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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.
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IDF (the International Dairy Federation) is a non-profit private sector organization representing the
interests of various stakeholders in dairying at the global level. IDF members are organized in National
Committees, which are national associations composed of representatives of dairy-related national
interest groups including dairy farmers, dairy processing industry, dairy suppliers, academics and
governments/food control authorities.

ISO and IDF collaborate closely on all matters of standardization relating to methods of analysis
and sampling for milk and milk products. Since 2001, ISO and IDF jointly publish their International
Standards using the logos and reference numbers of both organizations.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights- ratoteteldresponsibleforid Hytneg-any-orat-stchpatentrights—Petai
any patent rjights identified during the development of the document will be in the Introduction'and/or
on the ISO list of patent declarations received (see www.iso.org/patents).
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Any trade npme used in this document is information given for the convenience of users‘and does not
constitute ah endorsement.

Technical Committee ISO/TC 34, Food products, Subcommittee SC 5, Milk and@nijlk products. It is being

This docur}ent was prepared by the IDF Standing Committee on Statistics and~Atutomation and 1SO
published jgintly by IDF and ISO.

The work was carried out by the IDF/ISO Action Team (S11) of the Stdnding Committee on Statjstics
and Automation under the aegis of its project leaders, Ms B. Asmussén*(DK), Ms V. Tzeneva (NL), Mr R.
Kissling (N7) and Ms B. Miiller (DE).
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Introduction

Conversion in quantitative microbiology means expressing the result of a quantitative determination
of the microbiological status of a test sample obtained with an alternative method in units of another
method, generally an anchor method. Through this, quantitative results obtained with alternative
methods can be compared to values or limits that are stated in anchor method units. For establishing
and applying a conversion relationship, a number of prerequisites should be met. These are referred to
in this document, but are generally described elsewhere.

Although a con51derable part of the apphed pr1nc1ples for conversion coincides Wlth those applied for
the g : mearsof (certified)
referfence materials, it is stressed that the background and aims for applymg conversjomare different
from| those for calibration. Calibration involves the determination of the adjustment n€eded for each
level|of an analyte to closely approximate the true value of its concentration or,number.|However, in
quarftitative microbiology, a true value in its strict sense cannot be established and+s only d¢fined by the
method description applied. When applying alternative methods in the quantitative detefmination of
micrpbiological quality, one is often dealing with different methodological principles and tHerefore also
other units. Conversion is used to transfer results obtained with different'methods to a common scale.

© 1SO and IDF 2021 - All rights reserved vii
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Milk — Quantitative determination of microbiological
quality — Guidance for establishing and verifying a
conversion relationship between results of an alternative
method and anchor method results

1 $cope

This|document gives guidelines for the establishment of a conversion relationship hetween the results
of an|alternative method and an anchor method, and its verification for the quantitative degtermination
of the microbiological quality of milk.

NOTH The conversion relationship can be used a) to convert results from an alternative method|to the anchor
basis|or b) to convert results/limits, expressed on an anchor basis, to results in.inits of an alternatiye method.

2 Normative references

The following documents are referred to in the text in such/a“way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

[SO §196-1 | IDF 128-1, Milk — Definition and evaluation of the overall accuracy of alternative methods of
milk pnalysis — Part 1: Analytical attributes of alternative methods

ISO 8196-2 | IDF 128-2, Milk — Definition and-evaluation of the overall accuracy of alternative methods of
milk pnalysis — Part 2: Calibration and quality control in the dairy laboratory

ISO 16140-1, Microbiology of the food chain — Method validation — Part 1: Vocabulary

3 Terms and definitions

For the purposes of thi§ document, the terms and definitions given in ISO 8196-1 | IDF 128-1,
[SO §196-2 | IDF 128-2;1S0 16140-1 and the following apply.

ISO gnd IEC maintain/terminological databases for use in standardization at the following dddresses:

— ISO Onlinebrowsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
alternative method
method of analysis allowing quantification of the microbiological status of a test sample

Note 1 to entry: The method can be proprietary or non-commercial.

Note 2 to entry: The term “alternative” in this document refers to the entire method. It includes all aspects (such
as test sample pre-treatment, materials and instruments) required for the execution of the method.

© ISO and IDF 2021 - All rights reserved 1
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3.2

anchor method

method of analysis internationally recognized by experts or by agreement between parties, and used,
for instance, in legislation when expressing official limits for microbiological quality

Note 1 to entry: It is stressed that, in quantitative microbiology, any obtained value is only defined by the method
description applied. This applies to any alternative method as well as, for instance, to the standard plate count

for the enumeration of microorganisms.

3.3

analyte

component prproperty which is measured hy the methaod of qna]ycic

Note 1 to enffry: The analyte can be the microorganism, stained particles (e.g. microscopic count), cenmpopents
of microorgahisms (e.g. lipopolysaccharides), the result of their ability to multiply (e.g. colony-forming units) or
their metabolic activity (e.g. change in conductivity/impedance).

3.4

organizingbody

organizatiof, possibly appointed by a competent authority, having the qualified staff and skills to
organize, cqordinate and report on the outcome of the activities for the, establishment and/or the
maintenancg of a conversion relationship

3.5

measuringjrange

range wher¢in data with known precision and accuracy can be ehtained

Note 1 to ertry: Precision and accuracy data are determined,ifivd validation study (e.g. by the instryment
manufacturef or a responsible organization).

3.6

range of interest

numerical yalues for alternative method results, typical of routine samples when analysing|in a
laboratory

Note 1 to entry: If applicable, the range of interest shall include official limits and limits related to specific qhiality
schemes.

4 Principles

4.1 Genefal

The establighment and‘verification of a conversion relationship is based on the examination of test
samples with an alternative method and the anchor method.

4.2 Guidance for applied methods and laboratories

For establishing and verifying a conversion relationship between the results of an alternative method
and the anchor method, the following prerequisites apply.

The alternative method should have been evaluated and validated in accordance with 1SO 16140-2
and/or ISO 16297 | IDF 161. Procedures for sampling, test sample preservation, test sample transport,
test sample storage, sample pre-treatment, analysis and calculation of results should be documented,
strictly standardized and controlled in agreement with ISO/IEC 17025, the Eurachem Guidel®l or
comparable standards.

Regular participation in proficiency tests and training according to the relevant standards, e.g.
IS0 4833-1, ISO 14461-2 | IDF 169-2, is strongly recommended.

© ISO and IDF 2021 - All rights reserved
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The anchor method should have been validated, documented, strictly standardized and controlled in
agreement with ISO/IEC 17025, the Eurachem Guide or comparable standards.

The protocol for the establishment of the conversion relationship and its verification should be

docu

4.3

mented. It should follow the guidelines of this document.

Organizational set-up

There are various possible organizational set-ups, e.g. both the alternative and the anchor method are

fully

carried out in the same laboratory, or several laboratories are involved in the trial.
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rtaken on the same test samples, at the same place, at the same time. It is recommmend
either the sequence of testing does not impose significant influence on the’ tést re
od with the lowest influence on the milk sample is applied first.

hmpling should be avoided. However, in case of two or more participating laboratories
be necessary.

cases, the organizational set-up should include all the necessary, provisions to guaray
ned conversion relationship is representative of the circumstances under which thg
od is carried out and the resulting conversion relationship is'later applied. Factors to

brganizing body should provide guidance to the collaborating laboratories. Furthermg
ct information on critical points in the procedusé! All collaborators should be aske
ant information, such as details on the method(s) used, details on the testing of sam
‘ol data, and possibly data about storage andtransport conditions.

Consideration of factors influencing the conversion relationship

General

mber of factors can influence'the outcome of alternative method or anchor method detg
th. The relative magnitude of the effects can differ between test samples and is nof]
same for both metHods. This implies that certain factors can also influence the
jonship. In the evaluation of an alternative method, all relevant factors should be id
Id be consideredSince it is necessary to cover the consequences of their variation in on
jonship, or otherwise to establish distinct conversion relationships.

neral, when distinction between test samples cannot be made, or is not being mad
g circumstances, the variation in the underlying variables should be covered in ong
jonShip. Where a factor is shown to have a significant effect on the conversion relatig

one conversion relationship may need to be established and applied, e.g. with colled

ost robust
method are
bd to ensure
sults or the
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itee that the
alternative
ronsider are

re, it should
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ples, quality

brminations,
necessarily
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entified and
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le in routine

conversion
nship, more
tion of milk

from

farms twice daily and every three days.

Influencing factors are grouped into environmental factors affecting the milk sample, e.g. content of
type of bacterial flora or background noise from the sample matrix, and analytical factors which relate
to the analysis itself, e.g. reagents. Some factors that can influence the conversion relationship in raw
milk analysis are given in 5.2 and 5.3. Some of these factors can also be applied to other situations.

5.2 Environmental factors

5.2.1 General

The microbiological flora of a milk sample, i.e. the type of microorganisms, their growth phase or
metabolic activity, influences the outcome of the measurement depending on the principle of the
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method. For example, with the plate count method according to ISO 4833-1 only microorganisms
viable under the respective growth conditions are determined, whereas with a flow-cytometric
method all stainable microorganisms with a signal above the discriminator level are counted. This
can have a significant impact on the conversion relationship. The normal variation of microbiological
flora should be included in the test sample set that is used to determine a conversion relationship.
Microorganisms in milk originate from the udder, the teat skin, from the air and from contamination
from feedstuff, milking equipment and containers. The number and type of bacteria in milk can depend
on the general characteristics of milk production such as the method of milking, storage conditions and
collection intervals. The growth phase is dependent on the sample handling. Thus, there are numerous
environmental factors influencing the microbiological flora of a milk sample. Some of these factors,
which should be considered in the organizational set-up of the trial, are listed in 5.2.2 to 5.2.7.

5.2.2 Animal species

Animal spefies can have an impact on the bacterial flora in their milk, either djrectly thrpugh
differences |n the type of flora or in the production environment, or indirectly throughr¢omposition and
properties df the milk influencing the growth conditions for microorganisms. This can affect analytical
results with| different methods in different ways and therefore the conversion retationship.

5.2.3 Bulk milk storage conditions

The storagejand shipping conditions of the bulk milk will affect the numiber of bacteria and their grpwth
phase. Wheh official limits are stated depending on the storage _cenditions (e.g. time, temperafure)
and those ¢onditions have a significant effect on the conversion relationship, distinct convefsion
relationships should be established.

5.2.4 Seasonal variations

Where a sepsonal influence on the conversion relationship is apparent, the conversion relationship
should be baised on a data set containing all-year-found data or be adapted to the seasonal influgence,
e.g. by using a rolling system, including data fromrall seasons (see 9.1).

5.2.5 Sampling and pre-treatment of the test samples

Sampling, test sample storage, transport and pre-treatment of the test sample can affect bacterial
growth, even within the stated limits for allowed storage time and temperature. Structural chgnges
can necessitfate an adaption of a-conversion relationship.

5.2.6 Testsample preservation

Preservatioh of test satples should be avoided. However, with certain alternative methods, test sample
preservatioh can be:applied for stabilization purposes. It should be proven that the detectability of the
analyte by the alternative method as well as the anchor method is not influenced.

5.2.7 Milkproduction conditions

These factors relate to the general characteristics of milk production such as the method of milking and
collection intervals. Where this can affect the conversion relationship, it should be evaluated whether
statistically significant differences can be shown, for instance for different regions. Then, separate
conversion relationships should be established.

4 © ISO and IDF 2021 - All rights reserved
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5.3 Analytical factors

5.3.1 Instrument make and model

Even within the same methodology, different instrument models or brands can apply slightly different
pre-treatment (e.g. in arranging for sample homogeneity) or counting procedures, which can influence
the conversion relationship.

5.3.2 Chemicals

should not
influpnce the outcome of the measurements. However, in particular, organic materials can show
fluctpating properties. Where a significant effect on the obtained quantitative results-is/apparent, this
shoulld be accommodated for by an adaptation of an established conversion relationship.

5.3. High somatic cell counts
Elevated somatic cell counts (e.g. 1 000 000 cells/ml) can cause increased background noisg and higher

counlt values.

6 Testsamples

6.1 | Calculation of number of test samples

Assuming a linear regression, the required numbex:of test samples, n, in the final sample set can be
calcylated from t-test statistics using Formula (1) (See Annex A):

=[t2(1-r2)/(62 1) ]+1 8

~

wherte

n  is the required number ofitest samples;
t isthe numerical valae,of the Student’s t-distribution at the 95 % confidence level and n-1—-o0;

¢ is the numerical’value of the relative error of the estimation for the regression (for|payment
and regulatofy, purposes, it is recommended to work with § = 0,05; however, underf certain
circumstafices, e.g. if the workload gets too big, 6 = 0,10 can be applied);

ir  is themnuimerical value of the estimated correlation coefficient between the results jof the alter-
native’'method and those of the anchor method.

The aim. is to determine a required size of a test sample set for estimating the regression|coefficients

fron‘ Izayiatra ool dicbeiladi sy £o o g d cosnlabi o canffiaiant o d o e ncnt e 1ative error
1IraorIvarialte nIuriIliiar ulobl ITOUOULIVUIT ITUL O l_ll CouUulIrniTvu LUIITLIiduiIvIr cuLTiIrnivivIiit aIinIu o l_ll A\wTe A ey §

of estimation at a chosen confidence level.

As conversion is basically different from calibrations known from chemical methods, its validation
is also different. It should follow the fundamentals of conversion, i.e. using more data, to address the
large natural variations and errors of microbiological testing including the anchor method. Data may be
pooled from several years to reach sufficient numbers.

In cases where it appears from calculation (see 8.1) that the presumed correlation coefficient was an
overestimate, the required number of extra data pairs should be included and the calculation should be
repeated.

Another reason for needing a surplus of samples for analysis is that some data pairs are likely to become
invalidated (see 8.1). A surplus of samples can also be necessary to ensure that the guidance given in
6.2 and 6.3 is followed.

© IS0 and IDF 2021 - All rights reserved 5
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of test samples

The levels should, within the measuring range, uniformly cover the range of interest for the alternative
method concerned. Where data are to be transformed before statistical treatment (see 8.1), the data
pairs should uniformly cover the transformed scale.

With some alternative methods, results are almost instantly available, so an efficient selection of
samples can be based on the outcome of these measurements. This screening method should not have
an impact on the results of the following analyses.

6.3 Representativeness of samples

It is of the h
with pure c

The test sa
relevant varj
influence on

The normal
the conditio
procedure 9
applied.

6.4 Pre-t

6.4.1 Gen

Preferably, ]
sure that cil

as close as possible to routine circumstances. If.this is not feasible, test samples can also be collg

centrally frd

Test sample
to it. The tix
may vary by
samples are

If testing is
transported
keptat 0 °C
handling of

6.4.2 Pre

I

tures and incubated samples as this will lead to non-representative measurement re

iation of the routine sample population. It should be checked what factors.have a signif]
the variation (see Clause 5).

procedure for testing with the alternative method should be followed. This implieg
ins for sampling, test sample storage, possible preservation and-transport during the v
hould also closely mimic the conditions under which the conversion relationship is

reatment of test samples

eral

cumstances in the trial (e.g. sampling, fest sample storage and test sample transport

m another organization.

5 shall be analysed with both the alternative and anchor method at the same time or

rup to 2 h, but it shouldpreferably be less than 30 min (see ISO 16297 | IDF 161), whd
keptat 0 °C to 4 °C. The.time of analysis for both methods shall be noted.

done in different laboratories, sub-samples should be prepared (see 6.4.2) and shou
to the laboratories appointed for testing (see 4.2). The sub-samples should be continu
to 4 °C. Test'zesults on sub-samples should be accompanied by detailed information o
fest sample$ and the time of analysis.

paration of sub-samples

ighest priority to work with natural test samples. It is not possible to use samples s;Liked

bults.

ples used to establish (and verify) a conversion relationship should trulyrepresent the

icant

that
rhole
o be

est samples should be taken by a routine laboratory (e.g. a participating laboratory) to nake

) are
ected

close

he between alternative andianchor method analysis should be as short as at all possible. It

reby

|d be
busly
n the

It is of utm

St importance for estabiisting amnd verifying a conversion retationship thatamatyse

are

done with samples as equal as possible. To reach this, several factors are considered during sub-sample

preparation

, as follows.

— To obtain homogeneity of sub-samples, before dividing the original sample into sub-samples an
effective mixing of the cold sample by rapidly inverting the sample container at least 25 times
should be done. There should be no foaming or any foam should be allowed to disperse. The interval
between mixing and removing the test portion should not exceed 3 min.

The sub-sample should be poured into a clean, dry and sterile sample container. The sample

containers should be sealed tightly to prevent any leakage from one sample affecting the integrity
of the other samples during transport.
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— During the preparation of sub-samples, both the original test sample and the sub-samples should be
kept at a temperature range between 0 °C and 4 °C.

6.4.3 Storage and transport of sub-samples

It should be checked that the transport packaging is suitable for its purpose. A suitable temperature
monitoring during transport is desirable.

During storage and transport of the sub-samples, it should be ensured that storage conditions for the
different sub-samples are the same and are as representative as possible of the conditions under which
the conversion relationship will be applied (see 5.2).

7 Analysis

It is ¢f utmost importance that analysis with the alternative method and the anchor meth¢d is carried
out at the time stated in the description accompanying the samples (see 6.4.1).

Each|test sample should be analysed as a minimum in duplicate, both withythe alternative method and
the anchor method, thereby closely adhering to the standardized procedures (see 4.2).

NOTH An anchor method duplicate is considered to be two dilution Series and at least one plgte from each
relevhnt dilution step.

8 Establishing a conversion relationship

8.1 | General

Before any calculation is made, a scatter diagram (i.e. plotted distribution of two-dimensipnal arrays)
of ohserved values should be checked visually to obtain a first impression of the charpcter of the
relatjonship. The scatter diagram will show whether the relationship between the resplts of both
metHods tends to be linear over the whole range. If not, a base-10 logarithmic transformtion can be
applied (see ISO 16297 | IDF 161).

For the purpose of this document;a linear relationship is assumed.

In thle general case of regression, the vertical y-axis (dependent variable) is used for thg alternative
metHod and the horizontalx-axis (independent variable) is used for the anchor method.

An example for the,caleulation of the conversion relationship is given in Annex B.

NOTH Plottifig-scatter diagrams during the trial helps to find out if the experimental design| or protocols
need fadjustment)

8.2 | Validity of results

The results in the data set should be evaluated for validity.

Results should be excluded when there is a sound microbiological reason to do so. Examples are damage
to the samples during transportation and abuse of specified temperature conditions.

Data pairs for which either an alternative method result or an anchor method result is below the
lower quantification limit or above the upper quantification limit for the respective method should be
excluded.

Duplicate results exceeding the established limit for repeatability should be excluded. If relevant,
results exceeding the established limit for reproducibility should also be excluded.

Results should also be excluded in cases of reported deviation from the test protocol.
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8.3 Conversion relationship

The convers

ion relationship can be expressed as:

— amathematical formula for the range of validity;

— a table, listing equivalent values in alternative method units and in anchor method units for the
range of validity; or

with stated legislative limits in anchor method units).

The availab
the result d
alternative 1

8.4 Calcu

8.4.1 General

Before start
transformed

Subsequent

8.4.2 Removal of outliers

An outlier is
a populatior

equivalence points (i.e. specific values of results in alternative method units that meet, for instance,

lity of a properly established conversion relationship provides the possibility to ex]
f a quantitative determination of the microbiological quality of a test sample.ih §
method units or in anchor method units.

lations

| in a base-10 logarithmic scale.

y for each data pair the duplicate results from each method should be averaged.

an observation that lies an abnormal distance\from other values in a random sample
of data. This normally applies with around@ % of the data pairs.

he outliers in the data set, the followingprocedure should be applied.

rdinary least square (OLS) regression with the results obtained with the anchor
ive method expressed in their respective units.

e the residual standard deviation (s, ,).
e (2,58 xs,,).

e regression line obtdined under a), calculate the estimated value of the alternative mq
n units of the anchor method.

e for eachtdata pair the difference between the anchor method result and the estin
om thelalternative method result as obtained with d). If the difference is more
5,,,) thexdata pair can be considered an outlier and should be discarded.

To identify t
a) Apply g
alternaf
b) Calculaf
c) Calculat
d) Withth
results
e) Calculat
value fj
(2,58 x
8.4.3

Conersion relation chip

hress
ither

ing any calculation, the results obtained with the anchor and alternative method shoulld be

from

and

thod

1ated
that

After outlier removal, the conversion relationship should be calculated as follows.

a) For each data pair, calculate the mean value of the results obtained with the anchor method and with

the alternative method in their respective units.

b)
given in

<)

a).

Sort the data set according to the means calculated for the anchor method results per test sample

Calculate the average for each 10 anchor method results in increasing order with the units as

they are obtained, e.g. average of the first 1 through 10 results, then the average of the 11 through
20 results, etc. These are the consolidated data of the anchor method.
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d) Calculate for the same samples the average for each 10 alternative method results with the units as
they are obtained, e.g. average of the first 1 through 10 results, then the average of the 11 through
20 results, etc. These are the consolidated data of the alternative method.

e) Make a scatter diagram by placing the consolidated anchor methods results calculated in c) on the
x-axis and the consolidated alternative methods results calculated in d) on the y-axis.

f) Compute the conversion relationship by applying OLS regression and compute s, ..., (With s, ..o,
expressing s, , of the consolidated data).

9 erification of 2 conversion rplntinnchip

9.1 | Frequency of verification

The gxactness of the conversion relationship should be regularly checked andfif necessalry, updated.
The ¢heck and any necessary update should be carried out:

— Jtregular intervals;

— afterchangesin environmental factors (see 5.2), e.g. milk production factors and/or sampling routines,
yhich can be presumed to affect the composition and the properties of the microbiologigal flora;

— 3fter relevant changes in the procedure for the alternativ®method and/or the anchor method; or

— Dby rolling (i.e. continuously refreshing the data set withhhew data-pairs, thereby deleting the oldest
nes and recalculating and evaluating the conversion relationship frequently).

In al] cases, the representativity of the data set should be ensured.

9.2 | Calculation

It shguld also be checked whether the newly obtained conversion relationship significantly|differs from

A coi:/ersion relationship should be che¢ked according to 8.1 and calculated based on the new data set.
the one applied so far. If so, the conversion applied so far should be adapted. If not, it should ble left as it is.

For gxample, when the conversion relationship is the result of an OLS regression procedt;lze, it should
be checked whether the newly calculated regression coefficients a and b are not significantly different
from| the one applied sofar(see ISO 8196-1 | IDF 128-1 and ISO 8196-2 | IDF 128-2).

Examples for the verification of the conversion relationship are given in Annexes B and C.

10 Testreport

The test@eport of the organizing body should specify:

— thesetupofthestudy forestabtishing orverifying the conversion retatiomnstip;

— full details on the test sample set, sampling, test sample storage procedures, test sample transport
and test sample pre-treatment;

— any assumptions made;

— the methods used, with reference to this document, i.e. ISO 21187 | IDF 196:2021;
— the results obtained;

— any deviations from the procedure;

— any unusual feature observed;

© ISO and IDF 2021 - All rights reserved 9
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— where more than one laboratory was involved, details on interlaboratory quality assurance to
minimize variabilities;

— the resulting conversion relationship or the changes therein and its validity;

— the date of the test.
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Annex A
(informative)

Number of test samples for linear regression

A.1 For comparison of an estimated and a hypothetical regression coefficient, the test formula for a

Lwo- prbedtestithprobabibs H— e shovwn by —

t={B, =B | /Sty (A1)
whefe

i iS t(-1,1-q/2), Which is the numerical value of the Student’s ¢-distribution at its (1 1 a)

probability level

lyx is the estimated regression coefficient;

By« is the hypothetical regression coefficient;

Ypyx 1S S /s (n— 1)0 5.

1 is the number of data pairs.

Replacing ‘byx —ﬂyx‘ by d results in Formula (A:2}:

t:d/[syx/sx (n—1)0'5] (A.2)
This|can be rewritten as Formula (A.3Y:

N=t2(s,? [s,2)/d*+1 (A.3)
Sincd s,,2 can be approximated by syz—byxz-sx2 with higher values of n, Formula (A.3) may also be
writfen as Formula{A4):

n=t2(s,2 /sXZ ~b,,%) /d2+1 (A.4)
wherre

s, is the standard deviation of the y-values;

S is the standard deviation of the x-values.

X

A.2  As the value of the Student’s t-distribution is dependent on the degrees of freedom, Formula (A.4)
has to be solved iteratively. Since the values for sXZ, s.?2and b . are estimates, the value of n will be an
estimate and the demand for a predetermined probability (1 — @) cannot be maintained correctly.
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A.3 An alternative way has been suggested (see Reference [7]), introducing the relative error, 6, of the

estimate for

the slope of the regression, as shown by Formula (A.5):

5=|byx_ﬁyx /ﬁyx (A.5)

Formula (A.1) is transformed to Formula (A.6):
0,5

t:|byx—[3yx /[sy2 (1—7‘2 )/(n—l)sxz] (A.6)

where ris egtratto—b /.) Fs \.
i yx\°x /2y
Extending Formula (A.6) results in Formula (A.7):
0,5
~ 2 2 27

t~(|byx'_ﬁyx /ﬁyx )/{[Sy (1—r )/(n—l)sx ] /'ByX} (A7)

On introducfing Formula (A.5), Formula (A.7) becomes Formula (A.8):
0,5

t:5/<{[sy2(1—r2)/(n—1)sxz] ~SX}/r-sy> (A.8)

or Formula [A.9):
0,5

t~5/[ (1-r?)/(n-1)r? ] (A9)
Resolving nresults in Formula (A.10):

n=[t2(1-r?)/(6%-r3)]+1 (A.10)
A.4 Using|Formula (A.10), the required sample size can be calculated for a demanded relative ertor of
estimate § ajnd a given correlation r. It is«clear that in the case of a bad correlation, the sample siz¢ will

increase st
As an examy]

Example forj

ijnl.
gly.

le, in Table A.1 and Figure’A.1, sample sizes are given for a = 0,05 for various values of §

calculation using Eetmula (A.10) and 6 = 0,10, r = 0,90 and t for a« = 0,05 and n-1—co:

ind r.

n=[1962 (1 - 0,902)¢A(0,102 x 0,902)] + 1 =91
Tdble A:1:— Number of samples n for a = 0,05 (level of significance) and n-1-o0
62 r n 9 r n
0,05 0,50 4611 0,15 0,50 513
0,05 0,55 3544 0,15 0,55 395
0,05 0,60 2733 0,15 0,60 305
0,05 0,65 2101 0,15 0,65 234
0,05 0,70 1600 0,15 0,70 179
0,05 0,75 1196 0,15 0,75 134
0,05 0,80 865 0,15 0,80 97
0,05 0,85 591 0,15 0,85 67
0,05 0,90 361 0,15 0,90 41
a2 The demanded relative error of estimate.

12
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Table A.1 (continued)

62 r n o) r n
0,05 0,95 167 0,15 0,95 19
0,10 0,50 1153 0,20 0,50 289
0,10 0,55 887 0,20 0,55 222
0,10 0,60 684 0,20 0,60 172
0,10 0,65 526 0,20 0,65 132
0,10 0,70 401 0,20 0,70 101
010 0+5 300 0,20 0745 76
0,10 0,80 217 0,20 0,80 55
0,10 0,85 149 0,20 0,85 38
0,10 0,90 91 0,20 0,90 24
0,10 0,95 43 0,20 0,95 11
2 The demanded relative error of estimate.
Y
5040
<*
4540 +6=0,05
4000 =6=0,1
46=0,15
3500 < e5=0.2
3000 :
L 2
2500
20do .4
15d0 .4
10qo . ¢
[ | L 2
540 " - =
A i - °
° ® [
0 | LI B SR M T
0,4 0,5 0,6 0,7 0,8 0,9 1 X
Key
X  dorrelation coefficient, r
Y 1equired number of test samples, n

a  Where ¢ is the relative error of estimation.

Figure A.1 — Plot of number of samples n against correlation r for « = 0,05
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Annex B
(informative)

Example identification of outliers and calculation of conversion
relationship

z/iso/

A full example

21187/ed-2

The data in
Products, D

this file have been supplied by the German National Reference Laboratory for Milk'and|Milk

bpartment of Safety and Quality of Milk and Fish Products, Max Rubner-Institut, Kiel.
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