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Foreword

ISO (the Interrational Organization for Standardization) is a worldwide
federation of nptional standards bodies (ISO member bodies). The work
of preparing Infernational Standards is normally carried out through 1SO
technical cominittees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the
work. ISO colllaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft Internatignal Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Interna-
tional Standard requires approval by at least 75 % of the member bodies
casting a vote.

International Sfandard ISO 9308-2 was prepared by Technical Committee
ISO/TC 147, Water quality.

ISO 9308 consjsts of the following parts, under the general title Water
quality — Détection and enumeration of coliform organisms,
thermotolerant| coliform organisms and presumptivesEscherichia coli:

— Part 1: Membrane filtration method

— Part 2: Multiple tube (most probable-rumber) method
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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 grotdp of organisms", which
normally inhabit the bowel of man and other warm-blopded animals,
provides an indication of such pollution. As\the ability of some members

of the coliform group of organism to Survive in water i
numbers can also be used to estimate, the degree of rec
lution.

limited, their
nt faecal pol-

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

ISO 9308-2:1990(E)

Water quality — Detection and enumeration of coliform

orga
presumptive Escherichia coli —

Part|2:

Multiple tube (most probable number) method

1 Scope

This paft of ISO 9308 specifies a method for the de-
tection | and enumeration in water of coliform
organisms, thermotolerant coliform organisms and
presumipptive Escherichia coli (presumptive E. coli)
by cultyre in a liquid medium in multiple tubes and
calculation of their most probable numbers in(the
sample

This method can be applied to all types, of water,
including those containing an appreciable amount
of suspgnded matter.

The chgice of tests used in the detection and confir-
mation jof the coliform group©fiorganisms, including
E. coli, tan be regarded as-part of a continuous se-
quence| The extent of confirmation with a particular
sample| depends partly jon the nature of the water
and paftly on the_reasons for the examination. In
practice, the detection in water of presumptive
E. coli ps defined in 3.3 of this part of ISO 9308,
usually|provides an indication of recent faecal pol-
lution.

ISO 3696:1987, Water for analytical laboratory use —
Specification and test methods.

ISO 5667-1:1980, Water quality — |Sampling —
Part 1. Guidance on the design of sampling pro-
grammes.

ISO 5667-2:1982, Water quality — |Sampling —
Part 2: Guidance on sampling techniqles.

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

ISO 6887:1983, Microbiology — Generdl guidance for
the preparation of dilutions for micrgbiological ex-
amination.

ISO 8199:1988, Water quality — General guide to the
enumeration of micro-organisms by cufture.

3 Definitions

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.

For the purposes of this part of ISO 9308, the follow-
ing definitions apply.

3.1 coliform organisms: Organisms capable of
aerobic growth at either 35 °C + 0,5 °C or
37 °C + 0,5 °C in a liquid lactose culture medium
with the production of acid and gas within 48 h.

3.2 thermotolerant coliform organisms: Coliform
organisms as described in 3.1 which have the same
fermentative properties within 24 h, at either
44 °C + 0,25 °Cor 44,5 °C + 0,25 °C.
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3.3 presumptive Escherichia coli (presumptive
E. coli): Thermotolerant coliform organisms as de-
scribed in 3.2 which also produce indole from
tryptophan within 24 h, at either 44 °C + 0,25 °C

or 44,5 °C + 0,25 °C.

4 Principle

Inoculation of test portions of the sample, diluted or

undiluted, into

a series of tubes of a selective liquid

culture medium containing lactose.

5.3.1 Lactose broth
5.3.2 MacConkey broth

5.3.3 Improved formate lactose glutamate
medium?

5.3.4 Lauryl tryptose (lactose) broth

5.4 Confirmatory media

Examination ({Ithe tubes after 24 h and 48 h incu-

bation at eithe
tube showing
more selectiV
presumptive E
the formation

Incubation of
48 h at either
coliform orgat
thermotoleran
E. coli.

By means of
most probal
organisms, th
presumptive H
the sample, frg
confirmatory r

5 Diluent,

35 °C or 37 °C; subculture from each
turbidity with gas production into a
e confirmatory medium and, when
coli is sought, to a medium in which
bf indole can be demonstrated.

these confirmatory media for up to
35 °C or 37 °C for the detection of
isms, and at 44 °C for up to 24 h for
coliform organisms and presumptive

statistical tables, calculation of the
le  numbers (MPN) of coliform
brmotolerant coliform organisms and
. coli likely to be present in 100 ml of
m the number of tubes giving positive
bsults.

culture media and reagents

5.1 Basic mfaterials

Use ingredien
analytical graq
and reagents
annex B. For
Alternatively,

s of uniform quality and chemicals of
e for the preparation of cultire media
and follow the instruetions given in
nformation on storage’see 1SO 8199.
ise dehydrated eomplete media and

follow strictly the manufacturer s’instructions.

For the prepd
water or de-i

ration of media, use glass-distilled
onized water free from substances

which might in

hibit bacterial growth under the con-

ditions of the tlest, and in accordance with 1SO 3696.

Use one or more of the following.

5.41 Media for gas production

5.4.1.1 Brilliant-green lactose (biie) broth
5.4.1.2 EC medium

5.4.2 Medium for indole-production
Tryptone water.

5.4.3 Single-tube medium for both gas and ipdole
production

Lauryktryptose mannitol broth with tryptophan.

55 Reagents
5.5.1 Kovacs’ reagent for indole

5.5.2 Oxidase reagent for the oxidase test

6 Apparatus

Usual microbiological laboratory equipment, |includ-
ing

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

Apart from apparatus supplied sterile, glagsware
and other equipment shall be sterilized accoiding to
the instructions given in ISO 8198.

5.2 Diluent

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.

5.3 Isolation media

Use one of the following culture media. Instructions
for preparing the media are given in annex A.

or water
either

6.2 Incubator
controlled at
37 °C + 0,5 °C.

bath, thermostatically
35 °C+05°C or

water
either

6.3 Incubator or
controlled at
445 °C + 0,25 °C.

bath, thermostatically
44 °C +£ 025 °C  or

6.4 pH meter.

2) Available commercially in dehydrated form as “Minerals modified glutamate medium”. This information is given for the
convenience of users of this part of ISO 9308 and does not constitue an endorsement by ISO of this product.
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7 Sampling
Take the samples and deliver them to the laboratory

in accordance with ISO 8199, ISO 5667-1, ISO 5667-2
and ISO 5667-3.

8 Procedure

8.1 Preparation of the sample and inoculation
of media

ISO 9308-2:1990(E)

8.41.2 Thermotolerant coliform orga
presumptive E. coli

nisms and

To confirm the presence of thermotolerant coliform
organisms, incubate another tube of EC medium
(5.4.1) at 44 °C for 24 h, and examine for gas pro-

duction.

To confirm the presence of presumptive E. coli, in-
cubate a tube of tryptone water (5.4.2) for indole

formation at 44 °C for 24 h. Then

add 0,2 ml to

03 ml of Kovacs’” reagent (55 1) io the tube of

For pre})aration of the sample, making dilutions and
inoculation of isolation medium with test portions,
follow the instructions given in I1SO 8199. For test
portions of volume greater than 5 ml, use tubes
containfng “double strength” isolation medium.

8.2 Incubation of tubes

Incubate the inoculated tubes for 48 h at either
35 °C + 0,5 °Cor 37 °C + 0,5 °C.

8.3 Examination of tubes

to 24 hand regard as positive reactions those which
show tuirbidity due to bacterial growth and gas for-
mation|in the inner inverted (Durham) tubes, to-<
gether Wwith acid production if the isolation medium
contains a pH indicator. Reincubate those tubes
which do not show any or all of these changes and
examineg them again for positive reactions after
48 h.

Examin[ the tube-cultures after incubation for 18 h

8.4 Cpnfirmatory tests

It is important to note that positive reactions in tubes
of isolgtion medium are-only presumptive coliform
results| It is thereforge~important to carry out con-
firmatoty tests, preferably on pure subcultures.

8.4.1 Subculture/incubation and examination

Subculfure from each tube of isolation medium giv-
ing a ppsitive result into one or more tubes of the
confirmatory media (5.4) for gas and indole pro-
duction.

NOTE 1  If the least inhibitory medium (lactose broth) is
used for isolation, subculture to either of the two more
selective confirmatory media [brilliant-green lactose (bile)
broth or EC broth] for confirmation is recommended.

8.41.1 Coliform organisms

To confirm the presence of coliform organisms, in-
cubate one tube of brilliant-green lactose (bile) broth
(5.4.1) at either 35 °C or 37 °C, and examine for gas
production within 48 h.

tryptone water: development of a(red colour after
gentle agitation denotes the presencel of indole.

NOTES

2 The use of lauryl tryptose manni

tol broth with

tryptophan allows both ‘gas and indole| production by
presumptive E. coli to be_demonstrated in| a single tube.

3 The detection, 'ef)presumptive E. coli

is regarded as

satisfactory evidence of faecal pollution. However, further
tests for the confirmation of E. co/i may be carried out if

considered necessary (see 8.5).

4  When, subculturing from colonies on tHe membrane to
tubes of confirmatory media, it is preferaljle to subculture

alsoto a plate of nutrient agar medium
test.

8.5 Oxidase test

for the oxidase

Some bacteria found in water may donform to the
definition of coliform organisms in most respects,
but are able to produce gas from Igctose only at
temperatures below 37 °C. They therdfore give neg-
ative results in the standard confirmatory tests for

coliform organisms and their presen

Ce in water is

not usually regarded as significant. A@romonas spe-

cies, which occur naturally in water,

interfere with

the determination only at a temperatuie of 37 °C and

below, confirmation with the oxidase
only when determining coliforms.

8.5.1 Carry out the oxidase test with

est is needed

pure subcul-

tures of lactose-fermenting organisms, grown on

nutrient agar medium, as follows:

pared oxidase

reagent (5.5.2) on a filter paper in a Petri dish;

— with a glass rod, swab stick or
nichrome) wire loop, smear some

platinum (not
of the growth

on the prepared filter paper (see note 4);

— regard the appearance of a deep blue-purple
colour within 10 s as a positive reaction.

NOTE 5
used, control tests should be conducted
an organism known to give a po
(Pseudomonas aeruginosa)
(E. coli).

and a negative

On each occasion that the oxidase reagent is

with cultures of
sitive reaction
reaction
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9 Expression of results

thermotolerant

E. coli in 100 mi of the sample.

10 Test report

The test repori]

b) all details necessary for complete identification
of the sample;
From the number of tubes of isolation medium and . . . )
confirmatory tests giving positive reactions, calcu- ¢) the technique and isolation medium used;
late by reference to the statistical tables in ISO 8199, .
the most probable numbers of coliform organisms, d) the confirmatory media and tests used;
coliform organisms and presumptive ) )
e) the time, temperature and conditions of incu-
bation;
f) the results expressed in accordance with
shall contain the following informa- SAE S
g) any other information relevant to the(hethpd.

tion:

a) a reference

to this part of ISO 9308;
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Annex A
(informative)

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

For
coliform (
erally in
terms as

Coliform
sporing,
which an
anaerobif
other su
inhibiting

routline water

examination purposes, the
roup of organisms may be described gen-
microbiological, though not taxonomic,
follows.

organisms are Gram-negative, non-
oxidase-negative, rod-shaped bacteria,
e capable of aerobic and facultatively
growth in the presence of bile-salts (or
face-active agents with similar growth-
properties). They are also able to ferment

lactose (and mannitol) with the production of acid,

gas and
temperat

bldehyde within 48 h, when incubated at a
ire of 35 °C to 37 °C.

Thermotolerant coliform organisms~3
organisms which exhibit the same_ferm
biochemical properties when ingubate
perature of 44 °C to 44,5 °C.

Presumptive E. coli are (thermotolers
organisms which are also able to prg
from tryptophan.

E. coli may be, r€garded as presum
which also give-a positive result in thg
test and cafn decarboxylate L-glutam
which are ‘not able to produce ag
carbinol\tilize citrate as the sole sour
or to grow in potassium cyanide (KCN)

re coliform
entative and
i at a tem-

nt coliform
duce indole

btive E. coli

methyl red
c acid, but
etyl methyl
ce of carbon
broth.
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Annex B
(informative)

Culture media, reagents and diluents

Isolation media

volumes. Each tube or bottle used should contain an

Lactose broth

Double-streng

th medium

Peptone
Lactose
Beef extract

Distilled water

1049
10g
69
1000 mi

Dissolve the i
pH if necess

ary so that after sterilization

ngredients in boiling water. Adjust the

it is

6,9 + 0,2. Pr¢pare single-strength medium by dilut-

ing the doubl

e-strength medium with an equal vol-

ume of distilled water.

MacConkey bfoth

Double-strendth medium
Bile salts 10g
Peptone 40 g
Lactose 20 g
Sodium chigride 10-¢
Bromocreso] {(or Cresol) purple
[1 % (V/V) gthanolic solution] 2°ml
Distilled water 1000 ml

Dissolve the g
in the water H

eptone, sodium-Chloride and bile salts
y heating and store at 4 °C overnight.

Filter while sfjll cold,.add the lactose and dissolve.

Adjust to pH
purple.

7,4 £°0,2 and add the bromocresol

H W I 4 F L0 i LN YN ) Aord
mveTricu jcrriciiatiung \Uullldlll} waucT. AUtD

115 °C for 10 min.

Improved formate lactose glutamate mediun

Double-strength medium

clave at

Lactose 20 g
L(+) Glutamic acidsodium salt 12,7 g
L(+) Arginine monohydrochloride 0,048 g
L(—) Aspartic a®eid 0,04 g
L(—) Cysting 0,04 ¢g
Sodium formate 05g
Dipotassium hydrogen phosphate 18g
Ammonium chloride 5g
Maghesium sulfate (MgS0O,.7H,0) 0,02 g
Calcium chloride (CaCl,.2H,0) 002g
iron(lll) citrate scales 0,02 ¢g
Thiamine (aneurin hydrochloride) 0,002 ¢
Nicotinic acid 0,002 ¢
Pantothenic acid 0,002
Bromocresol purple [1 % (m/m)

ethanolic solution] 2 mi
Distilled water to 1000 ml

The medium is most conveniently prep

bred in

quantities of 10 | or more. If it is not to be disgtributed

in tubes immediately, the lactose and t
should be omitted and added immediately
dispensing. Several of the ingredients ar
conveniently added as separate solutions ar
should be prepared as follows.

Solution 1

hiamine

before
B more
d these

Single-strength-meditm

Prepare single-strength medium by dilution of the
double-strength medium with an equal volume of
distilled water or make separately using half the

concentration

of ingredients.

Distribute single-strength medium in 5 ml volumes
and double-strength medium in 10 ml and 50 ml

L{+) Arginine monohydrochloride 04¢g
L{—) Aspartic acid 0,48 g
Distilled water 50 ml

Heat to dissolve

3) Available commercially in dehydrated form as “Minerals modified glutamate medium”. It may also require pH adjust-

ment.
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ods of sterilization are used, the same change in pH
should always occur on sterilization. Some prelimi-
nary trials may be necessary to establish the correct
pH prior to sterilization.

After adjustment of pH, add 20 ml of 1 % ethanolic
solution of bromocresol purple. Make up the final
volume to 10 | with about 810 ml of distilled water.
If the bulk of the medium is not required for imme-
diate use, bottle in 500 ml volumes and autoclave
at 115 °C for 10 min. For use, add the necessary
amount of lactose and thiamin solution (solution 6),

Solution 2
L(—) Cystine 0449
Sodium hydroxide (5 mol/l) 10 mi
Distilled water 90 ml
Heat to dissolve
Solution 3
Nicotin|c acid 0,02 g
Pantothenic acid 0,02 g
Distillefd water 5ml
Dissolve| without heating
Solution|4
Iron(llh)| citrate scales 02g
Distillefl water 10 ml
Heat to dissolve
Solution|5
Calcium chloride (CaCl,.2H,0 ) 5g
Distillefd water 100 mi
Concertrated hydrochloric acid 0,1 m}
Dissolve| without heating and sterijtize at 121 °C for
20 min. IKeep as a stock solution(
Solution|6
Sterile 0|1 % solution-of.thiamin in distilled water.
This sollition is best prepared by adding the con-
tents of An ampeule (100 mg) aseptically to 99 ml of
sterile djstilled”water. It should be kept at 4 °C and
discardedqafter 6 weeks.

allow to dissolve and then distribute
50 ml volumes. Each tube or bettle
contain an inverted fermentation {Dur|

in 10 ml and
used should
ham) tube. It

is important to ensure that,(after autpoclaving and

before use, the Durham tube-s compiet
medium. Otherwise a false positive r
production may be obtajned. Sterilize
10 min or place in & steamer at 100 °C
three successive. days.

Single-strength_medium

Prepare~single-strength medium by
double-strength medium with an equ
distilled water and distribute in 5 m
tubes containing an inverted fermentat
tube. Sterilize at 115 °C for 10 min
100 °C for 30 min on three successive

NOTE 6 The addition of a 0,1 % (m/m
acid-hydrolized casein may give quicker re

Lauryl tryptose (lactose) broth

Double-strength medium

ely filled with
esult for gas
at 115 °C for
for 30 min on

diluting the
Al volume of
volumes in
on (Durham)
or steam at
jays.

) vitamin-free
sults.

Tryptose

Lactose

Sodium chloride

Dipotassium hydrogen phosphate
Potassium dihydrogen phosphate
Sodium lauryl sulfate, high purity
Distilled water

= O OV O o o B

Add the tryptose, sodium chloride,

lactose and

phosphates to the water and heat to gissolve. Add

To prepare 10 | of double-strength medium, dissolve
the appropriate quantities of L(+) glutamic acid
sodium salt, sodium formate, dipotassium hydrogen
phosphate, ammonium chloride and magnesium
sulfate in 91 of hot distilled water. Then add the
whole of solutions 1, 2, 3 and4 and 4 ml of
solution 5. Adjust the pH to 6,8 or higher if neces-
sary, so that the final pH after completion and
sterilization is 6,7. If the same equipment and meth-

the sodium lauryl sulfate and mix gently to avoid
froth. Adjust the pH to 6,8 + 0,2. Prepare single-
strength medium by diluting the double-strength
medium with an equal volume of distilled water.

Distribute single-strength medium in 5 ml volumes
and double-strength medium in 10 ml and 50 ml
volumes. Each tube or bottle used should contain an
inverted fermentation (Durham) tube. Autoclave at
115 °C for 10 min.
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Confirmatory media

Brilliant-green

lactose (bile) broth® (for gas pro-

duction)
Peptone 1049
Lactose 1049
Ox bile {dehydrated) 20g
Brilliant-green (0,1 % by mass
aqueous solutlon) 13 ml
Distilled water to 1000 ml

Dissolve the ingredients in the water and adjust to
pH 7,5. Distribute in 5 ml volumes and autoclave at
115 °C for 10 min.

d

tion of 0,1 % (m/m) L or DL tryptophan

t-or UL A

NOTE 7 The addit
e the performance of the medium.

ad
may improve the

Lauryl tryptose mannitol broth with tryptophan

(anln-inhn medium for both gas and indole pro-

raygre-ue el O DO TS QiU T aUTe

ductlon )

Dissolve the

Add the 20 g
200 m! of dist

a pH between
975 ml with d

jua{ the pH 1dq

and make up

Distribute 5 m

peptone in 500 ml of distilled water.
of dehydrated ox bile dissolved in
lled water. This solution should have
7,0 and 7,5. Make up to approximately
stilled water. Add the lactose and ad-

7 A AAdA tha hoelllinmd ~eanem diom e
,%. AUU UIT Ullllldlll’yrccll a\nuuuu

o 1000 ml with distilled water.

I volumes in test tubes containing in-

verted inner| fermentation (Durham) tubes and
autoclave at 415 °C for 10 min.
EC medium (for gas production)
Tryptose or {rypticase 209
Lactose 5¢g
Bile salts mikture or bile salts
No. 3 159
Dipotassium|hydrogen phosphate 4g
Potassium d|hydrogen phosphate 15¢g
Sodium chlofide 59
Distilled watger 1000 mi
The pH shoujd be 6,9 after sterilization. Prior to

sterilization, distribute in tubes with) sufficient me-

dium to coyv

er the inverted .janer fermentation

(Durham) tubg at least partially-after sterilization.

Tryptone watelr (for indele(reaction)

Certain pepto

hes which give satisfactory results in

tests at 35 °Q or"37 °C are not satisfactory for the

indole test at
factory and is

@42C. Tryptone has been found satis-

Tryptose 20, g
Mannitol 59
Sodium chloride 5.9
Dispotassium hydro ogen phos-

phate 2,75 ¢
Potassium dihydrogen phosphate 2,75 g
Sodium IdUlyl sulfate 0,1 g
L{—) Tryptophan 02g
Distilled water 1000 ml

Add the tryptose, sodium chloride, mannito}, phos-
phates and tryptophan to the water and warm to
dissolve. Add the sodium lauryl sulfate gnd mix
gently to<avoid froth. Adjust to pH 6,8 + (,2. Dis-
tribute Gih 5 ml volumes in tubes containing an in-
vertéd: inner fermentation (Durham) tube. Adtoclave
at. 445 °C for 10 min.

Reagents

Kovacs’ reagent for indole

p-dimethylaminobenzaldehyde 59
Amyl alcohol 75 mi
Hydrochloric acid (p = 1,18 g/mi) 25 ml

Dissolve the aldehyde in the amyl alcohol. Add the
concentrated acid with care. Protect from light and
store at 4 °C.

NOTE 8 The reagent should be light yellow [to light
brown in colour; some samples of amyl alcohol|are un-
satisfactory, and give a dark colour with aldehydg.

Oxidase reagent

recommended.

Tryptone
Sodium chlo

Distilled water

20 g
ride 5g
1000 ml

Tetramethyl-p-phenylenediamine
hydrochloride
Distilled water

0!1 g
10 ml

This reagent does not keep and it must therefore be
freshly prepared for use in small amounts each time
that it is needed.

4) This medium does not always give reproducible results and it is advisable to check its inhibitory properties beforehand.
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