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introduction

The presence and extent of faecal pollution is an impoftant factor in
assessing the quality of a body of water. Examination of water samples
for the presence of members of the coliform greup ‘of orgapisms?, which
normally inhabit the bowel of man and othér-warm-bloqded animals,
provides an indication of such pollution. As the ability of sgme members
of the coliform group of organism to survive in water is|limited, their
numbers can also be used to estimate‘the degree of recgnt faecal pol-
lution.

1) See annex A for further microbiological information relevant to water ex-
amination for the coliform group of organisms.
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INTERNATIONAL STANDARD

1ISO 9308-1:1990(E)

Water quality — Detection and enumeration of coliform
organisms, thermotolerant coliform organisms and

presdlmptive Escherichia coli —

Part {1:
Membrane filtration method

1 Scope

This parft of ISO 9308 specifies a method for the de-
tection [and enumeration in water of coliform
organisins, thermotolerant coliform organisms and
presumptive Escherichia coli (presumptive E. coli)
after filjfration through a membrane, subsequent
culture |on a differential lactose medium (see
ISO 7704) and calculation of their numbers incthe
sample.

This mdthod can be applied to all types jof water
except where the presence of suspendéed matter in-
terferes| with filtration or large numbers of other
organisims may interfere with growth.

The chojce of tests used in the detection and confir-
mation ¢f the coliform groupZef organisms, including
E. coli, ¢an be regarded. a9 part of a continuous se-
quence.|The extent ofyconfirmation with a particular
sample [depends pastly on the nature of the water
and partly on the reasons for the examination. In
practice] the_‘detection in water of presumptive
E. coli ds defined in 3.3 usually provides an indi-
cation of fegent faecal pollution.

ISO 36961987, Water for analytical labd
Specification and test methods.

1ISO 5667-1:1980, Water quality —
Part 1: Guidance on the design of s
grammes.

ISO 5667-2:1982, Water quality —
Part 2: Guidance on sampling techniqu

ISO 5667-3:1985, Water quality —
Part 3: Guidance on the preservation
of samples.

ISO 6887:1983, Microbiology — General
the preparation of dilutions for microl
amination.

ISO 7704:1985, Water quality — Evalua
brane filters used for microbiological af

ISO 8199:1988, Water quality — Genera
enumeration of micro-organisms by cul

ratory use —

Sampling —
bmpling pro-

Sampling —
ES.

Sampling —
pnd handling

guidance for
biological ex-

fion of mem-
alyses.

guide to the
ure.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 9308. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 9308 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

3 Definitions

For the purposes of this part of ISO 9308, the follow-

ing definitions apply.

3.1 coliform organisms: Organisms
forming colonies aerobically

capable of
at either

35 °C + 05 °C or 37 °C + 0,5 °C on a selective
and differential lactose culture medium with the
production of acid (and aldehyde) within 24 h.

3.2 thermotolerant coliform organisms: Coliform
organisms as described in 3.1 which have the same
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fermentative properties within 24 h, at either

44 °C + 0,25 °Cor 445 °C + 0,25 °C.

NOTE 1 As gas production is not detectable on mem-
branes, the organisms obtained by membrane filtration
are not necessarily the same as those detected by the
multiple tube [ most probable number (MPN)] method.

3.3 presumptive Escherichia coli (presumptive
E. coli): Thermotolerant coliform organisms as de-
scribed in 3.2 which also produce gas from lactose
(and mannitol) as well as indole from tryptophan

5.3 lIsolation media
Use one or more of the following culture media ei-
ther in solid form with agar or as a broth for satu-

rating absorbent pads. Instructions for preparing the
media are given in annex B.

5.3.1 Lactose TTC agar with Tergitol 72

5.3.2 Lactose agar with Tergitol 72

within 24 h
445 °C + 0/

4 Principle

Filtration of 4
membrane w
membrane or
medium or o
selective liqu

Incubation of
or 37 °C for {
alternatively

at either 44 °C + 025 "C or

5 °C.

test portion of the sample through a

hich retains the organisms; placing the
either a selective lactose agar culture
n an absorbent pad saturated with a
d medium containing lactose.

the membrane for 24 h at either 35 °C
he detection of coliform organisms, or
at 44 °C for the presence of

thermotoleranpt coliform organisms.

Direct count ¢
membrane; s
confirmatory
Calculation o

f characteristic colonies formed on the
Libculture of some of these colonies for
ests for gas and for indole production.
f the numbers of coliform organisms,

thermotoleranmt coliform organisms and presumptive

E. coli likely t

5 Diluent,

5.1 Basicn

Db be present in 100 mi of the sample.

culture media and reagents

naterials

Use ingredie
analytical gr
and reagents
annex B. For|
Alternatively,
follow strictly

ts of uniform guality and chemicals of
e for the préparation of culture media
and followrthe instructions given in
information on storage see ISO 8199.
use dehydrated complete media and
the“manufacturer’s instructions.

For the prep

water or de-ionized water free from substances
which might inhibit bacterial growth under the con-

ditions of the

5.2 Diluent

test, and in accordance with ISO 3696.

For making sample dilutions, use one of the diluents
recommended in annex B. Prepare the diluent ac-
cording to the instructions given in annex B.

aration of media, use glass-di§[illéd P

5.3.3 Membrane enriched Teepol broth?

5.3.4 Membrane lauryl sulfate broth

5.3.5 Endo medium
5.3.6 LES Endo agar

5.3.7 mFC medium

5.4 Confirmatory media
Use one or’more of the following.

5.4.1 _Medium for gas production

Ldactose peptone water.

5.4.2 Medium for indole production

Tryptone water.

5.4.3 Single-tube medium for both gas and jndole
production

Lauryl tryptose mannitol broth with tryptophgn.
5.5 Reagents
5.5.1 Kovacs’ reagent for indole

5.5.2 Oxidase reagent for the oxidase test

Usual microbiological laboratory equipment, includ-
ing

6.1 Hot-air oven for dry-heat sterilization and an
autoclave.

Apart from apparatus supplied sterile, glassware
and other equipment shall be sterilized according to
the instructions given in ISO 8199.

2) Tergitol 7, Teepol broth are examples of suitable products available commercially. This information is given for the
convenience of users of this part of ISO 9308 and does not constitute an endorsement by ISO of these products.


https://standardsiso.com/api/?name=db3ec2d0474ce8939a0c97bc535c15b9

6.2 Incubator or water bath, thermostatically
controlled at either 35 °C +£ 05 °C or
37 °C + 0,5 °C.

6.3 Incubator or water bath, thermostatically
controlied at either 44 °C 4+ 0,25 °C or
445 °C 4+ 0,25 °C.

6.4 pH meter.

6.5 Apparatus for membrane filtration.

6.6 Mambrane filters, usually about 47 mm or
50 mm [in diameter, with filtration characteristics
equivalent to a rated nominal pore diameter of
0,45 pm|. If not obtained sterile, they shall be steri-
lized adcording to the manufacturer’s instructions.

6.7 Fopceps, for handling membranes.

7 Sampling

Take thp samples and deliver them to the laboratory
in accofdance with 1SO 8199, ISO 5667-1, ISO 5667-2
and ISQ 5667-3.

8 Procedure

8.1 Preparation of the sample, filtration and
inoculgtion of media

tration knd inoculation of isolation media, follow the

For preEaration of the sample, makihg dilutions, fil-
instructfjons given in ISO 8199 and ISO 6887.

8.1.1 Hor coliform organisms, filter the required
volume|of the samplel.ofr a dilution of it, through one
membrhne. Place ‘On'the medium chosen, ensuring
that nolair is trapped underneath it.

8.1.2 Hor_thermotolerant coliform organisms, filter
the required volume of the sample or a dilution of

ISO 9308-1:1990(E)

8.2.2 For thermotolerant coliform organisms, incu-
bate the membrane for 18 h to 24 h at either
44 °C 4+ 0,25 °Cor 445 °C + 0,25 °C.

NOTES

3 The same medium can generally be used for both
coliform organisms and thermotolerant coliform
organisms, but mFC medium should be used only at
44 °C, and Endo and LES Endo media should be used at
35 °C or 37 °C.

4 A preliminary period at a lower temperature such as

2 t tor— commended to
resuscitate stressed organisms, especially in the exam-
ination of drinking water.

8.3 Examination of membranes

8.3.1 Coliform organisms

Examine the membranes and count a§ presumptive
coliform organjsms’ all colonies, irrespective of size,
which show, after incubation at 35 °Clor 37 °C, the
following characteristics.

— On lactose TTC agar with Tergitol|(5.3.1): a yel-
low; orange or brick red colouration] with a yellow
central halo in the medium under the membrane.

— on lactose agar with Tergitol 7 (5)3.2): a yellow
central halo in the medium under the membrane.

— On membrane enriched Teepol bfoth (5.3.3): a
yellow colour extending on to the membrane.

— On membrane lauryl sulfate broth|(5.3.4): a yel-
low colour extending on to the membrane.

— On Endo agar or broth (5.3.5): a dark red colour
with a golden-green metallic sheer.

— On LES Endo agar (5.3.6): a dark red colour with
a golden-green metallic sheen.

8.3.2 Thermotolerant coliform organigms

Regard as presumptive thermotolefant coliform
organisms all colonies which show, after incubation
at 44 °C, the same colonial characterigtics as those

it, through one membrane. Place on the medium
chosen, ensuring that no air is trapped underneath
it.

NOTE 2 The volume of sample filtered should be the
same as in 8.1.1.

8.2 Incubation of membranes

8.21 For coliform organisms, incubate the mem-
brane for 18 h to 24 h at either 35 °C + 0,5 °C or
37 °C + 05 °C.

described in 8.3.1. With mFC medium (5.3.7), such
colonies are blue in colour.

8.4 Confirmatory tests

It is important to note that the counts of colonies on
membranes at 35 °C or 37 °C and at 44 °C are only
presumptive coliform results. Since gas production
is not detected, there is also an additional
presumption that the organisms forming colonies
can also produce gas from lactose. For the exam-
ination of raw or partly-treated waters, this may be
sufficient, but for potable supplies and other cir-
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cumstances, it is important to carry out confirmatory
tests, preferably on pure subcultures.

8.4.1 Subculture, incubation and examination

8.41.1 Coliform organisms

To confirm the membrane results, subculture each

colony (8.3.1)
tubes of lacto

or a representative number of them to
se peptone water (5§ 41) and incubate

8.5.1 Carry out the oxidase test with pure subcul-
tures of lactose-fermenting organisms, grown on
nutrient agar medium, as follows:

— place 2 to 3 drops of freshly prepared oxidase
reagent (5.5.2) on a filter paper in a Petri dish;

— with a glass rod, swab stick or platinum (not
nichrome) wire loop, smear some of the growth
on the prepared filter paper (see note 7);

— regard the appearance of a deep blue-purple

at 35 °C or 37
period confirn

°C for 48 h: gas production within this
s the presence of coliform organisms.

8.4.1.2 Thermotolerant coliform organisms and

presumptive §

For thermo
presumptive

bated at 44 °
colony (8.3.2)
to tubes of laq
and incubate
lactose peptd
thermotolera
ment of a re
water culture
Kovacs’ read
presumptive |

NOTES

5 The use
tryptophan alldg
demonstrated

6 The detecti
satisfactory ev
tests for the c(
considered ned

of lauryl

F. coli

olerant coliform organisms and
F. coli on membranes, whether incu-
C or at 35 °C or 37 °C, subculture each
or a representative number of them,
tose peptone water and tryptone water
at 44 °C for 24 h. Gas production in
ne water confirms the presence of
t coliform organisms, and develop-
colour at the surface of the tryptone
after the addition of 0,2 ml to 0,3 ml of
ent (5.5.1) confirms the presence of
E. coli.

tryptose mannitol broth . with
ws both gas and indole production(to“be
n a single tube.

on of presumptive E. coli is"tegarded as
dence of faecal pollution. However, further
nfirmation of E. co/i may. b€ carried out if
essary (see 8.5).

7 When subc:ﬂturing from colonies on the membrane to

tubes of confir
also to a plate]
test.

atory media, it is/preferable to subculture
of nutrientagar medium for the oxidase

8.5 Oxidase-test

colour within 10 s as a positive reaction,

NOTE 8 On each occasion that the oxidase| reagent
is used, control tests should be conducted with cul-
tures of an organism known to give, a-positive|reaction
(Pseudomonas aeruginosa) andta negative [reaction
(E. coli).

9 Expression of results

From the numbeps ofcharacteristic colonies pounted
on the membranes and taking account of thg results
of the confirtmatory tests performed, calculate the
numbers ©f coliform organisms, thermatolerant
coliform®grganisms and presumptive E. coli[present
in 100.mi of the sample in accordance with 130 8199,
8.4,'according to the following equation:

Some bacteria found in water may conform to the
definition of coliform organisms in most respects,
but are able to produce gas from lactose only at
temperatures below 37 °C. They therefore give neg-
ative results in the standard confirmatory tests for
coliform organisms and their presence in water is
not usually regarded as significant. Aeromonas spe-
cies, which occur naturally in water, have an opti-
mum growth temperature in the range 30 °C to
35 °C but may nevertheless produce acid and gas
from lactose at 37 °C. They are distinguishable from
the coliform group by a positive oxidase reaction.

AxNxV x I
B BxV,
where

C is the confirmed colony count per] 100 ml;

A is the number of colonies actually con-
firmed,;

B is the number of colonies subcultured for
confirmation;

N is the number of characteristic ¢olonies
on the membrane (8.3.1 and 8.3.2);

|14 is the test volume of water sample fil-
tered (8.1.1 and 8.1.2);

Vs is the reference volume for ex;rression
of Tesuits<{100Tmi);

I is the dilution factor.

10 Test report

The test report shall contain the following informa-
tion:

a) a reference to this part of ISO 9308,

b) all details necessary for complete identification
of the sample;
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c) the technique and isolation medium used; f) the results expressed in accordance with
clause 9;
d) the confirmatory media and tests used;
g) any other information relevant to the method.
e) the time, temperature and conditions of incu-
bation;
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Annex A
(informative)

Further microbiological information relevant to water examination for the coliform
group of organisms

For routine
coliform groug
erally in mig
terms as follo

Coliform orgd
sporing, oOxid
which are c
anaerobic grg
other surface
inhibiting profg

water examination purposes, the
of organisms may be described gen-
robiological, though not taxonomic,
VS,

anisms are Gram-negative, non-
ase-negative, rod-shaped bacteria,
ipable of aerobic and facultatively
wth in the presence of bile-salts (or
Lactive agents with similar growth-
erties). They are also able to ferment

lactose (and 'lnannitol) with the production of acid,

gas and alde
temperature g

yde within 48 h, when incubated at a
f 35 °C to 37 °C.

Thermotolerant coliform organisms are_q
organisms which exhibit the same fermentat
biochemical properties when incubated)-at
perature of 44 °C to 44,5 °C.

Presumptive E. coli are thermotolerant ¢
organisms which are also able-to produce
from tryptophan.

E. coli may be regarded as presumptive

oliform
ve and
a tem-

oliform
indole

E. coli

which also give a positive result in the methyl red

test and can decarboxylate L-glutamic ad
which are not™able to produce acetyl

carbinol, utilize titrate as the sole source of
or to grow jn.potassium cyanide (KCN) broth

id, but
methyl
carbon
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Annex B
(informative)

Culture media, reagents and diluents

Isolation media

Lactose TTC agar with Tergitol 7

Basal medium

Melt the basal medium and cool te.l
and 50 °C. Add the TTC and Térgit
aseptically, mixing thoroughly but av

etween 45 °C
ol 7 solutions
piding the for-

mation of bubbles after each.addition. Distribute in
[ Petri dishes to a depth of @bout 5 mm|. If not for im-
Lactoge 20 g mediate use, store at 4 °Cyin the dark|for not longer
Peptone 10g than 10 days
Yeast|extract 6g '
Meat pxtract 59
Bromo¢thymol blue 0,05¢g
Agar 16 g to 25 gV Lactose agar with Tergitol 7
Distilled water 1000 ml
1) Depending on the gel strength of the agar. Peptone SE
Yeast extract 39
Lactose 109
Dissolve the ingredients in boiling water. If neces- Tergitol 7 4,1 ml
sary, agdjust the pH so that after sterilization it is Bromothymol blue 4,025 g
7,2 + (,2. Distribute the medium in bottles in vol- Agar 15 g
umes ¢f 100 ml and sterilize in the autoclave at Distilled water 1000 ml
121 °C|4+ 1 °C for 15 min.
TTC solution Dissolve the ingredients in the water. Dispense in
bottles in volumes of 100 ml and |autoclave at
- - 129 °C + 1 °C for 15 min. The |[final pH s
2, 3, 5pTriphenyl-tetrazolium 6,9 + 0,2. For use, melt and distribute in Petri
chiorifle (TTC) 0059 dishes to a depth of about 5 mm. Storg at 4 °C in the
Distilled water 100 mi dark for not longer than 10 days.
Dissolve the TTC in some\ofthe water and make up
to 100 ml. Sterilize by~membrane filtration through Membrane enriched Teepol broth
a membprane of pore size < 0,2 um.
Tergito| 7 solutian Peptone 0g
Yeast extract g
- Lactose Og
Tergitpl7 02g o
Distilled-water 100 ml Phenol red [04 /o (mjm)]
aqueous sotation 50 mi
Teepol 610 4 mi
Dissolve the Tergitol 7 in some of the water and Distilled water 1000 ml

make up to 100 ml. Sterilize in

121 °C

the autoclave at
+ 1 °C for 15 min.

Complete medium

Basal medium 100 ml
TTC solution 5 ml
Tergitol 7 solution 5 ml

Add the peptone and yeast extract to
steam to dissolve. Add the lactose, p

the water and
henol red and

Teepol afterwards and mix gently to avoid froth. The

final pH shall be 7,4 to 7,5 and it may
to adjust the pH to about 7,6 before
order to achieve this. Distribute in
bottles and autoclave at 110 °C to 115

be necessary
sterilization in
screw-capped
°C for 10 min.
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Membrane lauryl sulfate broth

Peptone 40 g
Yeast extract 6g
Lactose 30g
Phenol red [0,4 % (m/m)]

aqueous solution 50 ml

Sodium lauryl sulfate, high purity 1g
Distilled water 1000 mi

LES Endo agar

WARNING — Basic fuchsin is suspected of being a
carcinogen.

Yeast extract 1249
Trypticase (casitone or tryptone) 3,79
Thiopeptone 3,749
Tryptose 7549
Lactose 94¢g

Dipotassium hydrogen phosphate 3.3 g

Add the ingredlients to the water and mix gently to
avoid froth. The final pH should be 7,4 to 7,5 and it
may be necespary to adjust the pH to about 7,6 be-
fore sterilizatjon to achieve this. Distribute in
screw-capped | bottles and autoclave at 110 °C to
115 °C for 10 min.

Endo medium

WARNING — Basic fuchsin is suspected of being a
carcinogen.

Tryptose 10¢g
Thiopeptone 59
Trypticase (cpsitone or tryptone) 5g
Yeast extract 1,549
Lactose 125¢g
Sodium chlotide 5g

Dipotassium hydrogen phosphate 4,375'g
Potassium dihydrogen phosphate 1(375 g

Sodium launy|l sulfate 0,05 g
Sodium desojiycholate 01g
Sodium sulfate 21g
Basic fuchsin 1,05 g

Distilled watgr

Dissolve ingreldients in the water containing 20 ml

Potassium dihydrogen phosphate 1,0 g

Sodium chloride 3,76
Sodium desoxycholate (UN
Sodium lauryl sulfate 0,05¢g
Sodium sulfite 169
Basic fuchsin 08g
Agar 15¢g

Distilled water 1000 ml

Dissolve ingredientscin the water containind 20 ml
of 95 % (V/V) eth@anol. Do not autoclave but heat to
boiling, cool te \between 45 °C and 50 °C and dis-
pense in 4 ml Volumes in small Petri dishes (60 mm
diameter). Final pH shall be 7,2 + 0,2. Store|plates
at 4 °C in the dark and discard unused medium after
2 weeks:“Do not expose to direct sunlight.

mFC medium

Tryptose 100g
Proteose peptone No. 3 or

polypeptone 5049
Yeast extract 304g
Sodium chloride 50¢g
Lactose 12,5g
Bile salts No. 3 or bile salts mix-

ture 159
Aniline blue 01g
Distilled water 1000 ml

Rehydrate in the distilled water containing 10 ml of
1 % rosolic acid in 0,2 mol/l NaOH. Heat the me-
dium to the boiling point, promptly remove from heat
and cool to below 45 °C to 50 °C. Do not sterifize by
autoclaving. Final pH shall be 74 + 0,2. Stc[re the

of 95 % (V'/V) ethanol. Do not autoclave but heat to
boiling, remove promptly and cool to between 45 °C
and 50 °C. Final pH shall be 7,2 + 0,2. Store finished
medium at 4 °C in the dark and discard unused me-
dium after 4 days.

NOTE 9 This medium may be solidified by the addition
of 12 g per litre to 15 g per litre agar before boiling.

finished media at 2 °C to 10 °C and discard any un-
used medium after 96 h.

NOTES

10 This medium may be solidified by the addition of
1,2 % to 1,5 % agar before boiling.

11 Rosolic acid will decompose if sterilized by
autoclaving. The stock solution should be stored in the
dark at 2 °C to 10 °C and be discarded after 2 weeks, or
sooner if its colour changes from dark red to muddy
brown.
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