusion (statistid

no problems with outliers, or if no significantly.different behaviour between laborat
itegories, the data from all laboratories and all, samples can be merged into one analy
werful general test of comparison betweencthe methods. Otherwise the evaluation s}
broups and the conclusions should be formulated accordingly.

sided evaluation

eral

method gives signifieantly higher or significantly lower results than the other. For sy
rposes, asymmetric-predetermined stipulated limits may be agreed, i.e. different v
r (-2L) and higher(+2L) side. An example of a two-sided evaluation is given in Annex
presentation of potential outcomes of evaluations of data are presented in Figure 1.

es of
d.

Lable
use
n(a;)
idom
rulty.
Come
lysis,
al or

pries
5is to
ould

not one method can be named as reference, “not different” is normally understood to fnean

ecial
hlues
1 D.A

10
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o = |
2 — —
3a | ® |
3b | s |
443 | @ |
4b | . |
-10 % 0% 10 %

Key

1 -10% <x.<0and0<xy<+10% Methods not different

2 x,>0o0rxy<0 Methods different

3a |x<-10%andxy>0 Inconclusive

3b |xL<Oandxy>+10% Inconclusive

4a [x,>-10%andxy<0 Indifferent

4b |x,>0andxy<+10% Indifferent

Figure 1 — Graphical representation of the four potential outcomes of two-sided evaluations of
comparison data where the value for2L has been set at 10 %

7.2.2 Inconclusive
The ¢lata are insufficient for a decision when

XL <-2Land xy > 0 or

L <0andxy>+2L

>

Morg samples should be examined. The number of additional samples required can be dstimated as
shown in 5.4.3 (see alsofAfthex D).

7.2.3 Methods “not different”
The nethods@ne “not different” when

R2Lgx{<0and 0 <xy<+2L

7.2.4 Indifferent

The methods are statistically different but the difference is too small to be of practical significance
(microbiologically) when

x> -2Land xy <0 or
x1, > 0 and xy < +2L

It is an arbitrary choice which argument is considered decisive (statistical or practical). Although from
a statistical point of view the methods can be considered different it can be acceptable from a practical
point of view that the methods are considered to be not different.

© ISO 2014 - All rights reserved 11
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7.2.5 Methods “different”

The method

xL>0or

s are “different” when

xu<0

7.3 One-sided evaluation

7.3.1 General

It is possiblg that the expert panel or a regulatory agency decides to acCept an alternative mé

whenever it]
method, sed
(-2L)isof c
evaluation.

7.3.2 Incd
The data ar
X1, < -2L

More sampl
the Note to

s average performance is either quantitatively not different or higher than the refer
Reference [1]. In such cases, only the lower value of the predetermined stipulated
ncern in the evaluation. The result categories differ somewhat from those in the’two-

nclusive
b insufficient for a decision when

andxy >0

es should be examined. The number required can be estimated as shown in 5.4.3 (seq
b.4.3 and Annex D).

7.3.3 Met
Methods arg

2L < xy,

7.3.4

The trial me
probably of

x> -2L

7.3.5 Tria

The trial m4q

hods “not different”
“not different” when

<0andxy>0

Indifferent

no practical significafige (microbiologically) when

andxy <0

1 method:higher recovery

thod Was a (significantly) higher recovery than the reference method when

thod
ence
limit
bided

also

thod gives a significantly lower recovery (statistically) but the average relative difference is

x>0

7.3.6 Trial method: lower recovery

The trial method has a (significantly) lower recovery than the reference method when

xy<0

12
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8 Testreport

This test report shall contain at least the following information:

a) the test method used, together with a reference to this International Standard (ISO 17994:2014);
b) an unambiguous exposition of, or reference to, the methods;

c) relevant descriptive details of the experiment (numbers of samples, participants, the stipulated
acceptable difference);

d) evaluation in words (“not different”, “different”, etc.);

e) rlnean relative difference;
f) gtandard deviation of the relative difference;

g) 4nannex of the raw data (these data should be available in a form to allow,analysis by other parties).

© ISO 2014 - All rights reserved 13
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Annex A

(informative)

Flowchart

Collect paired confirmed
count data for two methods

Step 2

for each sample i
obtaina,;, b; (i = 1,2,..,n)

Y

Calculate basic parameters x, W

Step 3

Step 4

Step 5

NO

there’enough data?
X|+W<2L
?

>x;=[In(a;)-In (b;)] x 100 %
X885 W=2s,-

|

Test
if the average
difference is significant
W<|x|
?
NO :
YES

Were

Significant difference:
methods “different”

YES

Result inconclusive:
Study more samples

Difference not significant:
methods “not different”

Figure A.1

14
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Annex B
(informative)

Comparison studies

General

Colle]borative comparison of methods studies are organized in order to expand the igeo

envil
robu

B.2

Apa
pane
used
used
“not

onmental scope of the samples. Involvement of different laboratories also indirect
5tness of the method.

Panel

hel of experts should be appointed to plan and coordinate the expetiment. Some of the

craphic and
ly tests the

tasks of the

| are to choose the participating laboratories and to discuss the methodologies to b¢
Among its important tasks is to decide on the definition of the target organism(s)

for confirmation of presumptive positive results. If the quantitative criterion for the m
different” (the predetermined stipulated limit or the least significant average differen

by higher authorities, the panel shall choose it.

The
ensu

The |
a prd
for c

The
analy

B.3

The
some
tom
sessi|
Itis 4

The ¢
labo
with

banel should include statistical expertise. The expert should be engaged at the plann
re a satisfactory experimental design.

panel should appoint someone for the co-ordinating functions to enlist the laboratories
tocol covering the laboratory procedure)and data reporting. The co-ordinator is also
bllecting the data and presenting it tolthe statistical expert.

fask of the statistical expert is to)contribute to, and approve of, the design of the ex
rse the data and to collaborate in the writing of a report to the panel.

Practical aspects

protocol of the cellaborative experiment may differ in some respects from the daily

laboratories.{Whenever there is a conflict, the written protocol shall be followed. It
hke sure the‘protocol is understood and agreed upon. This is best achieved by organiZ
pns for the esponsible persons of the participating laboratories to learn and harmoniz
ssentialfo practice reading, confirming and reporting the results.

b tested and
nd the tests

thods to be
Ce) is not set

ing stage to

and to draft
responsible

beriment, to

practices of
is essential
ing training
e the details.

letailed protocol provided by the co-ordinator of a collaborative trial shall be strictly

a 0 0 alalainatala ala a3A naraia om ne ollabora ALh

it and keep to its own ways.

ollowed. If a
er than stay

Each laboratory should analyse its own samples reflecting the range of water types or quality usually
analysed by that laboratory.

B.4

Data report sheet

The co-ordinator shall provide a data report form with space for the following information:

a) manufacturer, product name and lot number of the media and materials (e.g. membrane filters)
used;

b)

© ISO

sample and site identification;
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j)

Counts largg
whole numh

The co-ordi
methods in

B.5 Studj
Key aspects
a) critical
recomn
b) analysij
c) calculaf
interval
d) decisioy
e) evaluat
f)
16

sample category (river, lake, sewage, sea, private well, etc.);

date of sampling, storage between sampling and analysis;

presumptive count by method A;

presumptive count by method B;

confirmed count by method A;

confirmed count by method B;

number

number

necessary, conclusions by groups or generally;

reporting the results of the dnalysis to the panel.

- 1o J L Lo - Lol Jde Ll Ao =l s )
IDUIALCU TUTI CUILITIT IITAdtUIUIT Lll UITITI CIIU 1T UIIT UIICT lJl cbulllleVU LUullL},
of isolates confirmed (when partial confirmation is practiced).

br than 100 shall not be rounded to two figures. MPN counts shall be rounded te the ne
er.

hator should ask the participants to report all relevant observations they have made o
hddition to the information that are required in the data report form,;

y report

that should be addressed in the study report are as follows:

endations about their handling;
of the data grouped by laboratories, sampletypes and regions when possible;

ion of the relative differences, means,)standard deviations, half-widths of confid
S,

) on adequacy of the data, recmmendation on the amount of additional samples Y

on of the difference betweeh the methods;

arest

n the

examination of the data in order to identify outliers or other irregularities, to make

ence

when
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Annex C
(informative)

Derivation of equation for calculation of the number of samples

C1

Basic principle

This
to lo
effec
conc
x=1n
inter

Forn

tyis
sayi

[nternational Standard is based on the principle of the paired ¢t-test. The test results a1

t of concentration and permits the use of samples from different populations\with dif]
entrations in the same analysis. Applying natural logarithms justifies calling the t

a - In b the “relative difference”. The relative difference is the best meastire of the qua
lest, the relative performance of two methods.

lally, the paired t-test is expressed by Formula (C.1):
X

o=
Sx

the value of Fisher’s t-distribution for risk level a that.corresponds to the risk of being
g that the mean does not differ from zero. If the value of the division exceeds the theo

ta, the difference is considered significant. In this Inteknational Standard a confidence level

chos

The

bn which corresponds to a =5 %.

est is dressed into a graphical examination of the points of the half-width W of the §

confldence interval around the observed*mean and a stipulated smallest significant d

The
diffe

appr

word “approximate” is important, because there is no certainty that the distributio

bximate.

The half-width of the confidence)interval W is given by Formula (C.2):

"

The
samyj
be af]
sided

=t 5. =t,
o X o \/;
Falue of W depends on the confidence level chosen. The value of t, depends also on th|

les n, whiclris not known exactly beforehand. It is known, however, that the number of
least 30 or more. In that vicinity, the value of t (for a 5 % risk level) is approximately
testand 1,7 for a one-sided test.

e converted

parithmic values before calculating their difference. The use of logarithms largely eliminates the

ferent mean
bst variable,
ity thatis of

€.1)

wrong when
Fetical value
of 95 % was

ipproximate
ifference L.
h of relative

rences follows the normal distribution very well. Another reason is because the value for t, is

(C.2)

e number of
samples will
2 for a two-

C.2

Calculation of the number of samples

The smaller the differences that are to be detected are, the more samples need to be studied. The
extreme testing situation occurs when the experimental mean relative difference equals the smallest
significant difference L. To detect this situation with adequate confidence, the study of sufficient samples
is required to make the half-width of the confidence interval equal to L.

© ISO
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By equating the smallest significant difference L with the value of the half-width W results in
Formula (C.3):

N

L=W =t,, ﬁ (C.3)
Solving for the number of samples n, Formula (C.4) is derived:
2( S ’
n=t2 [I) (c4)

Even though the value of t; depends on the unknown n, it is anticipated that the value (of n)would
be rather large in every case. Therefore, the values of t of approximately 2 and approximately 1,7 as

representatjve approximate values for the two-sided and one-sided testing situations fare chpsen.
With 22 = 4 the formula for the required number of samples for the two-sided case,~thus, becpmes
Formula (C.p):
2
:4% (C.5)
L
For the one-sided testing situation (té ~1,7% = 3) the formula is Formula/(C.6):
2
=3i2 (C.6)
L
where

n isthe number of samples required for the detection of a difference L;
L isthe smallest significant mean difference;

s is the experimental standard deviation:
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