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PRITACE

The Ropional Seas Programme was inilited by UNEP in 1974, Since (hen (he Governing
Conncil of UNEP has repeatedly endorsed a regivngd approach to the control of wgring pollution and the
management of maring and coastal resmsees, sod has requasted the developroent of régional action plang,
The Rogional Jeas Propranume sl prosend isghedes 12 repions and bas over 140 coastal states particapating

inte (1 (2

Ong of the basic coiwponents of the scrion plans sponsered by UNEP in the fratnework of the
Regional Scas Progranmsme is e asscssmend of the stze of the marine cryirenment and of ils resources,
and of the sources and wends of the pollution, and the impact of pollstion on human heslih, marine
ecosystems. and anenitivs. Tnoorder to assist those participating i this activity, and to ensire that the data
obtained Uuwough this sssessmcne can be compared o 2 world-wide basis and Hus contrihnte ta the Global
Environment Moritering System (GEMS) of UNEP, a sel of Reference Methods and Guidebines for
maying pallution studies is being developed as part of a progrimme of compreiensive fechmical support
which inclodes the provision of expert advice, refersnce methods snd materials. (raining and data quality
assurance (31 "he metuds are recommended to be adopted by Governmens parlicipating in the Fegronal
Seas Proprammne.

The metheds and guidelines are prepared by, or in cooperation with, the relevant sperialized
bodies ol the Unifed Magons syatem as well os other orpanizations, and are tesied by a momber of experts
comprelenl in e Gigld relevam to the methods deseribed.

[ the desuripiion of the methods and puidelings the style vead hy the International Cirganization
for Standardization (1300 is follewved as closcly as possible.

The wethods and guidelings, a5 published in UNEF's scrivs of Heference Metlods lor Marine
Pullution Studies, are not congidered as final. ‘They are pianned to be perindically revised taking into
accomt Lhe development of our wnderstanding of the problems, of analylical insinrmentation and the
actol mecd of the wsers. Tnoorder to facilitale these revisions, the users s mvited o coovey their
comIments and suggestious (o;

WHOELROD Projecr Ciffice

Coordingting Lnit for the Mediterranean Actien Flan
43 Vassileos Konstantinog

P.) Box 18019

CTR-TEG IO Athens

(GREECE

which #5 respossible for the development and preparation o microbinlosical and ofher health-related
Refereneg Methods.

(1} 1THEP: Achizvemenis ancd plisancd gevelopmment of 11k LN S Regizpal Seas Progriunme amd
Lumigara’le progrananes spouscezd by atber hodies. T Ropinned Seax Ite-j_'unﬂs anarl
Studies We, |, TINEP 1253
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This revised isswe of Refirence Methods for Marine Pollition Studies ho. 22 was prepadred by (be
World Healih Cimanizalivn on th busis of a review of the Method doring expert meetines and comments
from individual sclentisis whe lested the Method, The assistance of 411 those who contibuted to this
revised 1ssuc of the Reference Method is gratefilly acknowledged. '
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1. INTRODUCTION

The original version of this recammendad mathod was prepared by the World
Health Qrganization within the framework of the Long-term Programme of Pollution
Monitoring and Research in the Mediterranean Sea (MED POL Phase I} and issuer by
the United Nalions. Envitenment Pragramme as Reference Method for Marine Poilution
Studies No. 22 within UNEP's Regional Seas Programme Activity Centre's saries,

The methad is essentially based on already-exisiing recognizediechniques, and
glso drawn on the experienca of micrebinlogists it a number of Mediterranean
laboratories. In the description, the styie used Ly the international Organization: for
Standaraization {ISO) is followed as Closehy as possible, While designad primarily with
conditions prevailing within the Mediterranean Sea in mind, the method is also, o
vanable extents, sultable for other similar ecoiogical regions.

The present version of this method incorporates a number of amendments,
based on reviews during expert consultafion meetings organized by WHO, and on
comments received from Mediterrangan laboratories using the method within the
framework of their national or locat marine pollution maonitaring programme.

2. SCOPE AND FIELD OF APPLICATION

The method describad s suitabie for the determination of {aecal caliiorms in
coastal balhing watars of temperature and tropical seas and is designed to be used in
saritary surveillance of baihing beaches.

Itis based on the Multiple-Tube Fermentation {MPN) Test and can be empioyed
as an alternative 10 the Membrane Filtration Culture Method, Whether the Membrane
Fitration (MF) Culture Method is preferred to the MPN Test depends on focal conditions
and personal preferences. In general the ME method is [ess labour intansive and due
to the preconcentration of the bacteria in the sample it is more suitable in situation
where low numbers of coliforms are to be estimated. The MPN test should be given
preference when the test sample contains high amounts of particulate matter which will
hinder the reading of the MF's after incubaticn,

Faecal coiiforms exhibit a highly specific positive correlation with fascal
contamination from warm-blooded animais and, therefore, are good indicators for the
sanitary quality of coastai waters. Since faecal cofiforms die within hours when exposed
to sunlight in seawater al temperatures above + 49 C, their presence in seawater
indicates only recent contamination by faecal material. Die-away rates (T-90} depend
an salinity, temperature, solar radiation, etc. and must be takeninto consideration when
intarpreting the rasults.

3. DEFINITION

Faecal coliforms are aerobic and faculatively anaerohic, Gram-negative, non-
sporeforming rods that fermenit tactose white producing acid and gas at 35° C and 44 .5°
C, in less than 24 hours. They produce indole in tryptone water containing tryptophane
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'} PRINCIFLES

Quantitation of faecal coliforms in scawater samples is accomptished by testing
multipte sample pordions in a lactose based medium for gas preduction at 44.5° C.
There are two methods: (a) a direct fest using A-1 broth with incubation at 44.5% G for
24 hours or (b} the supplemental confirmation of positive lactose twhes in the total
eoliform pracgdure.

Five sample portions far each multiple ube dilution (10 ml, 1 ml, 0.1 mi, efc.)
are inoculated into individual tubas of &-1 broth {direct test) or tubes of lactose broth
{tatal coliform procedure). The A-1 cultures are inoculated at 44.5 = 0.2° C for 24
hours, the lactose cuftures at 35.0 + 0.5% C for 48 hours. The direci test (A-1 broth) Is
read for gas production after 24 hours incubation and isecal colform density is
determined from the combination of positive-nagative tubes interpreted in the MPN table

ftabie 1)-

When the iotal coliform procedure is used to obtain a faecal coliform
determination, confirm all positive lactose cuittires in 24 and 48 hours by transferring a
loop-full of culture from each pasitive tube 1o either MacConkey or EC broth. Brilliant
graen broth may be used, hawever, there may be soma |oss in detection of stressed

faecal coliforms.

Al the same lime, one drop of all positive lest tubes is transferred into a similar
mutiple test ube serios containing tryptone waier and incubated alsp at 44.5 = 0.29C

isecond confirmead test).

The frequency of dual confirmed positive reactions {lactose fermentation and
positive indolel in the different dilutions is used for the calculation of the most probable
number {MPN) of faecai coliforms in the analytical test sample.

5. APFARATUS AND GLASSWARE

5.1 Sample balles of horosilicale giass or auwtoclavable plastic bottles with screw-
cap tops, 200-250 mi capacity, wide-mauthed and with ground-glass stoppers
are used 1o collect marine (seawater} samples.

B2 Sample rod of non-corrasive material with a clamp to hold the sampling bottie
ifigure 1).

5.3 Subsurface sampler of the type shown in figure 2, of similar, complete with
plastic rope and weight.

5.4 Thermo-insulated plastiz container with prefrozen packs of chemical gel
{carmping equipment) for storage aof samples.

a5 Thermometer, © to 50° C, precision * 19 C, to be used [or checking
temperature in sample collection containers {5.4). Thermometer, 07 1o B0 C,
orecision + 0.5° C, o be used for checking temperature in waler bath
incubator. '
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Water incubator for 44.5 + 0.2° C and air incubater for 35 + 0.5° C with
suitable test tube racks for incubating multiple tube tests (5.15).

Autoclave, maximum 2 atm., electric or cas.

Drying oven for stediiization of glass sample bottles and pipettes at 1807 C for
2 hours.

pH meter, precigion = 0.1 pH units.
Balance for media preparation, precision + 1 my.

Refrigerator with temperature range of 2-8° C for storage of samples to be
processed wihin 24 hours cf collection.

Vibrator {shaker} for mixing sampie afiquots in seria) ditution {optional).

Ehrlenmever flasks of borosilicats g.gs8s for media pranaration, capacity 1 and
2 litres.

Borasiiicata glass bacteriological culture tubes with sufficient capacity to receive
20 mi of madium.

Smali borosilicate glass tubes 6 x 50 mm ("Durham vials") o be inserted in
Gulture tubies (5.15} for detection of gas farmation in the multipfe test tube,

Total voiune {blow-cut) borosilicate glass pipettes of 1, ¥ and 10 ml capacity
with stainiess stesl containers for sterilization,

Note: 9l capacity pipettes are optional,

Graduated borosilicate gtass cyfinders of 100, 500 and 1000 mi capacity with
glass beakers, aluminium ol or wrapping paper far cover.

Bacteriological transfer loops made from 22-24 Chramet gauge, m.chrome or
platinum-iridium.  Diameter of the icop: 3 mm.

Heavy wrapping paper o metat aluminicim Wrap.

Testiube racks, rust resistant, with capacity for 13 or 25 test lubes (preferably).

CULTURE MEDIA, REAGENTS AND STOCK CULTURE

Note: The composition of the madia is based on one litre solutions or similar
units. Before preparation, the actual needs have to be establiched and
adequate amounts musi be chosen aceordingly.



1} Submerge mouth 20-30 g
2) Turn extension armm 150

Figure 1. Subsurface sampling with extension arm.

Wire

Messenger

—= GGlass tube (breakable)

Rubber Nosa —

Figure 2. Sampler for sterile subsurface sampling.



6.1 Preparation of Materials, Media, Reagents

All glassware and apparatus (5} should be washed with non-toxic detergent
{6.13}, followed by a thorough (complete) rinse with hot tap water and then rinsed at
feast ihrea times with distilled water {(8.17).

5.2 Sterilization of Glassware and Equipment

6.2.1 Surface sample bottles [5.1). Clean all sample hottles as describad
under {8.1) and dry. Plastic sample bottles can only be sterilized in the autoclave (5.7)
(121° C for 15 minutes). Be sure screw-cap tops are loose fitting during stedilization to
avold bottle collapse due to steam pressure in autoctaving. Sterifize glass sample
botlles preferably in a drying oven (5.8) for two hours at 160° C. Before sterilization,
place & small piece of filter paper in the neck of the bottle to prevent the ground glass
stopper from sticking afler cocling. The paper insert should be left in place untit time
of sample collection. Al that time, discard the paper insert by flipping it out of bottla.
Do not insert it into the sample or remowve with fingers because of chance
contamination. Put bottles into detergent-cleancd thermo-insulated boxes {5,4).
Scparate the botlles from each other with clean wrapping paper (5.19) to avoid
braakage.

MNote: |[f residual chlarine is suspected in the water sample, add 0.1 ml of a
10 per cent sodium thiosulphate solution {8.12) for sach 100 m! of
sample to the contents of the sample bottle before sterilization, This
amount |5 sufficient to neutralize about 15 mg of residual chlorine per
litre:,

6.2.2 Subsurface sampler (5.3). Clean the subsurface sampler a5 described
under 6.1, rinse with tap and disiilled water (5.11}. Enclose each sampler in heavy
wrapping paper {5.18} and sterilize in an autociave (5.7} for 15 minutes at 120° C.

6.2.3 Fipeites (5.16). Clean pipettes as described under 6.1 then inset a
cotton plug in the mauthpiece and place into suitable slainfess steel containars prior to
stailization in a drying oven (5.8} for twer hiours at 1680° C.

5.3 A-1 Broth {Direct Test)

Lactose 5004
Tryptone 20009
Sodium chloride Nall 50¢g
Salicin D5g
Polyethylene glycol p-

is0-uctylphenyl ether 1.0 mi
Distited water 1.4 litre

Triton X-100, Rohm and Haas Co., ar eguivalest,



Heat to dissoive ingredients, add polyethylene glyeol p-iso-octylphenyi ether,
and adjust to pH 6.9 + 0.1. Belore sterilization, digpense sufficient medium into
fermentation tubes to cover the inverted vial {Durham vials) at least partially after
sterilization. Sterilize by autoclaving at 121° C for 10 minutes. Store in dark at room
temperature for not longer than 7 days. Ignore formation of precipitate.

Make A-1 brath of such strength that adding 10 ml sample portions to medium
will not reduce ingredient concantraticns below 1 x {normal) strength. For 10 ml
samples prepare double-strength medium.

5.4 Lactose Eroth

_ strength
single doublg
Besf extract .00 6.0 g
Feptone 50q 0.0 g
Lactose 5.0 g 10.0 g
Distilled watar 1.0 litre 1.0 litre

Preparation: Dissolve ingredients in distilled water 6.11). The pH of single
strength broth should be between 5.8 and 7.0, but prefecably 6.9 after sterilizalion (5.7).
Double strength broth pH should be 6.7 £ 0.1,

Place 5 clean culture tubes in each of 3 rows of a test tube rack {mare in case
the expected MPN of total coliferms is high). Then add inverted vials {5.15) 1o all culture
tubes and dispensa 10 miof medium ot the culture fubes or suflicient amount 50 that
the inverted vials {Durham vials) are at feast partially covered after the entrapped alr in
thesa vials has been driven out during autaclaving. Into the first row of these culture
iubes transfer doublae sirength broth (§.4). Into the secand and third rows {and §f
necessary into successive rows) transfer single strength breth, Close ali prepared tubes
with metal caps or cotlon plugs. Autoclave (5.7) the preparad medium dispensed in
tubes at 121° C, preferably for 12 minutes, but not exceeding 15 minutes. Test a
sampla of the sterilized medium for performange using contrel stock cultures (6.15).
If the nen-lactose fermenting control culiure produces gas in 24 hours al 35° C, medium
has been overheated in avtoclaving and shouid be discarded.

Note: Doubla strength broth must be used in the first row when 10 ml of
sample is added to the culture tubes. |f sampie portions to be tested

ars greater than 10 rml, prepare medium concentration such that afler
sarmnple addition, the medium will approximate 1 x (normal) sirength.

B.5 MacConkey Broth

6.5.1 Composition of medium

Sodium taurocholate 50 g
Lactose 10.0 ¢
NaCl 50g¢g
Peptane 20.0g

Cistilled water 1.0 litre



Preparation: Dissofve ingredients by shaking and adjust pH to 7.1 + 0.1 with
ditutad HC| or NaOH. Add 2 m! bromo-cresot purple solulion {6.5.2) ta each litre of
prepared MacCaonkey broth,

Place & ciean culture tubes in earch of 3 rows of g test tube rack. Then add
mverted vials (5.15) to alt cutture tubes and dispense sufficient medium into the culture
ttbes so that the inverted vials are at least partially covered after the entrapped air in
these viais has been driven out during autoclaving. Close all prepared tubes with metal
caps of cotten pfugs. Autociave the prepared medium in culture tubes at 121° C,
preferably for 12 minutes, but not exceeding 15 minutes. After sterilization, cool the
broth as quickly as possible. Final pH of sterile medium should be 7.2 = 0.2 after
autoclaving. Test a sample of tha sterilized madium for performance wsing control stock
culiures (8.15). If the non-tactose fermanting control culture produces gas in 24 hours
at 35° C, the medium has been overheated in autoclaving and should be discarded.

6.5.2 Bromo-cresol purple solution

Freparation: Dissolve 1 g of bromo-cresol purple in 83 mi of 95% pure ethanol
(6.14). Add 2 mi of bromo-crasel purple solution to 11 of MacConkey broth before
autoctaving.

6.6 EC Medium

Tryptose or trypticase 20.0 g
Lactose 5.0¢g
Bile salts muixturs or

bile salts No. 3 f5g
Dipotassivm hydrogen

phosphate K,HPO, t4g
Sodium chloride, NaCl 509
Cistilled water 1.0 litre

Before sterilization, dispense in fermentation tubes with an inverted vial sufficient
meadium to cover the inverted vial at feast partially after sterilization. pH should be 6.9
aiter stetilization. Test a sample of the sterilized medium for perlarmance using control
stock cultures (8.15). If the nor-lactose fermenting control culture produces gas in 24
hours at 35° C, the medium has been overheated in autociaving and should be
discarded,

6.7 Brilliant Green Bile Broth

Oxgal, dehydrated 200 g
Lactose 100 g
Peptone 10,0 g
Briltiant graan 00133 g
Distilied water 1.0 litre

Preparation: Dissofve the ngredients in one litre of distilled water (&.11).



Place 5 clean culture tubes in each of 3 rows of a test tube rack. Than add
rverted vials (515} to all cuiture tubes and dispense 10 ml of medium into the culture
tubes, or sufficient amount, so that the invertaed vials are at least partially coverad afier
the entrapped air in these vials has been driven owt during autoctaving. Close the tubes
with metal caps or cotton plugs. Sterilize by autoclaving {5.7) at 121° C, praeferably for
12 minutes, but not exceeding 15 minutes. Afier sterifization, cocl the broth as quickly
as possible. Final pH should be controt stock cultures (6.15). 1 the non-laciose
fermenting control culture produces gas in 24 hours at 357 C, medium has been
ovarheated in autoclaving and should be discarded.

G.8 Tryptophane Broth

Tryptone 100 g
Distilted water 1.0 litre

Preparation; Digsolve the ingredients in distiled water (6.11).

Dispense 10 ml of iryptane water into each of 15 test tubes positioned in 3
rows of the dilution saries. Autociave (5.7) at 121° C for 15 minutes. The final pH
should ba between 7.2 and 7.4. 1f necessary, adjust the pk before sterifizalion.

6.9 Phosphate Buffered Water

Freparation: To prepare siock phosphate buffer solution, dissofve 34.0 g
potassium dihydrogen phosphate (KH.PO 3, in 500 mi distilled water, adjustto pH 7.2
= (.5 with 1N sadium hydroxide (NaOH), and ditute 1o 1 litre with distilled water.

Add 1.25 ml stock phosphate butfer sclution and 5.0 mt magnasium chionide
solution (38 g anhydrous MQGI2|.1 distilled wates) 1o 1 litre distilled water. Dispense in
amounts that will provide 99 + 2.0 mi or 8 2 0.2 ml after autociaving for 15 minutes.
Final pH should be 7.2 = 0.2. If the anhydrous salt is not available use B1.8

MgCl,.6H,0 per 1 litre of distilled water.

Peptone water {alternative dilution watar): Prepars a 10% stock solution of
peptone in distilled water. Dilute a measured volume to provide a final 0.1% working
solution. Dispense in amounts to pravicde 89 = 2.0 mt or & = 0.2 ml after autociaving
for 15 minutes.

Do not suspend bacteria in any dilution water for more than 30 minutes at room
temperature because death or multiplicatizn may ocour.

6.10 Kovac's Indole Reagenti

Paradimethy| amino-

benzaldehyde 209
Amyl alcohol 75.0 mi
Conceantrated HC 25.0 ml

Preparation: Dissalve the benzaldehyde iniso-amy or normal amy! elcohal and
agd HCL The reagent shoutd be yellow. Some brands of paradimethyl
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B6.11 Distilled Watar

Use only water distilled in all-glass or all-quariz distillation apparatus or reverse
osmosis (RQ) water. De-ionized water is also acceptable if produced in apparatus that
does not relesse toxic substances.

Note: Caommercially available distiled water is often produced in copper ang
zing apparatus and is highly toxic for ¢oliforms.

€.12 Thiosulphate Solution

Prepare a 10 per cent sodium thiosulphate (Na,5,0) stack solution. To a
120 mit sample botile, 2dd 0.1 ml of the 10% solution of Na,5,0., before sampie bottle
steritization.

6.13 Detergents for Cleaning Glassware and Apparatus

Use only detergents recommended by the supplier for bacterioingical use. If
such a detergent is not avallable, check normal household detergents with a bictest
using a stock culture of £ coff.

Mote: MNever use toxic chromic-suiphuric acid mixture for cleaning glassware,
as this is toxic to bacteria. ’

6.14 55 per cent Pure Ethanal {not denatured)
B.153  Stock Cultures for Quality Control

Stock cuitures of E. coff for positive control {lactose fermentation) and Proteus
infrabilis or a Saimonelfa strain for negative control {glucose farmantation).

7. SAMPLING

Details of a sampfing plan are provided in Part | of these guidelines.

7.1 Sampling of Surtace Water

Label sample bottle at collection site indicating the sampling station, time of
sampling and othar factors relavart to the interpretation of the resuits. Attach clean
sterilizad sample botile (8.2.1} to the clean sampiing rod (5.2. Immediately befare
submerging the sample bottle, remave the ground glass stopper from the bottle without
touzhing the inner surface of the bottle and stopper or screw cap. immerse the bottle
from the bow of the boat or from the windward side while the boat is maoving forward
slowly. Fush the bottle with the sampiing rod 25 cm undar the waler surface film, then
turn the sample bottle upwards and take the sample (figure 1). The sterilized sampfe
Bottle may also be filled directly by hand. Position bottle with neck pointing slightly
upward and opening directed away from the hand. Plunge the bottle below the water
surface with a sweeping motion against the current.
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Retrieve the bottle and discard some water, if nccessary, so that somg air
space remains in the closed bottle. This space is needed for homogenizing the waler
samplg al the recaiving laboratory. Repiace ihe glass stopper or screw cap and stare
the samples in the clean, thermo-insulated sample bottie container (5.4) with prefrozen
packs of chemical ge! at about 4° C, avoiding exposure to more than + 10° C. Keep
sampies in the dark. Secparate bottles from sach other with clean wrapping paper (5.78}

to avoid breakags.
7.2 Sampiing of Subsurface Water

Label sample batlle at collection site indicating the sampling station, lime of
sampling and other factors relevant to the interpretation of the results.  Lower the
sterilized subsurface sampler {5.2.2) after attaching it 1o 2 clean plastic rope, without
lelting the weight disturb the bottom sediments (figure 2. Release the messenger and
after one minute ratrieve the sampler and store it in a thermo-insulated sample
collection container (5.4). Proceed as for sampling of surface water {7.1).

Note: It is known that the die-away rate of fagcal coliforms at ambient
ternperature in the presence of light is very high. Therefore, all eiforts
should be made so as not to collect more sarnples than can be
analyzed and icubzted the same day. [f this is not possible, the
samplas shautd be stored at 40° C and analyzed not later than 24
hours after sampling.

8. TEST PROCEDURE
B Selection of Sample Size and Dilution Series

Selecl & dilution series for each sample that will ensure positive tubes in the
lowest dilution row and negative tubes in the higher dilution rows. If previous
experience for planning ihe dilution series for clean seawater is not available, transier
10 m! of the seawaler to the first row containing 5 tubes of double strength lactese broth
{or A-1 broth), 1 mil 1o the second row of 5 tubes and 0.1 mi to the third row of 5 tubes.
All rows atter the first row {if 10 ml sample partions arg used) should conlain only single
strength lactose broth {or A-1 broth). In polluted seawater the dilution should be
axtended 1o 5 dilution rows {ike first receiving 10 ml from the seawater sample into
double strength Jactoss broth or double strength A-1 broth) or § dilution rows of single
strangth lactose broth {or A-1 broth) inte which the seawater sample is transferred after
the appropriate serial {10 fold) dilutions {figure 3).

8.2 Incubalion in Lactose Broth at 35 + 0.5° C for 48 hours {Presumptive
test) or in A-1 Broth for Direct Test

Using sterile pipetles (6.2.3) transier 10 ml portions of the water sample (7] inta
each of 5 sterilized culture tubes containing doubla strength lactose broth (6.4).

Next transter wilh a sterilc pipette (6.2.8) 1 ml gsample partions (7) into &
sterilized culture tubes containing single strength lactose broth (8.4).

T S T R L
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buffer (6.2) {dilution D-1}. Mix vigorausly by hand or optionaliy with vibrator {5.12).
Transfer aseptically (6.2.3), wsing a storile pipette, 1 ml of -1 intc each of the 5 culture
tubes contairing 10 ml single strength laclose broth (6.4} or A-1 broth (8.3).

if necessary, for further dilutions fransfer 1 mi of the D-1 dilution into a test ube
coniaining 9 ml of phosphate buffer or peptone water (5.9) to obtain dilution D-2, 1 ml
of dilution D-2 inte 8 ml of phosphate buffer (5.5} to obtain ditution D-3, stc. Shake
each succeeding dilute aliquot priar to trangierring dilte sample partions to culiure
tubes containing single strength lactose hroth or A-1 broth,

incubate the series of lactose broth culture tubes in an air or water incubator
(5.6) at 35 * 0.5° C for 48 hours. If the direct test is used, incubate A-1 broth tubes in
a water bath at 44 .5 = 0.2° C for 24 houre,

After 24 hours check for gas formation. Tne abservation of gas forrmation in
the Durham vials can be facilitated by slightly tapping on the walls of cullure ubes. The
eppearance of an air bubble must not be confused with actual gas production. If the
gas is formed as a result of fermentation, the broth will become cloudy.  Active

“fermentaiion may be shown by the continued appearance of small bubbles of gas
throughout the medium cutsice the inner vial whan the fermentation tube is shaken
gently. Record the number of tubes showing positive reactions (gas formation after 24
hours of incubation) in table 3, tem 3, under {1a).

if the direct test (A-1 broth) at 44.5° C is used, calculate MPN value 1o complate
lhe tes) and report results. If the test to be periormed on lactose tubas in the iotal
coliform MFN test, confirm all positive tubes in either MacConkey, EC or brilliant green
bile broth.

After 4B hours check again for gas formation in the same lubes and record he
results in table 3, tem 9, under (1),

3.3 Incubation in MacConkey or Brilliant Green Bile Broth at 44.5° C far 48
hours (First cenfirmed test)

Three row lactose broth presumptive test:  after incubation for 24 hours in
lactose broth at 35° C (8.2] transier with flame sterilized transfer Ioap {5.18) ona loop-full
from each [aciose culture tube that provided a positive reading into the test tubes
situated in identical positions on the tube rack cantaining MacConkey (8.5, EC (8.8) or
brilliart green bite broth (6.7).

Five row lactose brath presumptive test: afier incubation for 24 hours in lactose
broth at 33° C (8.2) sefect the highest dilution in which the raw of 5 tubes gives positive
readings i all 5 ubes (o negative readings should exist in fower dilutions) and all
posttive tubes in succeeding higner dilutians, thon transfer with flame sterilized transfor
laop (5.18) ona loop-full from each lactose culture fube that provided a positive reading
into test lubes situated in identical positiors on the tube rack containing MacConkey
{8.5), EC (5.8} or brilliart green bile broth (8.7},

Incubate ali contirmation eulures (MacCorkey or britliant green or EC brath}
gl 44 537 Cin an incubator (5.8) for 24 hours.
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Figure 3. Scheme of pregaration of dilution scries.
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Alter 24 hours record the number of tubes showing positive reactions in table
3, item B, under (2a). Coliforms will ferment iactose in any of the selectad confirmatory
media, producing gas which is trapped in the inverted vials and if MacConkey broth is
used, acid produced in fermentation will tur the vicletlike coiour of the medium to
veliow,

Fepeat this confirmation procedure with all other culture tubes cantaining
lactose breth which have become positive during the 24-48 hours incubation periad.

After another 24 hours recard the number of tubes showing positive reastions
in table 3, item 9, under {2k).

8.4 Incubation in Tryptophane Broth at 44.5° C for 24 hnurs {Second
confirmed test}

At the same time, when confirming in MacConkey broth, EC or-briliant green
brath at 44.5° C (8.3} from positive lactose tubes, aise inoculate parallel tubes of
tryptophane broth. Confirmation in tryptophane broth may also be applied o positive
tubes of A-1 broth in the direct fascal coliform test.

Incubats the tryptophane cultures at 44.5% = 0.29 C in a water incubator {5.5}
for 24 hours.

Alter 24 hours add approximately 1 ml of Kovas's reagent (6.10) inlo each of
the test tubes and shake. Within 10 minutes positive reactions are indicated by a red
colour of the iso-amyl aleohiof surface layer in the lest tubes. Record the results in table

3, item 3, under (2c).

Afler 24 hours repeat this operation {8.4) with all tubes which have become
positive in lactose {8.4) during the 24-48 hour interval and record the results in table 3,
itemn 3, under {2d}. .

9. EXPRESSION OF RESULTS
a1 Calculation of Faecal Coliforms per 100 ml Seawater Sample

Based on the data in the test report {10} for positive tubes with indole
praduction, calculate the MPN (Most Probable Numbers) value using table 2.

ff sample portions of 10 mi, 1 mfand 0.1 mi por test tube have been used, take
the number of recorded positive readings from the 24-48 howr incubation in MacConkey
troth, EC broth or brilliant green broth at 44.5° ¢ (8.3} &nd in tryptone water (8.4), i.g.
the highest readings from either 2a or 2b, 2c or 2d In tabls 3, item 8, and find the
corresponding most probabte number (MPN} from table 2. Enter this value in the test
repart {table 3, item 10}

If A-1 broth is used in the direct fascal coliform test calculale the highest
number of recorded positives for each dilution from 1a and 2c and find the
carrespanding most probabile numbers (MPN) from tahle @ Frter thic valiis in the teat
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When more than three dilutions are employed, the results of only three of these
are used in computing the MPN. For MPM galculation purposes, select the highest
dilution that has ali tubes positive and the next two following dilutions that will have

some negative tubes.

Cecasionally, positive plates may be encountered beyond the three serial
diutions, In those cases, and for purposes of calculating the MPN, include such
additional resufts in the third row. These skip combinations of pesiiive plates should
occur with a frequency lower than 1% of the MPHN tests performed. Higher frequencies
would suggest laboratory emar in pipetting sample dilutions. Select from either 1a or
1b {direct test) Za or 2b, 2c or 2d in Table 3, item 9, the dilution in which the row of five
tubes gives positive readings in all S tubes (no negative readings should exist in lower
ditutions) and the two next succeeding higher dilutions. Find the MPN {Table 2
comrespending to the number of positive tubes in these three difulions and adjust the
value by multiples of 10 depending on the starting dilution below 10 mil.

Table 1 ijustrates an example of the numbers of positive test obiained with a
senes of & consaecutive dilutions: 5-5-3-2-1. For MPN calculations the highest dilution
selegted would be that using 1 mi of sample. The final combination of positive plates
reporied would ba 5-3-3, instead of 5-3-2. The MPN value corresponding to the 5-3-3
combination would be 170 fagcal coliforms /100 mil {Table 2}, and not the MPN vaiue
of 140 faecal coliforms /100 ml associated to the 5-3-2 combination. The MPN depsity
thus obtained should be adjusled for dilution by multiplying for as many powers of 10
as dilutions were performed with the first plate series considered below 10 mi. For
example, a MPN value of 5-3-3 would be expressed as 170 fzeca! coliforms /100 mi
when the starting dilution is 10 ml, but it would be counted as 1700 faecal coliforms /100
mi when the starting dilution, is 1 ml, and 17000 fascal coliforms/ {100 ml when the

largest sampie volume used was 0.1 ml.

Table 1. Example for computing the density of faecal
coliforms in a water sample analyzed by the
MPN method.
Sample portion Fositive tubes
rmt
10 5
1 5 X
0.1 3 (X
0.01 2
0.001 1

Dilutiort Factor: = 10/1 = 10

MPN (5-3-3) = 170 x 10 = 1700 faecal coliforms /100 ml
85% confidence limits:

lower: 80 x 10 = 800 fascal coliforms /100 mi
higher: 410 x 10 = 4100 faecal colilorms /100 mi

g o Prariecinn nf rasnltc
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Tabig 2. MPHN index and ©5% confidence limits for various cambinations of
positive and negativa results when five 10-m! portions, five 1-mi partions
and five 0.1-m! portions are used.

- —_— M e TR ek
Me. of Tubes Giving MPH 93% Confidence ”
Positive Reactions out of 7P, Limits
er
Sof tOmieach | Soft 1 mleach | 5ald1 micach 1,;%. - Lower Upper "
| 4] ¥ <2 - -
0 qJ 1 2 1.0 0
a 1 o 2 1.0 10
o 2 { 4 10 13
1 Q ] 2 10 11 I
1 o i 4 10 15
1 i a 4 10 15
1 1 1 g 20 18
1 2 g & 2.0 19
2 o o 4 10 17
l 2 o 1 7 2.0 20
| p 1 o 7 2.0 21
2 1 1 g a0 24 -
2 2 0 g 3.0 75
Z 3 1] 12 5.4 28
3 ] 4 g 3.0 24
b o 1 11 4.0 29
3 1 0 11 4.0 2g
3 1 1 14 B.0 3s
3 2 0] T4 6.1 35
3 2 1 17 T.0 40
3 2 ] 17 20 46
4 g 0 13 3.0 38
4 f 1 17 . 7D 45
4 1 O 17 T 45
4 1 1 21 80 £5
4 1 2 25 12 B3
4 2 0 22 2.0 56
4 2 1 AL 12 65
4 3 ad 25 12 &7
! 3 3 1 23 15 77
1 i 4 o H 16 &2
3 aQ ad 23 8.0 BE
5 o 1 g 1it] 110
5 a 2 a0 &0 140
) 1 o 3 10 120
5 : 1 LH] x 150
5 1 z B0 kel 180
g 2 O 50 20 170
g 2 1 70 20 240
5 2 2 g0 40 250
5 3 { B 30 250
5 3 1 thlt af 300
S 3 2 140 60 380
a 3 3 170 B 410
5 4 o 130 oo 380
5 4 1 170 TG 480
=] 4 2 220 100 S8a
3 ¢ 3 28 120 £30
5 .
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10. TEST REPORT

Tabie 3. Faecal coliforms in seawater samples.

4. Sampling anrd environment conditions
SampEng depth:
Temperalurs at sampling depih:
Sallnity at sampling depth:

T. Samphnig area 2, Sampling point code number:
countng (station) longitude:
area [atrturde:

3. Time of sampling how: . day: ety year

Cantames number:

Duraticn of sturage:

{nther factors which may inflaanee the results should be reported unidler 11}

5. Time of inggulaticon hoa:
6. Start of incubation hour
7. Erd of ncubation hour: .
2. Confirmatory test MasConkey

day: /S

day: /[

day: S S
Brilliznt grean: Indole:

9. Mumbar of positive raactions at $4.5° C

1€, Test resuits:

carried our the analysis:

Volurmne Larctose MacConkey /BG Irrehebe 101 [hrect tesyA-1)
in mf (&=1 broth) ar Br, Green test plas indohe test
transferad {Dvirect tesf) or EC o Foo0l 100 mi
24h 48k 24h 48h Zah 42h
(1 {aB} (2= (2 (2a) {2d}
10,2 After 43h in Mac
10 Conkay, or BG
1 plus michoke;
.1 F. cob A0 mi
.01
0,001 o954 confidance lirmls
0.0001 ; F. 0ol /100 mi
1. Arnomzlies observed in the test procedure:
12, Full agdress of the institution which i3 ftame(s] and signature(s) of the

person’s] who caried oot the analysis:

Drate:
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