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FEEFACE

The Ezgional Seas Progmmme was initiated by UNDP in 1974 Since then the Governing
Council of UNET has wepeaindly cndorsed a regional approach (o the cormol of marne potlutoo and the
management of marine aud coastal resources, and bas requesied the development of regional action plans,
The Regionai Seas M'rogramme af present inclndes 12 repinns sogd bas over 1440 coastal stales padicipating
gLy, 2.

Ome of the basic unopeaents of the action plass sponsored by UNSP in the framework of the
Begional Seas Propragnng sx i assessment of the state of 1k mariog environmment and «f ils resources,
ad of Ui sowces aud rendy of the pellution, and the impact of pollotion on buman healih, marine
ecodystems and amanites. Tnorder éo assist thoss participatiog in this acivicy, and to ensare rhat the dara
obtained duough this assessment can be compared on a wocld-wide basis and thes contritute fo the Globai
Enviromnent Monitoriug Sysicm [GERMSY of UNEFR, a set of Beference Methods and Guicdelines for
marine pollution stadies is Leing developad as part af a programme of comprehensive techoicnl sippont
which incledes the provisiun of vxpert advice, reterence meihinds and matenals, (raining and dae qualiny
assurance (31 The methods are recommended ta ba adopted b (overniments paticipating in G Regional
Seas Progranune.

The weluals aod giwidelines are prepared by, or in vosperaton with, the refevanl specinlized
bodies of the Undled Nalions sysrem as well as otier organizations, and are tested by a number of expens
conpetent o the [eld relevung 1o the methods described.

To Alns desgription of the methods and pridelines the sivle used by the Intenational Orpganization
for Slundardizalion ([50} 15 followed as closely as possibly,

‘The methods and guidelings, a5 pubiished in UNEP'S serics of Beference Methods tor Marine
Pollution Swdies, are 104 coisiderid us fingd, They are plaoned o be penodically revised daking into
account the developnizul of our understanding of the problems, of angiviical mstumentation and the
acteal meed of the wsers.  To ondor to factfitate these revisions, the asers are invited to comvey their
wortunents and sugpeslions {o:

WHOCCTIRCY Projest Office

Courdinging Uit for the hMediterranzao Aoiien TMan
4% Vussileos honstantinou

PO, Box 1BOLY

GR-i 640 Athens

GREECE

which is responsible for the develepment and preparation of microbiological and other heailb-related
Reference Methods.

(1} LiNEE: Adctievemenls und planned {evelopment of Lz LIMEPs Regimal Reas Pragrarmse mid
curnpaalde progsarenes spensared by olwr bodies, CHEF Eopicaal Seas Beponts and
Stochies Wn 1, LML [952

(2] b TIRILBA- A sieatagy for e Seas. The Regional Seas Progeastonse. Past agd Putare, UNEP 1993,

(3] TTHEPLAEANDC: Reterence hdethods apd hisderizhs: A Pryraomme for eomprehensive support for regicnal
and elodal monoe pollubun assesments. UNEP, 19940,
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This revised izsne of Reference Methads for Marine Pollution Studics No. 3 was prepared by the
World Heslth Organization an the basis of 2 review of the Method during experl meclings and comments
from individual zcientists who tested the Method. The assistimes of all thost who contributed to this
revised issize of the Reference Method is gratefully ackmowledped.
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1. INTRODUCTION

The ariginal version of this recommended method was prapared by the World
Heatth Organization within the framewark of the Long-term Programme of Pollution
Monitoring and Research in the Mediterranean Sea (MEQ FPOL Phase 1) and issued by
the United Natians Environment Programme as Reference Method for Marine Poliution
Studies Ng. 3 within UNEF's Fegional Seas Programme Activily Centre’s geries.

Themethod is essentially based on slready-existing recognized techriioues, and
also drawn on the experienge of microbiclogists in a number of Mediterranzan
labaratories. In the description, the style used by the International Organization for
Standardization {150 is followed as closely as possible. Whiie designed primarily with
conditions prevailing within the Mediterranean Sea in ming, the method is also, fo
variable extents, suitable for sther similar ecological regions.

The present version of this methed incorporates a number of amendmenis,
based on reviews during expert consuitaiion meetings organized by WHO, and on
commeris received from Mediterranean laborataries using the meathod within the
framework of their national or tneal maring pollution manitoring programme.

2. SCOPE AND FIELD OF APPLICATION

The rmethod described is suitable for the determinatian of faecal coliforms in
coastal bathing waters of temperate and tropical seas. it is designed to be used in
sanitary surveillanice of bathing beaches.

it uses a membrans filter pracedurs which allows concentration of the bacteria
pricr ¢ incubation. It can ba employed in aiternation with the Mulliple-Tube
Fermentation (MPN} Test (UNZP/WHO 1883). Whelher the Membrane Flitration {MF)
Culture Methad is preferred to the MPN Tast depends on local conditions and personal
preferences.  In general, the MF methad is iess labor-intensive and, due to the
preconcentration of the bacteria in the sample, it is more suftabla in sitiralions where low
numbers of coliforms are to bhe estimated. The MPN test should be given preference
when the test sample containg high amounts of particulate matter which will hinder the
reading of the MFs after incubation.

Faszal coliforms exhibit a nighly specific positive corrslation wih faecal
contamination from warm-blooded anirmals, and therefore are goed indicators for the
sanitary quality of caastal waters. Since fasgal colifarms die within haurs when exposed
to sunlight in seawater at temperatures above +4 ° G, their presence in sgawater
fncicates only recent contaimination by faecal material. Die-away rates (T-90) depend
on salinity, temperature, salar radiation, ete. and must be taken into cansideration when
inlerpreting the resulis.

3. DEFINITION

Faecal coliforms are aerobic and facultatively anaerobie, Gram-negative, non-
sporeforming rods that fermont lactose wnils praducing acid and gas, both at 367 C ajnd
44.5% C, in less than 24 hours. They produse indale in tryptone water containing



trypiophan at 44.5° C. tnder the conditions described in this reference method, the
faecal coliforms appear as bive colonies.

4. PRINCIPLES

Fraom sea-water sampies taken under sterile conditions, a diiufion series is set
up according to the number of fascal coliforms expected in the water sample, Aliguots
of this dilution senies are filtered through 0.45p pore size membrane fiters. The
membrane filters are placed on the surface of m-FC agar contained in Petri dishes and
incubated at 44.5 = 0.2° C for 24 hours. Lactose fermentation will cause colonies of
faecal coliforms (3) to exhibit a characteristic blue cofaur,

Residual chiorine, if present, is neuwtralized by adding thiosulphate to the
sampling bottle before sterlization.

Suspect and doubtful colonies can be tested far acid and gas development with
a confirmative test using MacConkey broth or briliant green biie broth. In areas whare
industries discharge polysaccharites {paper mills, sugar beet industries, ete.), further
contirmation by the indole test may be necessary,

5. APPARATUS AND GLASSWARE

5.1 Sampie hottles of borosilicale glass for surface seawater, 200-300 mi capatity,
wide-mouthed and with ground-glass stoppers.

5.2 Sampte rod of non-corrosive malerial with a clamp to hold the sampling bottle
ffigura 1).

53 Subswriace sampler of the type shown in figura 2, or sirnilar, complete with

plastic rope and weight,

5.4 Thermoisolated plastic boxes with coofing pads or similar cooling units
{camping equipment) for storage of samples.

8.5 Thermometer, J to 50° C, precision = 1° C, preferably unbreakabie plastic type,
te be used for checking temperature in plastic boxes (5.4).

5B Filtration apparatus far 4.7 ¢m diameter membrane filters (MF) consisting of at

laast thrae filter funnels for simultaneaus fillration, made of borosilicate alass
ar other nontaxas sterlizable matarial, complete with giactic or water vacuum

pump.
57 Water incubator for 445 = 9.2° O,

5.8 Stereomicroscope, magnification 10-50; and/or darkfield colony countar,
magrufication 2-3X.

58 Autociave, max 2 atrn., slectic or yas.

5,10 Orving aven for stedlizatinn ab 1809



1) Subrmergs mowth 20-30 om
21 Turn extension am 1807

Figure 1. Bubsurface sampling with extensian arm.,

“ —_— e

fMassenger

— Glass tube (breakable)

Rubbear Nnge —

Metal frame

; —— Sterile samole bottle
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Figure 2. Samplor for sterile sebsurface sampling.
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5.28

Stainless steel forceps.

Anaiytical balance, precisian = 1 mag.

Refrigerator 4 = 19 C.

Vibrator {shaker] for mixing ligquids in culture tubes.

Petri dishes of barosiicate glass, diarneter 5 om, camplete with stafriless steel
containers for sterifization, or disposable pre-sterilized plastic Petri dishes.

Ehrlenmeyar flasks of borosilicate glass for media preparation, capacity 1 and
2 litres.

Barosicilate glass bactericiogical culture tubes.

Total volurmne (blow-out) horosiciiate qlass pipetdes of 1, 8, 10 and 20 m!
capacily, with staintess stesl containers for sterilization.

Note: 9 ml capacity pipcttes are useful, but not essantial.

Graduated berosiicate glass cylinders of 106, 306 and 10C0 mi capacity with
ylasg beakers for cover.

Small borosilicate glass tuoes 8 x 50 mm ("Durham vialz"| 1o be inserted in
culture tehes (5.18).

Bactericlogical loopps made from 22-24 Chrome! gauge, nichrome ar platinum-
iridiurn. Diameter of the logp: 3 mm.

Heavy wrapping paper.
Alurninium foil (household quality).

Memhbrans fiters (MF), pare sfze 0.454, diameter 4.7 om, or similar, fitting
filtration apparatus (5.6}, cr mambrang filter of similar diamester fitting the
fiitration apparatus,

Note: The 0.45u pore size mermbrane filter (MF) should be certified by the
manufacturer to be free from substances which may hinder the grawth
and developrment of hacteria, Maximum recoveries are abtained using
membranas carmosad of mixed esters of cellulose.

Metal boxes which are watertight and suitable for incukating Petri dishes in the
water bath {5.7).

Filler paper.

Vater path 445 » 0.2° C.



6. CULTURE MEDIA, CHEMICALS AND STOCK CULTURE
Mote: The compesition of the mediats based on one litre solutians or similar

units. Before preperation, the actual needs have to be established and
adequate amounts must he chosen accordingly.

c.t M-FC Agar

6.1.1  Medium

Tryptone 100 g
Froteose peptane Mo, 3 50
Yeast extract 3049
Sadiurm chldride 50¢g
Lacioss 12.5 g
Bile salt No. 3 1.5 g
Aniline blue gig
Agar 1540 ¢g
Distilled water (6.7) 1.0 litre

reparation: Dissoive the companents of the mediumin 1 litre of disfilled water
{6.7). Heat to beiling point until all cormpanents are completely dissolved. Add 10 ml
of a 1 per ¢ent saiution of rosalic acid (6.1.2) keep boiling far moee than one minute,
then cool. The final medium should have a pH of 7.4 = 0.1; adjust pH, if necessary,
with dillied anaiytical grade HCL. Cool o about 457 C and powr 4-5 ml inta gach Peti
dist. After the agar has solidified in ing Pelri dishes, invert the Featrt dishes and store
themn in the refrigerator. The dighas with prepared medium ¢an ba kept in a refrigerator

for 7 days.

Note: The additinn of resaiic acid is facultative and should anly be added, if
necessary, ta suppress excessive growth of non-fascal coliforms.

Nota: Do not autoclave the mediam.
Mote: The agar surface shouta not become too dry because if the agar is dry

the MF will not adhere well to the agar surface {(A.5) and hinder tha
diffusion of nutrients o the colanies on the MF.

6.1.2 Roszlic acid
Prepare a sufficient amount of 1% solufion of rosalic acid in 0.2 N NaCH.

Nate: Solution of rosalic acic should be prepared freshly each time. &
should not be autoclaved.

6.2 MacConkey Brath
6.2.1 Medium

Sodium taurachalate 500
I artmes 1NN o~



Magl g
Peptone 2004g
Distilled water {6.7) 1.0 litre

Preparation: Dissolve companents by shaking. Adjust pHta 7.1 = 0.1 with
diluted HC! angd then add the bromo-cresol purple solution {6.2.2). Add inverted vials
(5.21) to cizan culture tubes (5.18, 8.1} and dispense sufficient mediumn: into the cuiturg
tebes so that the inverted vials are at |east panially covered after the entrapped air in
these vials has been driven out during autoclaving and close the tubes with cotton
plugs. Autociave (5.5) the closed cuiture tubes at 121% £ {or 15 minutes.

§.2.2 Bromao-cresai purple solutian
Preparation: Dissolve 1 g of bromo-cresel purpie in 99 mi of 95% ethanol.

£.3 Brilliant Green Bile Brath

Oxgail, dehydrated 20.0g
Lactoss 10.0g
Fantone 100 qg
Briflianl green 13.3 mg
Distillad water (5.7} 1.0 litre

Preparation: Dissoive companents by shaking. Add inverted vials (5.81) to
clean culture tubes {5.18, 8.1} and dispense sufficient medium into the culturs tubes so
inat the inverted vials are at isast partially covered after 1he entrapped air in these viais
has been driven cut during autociaving anc close the tubes with cotton plugs. Sterilize
by auoclaving (3.5} at 121° G, preferabiy for 12 minutes, but not exeeeding 15 minwtes.
Aftar sterilization, cool the broth as gurickly as possible. Final pH should be 7.2 £ 0.2,
Test the sampiles of the finished product for perdormance using contrel stock cultures
{10},

5.4 Indole Test Solulions
£.4.1 Tryptona water
Tryptone 1040 g
HaCl 2049
Cistilled water (5.7) 1.0 fitre

Preparation: Dissoive ingredients in distilled water (5.7). Dispense 5 mi into
each t23i tube {5.18] and autoclave {5.9) at 121° C for 15 minutes. The pH ¢hould be
7L - 7.4, ¥ necessary adjust with diluted NaQH befare sterilization.

6.4.2 Kovac’s indale reagent
Faradimethyvi-amino-oenzaldehyds 504
Armyl aicohol 75.0 mi

Concentrated hydrochleric acid, HC) 25.0 ml



" Preparation: Dissobve the benzaldehydo in amyl alechal and add hydrochisric
acid. The reagent should be yelfow.

6.5 Phosphate Buffer {pH = 7.2}

KHPO, 3.04g
KH,PO, 109
Distilied water (6.7} 1.0 litre
5.5.1 P-hyffer for filtration

Freparation: Dissclve campanents and aMGclaﬁe {5.9) at 121% C for 15 min.
652 P-buffar for dilutions

Preparation: Dissolve components and dispensa 8 mi in tast tubes used for
diufrons in the difution serles {8.4) and autociave (5.9) at 121° C for 15 min.

6.6 Thiosulphate Saolution

10 per cent sodium thiosu phale solution In distilled water (6.7) and sterilize by
filfratian {2.g. through.a sterllized MF [8.2.4, 8.2.5]).

6.7 Distilled Water

Use onby water distifed in all-glass or all-quartz distillation apparatus, De-
ionized water s aso acceptable if procuced in apparatus not releasing toxic
substances.

Note: Commercially avaitable cistilled water is often produced in capper and
Zing apparatus and is highly tosac for coliforms. Before using sugh water its toxicity
should be checked wath a stock cullure of £ coli (6,10},
6.8 Detergents for Cleaning Glassware and Apparatus

Use only detergerts recommended by the supplier {or bacterioiogical use. If
such & detergent is not available, check normal household detergents with a bigtest
using a stogk cufiure of &, cof (6.10).

Mote: Newer use toxic chromic-sulphuric acid mixture far cleaning glassware.

6.9 95 per cent Ethanol per Anajysis.

8.10 Stock Culture of E zolfi.

7. SAMFLING

Details of a sampling pfan are provided in Part | of these guidelines.



7.1 Sampling of Surface Water

Attach clean slerilized sample bottle (3.2.1) to lha ¢lean sampting rad (5.2).
immediately befare submerging the sample bottle, remave the graund glass stopper
from the bottle without touching the stopper cone. Immerse the bottie from the bow of
the boat or from the windward side while the boat is moving forward slowly, Push the
hottle with the sampling rod 25 cm under the water surface with the mauth of the bottle
downwards, in order to aveid canfamination by surfacs film, then turn the sampie bottle
upwards and take the sampie (figure 1). The sterilized sample bottle may also be fillad
directly by hand.

Aefrieva tha botle and discard some waler, if necessary, so that some air
space remains in the ¢losed botile. This space is needed for homogenizing the waler
sample at the receiving laboratory. Replace the glass stopper and store the sampies
in the clean thermoisolated bax (5.4) with cooling pads at about 4° C. Keap samples
in the dark avoiding exposure to more than +10° C. Separate bottles from each other
with clean wrapping paper (5.23) to avoid breakage. Check the temperature with 2
thermmometer (5.5) evary three hours. Report rreguiarities in the test report.  Labe
sample bettles indicating the sampling station, time of sampling and other factars
relevant to the interpretation of the results.

7.2 Sampling of Subsurface Water

Lower the sterilized subsurface sampler (8.2.2) after attaching it to a clean
plastic rope, without letting the weight disturk the bottom sediments (figure 2). Release
the messenger and after one minute retrieve the sampler and store it in a
thermeisclatad bax (5.4). Proceed as for sampling of surface water {7.1).

Maote: |tis known that the die-away rate of coliforms at ambient temperaturs
in the presence of fight is very high. Therefore, afl effarts should he
made £¢ as not to collest more samples than can be filtered and
ncubated the same day. f this is not possible, the samples should
be stored at 4* C and analyzed not later than 24 hours after sampiing.

The water sampls represents the test salution,

8. TEST PROCEDURE
8.1 Washing of Glassware and Equipmeni

All glassware and apparatus {3) shouid be washed with non-toxic detergent
{5.8), first rinsed thoroughly with hol tap water and then rinsed at least three limes with
distilted watar {(8.7).

8.2 Sterilization of Glassware and Eguipment

8.2.1 Suwface sample botties (8.1). Clean the sampig bottle as déescribed
under 8.1. Dry and starilize it in a drying oven {5.10} for three hours at 160° C. Before
starilization, place a small piece of filter paper {5.27) in the neck of the bottle to prevent
ihe gmund gia35 stapper fram stlc:lﬂng aﬂer cooling. ﬁ.ﬂer cnnllng 1o ambient

e m—— I A s
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and fit the ground glass stopper securely into the neck of the bottle, Putthe acttles inta
detergent-cleaned thermoisolated boxas (5.4). 3e2parate the bottles from each other
with clean wragping paper (8.23) o avoid breakage.

Note: |f residural chioring is suspected in the water sample, add, aseptically,
0.1 mf of a 10 per cent thigsulphate solutionr (8.8} for each 100 mi
sample to the contents of the sample botile before steriization. This
amount is sufficient to neutralize about 15 mg of residuat chigrine per
litre.

B22 Subsurface sampler (5.2}, Cleanthe subswface sampler as described
under (8.1}, rinse with tap and distilled watar (6.7}, Encipge each sampier in heavy
wrapping pape?s (5.23) or aluminium f2il {5.24) and sterilize in an autoclave (5.9) for 15
minutes at 1217 C.

8.2.3 Petr dishes {5.158) and pipsttes {5.13). Clean dishes and pipeties,
completa with & cotton piug in the mouthprece, are put hto suitable stainlzss steel
containers and sterilized in a drying cven [5.10) for thrae hours at 160° C.

Note: Disposable pre-starifized plastic Petri dishes may be more ecanormical
to use than reusable glass Petrl dishes.

8.2.4 Filter funneis of fitration apparatus (5.6). Loosen the fitar-holding
assembly slightly and wrap the whele filtar funnel in heavy wrapping paper {6.23) or
aluminium foil {5.24). Sterilize in a7 autoclave {(2.9) for 15 minutes at 1212 C, arin &g
drying oven {5.10] for 3 hours at 160° C,

B.2.5 Membrane Filters (MF} {5.25). Remove the paper separator {if present)
and place 14 {o 12 clean MFs info Fatri dishes [(5.16). Autaclave (2.9 far 15 minutes
at 1217 C. At the end of the sterlization tet the stearm 2tcape rapidly in arder 1o
minirmize the accemulation of candensate on the MFs.

Note: Sterilized MFs are commercially available,

B.2.6 Foiceps (5.12). Sterlize forceps by dipping them inta 95 per cent
ethanal (6.9} and flarming them.

8.3 Seleciion of Sample Size and Dilution Series
The Mis should jdeaily have from 20 1o 80 colenies atter incubation.  If
previous experience for planning the dilutian series for clean seawater is not avaiable,

filter the following volumes af the ariginal sampie: 100 i, 10 ml, 1 mtband 0.1 mt
ffigure 3). For comtaminated watars the dilutions have to be greater.

8.4 Preparation of the Dilution Series

Before taking aliquots from tha orig’'nal sample or from the dildions these must
ke vigorously shaken in order to guarantes that representative aliquoets are taken.
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il E P-bLffer Tast sample

)

20 ml each
{3 limes) . B-1
o ;

|
1 rnl 10 ml 100 ml
Oz
1 mi .
I
I mi

R

.01 ml 2.1 ml 1l 14 il T mi

af ariginal sarmple an AF

Figure 3. Preparation of diltion series and filiration procedure.

Frepare the diluticri series by laking with a sterilized pipette (8.2.3), after
vigorously shaking the sample (7}, 1 ml irom the ariginal sampie {figure 3, dilutiory: D-0)
and transfer this 1 mi into a eulture tubeg containing 9 ml of P-buffer (5.5.2) o make the
first dilutian {O-1). Agitate the tube cn a mixer {5.15) or shake it vigarously by hand.
Continue the preparation of the dilution series by taking 1 ml from the first dilution {D-1}
and mixing it in a new cullute tube containing 9 mi of phosphata buffer (5.5.2) in order
to obitain the second diutfon (D-2), cte.

35 Fltration Procadure

Beqin fitration wiih the highest dilutian (e.g. D-2) in order to avoid contamination
from sampies containing bacteria in higher concentratians. Use a stegilized filtration
funnel {8.2.4) for each dilution series. Flace the sterilized MF {3.2.8) with flamad
sterilized forceps {8.2.8) over e porous plate of the fillration apparatus (3.2.4)
Carefully place the matching funnel unit over the receptacte and lock it in place. Add
into the funnel about 23 mi of duffer sclution (8.5.1). With a sterilized pipette {8.2.3) and
1 ml of the D-2 dilution inte the Butfer solition in the funnel. Filter with a partial vacuum.
Wash the funnel walls with approximately 20 mi of bhuifer solution 8.5.1}.
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Filter with a partial vacuum. ‘Vash the funnel walls twa more timas with 20 m! of buffer
solution (€.5.1). Unlock and remove the funnel, immediately remove the MF with flamed
sterilized forceps {B.2.6) and place the MF an the agar surface of the medium contained
in the Petri dish (8.1.1}) with a rolling motion to avcid the entrapment of air. Before
filtering the next dilution (D-1} in the same maaner, pass 20 mi of buffer salution {6.5.1}
through the assemibled filtration unit.

8.6 Incubation

The Petri dishes containing the MFs on agar {8.5) are sealed and immediately
placed horizontaliy insice claan metal boxes. These metal boxes are then placed in a
water bath {5.7} and incubated immediataly for 24 hours at 445 = 0.2° C. As 2 stenlity
check, incubate also one blank {without MF}, i.e. a Petri dish containing agar {6.1.1)
only.

Note: Metal boxes must be suitahly weighted to prevent them from floating.

8.7 Interpretation

Count with a stereomicroscope or simiiar (3.8) only colonées which appear as
blue coloured, |f the number of dubious colonies is greater than 10 per cent of the total
number of colonies, test dubious colonies aithar Ly Mchaney broth test (8.9.1) or
triliant green bile broth test (8.9.2).

in areas where industries diacharge polysaccharites (papsr mills, sugar best
industies, etz.), further confirmation by the indols test may be neceszary (8.9.3).

Note: Colonies produced by faeecal caliform bacteria are blue in colour, The
nan-faecal celiform calonias ars grey to cream-cotoured. Background
colours on the membrane filter will vary from a yellowish cream to a
faint Blue, depending on the age ¢f the rosalic acid salt reagent.
Narmally, anfy fgw nan-faesal eoliform coloniss will ke observed anme
FC agar because of the selective action af the elevated temparature
and addition of the rgsaliz actd salt reagent.

8.8 Estimation of Precizipn

Chaeck the pracision of the technigue at periodic intervals {at lgast once avery
season) by preparing thre2 independent series of diluliong (8.4) using the same sample,
f.e. repeating the four last consecutive olution steps describad under 8.2 and 8.4
{fiqure 3. The water sample used should be collected duting the routine monitoring
pragramime at a coastal station typical of the area, The dilutian series should be
selected in such a way so that one dilution step yields three MF counts which satisfy
the 20 t@ 200 coloniss requiremeants expressed in section 9.1,

Filter each individual dilution following procedwse 8.5, Incubate according 1o
procedure 8.6. Report MF counts following the procedure gescribed in sections 9.1 and
9.2 tzking inta cansideraton interpratation method of section 8.7. Results should e
repartad in the {ast report dable 2, tem ).
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Caleulate the fascal soliforrn concentrations of the criginal sample for each of
the replicate resulis, according to section 9.3 and report the results in the test report
ftanle 2, iterm 104.

For each dilution step having 1he three MF counts between 20 and 200 tagcal
coliform cailonies, calculate: the mean concentration, the concentration range, the
standard deviation of the concentrations, and the coefficient of vanation of the
concentrations, and record thermn in the test report {tabla 2, item 11}, '

if the sample does not yield at least 20 colonies per membrane filter in one
difution, prepare a test soiution from a stock culture (§.10) and repaat the estimation of

precisicon.

standard dewiation % 100
mean

NOTE: Coefficient of variation (%) =

.9 Confirmatory Test

8.9.1 MacConkey brath test: With a flamed bactericlogical loop {5.22)
transter the suspected colony from the MF into a culture tube containing MacConkey
broth {8.2.1) and incubate (5.28) at £4.5 = 0.2° C for 24 hours. Coliforms will develop
gas which i trappad in the inverted Durham tubes, and acid which tumns the viclet-like
colour of the original broth inte a yellowish colour.

8.9.2 Brilliant green bile brotn test; With a Hamed bacteriolcgical loop {(5.22)
transfer the suspected colony fram the MF into a culture tube containing brilliant green
hile birgth (6.3} and incubzte (2.28) at 44.5 = 0.2° C for 24 hours. Coaliforms will develop
gas which is trapped in the inverted Durham vials.

Nole: The MacConkey broth test is equivalent to the brilllant grean bile broth
sast. Bither -an be used for confirmation.

8.9.3 Indole testt With a llamed bacteriolegical joop (5.22) transier the
suspected colony inta culture tubes containing iryptone water {3.4.1) and incubate at
44.5 = 0.2" C in a water bath {2.28) far 24 haurs. Then add 6.2 - 0.3 m{ of Kovac's
indoie reagent {6.4.2) and shake. Let the tube stand for about 10 minutes and observe
tha rasults. '

A dark rec colour in the amyl aiconnl surface |ayer constitutes a positiva indole
test; the original colour of the reagent, a negative test. An orange colout prabably
indicates the presence of skatele and may be repanted as a positive reastion.

9. EXPRESSION OF RESULTS
9.1 Report the number of coliform colonies on individuat MFs after the incubation

has been completed and adjust this count after the confirmatary tests, if necessary,
have been made. Use only MFs with a tctal number of colonies fi.e. ¢oliforms phls nan-
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coliforms) between Z0 and 20C.  Retdin only two significant digits af the counted
numbear of colifarm coiones per filter.

indicate the results obtgined for each filter separateiy in the test report {table
1, item 2),

9.2 Express the resuits in terms of faecal coliforms per 1040 mil of sample, using the
following equation:

adjusted number of coliform colonies ¥ 100
mi of sample filtered

faecal califarms per 100 ml sampie =

Indicate the results abrained for each diluton separately in the test report {table
1, itern 10]. Repart also the resulis obtained on MFs with fess than 20 coliform colonies
per filter. 1fthare are no coliform coionigs on the filter report the results as " <1 coliform

per 100 ml".

2.3 Compute the number of faecal eoliforms per 100 mi sample and report it as the
final test result (table 1, iterm 11}, if there are MFs containing between 20 and 200
characteristic colonies in two consecutive diutions caleulata the mean of these dilutions

and report it as final test result,

9.4 Hecard in the test report (takle 1. iterm 12) anomalies observed in lest
procedure [confluent growth of colonies, dewiation from temperatuere prescribed for
sample storage and incubation, ete.).

.....



10. TEST REPORT
Tzble 1. Faecal coliforms in seawaier sampies.
. 1. Sampling area 2. Samphng poirt code number:
COLNIY: {ztation) Innpitude:
area: latipucier
4. Time aof sampling hour . day: manth: year:
4. Jamphng and environmen: conditions
Samping depth: Container number:
Temperature at sampling cephn
Salinity at sampling dapth; Duration of storaga:

[ather factars which may influsnce the results should be reported under 12)

A. Tirma af liltratian howss . day [ ;L
5. Star of incubation flour: . day P
7. Enu of ncubation hour: . day. [/ ¢
8. Canfirmarry best MacConkey: ] Drillaet green: Indola test:
5. Mumber of calonies par individual filber 0. Colonies of F, coliforms/ 100 mi
mi of original Faa=al colifams Dilutions el /100 i
Lilugion  sampla tiltered calonies ’
-0 104
Do m
D-I:I 1 _——— —
0-1 21 1. Test regul
B2 oor —
o3 0.0
O DO F. colifoomns/ 100 mi
12, Anomalies cboerved in the test procedurs:
12, Full address of the insttution wiich 14. Mameis) 2nd signarwrals) of the
Carmed out the analyeis: personis} wha caried out the analysis:




Table 2. Precision astimation for faecal cotiforms determination.
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1. Bampling area 2. sampling i vode numbet:
; COUntry: station) longruce:
are latituda:
3. Time of sampting hour: . cday: manth: yoar B
4, Sampling and environment corditians
Sampling depth: Container numbes
Tartperaturs at sampling depth:
Galinity ar sampling dapth; Duraticn of storage;

(other factors which may influerce the results sheuid ba peparted under 12)

5. Tirne of fitration Pagrn . day /S
&, Stan of ireubation Rourt . day: /[
7. End of incubation hour . day: _ /F
8, Confirmalony test MacConkay: Briliznt green; Indaile tazt
9. Number cf colonies per noividua, filrer 10, Colonies of F. califorms /100 mi
ml af crignat F. coliforms colonies Difutions cal. /100 mi
Diluricny sarmgzle filtered PAIDLCE _
tet  2nd Oed

11, Pesults (F, colfonms 100 mi)

- mgan  ranges
std.dev. coefvar: T
12, Anbmalies obsemved in tho test progegurs:
13, Full address of the ing4tfon whicn 14, Hame{s) and signature(s) of the
caried aut the analysis; perscn{s] wha saried out the analysis:

Oater
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