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Foreword

04:2023(E)

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
ISO collaborates closely with the International Electrotechnical Commission (IEC) on a
electrotechnical standardization.

The procedure o develop thi imen e intended fo her m

1SC( ) ) d ) 1C0 ) d
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents):

Any t
const

Fade name used in this document is information given for the convenience of users
tute an endorsement.

For
expregssions related to conformity assessment, as wellvas information about ISO's
the World Trade Organization (WTO) principles im~the Technical Barriers to Trade
wwwiliso.org/iso/foreword.html.

q

in the work.
1l matters of

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

explanation of the voluntary nature of standards)the meaning of ISO specific terms and

dherence to
(TBT), see

This flocument was prepared by Technical Comimittee ISO/TC 147, Water quality, Subcommittee SC 4,

Micropiological methods, in collaboration with the European Committee for Standardi
Techrjical Committee CEN/TC 230, Water-analysis, in accordance with the Agreement
coopdration between ISO and CEN (Vienna Agreement).

This §econd edition cancels and replaces the first edition (ISO 7704:1985), which has bee

the scope has been\changed to cover the requirements for the performance testing
filters used for retention and direct enumeration;

clauses haverbeen added for terms and definitions, microorganisms, sampling an
procedure;ihoculation and incubation, counting, calculation and documentation;

the elatises referencing to culture media and diluents, test strain preparation, perfor
apdprocedure have been revised to align with ISO 8199 and ISO 11133;

ration (CEN)
on technical

n technically

f membrane

d replicates,

nl\ance testing

Annex A has been added with a diagram of the batch testing;

and supplementary testing of membrane filters;

a diagram of the procedure;

Annex D has been added to describe the qualitative supplementary testing of membra

testing by the end user including a diagram of the procedure;

the Bibliography has been added.
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Annex B has been added to give an example of a card to record the test results from batch testing

Annex Chasbeen added to describe the quantitative additional testing of membrane filters including

ne filters;

Annex E has been added to give a practical example of batch testing and quantitative additional
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

vi © IS0 2023 - All rights reserved


https://www.iso.org/members.html
https://standardsiso.com/api/?name=9aa96a85863c9de559efd90357b6ab9c

ISO 7704:2023(E)

Introduction

In laboratories carrying out microbiological examinations, the main objectives are to either capture,
resuscitate, grow, detect or enumerate, or all, a wide variety of microorganisms. Membrane filters are
used in many traditional microbiological culture techniques and are commercially available in various
brands and types. Many comparison studies of membrane filters which have been reported in the
literature show differences in their ability to recover bacteria from water samples, see References [22],
[23], [28], [30], [31], [32], [33] and [34]. The complex manufacturing process means that the chemical
composition, pore size and pore structure can vary, depending on the brands, and even on the lot of
material. Furthermore, the manufacturing process can also release leachables that can potentially

T CTr oo go i ToTITSs

Thus,| it is very important to standardize the performance testing of membrane filtery as much as
possible, not only to provide consistent results, but also to enable the development of $tandardized
procedures for enumerating specific microorganisms.

© 1S0 2023 - All rights reserved vii
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INTE

RNATIONAL STANDARD ISO 7704:2023(E)

Water quality — Requirements for the performance
testing of membrane filters used for direct enumeration of
microorganisms by culture methods

1 S

cope

This document specifies the requirements for the performance testing of membrane filters
retention followed by direct enumeration of microorganisms by culture methods.

This
enu
absorn]

This
qualit

Thesq
types

ocument is applicable to membrane filters which are used for retentiou follow
ration of specific microorganisms on solid media or on other devices\containin
bent pads(19l.

document is not applicable for membrane filters used for corncentration and e
ative methods.

tests are applicable to the membrane filters intended for th&lmicrobiological analysi
of water, such as:

— (rilr'inking water, bottled water and other types ‘of>water with expected low

— W
W
Thesq
with
Refer

This ¢

icroorganisms;

ater with expected higher numbers of microerganisms, for example, surface water]
ater.

tests are intended to demonstrate thesuitability of the whole system (membrane fj
the culture medium including thefiltration step) required for the specific tests
ences [3], [6], [8], [10], [12] and [23}:

locument applies to:

=)

2 N

The f]
const|

— :[anufacturers producing mémbrane filters;

icrobiological laberatories using membrane filters for their own testing or provid
ther end users.
ormativereferences

bllowing documents are referred to in the text in such a way that some or all of
tutes'requirements of this document. For dated references, only the edition cited

used for the

ed by direct
b media, like

ution or for

s of different

numbers of

and process

Iter together
described in

ling these to

their content
applies. For

unda

edteferences the latest edition of the referenced document (inr‘]nding any amendmsé

ints) applies.

[SO 8199:2018, Water quality — General requirements and guidance for microbiological examinations by
culture

[SO 11133:2014, Microbiology of food, animal feed and water — Preparation, production, storage and
performance testing of culture media

[SO 11133:2014/Amd1:2018, Microbiology of food, animal feed and water — Preparation, production,
storage and performance testing of culture media

3 Terms and definitions

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

© IS0 2023 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

3.1 General terminology

3.11

membrane filter
porous hydrophilic filtration matrix, composed of different polymers with filtration characteristics

equlvalent te lfcI/fhnw‘ rated-noeminal pnrn S1Zes, fyplr‘a”y rang]ng from n"l :v!'m o 1") |r|‘m’ JAL

ich is

intended to |

Note 1 to enf
membrane po

Note 2 to entr
correspondin

3.1.2

culture med
formulation
or synthetic
inhibition of
Note 1 to en
correspondin

[SOURCE: IS
has been rep

3.1.3

e used for the retention of microorganisms

ry: The membrane filter ensures the effective retention of microorganisms depénding
Fe size when a differential (positive or negative) pressure is applied.

y: The type of membrane filter to be used for a certain microbiological method is described
b specific standard (3.1.7).

ium
of substances, in liquid, semi-solid or solid form, whiehycontain either natural
constituents intended to support the multiplication (with or without constitue
certain microorganisms), identification or preservation of viability of microorganis

ry: The culture medium to be used for a certain _miicrobiological method is described
b specific standard (3.1.7), see specific culture medium(3.1.3).

D 11133:2014, 3.3.1, modified — “constituents for” has been included and Note 1 to
laced.]

specific culfure medium

iy

n the

in the

and/
s for
S

in the

entry

culture medium (3.1.2), usually selective, -as designated in a specific standard (3.1.7) for use| with
membrane filters (3.1.1)

EXAMPLE 1 | Chromogenic coliform agar (CCA) used with membrane filters in accordance with 1ISO 9308-1[2l.
EXAMPLE 2 | Slanetz and Bartley_medium used with membrane filters in accordance with ISO 7899-2[6l.

3.1.4

reference rrlel:dium

culture medium (3.1.2),Yusually non-selective, for determination of the reference count (3.3.8) and
supplementary quantitdtive testing (3.2.2)

Note 1 to entrfyThe reference medium is usually a non-selective culture medium (3.1.2), which is different{to the

culture medit

maindertest and hasbheen demaonstrated to he suitable foruse in the pm'fnrm:lnrp hnch'ng

EXAMPLE

Tryptone soya agar (TSA) is in accordance with ISO 11133.

[SOURCE: ISO 11133:2014, 3.3.4.13, modified — Note 1 to entry has been added and "is in accordance

with ISO 111
3.1.5

33" has been added in the example.]

batch of membrane filter

lot of membr

ane filter

homogeneous and fully traceable units of membrane filter (3.1.1) referring to a defined amount of bulk,
semi-finished product or end product, which is consistent in type and quality, and which has been
produced within one defined production period, having been assigned the same batch (or lot) number

© IS0 2023 - All rights reserved
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batch of culture medium

lot of

culture medium

homogeneous and fully traceable units of a culture medium (3.1.2) referring to a defined amount of
bulk, semi-finished product or end product, which is consistent in type and quality, and which has been
produced within one defined production period, having been assigned the same batch (or lot) number

Note 1 to entry: If the user does not define the batch or lot of culture medium used for performance testing of
membrane filters as the “end product”, it is important to demonstrate that the production process is sufficiently
controlled to produce culture media of consistent quality (e.g. by monitoring culture media performance testing
results).

[SOURCE: ISO 11133:2014, 3.1.2, modified — "medium" has been changed to "culturg, 1

Note

3.1.7

| to entry has been added.]

speciﬂ’ic standard

Inter
of wa

3.2
3.21

Fer for the detection or enumeration of a specific microorganism (orgnoup of microo

Terminology of performance testing

batch testing

test 0

[ units of membrane filters (3.1.1) from a batch of membyane filter (3.1.5) for its/their

with the specific culture medium (3.1.3) and determination of reference count (3.3.6)

3.2.2
supp

test 0

with

ementary quantitative testing
[ units of membrane filters (3.1.1) from a batch of membrane filter (3.1.5) for its/their
he specific culture medium (3.1.3), detérmination of reference count (3.3.6), test of tH

filterg on a non-selective culture mediumrand test of the culture medium without membra

Note 1 to entry: Annex C gives detailed description of the supplementary quantitative testing.

Note 3 to entry: Supplementary quantitative testing is used when a new type of a membrane filter|
new njanufacturer is tested initjally; or when a problem in the day-to-day use or batch testing (3.2.1

filters

3.2.3

is noticed.

perfdrmance of the membrane filter
response of a membrane filter (3.1.1) challenged by a test organism (3.3.3) under defined cq

Note
the m
produ

3.2.4

bmbranefilter (3.1.1), like: test organism (3.3.3), specific culture medium (3.1.3), reference n
Ctivity (3.2.5), selectivity (3.2.6), specificity (3.3.7), incubation time and temperature.

nedium" and

ational Standard or guidance document describing the microbiological'analysis of diffferent types

rganisms)

intended use

intended use
e membrane
he filter

(s) (3.1.1), or a
of membrane

nditions

| to entry»The defined conditions are described in the specific standard (3.1.7) for the intended use of

edium (3.1.4),

performance of the culture medium
response of a culture medium (3.1.2) to challenge by test organisms (3.3.3) under defined conditions

[SOURCE: ISO 11133:2014, 3.2.1]

3.2.5

productivity
level of recovery of a target microorganism (3.3.1) from the culture medium (3.1.2) with the membrane

filter

(3.1.1) under defined conditions

[SOURCE: ISO 11133:2014, 3.2.4, modified — "with the membrane filter" has been added to the term
and the definition.]
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3.2.6

selectivity

degree of inhibition of a non-target microorganism (3.3.2) on or in a selective culture medium (3.1.2)
with the membrane filter (3.1.1) under defined conditions

[SOURCE: ISO 11133:2014, 3.2.5, modified — "with the membrane filter" has been added to the term
and the definition.]

3.2.7

specificity
demonstration, under defined conditions, that non-target microorganisms (3.3.2), if able to grow on the
medium, do not show the same visual characteristics as the target microorganisms (3.3.1) on the culture
medium (3.1.2) with membrane filter (3.1.1) under defined conditions

3.3 Terminology for test microorganisms

3.31
target micrforganism

microorganism or group of microorganisms to be detected or enumerated which can be expected to
grow under dlefined conditions

[SOURCE: ISQ 11133:2014, 3.2.2, modified — "which can be expected to,grow under defined condifions"
has been added to the definition.]

3.3.2
non-target microorganism
microorganism that is suppressed by the medium and/or egnditions of incubation or does not|{show
expected chgracteristics of the target microorganism

[SOURCE: IS 11133:2014, 3.2.3]

3.3.3
test microofganism
control strajin

microorganism generally used for performance testing of membrane filters (3.1.1) and/or culture media
(3.1.2)

Note 1 to enftry: Test microorganisms/control strains are further defined according to their sourcg (see
3.3.4 to 3.3.10)).

3.34
reference strain
microorgani$m obtairied directly from a reference culture collection and defined to at least the species
level

Note 1 to entrfyA reference culture collection is a culture collection which is a member of the World Fedgration
actFlaone (WECCY nrtho Buivannan Culturea Collactions’ Oraganization (ECCMY
of Culture Collections tWEECCTorthe European-tulture Collections Organization {ECECOY-

Note 2 to entry: A reference strain is catalogued and described according to its characteristics and preferably
originating from water as applicable.

3.3.5

reference stock

set of separate identical cultures obtained by a single subculture from the reference strain (3.3.4) either
in the laboratory or from a supplier

[SOURCE: ISO 11133:2014, 3.4.3]

4 © IS0 2023 - All rights reserved
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stock culture
primary subculture from a reference stock (3.3.5)

[SOURCE: ISO 11133:2014, 3.4.4]

3.3.7

working culture
subculture from a reference stock (3.3.5) or stock culture (3.3.6) or a reference material (3.3.9) or a
certified reference material (3.3.10)

Note 1 to entry: Multi-strain reference material (3.3.9) and multi-strain certified reference material (3.3.10) can

alsob

[SOURCE: ISO 11133:2014, 3.4.4, modified — "certified or not" has been replaced mxith "
refergnce material" Note 1 to entry has been added.]

3.3.8
refer

inocuflum level

total

3.39
refer
RM

micrgbiological material containing a quantity of revivable’microorganisms, sufficiently

and s

Note 1 to entry: See ISO Guide 30[13],

Note 2 to entry: For in-house prepared quality‘control reference materials (QRMs), often so-ca
reference materials” or “internal RM”, see ISQ-Guide 801181 and References [23], [25], [27] and [28]|

[SOURCE: ISO 11133:2014, 3.4.6, modified — the reference in Note 1 to entry has been

Note

3.3.1

certified reference material

CRM

micrdbiological referénce material (3.3.9) characterized by a metrologically valid procs
quantity of revivable microorganisms

Note 1 to entryzSee ISO Guide 30[13],

Note 3 to entry: Metrologically valid procedures for the production and certification of RMs are gi
otherd, }SO*17034,[14] [SO Guide 31[16] and ISO Guide 35[17],

b used for the preparation of working cultures.

ence count

count of colonies on a reference medium (3.1.4) obtained withoutusage of a membrang

ence material

P to entry has been added.]
D

or a certified

b filter (3.1.1)

homogenous

fable with respect to the quantity of revivable microorganisms, which has been estaplished to be
fit forlits intended use in a measurement process

lled “in-house

updated and

dure for the

ven in, among

Note 3 to entry: A microbiological CRM is accompanied by a certificate that provides the value of the specified
quantity of revivable microorganisms, its associated uncertainty and a statement of metrological traceability.
A CRM is certified only for the method/methods and media that were included in the certification process,
otherwise its function is like an (ordinary) reference material (3.3.9).

4 Principle

4.1

4.1.1

General

Introduction

Membrane filters are used for retention followed by direct enumeration of microorganisms in water
samples. Many materials, pore sizes and brands are commercially available and designed for specific

© IS0 2023 - All rights reserved
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growth purposes. In laboratories carrying out the microbiological examination of water, the main
objectives are to capture and retain, resuscitate, grow, detect and/or enumerate a wide variety of
microorganisms. Membrane filters which meet the required performance criteria are therefore a
prerequisite for any reliable microbiological work.

Direct enumeration includes all colony-count methods following retention of the microorganisms on the
membrane filters and placement of the membrane filters on solid media or on other devices containing
culture media, see IS0 6461-2[3], SO 7899-2[6], SO 9308-1[8], SO 11731191, ISO 14189[12], ISO 16266[13]
and Reference [19]. The direct enumeration is a quantitative method.

Sufficient performance testing should be carried out to demonstrate that a batch is ‘fit for purpose’

and that the

ilter can produce consistent results for the specific analysis. The quality of the mem

rane

filters shall

be tested together with the intended specific culture medium to demonstrate

suitability fof use in a so-called “microbiological function test”.

This implies

that batch testing should demonstrate the suitability of the whole system*(mem

filter in combination with the specific culture medium including the filtration step). Itis-not requi

evaluate the

Itis expected
and controls
microorgani

Suitable spe
1SO 11133:2(

The testing fi
and appropr

performance of the membrane filter separately to the performance of the culture me

| that suitable media, incubation temperature, incubation duration;incubation atmos
will be used for the specific applications. Results obtained frot one species or gr
sms may not be valid for other groups.

Cification and acceptance criteria are given in the corresponding specific standa
14, Annex F and [SO 11133:2014/Amd1:2018, Annex F

br meeting the performance criteria is an essential‘part of the quality assurance proc
ate documentation is necessary.

Itis the respdnsibility of the end user to ensure all required combinations of test strains, microbiol

culture med
due to the I3
shall be perf

NOTE

4.1.2 Batc

a, and membrane filters have been tested before use. If testing before use is not po
bility of the culture medium, parallel performance testing alongside the sample t¢
brmed.

Anphex E gives a practicable example'for the testing of the membrane filters by the end user.

h testing

their

brane
red to
dium.

phere
up of
rd, or

edure

bgical
ssible
psting

The batch tegting is required whenra different batch or lot of a membrane filter is tested.

The batch tefting needs todeperformed for each batch of membrane filters with each batch of ciilture
medium that is used in ¢the” quantitative analysis within the procedure of the enumeration mgethod
required. Thijis shall be.done before usage of the combination membrane filter/culture medium lpy the

manufacturdr or by.the user.

Therefore, the batch testing needs to be adjusted to the procedure of the applicable standard in tet
culture media,d ' i i i i
for batch testing is described in Clause 9.

If the criteria for the batch testing of membrane filters given in the corresponding specific standard,
or ISO 11133:2014, Annex F and ISO 11133:2014/Amd1:2018, Annex F are not achieved, the laboratory
should assess the discrepancies between the results by supplementary testing given in 4.1.3.

4.1.3 Supplementary testing

Supplementary quantitative testing can be used when a new type of a membrane filter or a new
manufacturer is initially tested, or when a problem in the day-to-day use or batch testing is noticed.
The procedure for supplementary quantitative testing is described in Annex C. Supplementary
qualitative testing for a membrane filter is appropriate to consider when there are discrepancies in
colony appearance between different membrane filter brands, types or lots. Some qualitative aspects

© IS0 2023 - All rights reserved
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for a membrane filter used in combination with the culture medium (e.g. colony characteristics and
morphology) and how they can be checked by use of scores are described in Annex D.

NOTE

For the supplementary testing on homogeneity based on a microbiological culture method, see
Reference [29].

4.2 Performance testing

4.2.1 Modules for batch and supplementary testing

The quantitative testing procedure of the membrane filters consists of four different modules, see

Table[T- Depending upon the purpose of the testing, different modules are required:

— f

— flr batch testing of the membrane filters, modules 1 and 2 shall be tested simultaheously;

r supplementary quantitative testing of the membrane filters, the modules‘1, 2, 3 ajnd 4 shall be
te¢sted simultaneously.

From|the counts achieved in modules 1 and 2, the productivity ratio can be.calculated for the membrane
filter jused in combination with the specific culture medium. The productivity shall reqch a defined
minithum limit, in accordance with the corresponding standard, ©r ISO 11133:2014, Annex F and
1SO 11133:2014/Amd1:2018, Annex F.

Information on sampling of membrane filters for the testingdis'given in Clause 8.

Table 1 — Modules for batch and supplémentary quantitative testing

Required fgr
Modple . .
1o Testing purpose Testing procedure Batch Supplementary
' testing quantitative testing
Count obtained on a non-selective
Determination of the referedce culture medium using
1 . . X X
reference count spread plate technique without a
membrane filter
l?rgductlwty,_ . Membrane filter used with the
selectivity?, specifidity? e : .
2 . . specific culture medium using X X
of the membrane filter in : . :
o membrane filtration technique
its intended-use
Detectionofjrthibition of Membrang filter used Wlt.h a
. non-selective culture medium
3 target orgahisms due to : . . — X
: using membrane filtration tech-
theswémbrane filter .
nique
Detection of inhibition . . .
. Specific culture medium using
of target organisms due : .
4 e . spread plate technique without a — X
to the specific (selective) L il

culture medium

a  Ifapplicable.

4.2.2 Absence of microbial contamination

For testing the absence of microbial contamination, an appropriate quantity of membrane filters shall
be tested by incubation under appropriate conditions.

If a batch of membrane filters is specified by the supplier as sterilized in a validated sterilization cycle,
a test for absence of microbial contamination by the end user is not required.
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5 Apparatus and glassware

Appropriate apparatus and glassware are stated in the corresponding specific standards or in ISO 8199.

6 Culture media and diluents

Appropriate culture media and diluents are stated in the corresponding specific standards or in

[SO 8199.

For the preparation, production, storage and performance testing of culture media and diluents, follow
the procedures given in the corresponding specific standards, ISO 11133 or ISO 8199. Before use, allow

the agar plat

Appropriate
standards, o

In order to e
of consistent
6.3.2.

7 Prepar

7.1 Gener

This protoc
reference m4

Guidance foy
[SO 11133.

Appropriate
ISO 11133:2(
one control

the minimun
considered t

A complete |
Subcommitte

Centre for Mjcroorganisms{WDCM) collection numbers that should be used for testing the perforr

of culture m4
NOTE 1 W

NOTE2  IS(
creation of ne

es to equilibrate at room temperature if stored at a lower temperature.

culture media for estimation of the reference count are stated in the corresponding sy
1SO 11133:2014, Annex F and ISO 11133:2014/Amd1:2018, Annex F.

hsure the reliability of results of performance testing, the reference medium used sh
high quality. Examples of aspects to be considered by the user are given in ISO 11133

ation of microorganisms for performance testing

al

| requires the use of a quantified bacterial suspension (which can be a quanti
terial) with an appropriate colony count of a target strain.

procedures suitable for preservation and*maintenance of microorganisms is staf

14, Annex F and ISO 11133:2014/Amd1:2018, Annex F. Where the standards list mor¢
strain for each aspect of performance testing (e.g. productivity, selectivity, specif]
h number of strains to be-used is indicated. Usually at least one or two strains th
bpical target or non-targetmicroorganisms are used in the performance testing.

st of culture mediaand reagents used in Technical Committee ISO/TC 147, Water q
be SC 4, Microbiofogical methods, with their names of control strains and their World

bdia and reagénts can be found in Reference [35].
1I-characterized strains isolated by the laboratory can be included additionally.

11133:2014, Annex ] and ISO 11133:2014/Amd1:2018, Annex ] provides instructions f|

ecific

all be
2014,

tative

ed in

microorganisms for performance'.testing are stated in corresponding standargs, or

e than
icity),
ht are

Lality,
Data
nance

br the
nin a

w-microbiological performance criteria, methods and control strains if these are not give

specific standard, or ISO 11133:2014, Annex F and I1SO 11133:2014/Amd1:2018, Annex F.

7.2 Reference count

7.2.1 Quantitative productivity testing

For all quantitative tests, the use of a quantified inoculum of the specified microorganisms is needed.
Follow the procedures in accordance with ISO 11133:2014, 5.4.2.5 and ISO 11133:2014/Amd1:2018,

5.4.2.5.Thei

NOTE 1
used for speci

noculum can be prepared by the laboratory or from a RM or a CRM.

fic in-house quality control applications is given in ISO Guide 800171,
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The reference count of the laboratory-prepared inoculum or RM is determined in relation to recovery on
a non-selective reference culture medium. Follow the procedures in accordance with ISO 11133:2014,
7.2.2. Appropriate reference media are given in the corresponding specific standard or ISO 11133.

The quantitative enumeration test using membrane filters on productivity requires a level of
approximately 100 colony forming units (cfu) to achieve sufficient precision, see ISO 11133:2014,
Table 1. A practicable range to be used will be 80 cfu to 120 cfu. If more colonies are counted, the
precision is increased.

NOTE 2  Byassuming Poisson distribution in a sample, which is usually relevant, colony numbers on membrane
filters from several aliquots from the sample can be added, see ISO 13843:2017, Clause A.2[11],

NOTE[3  ISO 11133:2014, Table 1 shows the 95 % confidence intervals associated with colony copints.

As guidance, the general upper limit for counting on membrane filters with a diatheter |of 47 mm to

50 min can be regarded as 80 cfu, see ISO 8199:2018, 9.1.4.2.

Howe iate, see the

speci

ver, for certain parameters lower, or even higher, upper limits are more appropi
ic standards and NOTE 4.

y 100 cfu for
h. Three and
y, appear on

Thus,| more than one membrane filter can be required to reach a tetal-of approximatel
countfing. Two membrane filters are enough with approximately 50 €arget colonies on ead
four membrane filters are necessary when about 35 and 25 target colonies, respective
each.
NOTE

4 It can be difficult to count a minimum of 50 cfu perymembrane filter for bacteria thjat form large

coloni
three
memb)
and d

es, such as Pseudomonas aeruginosa (P. aeruginosa). ;Fheir performance tests are easier
plates with approximately 30 cfu per membrane:filter or four plates with approximatg
rane filter to reach a total of approximately 100 cfi, The opposite applies to enterococci: dus
pfined colonies, these can often be easily counte@;when approximately 100 cfu or greater ar

to read with
ly 25 cfu per
to their small
e present on a

singlelmembrane filter.

7.2.2| Qualitative selectivity testing

beific culture
s inoculated
1.2.5.1.2 and

For the qualitative selectivity testing using membrane filters in combination with the sp
medi@im, a suspension of the non-target microorganism containing at least 10% cfu i
by membrane filtration. Follow the procedures in accordance with ISO 11133:2014, 5.
ISO 11133:2014/Amd1:2018, 5.4.2.5.1.2.

7.2.3| Qualitative specificity testing

For th
a sus
filtrat

ure medium,
y membrane

e qualitative spécificity testing using membrane filters together with the specific cult
bension of the non-target microorganism containing at least 103 cfu is inoculated H
ion. Fallew the procedures in accordance with ISO 11133:2014, 5.4.2.5.1.3.

7.3

Preparation of a standardized test suspension using a working culture

7.3.1 General

The following guidance is given as an example of a procedure suitable for producing standardized test
suspensions for the performance testing of membrane filters. These procedures are generally applicable
but some microorganisms can require special conditions. For example, the culture of anaerobes may
require special conditions (e.g. anaerobic atmosphere, nutritional requirements).

7.3.2 Preparation of the working culture

The test microorganism is obtained as a reference strain and stored as a reference stock. From the
reference stock, a stock culture by using a solid medium is prepared and used for the preparation of
a working culture. A working culture shall be prepared from the reference stock or from the stock
culture as a pure stationary phase culture in a non-selective broth.
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All details for the steps of preparation and maintenance of the test microorganisms including different
methods are described in detail in ISO 11133:2014, 5.4.2 and Annex B and I1SO 11133:2014/Amd1:2018,
5.4.2. For Legionella spp. working culture and test suspension, follow the procedures in accordance
with 1SO 11731:2017, 11.31191,

Although various techniques can be used, they shall be applied in a standardized way to guarantee
both purity and known inoculum level.

NOTE Annex E gives an example of the preparation of the working cultures for the performance testing in
accordance with 1SO 9308-1[8l.

For the preparation of a test suspension using reference material, see 7.4.

7.3.3 Preparation of a standardized test suspension (inoculum) for the test

From the working culture, prepare serial dilutions in a suitable diluent, for example, quarter-strength
Ringer’s soluftion, peptone salt solution, see ISO 8199:2018, Annex D. Use the most suitable dilution step
for the targef level of microorganisms (cfu) in a specified volume or refer to the supplier.

For every te$t microorganism, the suitable dilution to use as a test suspensiotD(inoculum) should be
determined from previous tests conducted under strictly standardized conditions for all steps.

Use the test juspension (inoculum) within a specified time, for example;up to 2 h at room tempeifature
or within 24 h if stored at (5 + 3) °C. Longer storage periods can be/acceptable if the stability pf the
stored cultufe has been verified[24],

Frozen inocyla can be used if it can be shown that the microorganism can survive for the chosen period.

NOTE Anphex E gives an example of the preparation of theltest suspensions (inocula) for the performance
testing according to ISO 9308-1[81,

7.4 Preparation of a test suspension using réference material

This protoco] uses RMs or CRMs to provide a'‘stable bacterial suspension containing a known numper of
cfu of the tarjget or non-target strain.

The recovery from the new batch of membrane filters used together with the specific culture me¢dium
is compared [to the expected number of cfu from the RM or CRM.

The quality ¢f the RM (includinig<the quantity of cfu) shall be verified on the reference medium.

NOTE Reference material' verification is done preferably by the manufacturer.

8 Sampl1ng of membrane filters for testing

An approprigte-quantity of membrane filters shall be tested under conditions described in the specific
standard.

Manufacturers of membrane filters shall set specifications using appropriate acceptable quality limits
for batch control.

NOTE1 Information about sampling is given in the ISO 2859 serieslll, the ISO/TR 8550 serieslZl or other
specific standards. ISO 2859-1[1] contains an introduction to the ISO 2859 series[! attribute sampling system and
provides a brief summary of the attribute sampling schemes and plans used in the different parts of the ISO 2859
series[1l,

Laboratories (either those using membrane filters for their own testing or those providing these filters
to other end users) shall perform the quantitative productivity testing (and either qualitative selectivity

10 © IS0 2023 - All rights reserved
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or specificity testing, or both, if applicable) each time the batch of membrane filters changes. For every
intended use, the batch of membrane filters shall be tested with the specific batch of culture medium.

NOTE2  The ISO 2859 seriesll] specifies sampling plans with a controlled statistical power according to the
size of the batch. The manufacturer's risk of being refused a valid lot according to its compliance criteria as well
as the laboratory's risk of accepting an occasional poor lot are assessed in the standard.

The minimum number of membrane filters to be tested is determined by the requirements for the
performance test together with the specific culture medium in accordance with corresponding specific

stand

NOTE

ards, or ISO 11133:2014, Annex F and ISO 11133:2014/Amd1:2018, Annex F.
3

Annex E gives a practical example for the testing of the membrane filters by the end user.

9 P

9.1
The b

For t

simult

The ¢
same
platin
qualit
requi

NOTE
ISO 11

rocedure

General
atch testing of membrane filters shall be carried out as specified in Annex A.

e quantitative productivity testing during the batch testing, ‘modules 1 and 2 sh
aneously; see 4.2 and Table 1.

uantitative productivity testing requires a test suspensiony’ (inoculum) as specified
volume should preferably be used as for the determination of the reference cou
g (see 9.2) and for the inoculation by membrane filtration (see 9.3). A qualitative selg
ative specificity testing shall be included in the batch testing, if required in accorda
Fements for the performance testing given by the-corresponding specific standard or

Examples of suitable reference media\\are given in the corresponding specific
133:2014, Annex F and ISO 11133:2014/Amd1:2018, Annex F.

Modulle 1 is not needed when using a CRIM which is certified for its number of cfu with

meth

pd and culture medium; see 3.3.10,"Note 3 to entry.

all be tested

in 7.2.1. The
ht by spread
ctivity and a
nce with the
ISO 11133.

standard, or

the specified

For the qualitative testing on selectivity and specificity during the batch testing, modulg 2 is tested.
Modufle 1 is notrequired as these are qualitative tests. The qualitative tests on selectivity and specificity
requife test suspensions (inocula) as respectively specified in 7.2.2 and. 7.2.3.

For the test on absence ofmicrobial contamination, see 9.5.

9.2 |Inoculatiof?by spread plate technique

9.2.1| General

The test-portion (inoculum) containing the reference count and obtained as indicated ir] 7.3 or 7.4 is
spread-over-thedrysurfaceof asolid medivmwithasterite implement—Colontesthatdevelop on the

surface after incubation are counted.

Spread-plate technique is used for modules 1 and 4; see Table 1.

Avoid any mechanical damage to the bacteria by surface-plating using the spread-plate technique with

Driga

Iski spatula, see Reference [26].

The test portion containing the reference count should be chosen so that the expected number of
colonies is achieved; see 7.2.

For a Petri dish of 90 mm diameter, the volume of the test portion containing the reference count should
be from 0,1 ml to a maximum of 0,5 ml portion of the inoculum.

© IS0 2023 - All rights reserved
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Spiral platers use smaller volumes and the limit of determination will consequently be raised. Follow
the manufacturer’s guidance for use of spiral platers. Spiral platers may not be suitable for fungi. For
more information, see [SO 7218(5l.

9.2.2 Inoculation

Prepare and mark the plates required, each containing (18 # 2) ml of culture medium for 90 mm Petri
dishes. For longer incubation periods, larger volumes of culture media can be required. In this case,
refer to ISO 11133 for guidance on culture medium volumes.

If necessary, dry the surface of the medium before use, as described in ISO 11133:2014, 4.5.5, and
[SO 8199:2018:94+33

LS PR S wye Fre

Pipette the fest portion onto the surface of the medium and spread over the surface with la dterile
implement, dr mechanical device such as a spiral plater, avoiding the edges of the agar. Leavie the plates
on the bench until the inoculum is absorbed (maximum time is 15 min), then incubate*the plates in

accordance

9.3 Inocu

9.3.1 Geng

For the test
containing t
the specific

Use equipme
as described

Membrane fi

9.3.2 Inoc

The test por
colonies will

After placing

yith 9.4.
Jation by membrane filtration technique

bral

n productivity, selectivity and specificity (if applicable),{ilter the test portion (inoc
e reference count and obtained as described in 7.3 or. %4, according to the requireme
tandard, using standardized procedures described;in the specific standard or in ISO

nt for membrane filtration and handle the filtration and placement of the membrang
in the specific standard or in ISO 8199.

[tration technique is used for modules2(and 3, see Table 1.

ulation

tion containing the referente count should be chosen so that the expected numl
be achieved, see 7.2.

the membrane filter-under test and positioning the funnel on the filter base, pipe

pour the following after each.6ther into the funnel (with the vacuum stopcock turned off) in

subsequent §
a) avolume

b) the test

teps:
of at least.10.ml of the sterile water or a suitable sterile diluent;

suspension containing the reference count, preferably the same volume as used fi

determinatienof the reference count by surface plating;

hlum)
nts of
8199.

filter

ber of

tte or
three

r the

c)

approxin

nfply 10 ml of sterile water or a sterile dilnent

Open the stopcock and apply the vacuum to filter the water through the membrane filter. Close the
stopcock as soon as the sample has been filtered. The funnel should be rinsed by filtering one to three
portions of 10 ml to 30 ml of sterile water or diluent, while the filter is still in place, to remove organisms
adhering to the funnel.

Alternatively, the inoculum can be added to a volume of at least 20 ml of the sterile water or a suitable
sterile diluent. Mix well and filter the whole volume as described above.

After filtration, place the membrane filter on the culture medium, ensuring that there is no air trapped
underneath and invert the Petri dish.

For membrane transfer techniques using liquid media or diluents, refer to the specific standard or
1SO 8199:2018, 9.1.4.6.
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9.4 Incubation and counting

According to the method, choose the duration, temperature and special conditions (if needed) of the
incubation for the plates with and without membrane filters, as given by the relevant specific standard
or in [SO 8199.

Counting should be done as specified in the relevant specific standard or in ISO 8199.

9.5 Test for absence of microbial contamination

An appropriate quantity, depending on the size of the batch of membrane filters, shall be tested for

absenee-ef-microbial-contamination{steriity-by-incubationunderappropriateconditions. This can be
perfofmed by placing the membrane filter on the specific culture medium. This may-be|the selective
cultufe medium used for the test or a non-selective culture medium.
NOTH For more information, see Reference [20].

Infornation on sampling of membrane filters for the testing is given in Clause\8.

10 (alculation, expression and interpretation of results

10.1|General

In thq following subclauses, the calculation, expression and.interpretation of the results are described;
see productivity in 10.2, selectivity in 10.3 and specificity in 10.4 testing.

A batich of membrane filters performs satisfactorily if all the test microorganisms used perform
accorfing to the given specifications. It shall be'accepted if both general and microbioldgical quality
criterfia are met.

Accepltance criteria are given in the corresponding specific standard, or ISO 11133:2014,|Annex F and
1SO 11133:2014/Amd1:2018, Annex F.,

Eithel supplementary quantitativé.or qualitative testing, or both, can be used when a prjoblem in the
testing is noticed, see 4.1.2.

NOTE The procedure for-supplementary quantitative testing is described in Annex C. The procedure for
suppl¢mentary qualitative®esting is described in Annex D.

10.2 [Productivity testing
From(the result of this quantitative testing, the productivity ratio, Py, is determined.

Py shpll xeach a defined minimum limit, see the corresponding specific standard, or 1SO| 11133:2014,
Annek Fand 1SO 11133:2014/Amd1:2018, Annex F.

The productivity ratio Pg[24] is determined using Formula (1):

PR —_S (1)
NO
where
N, is the total count of colonies obtained from one (or more) membrane filter(s) in intended use
with the specific culture medium (see module 2, productivity of the membrane filter, in Table 1);
N, is the total count of colonies obtained from one (or more) plate(s) of non-selective reference

culture medium by direct inoculation without a membrane filter (see module 1, determination
of the reference count, in Table 1).
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The results are accepted as valid if the following conditions are satisfied:

each rep

licate shall give a positive quantitative result (target bacterial growth);

— each single reported result is included in the practicable range of analysis, see 7.2.

If the Py exceeds 1,4, the cause shall be traced.

For using recovery from CRMs, critical difference can be used for the calculation of tolerance limits, see

1SO 5725-6!2

land I1SO 11133:2014, Table 1.

10.3 Selectivity testing

For the inte
the specific
assessed as f
— O corres
1 corres

2 corres

For selectivi
target micro
[SO 11133:2(

10.4 Specif

The specificity of using membrane filters in combination-with the specific culture medium is giv

essential phy
or grade of e
specific stan

Fpretation of results obtained in selectivity testing of membrane filters together
fulture medium, the amount of growth of non-target microorganisms after incubat
pllows:

bonds to no growth;
bonds to weak growth (either reduction in amount of growth or coleny size);
bonds to good growth.

Ly tests, the degree of inhibition depends on the type-¢f,medium. The growth o
brganisms shall be partly or completely inhibited; see.corresponding specific standa
14, Annex F and ISO 11133:2014/Amd1:2018, Annex.E.

icity testing

siological characteristics to differentiateyrelated organisms by the presence, absence
kpression of biochemical responses, by colony sizes and by morphology, see correspo
Hard, or ISO 11133:2014, Annex Fand 1SO 11133:2014/Amd1:2018, Annex F.

entation of test results

pport

ort of the performance testing of membrane filters shall contain at least the foll

method uSed, together with a reference to this document, i.e. ISO 7704:2023;

hame,product reference and batch number, manufacturer, material and pore size;

with
ion is

non-
rd, or

en by
and/
nding

wing

date of testing;

ry identification code of the test strain(s);

n(s) not specified in this document, which can have an influence on the results;

and supplementary testing, see Annexes C and D;

e standards and specifications / limits.

11 Docum
11.1 Testr
The test rep
information:
a) thetest
b) product
c) product

diluents;
d)
e)

laborato
f)

operatio
g)
h) referenc
14
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11.2 Information provided by the manufacturer

The manufacturer or supplier of the membrane filters shall provide, on request, the microbiological
growth characteristics for specific microorganisms and general information relating to the specific
batch of culture medium used. Furthermore, information on ensuring homogeneity of the batch shall be
provided, on request.

Manufacturers shall show that the membrane filters meet the requirements for use for quantitative
enumeration as given in relevant specific standards.

11.3 Traceability

All the data from performance testing should be documented in an appropriate way)pnd kept for
a sufficient period of time according to the quality system in use. The use of Contrpl sheets for
documnenting and evaluating the results of the tests is recommended; see Annex B.

© IS0 2023 - All rights reserved 15
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Annex A
(normative)

Diagram of the procedure for batch testing

Figure A.1 shows the diagram of the procedure for the batch testing of membrane filters.

16

B
rrepar

by using a working culture (7.3), RM or CRM (7.4)

NOTE:
preparsg

IDetermination of the reference count

Module 1

using spread plate technique
on a non-selective culture medium

Module 1 is not needed when using inoculum
d by CRM (7.4) or for the qualitative testing of
selectivity and specificity

Module 2
Productivity, selectivity*.and specifity*
of the membrane filter
using membrane filtration téchnique with the
membrane filter used with the specific culture
medium
*ifapplicable

Incubation (9.4)

Counting and expression of results (9.4 & 10)

Complies

YES

NO

\

(Release of the batch)

Supplementary quantitative
testing (Annex C) and/or
qualitative testing (Annex D)

Figure A.1 — Diagram of the procedure for the batch testing
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Example of a card for recording test results from batch testing

Table B.1 shows an example of a card for recording test results from batch testing of membrane filters.

used pample (dilution):

Table B.1 — Example of a card for recording test results from batch testing
Nam¢g/manufacturer of the Batch no.:
memlbrane filter:
Non-gelective reference culture Batch no.:
medifim:
Selective culture medium: Batch no.:
Test grganism/reference Batch no.:
matetrial (RM):
Number of test organisms in the cfu (ul):

Dilut

ons used for the test:

Volume used for
inoculation:

Incub

ation temperature (°C):

[ncubation time (h):

Test qtarted (date): Test finished (date):
Results
Dilution of inoculum Replicate Module 1 Module 2
Determination of the Productivity qf the
reference count membrane filters
10 - 1
2
N,: Ng:
Specification productivity
ratio P
Test fesults productivity
ratio P
Remdrks:
BatcH of meribrane filters: Released for use with Batch:
culture medium:
()yes~P)no Date: Signature:

a  Requirement: The productivity ratio (Pg) of the membrane filtration on selective culture medium shall be in
accordance with the corresponding specific standard, or ISO 11133:2014, Annex F and ISO 11333:2014/Amd1:2018,

Annex F.

© IS0 2023 - All rights reserved
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Annex C
(informative)

Quantitative supplementary testing of membrane filters

C.1 Introduction

For the quan|
and Table 1.

It is preferre

C.2 Meth
Module 1 is 1

NOTE1 Ex
and ISO 11133

NOTE2 Fo
described in |

A diagram of

0 11133.

pd for supplementary testing

ot needed when using CRM, see 7.4.

fitative supplementary testing, the modules 1, 2, 3 and 4 are tested simultaneously,s

1 to use the same non-selective culture medium for modules 1 and 3.

the procedure of supplementary testing is given in Figure C.1.

19°]
@
N
)

hmples of suitable reference media are given in the specific stahdard, or ISO 11133:2014, Annex F
:2014/Amd1:2018, Annex F.

the performance testing of the culture medium withotitZ/membrane filtration use a method as

C.3 Diagrjam of the procedure for supplémentary testing
Preparation of suspension (inoculum) for the test
by using a working culture (7.3), RM or CRM (7.4)
M _odu!e 1 Module 2
Determination of the ..
referlence count Productivity, Module 3
usinglspread plate selectivity* and Detecti f inhibiti Module 4
tg ]}31 adp specifity* of the étection o m. tbition Detection of inhibition
conique membrane filter of target organisms due of target organisms due
on a non-pelective culture to the membrane filter 8 g
edium to the specific culture
using membrane using membrane medium
NOTE: Module\bis not filtration techmqule with filtration technique with .

. the membrane filter . using spread plate
needefl when tsing used with the specific the membrane filter technique on the specific
inocufurCprepared dwith the spec used witha non que on the sp

by CRM (7.4) or for the selective culture medium ik
qualitative testing of s .
selectivity and specificity ifapplicable
Incubation and counting (9.4)
Calculation, expression and interpretation of results (10)
Figure C.1 — Diagram of the procedure for supplementary testing
18
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C.4 Calculation and interpretation of the test results

For the calculation and interpretation of results of the quantitative supplementary testing of membrane
filters, the following points can be considered:

If Py on non-selective culture medium with membrane filter (Module 3) is not lower than Py on
selective culture medium with membrane filter (Module 2), the batch of membrane filters does not

seem to have a pronounced inhibitory effect.

If Pg on non-selective culture medium with membrane filter (Module 3) is <0,70, the batch of

membrane filters can be a possible cause of growth inhibition of the control strains.

eet the specifications and productivity on non-selective culture medium with(me
(Module 3) shows also low Py, the inhibitory effects of the membrane filters can'be’a p

If PR is <0,70 on non-selective culture medium with membrane filters (Module 3), this pg
nhibitory effects of the membrane filters.

—

et

ff Py is low (<0,70 respectively <0,50, see ISO 11133:2014, 7.2.2.1,2}0n selective cul
without membrane filter (Module 4), this can also cause low Py in the batch testing.
ppssible that this selective culture medium tested with membrane filters shows Py
a
s

bread-plating.

[26]. For points to consider for reference culture medium, see ISO 11133:2014, 6.3.2.

brane filter
ssible cause.

If Py on selective culture medium with membrane filter (Module 2) of the batch tesi;'ng does not

ints towards

ure medium
But it is also
as specified

hd not the same degree on inhibition, see below for possible’damage of the control $trains using

If P on non-selective culture medium with membranefilter (Module 3) is >1,40, inhibitory effects
from damaging the test microorganism during spread-plating can be considered, spe Reference

Table| C.1 shows examples for interpretation of\the test results for one control strain faccording to

1SO 9808-1:2014/Amd1:2016, Table 1[2].
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Table C.1 — Examples for interpretation of the test results for one control strain according to
1SO 9308-1:2014/Amd1:2016, Table 1[2]

Module no.
Comment
1 2 3 4
Testing Determination of | Productivity of the Detection of Detection of inhibition
purpose | the reference count | membrane filter in | inhibition of target | of target organisms
its intended use organisms due to due to the specific —
the membrane filter| (selective) culture
medium
Testing Non-selective Specific culture Non-selective cul- Specific culture According to 1SO 9308-1[8],
procedure | r¢ference culture medium using ture medium using | medium using spread | Escherichia coli (E. coli}
medium using membrane membrane plate technique WDCM 00013 can beused fqr
spread plate filtration filtration quantitative productivity tefsting
technique technique technique with Py 20,7 as test criterium.
Example E.[coli spread plate | E.coli membrane E. colimembrane | E. coli spread plate on .
P on TSA filtration on CCA filtration on TSA CCA
138 cfu
143 cfu Pr=1,22 Nowmrajor inhibitory effect of
L 113 cfu Pp=1,27 - membrane filter.
Pp about the same
as in module 2
72 cfu Membrane filter can have inhibi-
2 113 cfu — Py = 0,64 (<0,70) — tory_ effects on growth of mikcroor-
ganisms.
3 113 cfu 72 cfu 68 cfu s Inhibitory effects of the membrane
P =10,64(<0,70) Pr=10,60 (<0,70) filters can be a possible cauge.
Inhibitory effects from dampging
4 113 cfu — P = 1645;{:1 40) P9Ei %%7 the test microorganism durjng
R™ & ’ R™M spread-plating can be considlered.
Inhibitory effects of mediuny can
72 cfu 68 cfu . .
5 113 cfu _ — _ be considered as a possible ¢ause
Pr=0,64(<0,70) Pr=0,60(<070) for low Py in batch testing.
Membrane filter in combinafion
105 cfu 57 cfu 68 cfu with selective culture medifim
6 113 cfu Pr=1093 B _ can work well although both com-
(20,70, < 1,40) Pg=0,50(<0,70) Pg=0,60(<0,70) pounds tested separately show
inhibition of the target strains.
NOTE This taple does not list counts that are jrreleVant for the listed interpretation.
As long as groductivity, selectivity and specificity tests are within the specifications given jn the
specific stanfard, a low preductivity in the supplementary testing does not disqualify the combination
of membrand filters and cultire medium. Batch testing (Module 2) can meet the specifications, although
Py of the tesfling of Mpdule 3 and Module 4 are <0,7 respectively <0,5.
20 © IS0 2023 - All rights reserved
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Annex D
(informative)

Qualitative supplementary testing of membrane filters

Introduction

In the
of thé
of md
betwy{

Some
are d

simul

D.2
The g

a) hlydrophobicity of the membrane filters, see [0/4.2;

testing of membrane filter suitability for retention followed by direct enumeratiomn

mbrane filters is appropriate to consider when there are discrepancies in ¢olony
pen different membrane filter brands/types/lots.

pscribed. Categorical scores need to be given to each property tg-be able to sum U

aneously.

Global properties

lobal properties are:

Fid line growth inhibition, see D.4.3;

rid line colony proliferation, see Di4:4.

Colony type specific properties
blony type specific properties are:
blony colour, see D:4-5;

blony irregularity, see D.4.6;

blony convexity, see D.4.7;

blony'size, see D.4.8.

the recovery

challenged microorganisms is of highest importance. The qualitative supplementary testing

appearance

examples of the qualitative characteristics and how they can be checked by the fise of scores

p those that

are appropriate for a filter for comparison against a certain reference value or against values for other
filterg. Ranks based on the sums can be used for an easier comparisén when several filter

5 are studied

b) g
A g
D.3
The c
a ¢
b) ¢
c ¢
d) c
D.4

Categorical scores

D.4.1 General

Example scores are given below. If necessary, there can be more categories than those indicated. Most
of them intrinsically are more or less subjective. To make it manageable not too many categories should
be used.

Although some of the listed properties have no direct impact either on colony recovery or on the
suitability of a particular membrane filter for quantitative purposes, they can be useful for the ease of
reading the plates.

©ISO

2023 - All rights reserved
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D.4.2 Hydrophobicity of the membrane filters

Hydrophobic parts of the filters will not attach to the media surface, leading to reduced transport of

nutrients fro

m the medium to the filter and the possibility of reduced growth.

The scores are:

0=N

one;

-1 = Hydrophobic spots (small, < 10 % of the filter area);
-2 = Hydrophobic spots (large, > 10 %).

The filters af

NOTE1 As
approximately

NOTE2 Fo

D.4.3 Grid

The grid line

growth or inppart hydrophobicity to the membrane. An inhibiting griddine can lead to irregular ¢

presentation|

the ease of cpunting or even leading to a too high recovery. The inhibition can even lead to deterig

growth and 3
changes in th

The scores a

Filters are g¢

NOTE Th

4x to 10x magnification.

D.4.4 Grid

The grid ling
proliferate a
be counted c

0 = Npne;

$mall (1 % to 10 % of colonies on lirles affected);

e checked by the naked eye regarding the presence of hydrophobic spots.

hydrophobic spots can be wet due to capillary force, it is useful to check the hydrophobicitj
' 10 % of the incubation time at the given incubation temperature.

more information, see Reference [21].
line growth inhibition

s simplify the counting of colonies but their ink composition should not restrain bad
and potentially colonies almost forming two parts to.avoid contact with a line, aff§

lower recovery. There shall be complete growth ofithe colonies over the grid lines w
e typical shape of the colony.

IGH

Large (>10 % of colonies on lines affected).
nerally checked by the ndked eye.

e grid line inhibition(can be easier assessed by use of a binocular stereo microscopsg

line colony)proliferation

(imprigt 0n membrane filters) can cause a channel in which water collects. Colonie
ong the grid lines giving irregular shaped, smeared or overlapping colonies which c
prréctly.

y after

terial
olony
pcting
rated
thout

with

S can
annot

The scores a

0=N

NOTE 1

re:

one;

-1 =Small (1 % to 10 % of colonies on lines affected);

-2 = Large (>10 % of colonies on lines affected).

Grid line growth promotion can either be an effect of the dye of the line itself but probably rather an

effect of surface tension properties of the lines compared to the rest of the filter. Colonies can proliferate along

the grid lines.

NOTE 2

Sometimes, it can look as if there are several colonies that will give a too high count.

10x magnification.
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D.4.5 Colony colour

The colony colour is specified in the relevant standards or by ISO 11133:2014/Amd1:2018, Annex F.
The scores are:

— 0 = Atypical colour;

— 1 = Weak intensity of typical colour;

— 2 = Anticipated typical colour.

NOTE Colour and colour zones are not q]nrqyc well defined but 2 hit variahlo Thovn‘:nrn' t y need to be

evalugted with care in relation to prior experiences and relevant definitions, for example, the baSig[colour itself, a
colouy zone or a metallic sheen.

D.4.4 Colony irregularity
Some|bacterial species usually have more or less irregular colonies, while others normally|are smooth.
The sfores are:

— 0 = Smooth;

— -1 = Somewhat irregular;
— -2 =Very irregular.

NOTE Irregularity of colonies is somewhat arbitrarysand can be caused by dust or othef particles on

the syrface of membrane filters. Hence, interpretationtvof irregularity needs to be taken with dare and prior
experjence, and the typical appearance needs to be taken into consideration.

D.4.7 Colony convexity

Usuallly colony convexity does not affectthe recovery of colonies but needs to be considered when the
colony appearance is important.

The sfores are:

— 0 = Flat;

— 1 = Somewhatenvex;
— 2 = Very convex.

NOTE Théconvexity of the colony is normally typical for a strain on a medium. However, it degends strongly
on the age ofsthe colonies and needs to be studied only within a defined time span.

D.4. {‘nlnny size

Colony size varies between different groups, genera, species and strains of microorganisms. The size
can also vary within a bacterial strain, partly depending on when the growth of the particular colony
started and on the density of colonies on the filters.

The scores (e.g. depending on strain and media) are:
— 0=0mmto 1 mm;

— 1=1mmto 2 mm;

— 2= >2mm.

NOTE The size classes need to be decided for the particular strain used and care needs to be taken when
interpreting the results. Prior experience and knowledge of the strains needs to be taken into consideration.
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https://standardsiso.com/api/?name=9aa96a85863c9de559efd90357b6ab9c

ISO 7704:2023(E)

D.5 Combining scores

D.5.1 General

Only scores for properties showing differences between filter “types” (brands, lots etc.) need to be used
in the final assessment.

The scores from all properties retained are summed up for each analytical parameter, using the
scores from all properties/strains/samples used and also from each person reading a particular type
of membrane filters. The average over strains/samples and persons is then calculated giving the
characteristic over-all score of that filter type.

If interestin
organisms fi

D.5.2 Co

If several fi

or necessary for an over-all choice of a filter type, scores can even be averaged oyér
r several analytical parameters.

parison of filters

ers are compared simultaneously in one study, ranks from 1 to-the number of]

arget

filter

types compdred can be given to the filter types in accordance with the average scores obtained. The

highest (mo
membrane fi
The followi
ranks.

EXAMPLE
score and obt
follow types \

D.6 Asses

For the asse
appropriate.
only one me
design, i.e. h
properties.

When sever
membrane fi

t positive) score is yielding rank 1, the second highest rank 2, etc:\If two or more ty
ters have the same score, they need to be given the same and lowest rank number in
rank needs then be the one following the number of filters that have already obt

Five types of membrane filters are studied simultaneously. One of them has the highest aj
ins rank 1. Two types have the same, second highest score. Both of them obtain rank 2. Aftet
yith second lowest and lowest score, they obtain ranks 4 and 5, respectively.

sment

bes of
turn.
ained

rerage
these

ssment of the suitability of certainnmembrane filters, a criterion to compare against is

The criterion can be a minimupi\value for summarized and averaged scores both
mbrane filter or several are examined. The criterion will depend on the particular
ow many and which properties are studied and what scores are given for the v3

when
study
Irious

| membrane filters arecompared, ranks can be an alternative to select one or more sujitable

ters.
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Annex E
(informative)

Practical example of quantitative batch testing and quantitative

supplementary testing by the end user

E.1 |Introduction

Perfofmance testing for membrane filters used for a quantitative microbiological testmet]
be cophducted in its intended use. For ISO 9308-118], this translates into testing plates of
membrane filter that is chosen to be used for the testing. Performance tests on\productivit
and specificity are necessary for every combination of batches of CCA and membranes t
together.

In this example of the performance testing of membrane filters, the test procedure does

confirmation step, as a working culture of a known pure single test'strain is used. If dif
morphologies are observed on the plates, confirmation steps cah be taken in order to ensy
is no fontamination.

ISO 9B08-1:2014/Amd1:2016, Table 1[9] specifies the control strains to be used for the
testing. According to this Reference [8], productivity meeds to be Py = 0,7. As the method
ration of E. coli and other coliform bacteria, one'strain for each group needs to be te

example, the performance test on productivity requires quantitative testing whil
testirlg is required for selectivity and speCificity. The control strains E. coli WDCM
Citrofacter freundii (C. freundii) WDCM 00006 are used for the quantitative testing on

Enterpcoccus faecalis (E. faecalis) WDCM\000009 for the qualitative testing on selectivity and
WDCM 00024 for the qualitative testing on specificity, see Table E.1.

For aflow diagram of batch testing'and supplementary testing of this example, see Clause

Table E.1 — Choice of control strains and criteria used in this example for performd

hod needs to
CCA with the
y, selectivity
hat are used

hot need any
ferent colony
re that there

productivity
rombines the
sted.

e qualitative

00013 and
productivity,
P. aeruginosa

£.9.

nce testing

of GEA according to ISO 9308-1:2014/Amd1:2016, Table 1[4]
Fupction Control strains? Method of Criteria® Charalct_erlsbt 1
control readtions
. E. coli WDCM 00013 Quantitative Py >0,7 Dark-bljie to violet
Productivity colonies
C. freundii WDCM 00006 Quantitative Pr=20,7 Pink to red colonies
Taotal il
. . . . - 1Irotar Ul }Jcll tidarl .
Selectivity E. faecalis WDCM 00009 Qualitative inhibition
Specificity P. aeruginosa WDCM 00024 Qualitative — Colourless colonies
a  Refer to Reference [36] for the reference strain catalogue on culture collection strain numbers and contact details.
b SeelS09308-1:2014/Amd1:2016, Table 1[2],

A practical example for the preparation of bacterial suspensions with known quantity of the control
strains is described in Clause E.2. This can be used as a batch testing in lab routine functioning as daily
control measures. Adaptation for a one-time batch testing procedure is also possible, for example, as an
incoming control of a new batch of membrane filters to be tested with a batch of culture medium, see
4.1.1.

For each control strain, a test suspension with a known quantity of cfu has to be prepared. This is best
achieved by following a strictly standardized protocol.
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The outcome of the performance testing is closely related to the physiological state of the bacteria in
the test portion as well as on the suitability of the materials used.

All volumes described in this annex can be adjusted, if needed, depending on the exact protocol used
(time, temperature, culture medium). Nevertheless, it is important that all plates in the different
modules conducted at the same time are inoculated with the exact same volume of the test portion. This
standardized performance testing allows a reliable detection of significant differences in the recovery.

For each control strain and performance test, the liquid medium and diluent need to be considered
carefully. The material should be tested to give reliable results before being used in regular batch

testing.

E.2 Prepd

E.2.1 Wor

Take a single
for example,
a separate t
WDCM 0000
the broth.

Incubate for

The strains v
cultures will

iration of a standardized test suspension

King cultures

well separated colony of E. coli WDCM 00013 from the plate with the stack culture (]
from TSA or blood TSA, and transfer this into 10 ml of tryptone soya broth (TSB).
libe for each test strain, carry out the same with C. freundii WDCM 00006, E. fq
O and P. aeruginosa WDCM 00024. Mix the tubes carefully to avoid large cell-aggregd

16 h to 18 h with shaking at (36 + 2) °C to avoid anoxiczofies in the medium.

vill grow to stationary phase during this time. By strictly following the above protoc
repeatedly grow to certain number of cells thatis specific to each strain. Therefor

.3.4),
Using
ecalis
tes in

b], the
e, the

number of dilution steps necessary for the preparation of test’portions does not need to be determined

for every sin
of the worki
be used for t
2). For achie
variation in 4

For the prep
each broth a
be determing

E.2.2 Test|

E.2.2.1 For
(inoculum le

plate) are re
500 cfu/ml

ble test, but may need to be verified for a newbatch of the broth. For example, if incul
ng cultures starts at 3 p.m. on the day of*inoculation (working day 1), the culture
he preparation of the test suspensionx(inoculum) at 8.00 a.m. the next day (workin
ing best consistency when preparing-the test suspension from the working culturg
he length of incubation time should-be minimized, for example, to +30 min.

\iration of the working cultures, other non-selective liquid media than TSB can be use]
hd control strain used, the adequate dilutions for the appropriate bacterial counts n¢
bd upfront in pre-trials.

suspensions —Pveparation of inoculum

quantitative’testing on productivity according to the given example, a reference
vel) of approximately 100 cfu (in total) on two plates of the reference medium (5
uired{or*each control strain. Therefore, the test suspension should contain approxin
r 50 ¢fu/0,1 ml, respectively.

ation
S can
g day
s, the

d. For
bed to

count
cfu/
nately

E. coli WDCM

00013 and Cfreundii WDCM 00006 are tested-se

aratn] )4

n A {
Pt Ty

Dilute the working cultures obtained from E.2.1 with sterile phosphate buffer solution (PBS) (e.g.
8.00 a.m. at working day 2) by following 3 steps to achieve the required reference count:

— Step 1: 0
— Step 2:0

,1 ml working culture + 10 ml PBS (dilution: 1:100, dilution step: 10-2);
,1 ml from 10-2 + 10 ml PBS (dilution: 1:10 000, dilution step: 10~4);

— Step 3: 0,1 ml from 104 + 20 ml PBS (dilution: 1:2 000 000, dilution step: approximately10-°).

Use 0,1 ml of the last suspension resulting from dilution step 3 as a test portion for the testing on
productivity.

NOTE

IS0 8199:2018, Annex D.
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For the preparation of the test suspensions, other diluents than PBS can be used, see ISO 8199. For each
diluent and control strain used, the adequate dilutions for the appropriate bacterial counts need to be
determined upfront in pre-trials.

E.2.2.2 For the qualitative testing on selectivity according to the given example, a reference count
(inoculum level) of at least 104 cfu is needed for each control strain. Therefore, the test suspension
should contain at least 10° cfu/ml or 10%/0,1 ml, respectively. For E. faecalis WDCM 00009, use 0,1 ml of
the suspension resulting from dilution step 1 as a test portion for the testing on productivity.

E.2.2.3 For the qualitative testing on specificity according to the given example, a reference count
(inoculum level) of at least 103 cfu is needed for each control strain. Therefore, the test suspension

shoul

0,1 m

Best 1
prepd

E.3

d contain at least 104 cfu/ml or 103/0,1 ml, respectively. For P._ageruginosa WDC
of the suspension resulting from dilution step 2 as a test portion for the testing on{

tandardized results can be achieved for most control strains if the test suspension
red from a freshly prepared working culture at each day of testing.

Performance testing for batch testing

For the performance testing of a batch of membrane filters with a*batch of CCA, a bat

needq

From
calcu
undet

see 1(.2

From

From
does

E.4

For th

d, see 4.1.1. It has to reach the required criteria, see Table E4 and ISO 9308-18l,

the result of quantitative testing on productivity, the productivity ratio (Pg) is dete
ated by using the count of cfu obtained with the membrane filter/culture medium
test (N, obtained by using module 2) and the reference count (N, obtained by usir
2.

the result of qualitative testing on selectivity;the degree of inhibition is determined

the result of qualitative testing on specificity, it is determined that a non-target mi
ot show the same visual characteristics as the target microorganism, see 10.4.

Performance testing for-supplementary quantitative testing

e need of supplementary testing, see 4.1.2.

Mod

les 1, 2, 3 and 4 are used in parallel for supplementary testing, see Table 1 and Anney

1 00024, use
roductivity.

s are freshly

ch testing is

rmined. Py is
combination
g module 1),

see 10.3.

croorganism

B.

Modufles 3 and 4 are uSed to collect further information on the materials used or in search
with [the materials‘\whenever low or unsatisfactory productivity is observed in the
procedure.

Modufle 3 is used to detect inhibitory effects mainly due to membrane filters.

Modufle4 is used to detect inhibitory effects mainly due to specific (selective) culture med

for problems
atch testing

um.

E.5

E.5.1
Thep

Practical testing of the modules

General

ractical testing by using the modules is described in the following clauses.

In this example, CCA filled in plates with a diameter of 90 mm and membrane filters with a diameter of
47 mm are used.

Table E.2 summarizes the control strains, plates and their codes as described in E.5.2 to E.5.4.

© IS0 2023 - All rights reserved
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E.5.2 Module 1: Determination of the reference count from TSA by direct inoculation
without membrane filter

Use 0,1 ml of the suspension resulting from step 3 for E. coli (see E.2.2) for the inoculation of a plate of
TSA by using spread plate technique, see 9.2. Repeat this step for the inoculation of a second plate of
TSA. It results in two replicates; label the plates ‘A’ and ‘B’.

Repeat the same procedure using the suspension from step 3 of C. freundii and label the replicate plates

‘a’and b’.

For either the qualitative selectivity or specificity testing, or both, the determination of the reference

count is not

equired

E.5.3 Module 2: Productivity of the membrane filters by using the membrane filters

combinatid

Transfer 0,1
solution as d
distribution
need to meas;

NOTE Fo
Annex D. Othd

Perform me
afterwards. |
membrane fi

Repeat the g
replicate pla

n with CCA

ml of the suspension from step 3 of E. coli (see E.2.2) to a minimum of 10;m[of sterile
luent and mix gently. A minimum of 10 ml sterile saline solution has to be used for a
pf the test microorganisms during the filtration. The volume can behigher and therg
ure it exactly, see 9.3.

the composition, preparation and performance testing of salime solution, see ISO 8199
r diluents can also be used.

mbrane filtration on the whole volume. Transfer thevmembrane filter to CCA di
Jse the same pipette to measure the volume, if possible, and repeat this step usingas
[iter. It results in two replicates, label the plates \€"and 'D".

ame procedure using the suspension fromstep 3 of C. freundii (see E.2.2) and lab
es‘c’and ‘d’

For the qualjitative testing on selectivity, repeat(the same procedure with only one plate usir

suspension f|

Fom step 1 of E. faecalis (see E.2.2).and label the plate ‘I".

For the qualjitative testing on specificity, repeat the same procedure with only one plate usir

suspension f|

E.5.4 Mo
using the

Transfer 0,1
solution as d
distribution
need to meas;

Perform me
medium as u

rom step 2 of P. aeruginosa-(see E.2.2) and label the plate ‘i".

le 3: Detection ofinhibition of target organisms due to the membrane fi
embrane filtersten TSA

nl of the suspénsion from step 3 of E. coli (see E.2.2) to a minimum of 10 ml of sterile
luent and mi% gently. A minimum of 10 ml sterile saline solution has to be used for ar
pf the testmicroorganisms during the filtration. The volume can be higher and there
ure it exactly.

in

saline
even
is no

:2018,

rectly
bcond

el the

g the

g the

ters

saline
even
is no

two replicates; label the plates 'E' and 'F".

lture

mbrane filtration on the whole volume. Transfer the membrane to the same c
se&hr&mdetmfﬁwrefem—wﬂmmﬁﬁw i i i pette

to measure the volume, if possible, and repeat this step using a second membrane filter. It resu

Its in

Repeat the same procedure with the suspension from step 3 of C. freundii (see E.2.2) and label the
replicate plates ‘e’ and ‘f".

Repeat the same procedure with only one plate using the suspension from step 1 of E. faecalis (see
E.2.2) and label the plate .

Repeat the same procedure with only one plate using the suspension from step 2 of P. aeruginosa
(see E.2.2) and label the plate ‘j".
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