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PREFACE

The Regional Seas Programme was initiated by UNTP in 1974, Since then the Governing
Cowscil of UNET has repeatedly cndorsed a regicnal approach to the control of marine pothtion and the
managsment of masine and coastal resources, and bas requested the development of regional action plans,
The Regionai Seas I'regrammic 4t present includes 12 regions and has over 140 coastal stales parficipating
init (1), (2.

One of the basic cowpenents of the action pfans spensorcd by UNEP in the framewotk of the
Regional Seas Progranunc ss dw assessment of the state of 1hg marine environznent and «f ils resources,
and of e sewces and rends Of the poilution, aind the impact of poliution on hurpan health, marine
ecosystens and amenities. Tn arder o assist those participaung in this activity, and to ensure that the data
obtained tuough this assessment can be compared on a world-wids basis and thes contribite to the Globai
Environment Monitoring Sysicen (GEMS) of UNEP, a set of Reference Methods and Guiidelines for
carine pollutior stdies is buing developed as par: of a programme of comprehensive technical support
which incledes the provisiua of uxpert advice, reference methods and matetals, training and dat quality
assurance (3} The methods are recommended 1o be adopted by Govermments participating in Gz Regional
Seas Progranumne.

The melheds aud guidelines are prepared by, or in vooperation with, the refevant specialized
brodies of Lhe Uniled Nalions sysrem as wzll as otlier organizations, and are tested by a nmnber of experts
contipetent in e Lield relevaik to the methods described.

I {lae deseription of the methods and guidelings the sivle used by the International Organization
for Stundardization (ISO) is followed as closcly as possibly.

‘Fhe methods aud guidclings, as published in UNEP's serics of Reference Methods for Marine
Poilution Studies, ars not considered us finad, They ate plaaned to be periodically revised taking into
account the development of our understanding of the probiems, of anaivtical instrumentation and the
actual need of the users. To grder to facifitate these revisions, the users are invited to convey their
conunents aud suggestivng {o:

WHO/ETURO Project Office

Covrdingting Unit for the Mediterranzao Aclion Plan
48 Vussileos Konstantinon

P.O. Box 1801y

GR-§ 1640 Athens

GREECE

which is responsible for the development and preparation of microbiological and otlrer heailh-related
Reference Methads.

(1; 1LINEE: Actievements und planned development of Uhe LINEF's Regional Seas Pragrarmie md
curnpralde progaranes sponsored by elier bodies. UNEP Repicaal Seas Reports and
Stnclies Mo 3, LINLR, [9%2.

(2) 1. [IRILA- A sirategy forhe Scas. Thwe Regional Seas Prograstune: Past and Futurs, UNEP 1923,

{3) UNEP1AEATOC: Reteeence tethods apd Matemaals: A Progrionme for comprehensive sugport for regional
and global munoe polluticn assessnents. UNLEP, 19940,
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This revised issue of Reference Methads for Marine Pollution Studics Ne. 3 was pirepared by the
World Heaslth Organization on the basis of a review of the Method during experl meetiags and comments
from individual scientists who tested the Method. The assistance of all those who contributed to this
revised issie of the Reference Method is gratefully acknowledged.
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1. INTRODUCTION

The original version of this recommended method was prepared by the World
Heatth Organization within the framewark of the Long-term Programme of Pollution
Monitoring and Research in the Mediterranean Sea (MED POL Phase If) and issued by
the Uniteg¢ Nations Environment Pragramme as Reference Method for Marine Poliution
Studies No. 3 within UNEP's Regional Seas Programme Activity Centre's serias.

The method is essentially based on already-existing recognized techniques, and
also drawn on the experience of microbiclegists in a number of Mediterransan
labaratories. In the description, the style used by the International Organization for
Standardization {ISO) is followed as closely as possible. Whiie designed primarily with
carditions prevailing within the Mediterransan Sea in mind, tha method is also, ta
vaniable extents, suitable for sther similar ecological regions.

The present version of this mathed incorporates a number of amendments,
based on reviews during expert consuftation meetings organized by WHO, and on
camments received from Mediterranean laboratories using the method within the
framewark of their national or local marine pollution monitoring programme,

2. SCOPE AND FIELD OF APPLICATIGN

The method describied Is suitable for the determinatian of faecatl coliforms in
coastal bathing waters of temperate and tropical seas. it is designed to be used in
sanitary surveillance of bathing beaches.

it uses a membrane filter procedure which ailows congentration of the bacteria
pricr to incubation. It can ba employed in aiternation with the Multiple-Tube
Fermentation (MPN} Test (UNZP/WHO 1983). Whelher the Membrane Flitration {MF)
Culture Methad is preferred ta the MPN Tast depends on local conditions and personal
preterences. in general, the MF methad is less labor-intensive and, due to the
preconcentration of the bacteria in the sample, it is more suftable in sittralions where low
numbers of califorms 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 MFs after incubation.

Faecal coliforms exhibit a nighly specific positive correlation with faecal
contamination from warm-blooded animals, and therefore are good indicators for the
sanitary quality of coastal waters. Since faecat colifarms die within hours when exposed
to sunlight in seawater at temperatures above +4 ° C, their presence in sgawater
indicates only recent contaimination by faecal material. Die-away rates (T-90) depend
on salinity, temperature, solar radiation, eté. and must be taken into consideration when
inlerpreting the results.

3. DEFINITION
Faecal colifarms are aerabic and tacultatively anaerahic, Gram-negative, non-

sporeforming rods that ferment lactoss wnile praducing acid and gas, both at 36° C and
44.5° C, in less than 24 hours. They produce indale in tryptone water containing



tryptophan at 44.5° €. Under the conditions describead in this reference method, the
faecal coliforms appear as biue ¢olonies.

4. PRINCIPLES

From sea-water samples taken under sterile conditions, a difution series is set
up acenrding o the number of faacal colifarms expectad in the water sample, Aliquots
of this dilution series are filtered through 0.45u peore size membrane filters. 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 cofour,

Residual chiorinse, if present, is neutralized by adding thiocsulphate to the
sampling bottle before sterilization.

Suspect and doubtful colonies can be tested for acid and gas development with
a confirmative test using MacCankey brath or brilliant graen hile broth. In areas whara
industries discharge polysaccharites {paper mills, sugar best industrigs, etc.), further
contirmation by the indole test may be necessary,

5. APPARATUS AND GLASSWARE

R Sample bottles of borosilicate glass for surface seawater, 200-300 mil capacity,
wide-mouthed and with ground-glass stoppers.

5.2 Sampte rod of non-corrosive malerial with a clamp te hold the sampling bottle
ffigure 1),

5.3 Subsuriace sampler of the type shown in figura 2, or sinilar, complete with
plastic rope and weight.

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

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

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

least three filter funnels for simultaneaus filtration, made of borosilicate glass
ar other non-toxic sterilizable material, complete with electric or water vacuum

pump.
57 Water incubator for 44.5 = 9.2° C.

5.8 Stereomicroscope, magnification 10-50X; and/cr darkfield colony counter,
magnification 2-3X.

5.8 Autociave, max 2 atrn., electiic or yas.

5.10 Orvino aven for sterilization ar 1609 1~
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Figure 1. Subsurface sampling with extensian arm.
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Figure 2.  Samplor for sterile subsurface sampling.
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5.24

5.25

5.26

5.27

5.28

Stainless steel forceps.

Analytical balance, precisian + 1 mg.

Refrigerator 4 = 1° C.

Vibrator (shaker) for miixing liquids in culture tubes.

Petri dishes of borosiiicate glass, diameter 5 cm, complete with stainless steel
containers for sterilization, or disposable pre-sterilized plastic Petri dishes.

Ehrlenmeyer flasks of borosiiicate glags for media preparatian, capacity 1 and
2 litrges,

Barosicilate glass bacterioogicai culture tubes.

Total volume (blow-out) borosictiate glass pipedes of 1, 9, 10 and 20 m!
capacity, with stainfess steel containers for sterilization.

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

Graduated berosilicate class cylinders of 100, S00 and 10CC mi capacity wilh
glass beakers far cover.

Small borositicate ¢lass woes 8 x 50 mm {"Durhiam vials"| 1o be inserted in
culture tubes (5.18).

Bactericlogical loops made from 22-24 Chramel gauge, nichrome ar platinum-
iridium. Diameter of the loop: 3 mm.

Heavy wrapping paper.
Aturninium foil thousehold quality).

Membrane filters (MF), pore size 0.45), diameter 4.7 cm, or similar, fitting
filtration apparatus (5.6}, cr membrane filter of simiter diameter fitting the
filtration apparatus.

Note: The Q.45 pore size membrane filter (MF) should he certified by the
manufacturer t be free frorn substances which may hinder the grawth
and developrngnt of bacteria, Maxirmum recoveries are abtained using
membranes cormposaed of mixed esters of cellulose.

Metal boxes which arc watertight and suitable for incut:ating Petri dishes in the
water bath {5.7).

Filter paper.

Water bath 44.5 = 0.2° C.



6. CULTURE MEDIA, CHEMICALS AND STOCK CULTURE
Note: The compesitian of the media is basec on one litre solutians or similar
units. Before prepzration, the actuat needs have to be established and
adequate amounts must be chosen accordingly.
6.1 M-FC Agar

6.1.1 Medium

Tryptone 100 g
Proteose peptaone No. 3 50g
Yeast extract 309
Sodium ehioride 50g
Lactose 12.5 g
Bile salt No. 3 1.5g
Aniline blue c1g
Agar 1544¢
Distilled water (6.7) 1.0 litre

rreparation: Dissolve the companents of the medium in 1 litre of distilled water
{6.7). Heat to boiling point until all components are completely disscived. Add 10 ml
of a 1 per cent solution of rosalic acid (6.1.2) keep boiling for more than one minute,
then cool. The final medium should have a pH of 7.4 + 0.1; adjust pH, if necessary,
with diluted analytical grade HCI. Cool to about 45° C and pour 4-5 ml inta gach Petri
dish. After the agar nas solidified in the Petrt dishes, invert the Petrt dishes and store
them in the refrigerator. The dishes with prepared medium can be kept in a refrigerator
for 7 days.

Nate: The addition of resalic acid is facultative and should anty be added, if
neccssary, ta suppress excessive growth of non-faecal coliforms.

Note: Do not autoclave the medium.

Note: The agar surface shouta not become toao dry because if the agar is dry
the MF will not adhere well ta the agar surface (8.5) and hinder the
diffusion of nutrients o the colonies on the MF.

6.1.2 Rosalic acid

Prepare a sufficien! amount of 1% sclution of rosalic acid in 0.2 N NaCH.

Nate: CSolution of rosalic acic should be prepared freshly each time. It
should not be autoclaved.

6.2 MacConkey Broth
6.2.1 Medium

Sodium taurochofate 5.00
I arthes iNn N~



NaCl 504
Peptcne 200g
Distilled water {6.7) 1.0 litre

Preparation: Dissolve compenents by shaking. Adjust pH ta 7.1 % 0.1 with
diluled HC! and then add the promo-cresol purple solution {6.2.2). Add inverted vials
(5.21) to cizan culture tubes {5.18, 8.1} and dispense sufficient medium into the culture
tubes so that the inverted vials are at |east partially 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° C {or 15 minutes.

§2.2 Broma-cresoi purple solutian
Preparation: Dissolve 1 g of brome-cresel purpie in 99 mi of 95% ethanol.

6.3 Brilliant Green Bile Brath

Oxgqall, dehydrated 200g
Lactose 10.0 g
Peptone 100g
Briflianl green 13.3 mg
Distilled water (6.7) 1.0 litre

Preparation: Disseoive companents by shaking. Add inverted vials (5.21) to
clean culture tubes {5.18. 8.1} and dispense sufficient medium into the culture tubes se
tnat the inverted vials are at ieast partially ccvered after lhe entrapped air in these viais
has been driven cut during autociaving anc close the tubes with cotion plugs. Steriiize
by autoclaving (5.2} at 1219 C, preferabiy for 12 minutes, but not exceeding 15 minutes,
After sterilization, cocl the broth s quickly as possible. Final pR should be 7.2 £ 0.2.
Test the samples of the finished product for performance using contrel stock cultures
{6.10).

6.4 Indole Test Sclufions
6.4.1 Tryptene water
Tryptone 1009
NaCt 5049
Cistilled water (6.7) 1.0 litre

Preparatian: (Oissolve ingredients in distilled water (6.7). Oispense 5 mi into
each tesi tube {5.18) and autoclave {5.9) at 121° C for 15 minutes. The pH should be
7.0 - 7.4, ¥ necessary adjust with diluted NaOH before sterilization.

6.4.2 Kovac’s indaie reagent
Paradimattvg-amino-nenzaldehyds S0g
Amyl aicohol 75.0 mit

Cengentrated hydrochiloric acid, HCI 25.0ml

sVt



~  Preparation: Dissoive tha benzaldehydo in amyl alcohol and add hydrochioric
acid. The reagent should be yelfow.

6.5 Phosphate Buffer (pH = 7.2)

KHPO, 3.0g
KH,PO, 1.0g
Oistitied water (€.7) 1.0 litre
6.5.1 P-hyftfer for filtration

Preparation: Dissolve compnnents anc autoclave (5.9} at 121° C {or 15 min.
6.5.2 P-buffer for dilutions

Preparation: Dissalve components and dispense 8 mi in test tubes used for
dilutions in the difution sedes 8 4) end autaciave (5.9} at 1212 C for 15 miin.

6.6 Thiosulphate Solution

10 per cent sodium thiosulphale sotution in distilled water (6.7) and sterilize by
filtration {e.g. through a sierized MF 18.2.4, 8.2.5)).

6.7 Distilled Water

Use only water distilfed in all-giass or all-quartz distillation apparatus. De-
ionizea waler 1S SO acceptable if procuced in apparatus not releasing toxic
substances.

Note: Commercialty avaitable cistilled water is often produced in copper and
<inG apparatus and is highly toxic for ¢oliforms. Before using such water its toxicity
should be checked with a stock culture of £, cofi (6.10).

6.8 Detergents for Cleaning Glassware and Apparatus

Use conly detergerts recommendad by the supplier for bacterioicgical use. If
such a detergent is not available, check normal household detergents with a biotest
using a stock culture of &, cofi (6,10},

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware.
6.9 95 per cent Ethanol per Analysis.

6.10 Stock Culture of £ cofi.

7. SAMPLING

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



7.1 Sampling of Surface Water

Attach clean sterilized sample bottle (8.2.1) to lhe clean sampling rod (5.2).
immediately befara stitmerging the sample bottle, remaove the ground glass stopper
from the botile without touching the stopper cone. Immerse the bottfe from the bow of
the boat or from the windward side while the boat is moving forward slowly. Push the
bottle with the sampling rod 25 cm under the water surface with the mouth of the bottle
downwards, in order to avoid canfamination tiy surface film, then turn the sample bottle
upwards and take the sampie (figure 1). The sterilized sample bottle may also be filled
directly by hand.

Retrieve the batile and discard some water, if necessary, so that some air
space remains in the ¢losed bottle. This space is needed for homogenizing the water
sample at the receiving laboratory. Replace the glass stopper and store the sampies
in the clean thermoisolated bax (5.4) wilth cooling pads at about 4° C. Keep samples
in the dark avoiding exposure ta mare than +10° C. Separate bottles from each other
with clean wrapping paper (5.23) to avoid breakage. Check the temperature with 2
thermometer (S.5) every three hours. Report irregularities in the test report. Label
sample bottles 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 disturb the bottomn sediments (figure 2). Release
the messenger and after one minute retrieve the sampler and store it in a
thermoisolated box {5.4), Proceed as for sampling of surface water {7.1).

Nate:r Itis known that the die-away rate of coliforms at amhbient temperaturs
in the presence of light is very high. Therefore, afl efforts should be
made so as not to collest more samples than can be filtered and
incubated the same day. If this is not possible, the samples should
be stored at 4° C and analyzed not later than 24 hours after sampling.

The water sample represents the test solution,
8. TEST PROCEDURE

8.1 Washing of Glassware and Equipmeni

All glassware and apparatus (3) should te washed with non-toxic detergent
{6.8), first rinsed thoroughly with hot tap water and then rinsed at least three times with
distilled water (8.7).

8.2 Sterilization of Glassware and Equipment

8.2.1 Surface sample bottics (5.1). Clean the sample bottle as described
under 8.1. Dry and sterilize it in a drying aven {5.10} for three hours at 160° C. Before
sterilization, place a small piece of filter paper (5.27) in the nack of the bottle to prevent
the ground glass stopper from stlckmg after cooling. After cooling to ambient

S S I I -1
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and fit the ground glass stopper securely into the neck of the bottle. Put the gottles into
detergent-cleaned thermoisolated boxas (5.4). Saparate the botlles from each other
with clean wrapping paper (5.23) (o avoid breakage.

Note: |[f residual chiorine is suspected in the water sample, add, aseptically,
0.1 mf of 3 18 per cent thicsulphate cobwion .8} for each 100 mt
sample to the contents of the sample botile before steriization. This
amount is sufficient to neutralize about 15 mg of residuat chlorine per
litra.

8.2.2 Subsurface sampler (5.3). Clean the subsurface sampler as described
under (8.1), rinse with tap and distilled watar (6.7}, Enciose each sampler in heavy
wrapping paper (5.23) or aluminium foil {(5.24) and sterilize in an autoclave (5.9) for 15
minutes at 121° C.

8.2.3 Petr dishes {5.15) and pipettes {5.18). Clean dishes and pipeties,
complete with & cotton piug in the mouthprece, are put ito suitzble staintess steel
containers and sterilized in a drying cven (5.10) for three hours at 160° C.

Note: Disposable pre-sterilized ptastic Petri dishes may be more ecanomical
to use than reusable giass Petri dishes.

8.2.4 Filter funneis of fiitration apparatus (5.6). Loosen the filter-holding
assembly slightly and wrap the whole filter funnel in heavy wrapping paper (5.23) or
aluminium foil (5.24). Sterilize in an avtoclave {3.9) far 15 minutes at 121°C, orin a
drying oven {5.1C) for 3 hours at 16C° C.

B.2.5 Membrane Filters (MF) {5.25). Remove the paper separatar (if present)
and place 10 to 12 clean MFs into Patri dishes {5.16). Autoclave (£.9) for 15 minutes
at 1217 C. At the end. of the sterilization tet the steam 2scape rapidly in order to
minimizg the accumulation of ¢andensate on the MFs.

Note: Sterilized MFs are commercially available.

B.2.6 Focrceps (5.12). Steriiize forceps by dipping them into 95 per cent
ethanal 6.9} and flaming them.

8.3 Seclection of Sample Size and Dilution Series
The Mits should ideaily have fiom 20 lo 80 colonies after incubation. I
previous experience for planning the dilution series for clean scawater is not avaiable,

fiter the foliowing volumes af the original sampie: 100 mi, 10 ml, 1 mt and 0.1 mi
(figure 3). For contaminated waters the dilutions have to be greater.

8.4 Preparation of the Dilution Series

Before taking aliquots from the original sample or from the dilutions these must
be vigorously shaken in order to guarantes that reprosentative aliquots are taken.
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f E P-buffer Test sample

)

_,_,.-""'-.—.-'.-'-. 1 ™
20 ml each
(3 times) 4 0-1
1 m ;

|
1 ml 10ml 100 ml
D2
Tmi .
1
t mi

|
e R

Q.01 ml .1 ml 1Tml 10 ml 100 mi

of ariginal sample an MF

Fiqure 3. Preparation of dilution series and filtration procedure.

Prepare the diluticn series by taking with a sterilized pipette (8.2.3), after
vigorausly shaking the sample {7}, 1 ml from the original sample (figure 3, dilution: D-0)
and transfer this 1 ml into a culture tube containing 9@ ml of P-buffer (5.5.2) & make the
first dilutian {D-1). Agitate the tube cn a mixer {5.18) or shake it vigarously by hand.
Continue the preparation of the dilutian series by taking 1 ml from the first dilution {D-1)
and mixing it in a new cullure tube containing 8 mi of phosphata buffer (6.5.2) in order
to obtain the second diutian (D-2), cte.

85 Riltration Procedure

Begin fiitration wiih the highest dilutian (e.g. D-2) in order to avoid contamination
from sampies containing bacteria in higher concentratians. Use a sterilized filtration
funnel {8.2.4) for each dilution series. Place the sterilized MF (8.2.5) with flamed
sterilized forceps {8.2.8) over the porous plate of the filtration apparatus (8.2.4).
Carefully place the matching funnel unit over the receptacte and lock it in place. Add
into the funnel about 23 mi of duffer sclution (6.5.1). With a sterilized pipette {8.2.3) and
1 ml af the D-2 dilution into the buffer salution in the funnel. Filter with a partial vacuum.
Wash the funnel walls with appreximately 20 ml of huifer solution {6.5.1}.
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Filter with a partial vacuum. '‘Vash the funnel walls two more times with 20 m! of buffer
solution {€.8.1). Unlock and remove the funnel, immediately remaove the MF with flamed
sterilized forceps {8.2.6) and place the MF ¢n the agar surface of the mecdium ¢ontained
in the Petri dish (6.1.7) with a rolling motion to avcid the entrapment of air. Before
filtering the next dilutiont (D-1) in the same maaner, pass 20 mi of buffer salution (6.5.1)
through the assembled filiratian unit.

8.6 Incubation

The Petri dishes containing the MFs on agar {8.5) are sealed and immediately
placed horizontaliy insice Clean metal boxes. These metal boxes are then placed in a
water bath (8.7} and incubated immediately for 24 hours at 44.5 = 0.2° C, As a sterility
check, incubate also one blank {without MF}, i.e. a Petri dish containing agar {6.1.1)
oniy.

Note: Metal boxes must be suitably weighted to prevent themn from floating.

8.7 interpretation

Count with a stereomicroscope or simiiar (5.8) only colonies which appear as
bltie coloured. [f the number of dubious colonies is greater than 10 per cent of the total
number of colonies, test dubious colonies gither by ManConkey brotn test (8.8.1) or
briliant green bile broth test (8.9.2).

in areas where industries discharge polysaccharites (paper mills, sugar best
industries, ete.}, further confirmation by the indole test may be necessary (8.9.3).

Note: Colonies produced by faecal caliform bacteria are blue in ¢olour. The
non-faecal celitorm coionies are grey to creamn-cotoured, Background
colours on the membrane filter will vary from a yellowish cream to a
faint blue, depending on the age ¢f the rasalic acid salt reagent,
Naormally, oniy few nan-fagsal coliform colonies will ke observed onm-
FC agar because of the selective action af the elevated temperature
and addition of the rgsalic acid satt reagent.

8.8 Estimation af Precision

Check the precision ef the technique at periodic intervals {al least once every
season) by preparing thres independent series of dilutions (8.4) using the same sample,
i.e. repeating the four last consecutive clution steps described under 8.3 and 8.4
{figure 8). The water sample used should be collected during the routine monitoring
pragramme at a coastal sation typical of the area, The dilufion series should be
selected in such a way so that one dilution step yields three MF counts which satisfy
the 20 to 200 colonies requircments expressed in section 9.1,

Filter each individual dilution following pracedure £.5. Incubate according to
procedure 8.6. Report MF counts following the procedure cescribed in sections 8.1 and
9.2 teking into cansideration interpretation method of section 8.7. Results should be
reportad in the tast report {table 2, item 9).
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Calculate the faecal colilorm concentrations of the original sample fer each of
the replicate resulis, according to section 9.3 and report the results in the test report
itanle 2, item 10j.

For each difution step having the ithree MF counts between 20 and 200 fagcal
coliform calonies, calculate: the mean concentration, the concentration range, the
standard deviation of tre concentrations. and the coefficient of vanation of the
concentrations, and record them in the test report {table 2, item 11}, '

if the sample does not yield at least 20 colonies per membrane filter in one
dllution, prepare a test soiution from a stock culture (6.10) and repeat the estimation of

precision.

NOTE:  Coefficient of variation (%] = standa;:ie::watlon x 108

3.9 Confirmatory Test

8.9.1 MacConkey brath test: With a flamed bacteriological loop {5.22)
transfer the suspected colony from the MF inio a culture tube contalning MacConkey
brath {6.2.1) and incubate {5.28) at £4.5 = 0.2° C for 24 hours. Coliforms will develop
gas which is trappad in the inverted Durham tubes, and acid which turns the violet-like
colour of the original broth inte a yellowish colour.

8.9.2 Brilliant green bile broth test: With a lamed bacteriolcgical loop {5.22)
transfer the suspected colony fram the MF into a culture tube containing brilliant green
bile broth (6.3} and incubzte (5.28) at 44 5 + 0.2° C for 24 hours, Califerms wilf develop
gas which is trapped in the inverted Durham vials,

Noie: The MacConkey broth test is equivalent 1o the brilliant green bile broth
test. Either can be used for confirmation.

8.9.3 Indole test: With a flamed bacteriological loop (5.22) transfer the
suspected calony inta culture tubes containing iryptone water {6.4.1) and incubate at
44.5 = 0.2" C in a water bath {3.28) far 24 hours. Then add G.2 - 0.3 mi of Kovac's
indoie reagent {6.4.2) and shake. Let the tube stand for abcut 10 minutes and observe
the results. '

A dark rec colour in the amyl aicanol surface layer constitutes a positive indole
test; the original colour of the reagent, a negative test. An orange colout probably
indicates the presence of skatole and may be regcorted as a poesitive reaction.

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

has been completed and adjust this count after the confirmatory tests, if necessary,
have been made. Use only MFs with a tctal number of colonies {i.e. ¢oliforms phis non-
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coliforms) between zZC and 2GC. Retain only two significant dinits of the counted
numbear of caliform coiomes per filter.

indicate the results obtgined for gach filter separately in the test report {table
1, item 9).

9.2 Express the resuits in terms of faecal coliforms per 100 ml of sample, using the
following equation:

adijusted numhber of coliform coionies % 100
mi of sample filtered

faecal califarms ger 100 ml sampie =

Indicate the results obtained for each diluton separately in the test report (table
1, item 10). Repart also the resulis obtained on MFs with less than 20 coliform colonies
per filter. 1f there are ne coliform coionies on the filter report the results as " < 1 coliform

per 100 ml".

9.3 Compute the number of faecai coliforms per 100 mi sample and report it as the
final test result [table 1, item 11). if there are MFs containing between 20 and 200
characteristic colonies in two consecutive dilutions calculate the mean of these dilutions
and report it as final test result,

9.4 Recard in the test report (takle 1. item 12) anomalies observed in lest
prccedure [confluent growth of colonies, Ceviation from temperature prescribed for
sample storage and incubation, etc.).

.....



10.

TEST REPORT

e mee At—a

Tzhle 1. Faecal cciiforms in seawaier sampies.

. Sampling and environment conditions

Sampiing depth:
Temperature at sampiing cep:h:
Salinity at sampling depth:

. 1. Sampling area 2. Samgling paint code number:
counny: {station) longitude:
area: latitucie:
4. Time of sampling hous: . day: marth: year:

Container number:

Duration ot storage:

(ather factors which may influence the results should be reported under 12)

© ~ O,

. Time of filtration haw: day: _ /
. Start af incubatign four: . day: [/ [/
. Ent of incubation hour: day. [/ _/
. Confirmatory test MacConkey: ] Brilkant green: ___Indole test:

&

. Numbes of calenies per individual filter

mi of eriginai Faeral colifo'ms

Lilution sampla titened calonies
D-0 100
D0 o)
D-0 1 ]
D-1 2.1 T
D-2 0.01 . —
D-3 0.001
D4 0.0001

10. Celonies of F. califorms/ 100 ml

Dilutions <ol 7100 mi

11. Test rosult

F. coliforms/ 100 mt

12.

Ancmalies cbserved in the test procedure:

carned oit the analysis:

Full address of the institution wiuch 14.

Nameis} and signature(s] of the

persanis) who caried out the analysis:




Table 2. Precisicn astimation for faecal coliforms determination.

1. Sampling area 2. Sampling poi tode number:
; country: {station} lengiude:
i area latituda:
3. Time of sampling hour: . day: manth: year. .
4, Sampling and environrment conditions
Sampling depth: Caontainer numbes:
Tarperature at sampling depth:
Salinity at sampling depth: Duration of storage:

(other factors which may influerice the results shouid he reparted under 12)

5. Time of fitration hour, . day. __ / /
6, Stant of incubation hour: _ . day. [/ [
7. End of incubation hour: . day: __ /[
4. Confirmalory test MacCankay: Brilliant gresn; Indaie tast
9. Number cf calonies per naividua, filter 10. Colonies of F. califorms/100 ml
ml of originat F. colifarms coloniss Difutions col, /100 mi
Dilution samgle filtered A0IicA _
tst rd  3rd’

11. Results (F, coliforms/1C0 mly

. mean: range:
std.dev.: coef.var.: %
12. Anomalies observed in the test proceaure:
I 13. Full address of the instiution whicn 14. Name(s) and signature{s) of the
carsied Sut the analysis: perscn{s) wha carred out the analysis:

Oxer




15

11. REFERENCES

APHA (1981) Standard methods for the examination of water and waste water.
American Public Health Association, Washington D.C. (15th edition).

UNEP/WHO (1985} Determination of faecal colifarms in seawater by the multiple-tube
(MPN) test. Reference Methods for Marine Pollution Studies, No. 22 UNEP,

Geneva.

JNER/WHD (1988) Guidelines for rmonitoring the quality of coastal recreational and
shellfish-growing waters. Reference Megthods for Marine Follution Studies No.

1, UNEP, Gengva.

WHO/UNEP (1983} Methods for monitoring setected pallutants in sewage sffivents and
coastal recreational water: Report on 2 WHO/UNEP joint meeting. Roma 24-26
November 1882. Cocument ICP/RCE 211({2), WHO regional office for Europe,

Copenhagen.



[ssued bv

Oceans and Coastal Arcas Programme Activity Centee
Umited Nations Environment Programune

Additionat copies of this publication
can be obtained fron

Qceans and Coastal Areas Propramme Achvily Ceate
Unifed Nations tayironmant Programumc

P.O. Hox 3552

Nairobi

KENYA

or from;

Marine Enviconmental Studies [pboratory
Internatonal Awimic Energy Agency
Marine Environment faboratory

B.P. No. 800 - MC 98012

MONACQ CEDEX

et



