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PREFACE

- The Repional Seas Programme was mitiated by UNEP in 1974, Since then the Governing
Covmeil of UNFEP has repeatedly endorsed 2 regional approach to the control of marine pollubon and the
management of marne and coastat resourees, and has requested the development of regional action plans,
The Regional Seas Programme at present ineludes 12 regions and has over 140 coastal states partigipating
init (1), (2).

Une of the basic eomponents of the action plans sponsored by UNEP in the framework of the
Repional Seas Programine is {he dssessment of the siste of the marine eovironment and of ifs resources,
and of the sources and tremds of the pollution, and the impact of pollution on human health, marine
ceogystems and smerities. In order to assist those participating in this activity, and to ensure that the data
obtainad throupgh this assessment can be compared on a world-wide basis and thus contribute to the Global
Emvironment Moniterittg System (GEMS) of UNEF, a set of Reference Mothod: and Guidelines for
marine pollntion studies 15 being developed as part of a programme of comprehensive technical suppart
which inciudes the provision of expert advice, reference methods and materials, traiting and daia quality
assurance (3). The methods are recommended to be adopted by Governments participating in the Regiongl
Seas Propratite,

The methods 2ed guidelines are prepared by, or in cooperatien with, the ﬂwm specialized
bodies of the United Nations system ag well a5 other crganizations, and are tested by & nnmbcr of experts
competent in the field relevant to the methods descobed

In the description of (he methods and guldelmes the siyle wsed by the International Qrganization
for Standardization ({1807 is followed as closely as possible.

The methods and gnidelines, as poblished in UNEP's scries of Reference Methods for Marine
Pollution Studies, are not considered ag finpl, They are planned to be periodically revised taking into
account the development of our understanding of the problems, of analytical instrumentation and the
actnal need of the users. In arder to facilitate these cevisions, the users are inviied to convey their
comments and sugpestions to:

WHQEURQ Project Office

Coordinating Unit for the Medilerranean Action Plan
4% Vassileos Konstantinou

PO, Box 18012

GR-115610 Athens

GREECE

which it responsible for the development and preparation of micrabiclogical and other health-reiated
Reference hMethods.

{1 UWEP: Adticvonimis and plarmed development of the UWEP: Regivrel Seas Fropramme amd
comgparsble programmes sporsored dye odher bodies. UNEP Regional Seas Reparts and
Auudies Mo 1, TIWEF, 1982,

{23 P GLM: A atrategy foe thee Seas. The Regional Seax Progeagme; Fasl aod Fubare, UNEP 1983,

M TNEPIAEAION, Refenice Methods ond hateriale A Prograpuie for comprehensive mppont for regoned
end globof marine pollution accesgments, UNER, 19430,
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Thig rewized issuc of Reference Methods for Marine Pollution Studics Ne. 47 was prepared by the
World Health Organization on the basis of a review of the Method during expert tnettings and comments
from individoal scientisis who tested the Method, The assistance of all these whe contributed to this
revised issue of the Reference Methad is pratefutly acknowladged.
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1, INTRODUCTION

. This recormmended melhad has been prapared by the Warld Health Organization
within the framework of the Long-term Programme of Pollution Monitoring and Research
in the Mediterranean Sea (MED POL Phase Il). It is also being issued separately within

UNEF's Regional Seas Programme Activity Centre's Rsference Methods for Marine,

Foliution Studies Saries.

The method is essentially based on aiready-existing recognized techniques, end
also drawn on the expsrience of microbiologists in a number of Mediterrangan
laboratories. In the description, the style used by the International Organization far
Standardization (ISO) s followed as closely as possible, While designed primarFI}.r with
conditions prevailing within the Mediterrangan Sea in mind, the method is also, t-:n
variabie extents, surtable for uther similar ecological regions.

. The present version of this method incorporates & number of amendments,
based on reviews during expert consultation meetings organized by WHO, and on
comments received from Mediterranean laborataries using the method within the
framewdrk of their national or local maring pollution monitoring programme.,

2.  SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of fascal colitorms in
sediments of coastal bathing watars of temperate and fropical seas and is designed to
be used in sanitary surveillance of bathing beaches and shellfish growing areas.,

This method aflows colonies determination, as the Membrane Filtration Culture
Method, but the sample voiume cannot be larger than 1 ml because the culture medium
must be able to absorb tha volume of the matsrial lnoculated and solidify without

drﬂtwlty

Fascal colfforrns exhibit a highly specific positive correlation with faecal
cantamination from warm-blaoded animals and, therefore, are good indicators for the
sanitary quality of coastal waters and marine sediments. Since faecal coliformg die
within hours when exposed to sunlight in sea watar, their presence in the sea indicates
only regent contamination by fagcal materal. Dis-away rates (T-20) depend, among
othar parameter, on saiinity, temperature and solar radiation, factors that must be taken
into consideration when interpreting the results.

3. DEFINITION

Faecal coliforms are aergbic and facultatively anaerabic, Gram-negative, non-
sporeforming reds that ferment lactose while producing gas in iess than 24 hours at
44.5 °C. They praduce indole in peptona water cartaining tryptophana at 44.5 °C. Under
the cultire conditions described in this refarence methad, fascal coliforms appear as
blue colonigs,
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4.

FRINCIPLES

From sediment samples taken in sterile conditions, a dilution series is set up

made according to the guantity of faecal coliforms expected inn the sediment sample.

- A1-ml aliguot valume of thig dilution series are transferred to empty Pefri dishes (5.16).

Than m-FC agar {8.1) is pourad in each Petri dish. Once the agar has solidified, the
Petri dishes ara ingubsated at 44.5 = 0.2 °C for 24 hours. Lactose farmentation will turn
faecal caoliform colonies into their characteristic blue colour.

Suspect and doubtful coloniss can be tested for acid and gas development with

a confirmative test using the MacConkey broth or the Biiilfant Green broth. In urban
bathing areas where sewer outlets discharge rain water as well as wastewater, the

confirrnative test for indole praduction is necessary.

2.1

5.2

53

54

5.5

5.8

57

5.8

5.8

5.10
5.11
5.12
5.13

5.14

APPARATUS AND GLASSWARE
Sterile piastic bags {maximum capacity 1 litre}.

Core sampiing cylingders, metallic or borosilicate glass, of ﬂp;.'.u'|r.=:'cu'rlatﬁ-lyr 2-cm
diameter and 15-cm lgngth.

Borosilicate nlass bottles, 250-mi capacity, 1o store prepared m-FC agar. These
bottles must be sterilized before receiving the agar.

Thermo-insulated plastic boxes (camping equinmant}, with prefrazen coaling
packs or similar cocling units, for transport and storage of sediment sampies.

Thermometer, 0 to 50 "C, precision = 1 °C, preferable of unbreakable plastic
type, to be used for checking the temperaturs in plastic boxes.

Siainless steel homogenizer or blender with several blender vessels,; sterilizable
in & drying owven (5.10) or in an autoclave (5.9).

Water incubator fur d4.5 = 0.2 “C

Sterecscopic mrcrﬂscc}pe rmagnification of 10 - 50 X, and/or darkiield colony
counter, '

Autoclave, maximum 2 atmospheres, electrié ar gas.
Drying oven fur.sterilizat:ion at 160 °C

pH meter, precision = 0,1 pH units.

Sterile Pasteur pipsttes, completed with cotton plugs.
Analytical balanca, precision = 1 mg.

Refrigerator, 4 £ 0.5 °C,



5.15

5.18
517

5.18

5.19

5.20

5.21

522

523

5.24

5.25

5.26

5.27

5.28

5.28

B.t

Eiectric vibrator [shaker) for mixing liguids in dilution tubes.

Borosilicate glass Petri dishes, diameter 8§ to 9 om, with stainless steel
containers for sterilization, or plastic disposabia pre-sterilized Petri dishes.

Erlenmeyer flasks of boroslicate glass for media preparancn {capacity 1 and 2
litres}, or media conservation (250 mi}.

Borasilicate glass bacteriological culture tubas,

Total volume {blow-out) borosilicate glass pipettes of 1, 10 and 20 ml capacity,
with staintess glass containars for starllizatian.

Note: S-ml capacity pipettes are useful, but not essentiai.

Graduated boresilicate glass cylfinders of 100, 500 amd 1000 mil capacity with
spout.

Small borosilicate glass vials. {Durham vials'}, 6 X 50 men, to be inserted in
some cuiture tubes. _

Bacteriologisai transfer loops, made from 2224 Chromel gauge, michrome or
platinum-irigium. Digmeter of the [oop: 3 mm.

Haavy wrapping paper.

Aluminum foil (househald quality).

ﬁ.utc;clavable wide-mouthed plastic bottles, 200 to 300 m! capacity.
Waiertight metal boxes for incubating Petri dishes in a water l;hath {5.7).
Filter paper. |

Watar incubator for 44.5 = 0.2 °C.

Stalnless steel forceps.

CULTURE MEDIA AND AEAGENTS

Note: The compaosition of the media is based on one litre solutions or similar
units. Before praparation, the actual needs have to be established and
adequate amounts must be chosen accordingly.

m-FC Agar

6.1.1 Medium.

Tryptone : 100g
Proteose peptone na. 3 500



Yeast extract J.0a
NaCl 5.0qg
Lactose 1259
Bile saits no. 3 1.5¢q
Aniline biue 0.14g
Agar 15.0 g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients of this agarin 1 litre of distilled water (5.7).
Heat to beiling paint until all ingredients are completely dissolved. If nacessary, add 10
ml of 195 soiution of rosolic acid (8.1.2), keep boiling for more than one minute and then
coal. The final medium shouid have a pH of 7.4 £ 0.1, If necessary, adjust the pH with
diluted anakytical grade HCL. A volume of 200 ml of m-FC agar, with or without rosclic
- acid, is poured in each sterile 250 mi flask (5.3). For Immediate use, these flasks are
kapt in a 50 °C water hath for a maximumm of 3-4 hours, For later uge, the flasks are kept
in a refrigarator (S.14) for & maximum of 1 week.

. Note: The addition of resclic acid is optianal and should only be added, if
necessary, to suppress axcessive growth of n:_:rn*faer.‘..aJ coliforms.

Note: Do not avtoclave this madium.

6.1.2 Rosolic acid

Frepare a small volume of 1% sowtion af rosolic acid by adding an adegquate
amount of rosolic azid in 0.2 N NaQH.

Note: The rosclic acid solution (initially in powder torm) should be prepared

freshly immediately before being added to the agar. The rosclic acid
solution shauld must non be avtoclaved. '

6.2 MacConkay Broth
6.2.1 Medium

Sodium taurocholate _ .04

Lactose mnog
‘HaCl . 500
Peptorne 200 g
Digtilled water (5.7} 1.0 litre

Preparation: Dissolve ingredients by shaking. Adjust pH to 7.1 = 0.1 with diluted
HCI and then add the bromo-cresol purple solution (6.2.2). Insert a-small inveried
Durham vial (5.21} in each clean cutture tubs (5.18, 8.1) and dispanse sufficient medium
into the culture whes 5o that the inverted vials ara_at least partially covered after the
entrapped air bubble in the wials has been diven out during autoclaving. Cloge the
culture tubes with cotton piugs. Sterilize the culture tubes by autcclaving at 121 °C

during 15 minutes.



§.2.2 Bromo-cresol purple solution

Freparation: Dissolve 1 g of brome-cresol purple in 89 ml of 85% pure ethanoi
{8.9).

5.3 PBrilliant Green Bile Broth

Oxgail, dehydrated : 200 g
Lactose 10.0g
Paptone : 10.0 g
Brilliant green 1334

Distilled water 1.0 litre

Preparation: Dissoive tha ingredienis by shaking. introduce a smail invertad
Durham vial (5.21) in each clean culture tube (5.18, 8.1). ang: dispersea sufficient briliant
green broth into the culture tubes so that the inverted Durharm vials: are at least partially
covarac after the entrapped aik bubble in the vials has been driven out during
autockaving.. Close culture tubes with cotton piugs, Sterilize culture tubes by autociaving
at 121 °C [5.9), preferably far 12 minutes, but not exceeding 15 minutes. Final pH
shouid be 7.2 £ 0.2. Beiore using this broth, test a sampla of the finishad pruduct for
performance using control stock cuftures (6.10).

6.4 Indale Test Suluiians-

G.4.1 Tryptone water

Tryptone 10.0g
NaCl 5.0g
Distilled water {6.7) 1.0 Bitre

Preparation: Dissalve the ingredients in distilled water (6.7}. Dispense 5 ml into
each test ube (2.18) and autoclave (5.5) at 121 °C for 15 minutes. Final pH should ba
7.0 - 7.4, If necassary, adjust pH with diluted NaOH before sterlization.

£.4.2 HKovac's indole reagent
Paradimethyl-amina-benzaldehyde S0 g
Amyl alcobol : 5.0 mi
HCl 25.0 mil

Preparation: Dissolve the hcnzatdehyde in amyl aleohol and add HCGL The

reagent should furn yeilnw

6.3 Phosphate Bulfer (pH = 7.2}

K,HPO, 3.0 g
KR,PO, | 1.0g
DI’SrtllTE-di water (8.7F £.0 litre

Preparation: Disscolve the ingredients and autoclave (5.9) at 121 °C far 15
mintes -



6.6 Commercial Tween 80

8.7 Distillad Water

Use only water distilled in all-glass or all-quartz distillation apparatug. De-ionized
water is also accoptable if produced in apparatus not raleasing toxic substances.

Note: Commercially available distifled water is often produced in copper or
zing apparatus and s highly toxic for coliforms. Before using such
water, its toxicity shouwid be checked with a stock culture of E colf

{6.10).
6.8 - Detergent for Cleaning Glassware and Apparatus

Lse only detargents recommended by the supplier for bacteriological use. If
such a detergent is not available, check normal housenold detergents with a biotest
using a stock culture of E. colf {6.10).

Note: MNever use toxic chramic-suifuric asid mixture for clezning giassware.
6.9 95% FEthanol per Analysis

6.10 Stock Cultures of E.coli

7. SAMPLING

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

When monitoring marine sediments, the setiling characteristics of particles in
sewage or in-rivers may be of imponance because the crganisms adhere to or even
constitute the settieable particles. The cischarge of 2 rivar intg the coastal zone may
significantly influence the maring environment, so that several different monitoring
regians must be distinguished, as salinity, temperature, turbidity and other parameters
vary greatly among therm. :

Sediment sampling can normally be carmied out only where the bottorn consists
of relatively sofi and homogeneous sands, silts, clays or mud. A rocky bottorn should
not he sampled by the equipment desecribed below, and a quantitative interpretation of
any such resuits would Be most difficult.

Core sampling is the only technigue advised for fine sediments {mud). The grab
samplers commondy used for othar biological sampling seem inappropriate as thay
immediately mix the sediment surface with deeper sediments. The migrabiological
precipitate normally concentrates in the sediment surface, which is consequently whera
sampling shoutd take place.

The Albrechtsen sediment sampler (Figure 1) has been used widely in
Scandinavian waters and it i3 simpte to produce as well as to usa. The van Donsel-
Geldreich bottom sampler {Figure 2} also seems adequate ai least for areas where the
zaa hnttnrm is st



In spite of the compatibilty of data that can ba achieved by using a single
sampling device, # shoutd be noted that due to lack of homogeneity in the
microbioiogical density in the sediment, lhe comparabiiity of results from different
samplings wilt aiways be questionable. For this reasan, the use of devices of different
types wouid jeopardize the camparability of results.

The Albrechisen sediment sampler, where it can be arnplnye;i is consequently
recommendead for comman use. Use 200-300 mi wide-mouth sterile plastic botties for

collecting samples (5.25).

Samples of dry sand from recreational Leaches can be collected with a shovel
and kept inta sterile plastic bags {5.1) or into 200-300 mi starila plastic bottles (5.25).
Approximately 100 g of sand shauid be collectea for each sampie.
7.1 Samgpling Above Sea | evel

7.1.1 Dry or lightly humid sand (recreational beaches)

The easiest way is to collect a sand sémpie of 100 g from the top S5-cm |ayer of
the beach using a smail clean shovel and {0 keep it into a plastic bag (5.1).

.7.1.2  Very humid mud {shellfish growing areas;

Obtain a core sample from theé tcp S-om layer using a metal or glass sterile

' Gyliﬁdars {5.1). The care sediment sample is kapt into a sterile plastic botile (5.25).

7.2 Sampling Below Sea Level
Sampling procadures are more delicate.

7.2.1 A sediment sample can be ootained, using the technique 7.1.2, by skin-
diving.

7.2.2 A sediment éample can be collected using a sediment samples
{Albreghtesn or van Danset-Geldraich) from a boat.

8. TEST PROCEDURE
B.1 Washing of Glassware and Equipment
All glassware and equiprment {5) should be cleaned with nen-toxic detergjent (6.8) .

first tinsad thoroughly with het tap water and then rinsad at least three times with
chstilled water (6.7).
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L

®  Siopcock

Figure 1. Three-core Albrechtsen battom sampler.

Lowering lines

This device is widely wsed for bottom sampling in marine watera in Denmark. It can be copied,
modifiad and manuiactureds laeally without permissizn from the isventor. Only soma S0-80 grams of sadimant
are sarmpied in one operation, but the area coverate and the specificity 25 o layers. sre obvious benefits of
its wsa, It is designed for use aniy in relativery soft r sandy bonoms. Taken from UNEP,WHO {1998,
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Figure 2. Van Dansel-Geldreich battom sampier.
Taken from UNEP/WHO (1988).
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8.2 | Sterilization of Glassware and Equipment

8.2,1° 3ampling bags and botlles
plastic bags (5.1) and sterile ptastic bottles {5.26) are dispasable tems.

- If thesa items are not availakle, similar size wide-mouthed glass boitles

can be used. Then proceed as follows: clean sample bottles as described unider 8.1.

Dry and steriiiza them in & drying oven {5.10} at 160 °C for 3 hours. Before stenlization,
place a small piece of filter paper (3.27) in the neck of the bottle to prevent the glass
stoppers from sticking afier cooling. After cooling to ambient temperature in tha drying
oven, remove this filter paper with sterilized forceps (5.29) and fit the ground glass
stopper securely into the neck of the bottle. Plage the bottles into detergent-cleanad
thermo-insulated boxes {5.4). Separate the bottles from each cther with ciean wrapping

paper (5.23) to avaid breakage.
B.2.2 Glass Peiri dishes (5.16) and glass pipetltes (5.19)

Clean Petri dishes and pipettas, place a cotton plug in their mouth piece and put
them into switable stainless steel cantainers far sterilization in 2 drying oven at 160 °C

for 3 hours.

MNote: The m-FC agar for determination of fascal coliforms should not be
sterilized. ' -

8.3 Selection of Sample Size and Dilution Series

Inaculated Petri dishes shoutd idesily present from 20 to 80 colonles after
incubation. if previous experience for planning the dilution series for clean sedimeants
is not avaiiable, inoculate dilutions 0-1 to D-3. For mere polluted sedimants {(as fram’
gstuaries and wastewater outfalls) ineculate dilutions D-2 to D-4.
8.4 Preparaiion of the Dilution Series (see Figure 3)

B.4.1 Preparztion of dijution D- {stock solutian)

_ Weigh 50 g of sediment and place them into a sterile bottle or fask with 447.5
ml of phosphate bufier (6.5) and 2.5 mi of Tween 80 {6.6). Homogenize the sediment

“suspension D-1 (stock splution containing 100 g sediment/litrs). Lse a sterlized

laboratory blender (5.8). Homogenization must last for 2everal minutas and must be
repeated at least three times. Tween 80 is added 1o the phosphate buffer to promote
the release of bacteria attached to sediment particles.

8.4.2 Preparation ot dilutions D-2, D-3 and D-4 (see Figure 3)

Thase are 1/10. dilutions preparea using phosphate buffer (6.5}, but without
Tween 80. For each sediment sample, prepare 4-5 tubes each with 9 ml of phosphate
buifer and autociave thern. Prepare the dilution saries by taking with a sterilized pipette
[5.19), after vigorously shaking the sample, 1 mlfrom the bottle or flask D-1 and transfer
this 1 ml into a cuiture tube contaming 9 ml of phosphate buffer to make the B2
dilution. Aqitate tha tube on a mixer {5.15) for at least a minute or shake it vigorously
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by hand. Fepeat agitation three times and then continue the preparation of the dilution

series by taking 1 ml from the previous dilution (D-3) and mixing it in a new cuiture wWhe
containing 8 ml of phosphate buffer in order to obtain the third dilution D-3. F'rcceed
‘until reaching the chosen dilution fevel.

8.5 Inoculation Procedure {pour plate method)

During inoculation, or one hour baefore, liquify the m-FC agar previously prepared
by immersing the flask in a water-bath at 55 °C (5.28). A 250 mi flasks shauld contain
approximately 200 mi of agar. The m-FC agar should net be autnclaved. The agar ¢an
he kapt liguified in & water bath at 43-50 °C for three hours maximum.

Ftace 9-cm diameter Petri dishas and mark an their back tha éample numbar
and the dilLtion number, using a soft pencit or an aleohe! fait pen. Set up 2 Petri dishes
tor each dilution fube.

Begin inocutation with the highest dilution (for example D-4). With a sterliized
pipette (5.12) transfer 1 mt of that dilution to the middle of the correspanding ampty
Petri dish. (Repeat this operation with a second dish for the same dilution). Lising the
same pipette, for axample of 2-ml capacity, transfer 1 mil of the next smallest dilution
bottle, B-3 in this example, into each of the two cormesponding Petri dishes, Froceed in
ihe same manner until arriving at the O-1 dliutmn that should be vigarously shaken
agam

L ml

;si - L 1 m ! 1 U_Luu_, atc.

D1 D2 H’gﬂl H‘E‘I‘:ﬂ Sediment sample
Iml m diiution series

17l ml 1wl 1yl 1 1ml
I A S
£ O O T O Pour plata series
O k_.fj U
107 07E o™ 157?

Figure 3. Woarking diagram for the determingtion of taacal coliforms
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Once the inocutation procedure is complete, sach dilution tube should
correspond to two Petri dishes, each ¢ortaining 1 ml of sediment dilutian.
Ftame the mouth of the flask cantaining the liquified m-FC agar.
Paur 10 to 14 mi of liquified m-FC agar in each Petri dish while conferting it a

¢ircular motion from right 1o left and then from left 1o right to ensure & thorough mixing
and an even distribution of the inoculum in. all the agar volume. Close twa thirds of the

dish surface with the dish top and let the agar solidify.

8.5 In cub:ation

Patri dishes are inverted to avoid condensation water forming inside Patri dish

~lid from running.

Inverted Petri dishes are placed horfzontally inside clean metal boxes. Thesea
metal boxes (wrapped in tight pfastic bags) ars then placed in a water bath (5.28) and
incubated Immediately at 44.5 + 0.2 ?C for 24 hours. As a sterility test, incubate also
one blank (without diluted sediment sample), i.¢. a Petri dish containing agar only {8.1).

Mate: The metal hoxes must be suitably weighed to prevent them from
floating.

Naote: Water-bath incubation of Petri digshes 8 optional.

8.7 Interpretation

Count with a stereoscepic microscope or simllar equipment {5.8) only ¢olpnies
that appear as blue paoints and whose size vary from a pin head to a well formed
calony. if tha number of dubious colonies is higher than 10% of the tatal numbers of
colonies an the Fetri dish, tast dubious colonies aither with the MacCoankey broth test

(B.8.1} or the Brilliant Green Bile broth test (8.9.2) and confirm them with the indgle test

'8,9.3). -

In urban bathing areas where sewer outlets discharge rain water as well as
wastewater, the confirmative test for indole production is necessary (8.9.3).

Mote: Colonies produced by fascal coliform biacteria are blue. The non-fascal
: coliform cofanies are grey to crearn-coloured. Background colours on
the agar plate may vary. fram a yellowish cream to a faint blue,
depending on the age of the rosolic agid. Normally, anly faw non-fascal
coliform colonies will be chserved on m-FC agar begause of the
selective action of elevated temperature, medium salts and the rosolic

acid reagent.

Mote: Fossible precipitate accumulationg on the agar should not be counted

a5 colonies.

Note: If Petri cish reading (colony counting} must be suspended, place
invertad Petri dishes in a refrigeratar (5.14) at 4 °C for a maximum of 24
“hours.
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8.8 Estimation of Precision

Check the precision of the technique at periodic intervals (at least once every
season) by preparing three independent series of dilutions (3.4) using the zame
sediment sampila, i.e. repeating the dilutions steps described in 8.4 {see Figure 3). The
sediment sampig used should be coflected during a routine monitering programme at
a coastal station typical of the area. The dilution series should be selected in such a
way 50 that ane dilution step yields three Pelri dishes counts which satisfy the 20 to ED
cotories requirements exprassed in section 8.1

Inoculate each Petri dish by transferring the m-FC agar as dsscribed In 8.5,
Incubate as described in 8.8. Repant colony counts following the procedure described
in sections 9.1 and 9.2, 1aking into account the interpretation method presented in
section 8.7. Results should be reported in the test repont {itern 9 in Takie 2).

Caiculate the fascal coiiforms concentration of the original sample for each of
the replicate Petri dish according te section 9.3 and repon tha rosuits in the test report
{item 10 in Table 2).

For each dilution step having the three Petri dishes counts batweean 20 and 80
faecal coliform coionies, calcutata: the mean concentration, the maximum and the
minimum concentration, the standard deviation of the concentrations, and the ¢oefficient
of variation. Record those results in the test report {item 11 in Tabie 2).

- If the sediment sample does not yield at least 20 colonies per Petr dish In one
dilution, prepare a very diluted es.t salution from a stock culture and repeat the

estimation of precision.

Note: Coefficient of variation (%) = _standard deviation % 100

mean

8.9 Confirmatary Tasts
8.9.1 MénCnnkey broth test

With a flamed bactericlogical laap {5.22), or a flamed steriie Pasteur pipetie
(5.12), transfer the suspected colony from the Petri dish inte a cuiture tube containing
MacConkey broth {§.2.1) and incupate at 44.5 = 0.2 °C far 24 hours. Coliforms wiil
producs gas, that wiil be trapped as a big bubbie in the inverted Durham viats, and acid,
that will turn the viclet-like colour of the original broth from into a yellowish and cluud'y
colour {if the tube becomes yellow with 2 greanish taint at the top and & surfacs veil,
there.is a presumptive evidence of Pseudamaonas).

8.9.2 Brilliant Green Bile broth test
With a flamed bacteriological looo (5.22), or a flamed sterile Pasteur pipette .
{5.12), fransfer the suspected calany fram the Petri dish into a culture tube containing

Brilliant Green Bile broth {6.3) and incubate at 44 5 = 0.2 °C for 24 hours. Coliforms will
produce gas that will be trapped in tha inverted Durham vials.

Mote: The MaclCankey brgth test is equivalent to the Brilliant Green Bile broth
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B.9.3 Indole test

With a flamed hactariological loop {5.22} transfer the suspected colony, a drop
of & positive MacConkey broth or a drop of a pesitive Erilliant Green Bile broth into a
culture tube containing tryptone water and incubate at 44.5 x 0.2 °C In g water bath
(5.28) for 24 hiours. Then add 0,2 10 0,2 mi of Kovae's indele reagent (6.4.2) and shake.
Let the tube stand far 10 minues and observa the result

A dark red coelour in tha amyl alcohol surface layer constitutes a positive indole
test, the original colour of the reagent constituies a negative test. An orange colour
probably indicates the presence of skafole and may be reported as a positive reaction.

9. EXPRESSION OF RESULTS

9.1  Repon the number of fascal coliform cotanies on individual Petri dishes aftar the
incubation has been completad and adjust thiz count according the resuits of the
confirmatory test, if nacessary. Count only dishes with a number of colonfes between

20 and 80. :

indicate the results obtained for each Petri dish separately in the test report
(Table 1, item 3).

9.2 Express the resulis in terms of fagcal coliforms per gram of sediment, using the
fallowing equation: :

Adjusted number of

Faecal coliforms per gram of sediment =  faecat coliforms golonies
grams of sediment callacted

Indicate the results cbtained for each dilution separately in the tast report (Table
1, itern 10). Report also the results oblained on Petri dishes with less than 20 coliformn
colonies per dish. If there are no faecal coliform culonies in any Petri dish, repart the
result as less than 1 colony at the fowest dilution, For example, [ thers is no colony in
the two Petri dishes carresponding to the dilution D-1, the final result will be less than
1 faecal coliform per gram of-sediment { < 1 FC/g sedimant).

9.2 Compute the number of faecal coliforms per 1 g of collscted sediment and

report it as the final test result (Tahle 1, item 11). 4 there are Petri dishes containing
between 20 and 80 characteristic calonies in two consecutive dilutions, calcutate the
mean on these dilutions and raport it as the final test result.

9.4 Record in the test report (Table 1, ftem 12) anomalies observed in test
pracedures, such as confluent growth of colonies ar deviations from temperature
prescribed for sample storage and incubation.

NOTE: For routine tests, results are usuaily expressed in tarms of the fresh
weight or wet weight of sediment. For research tests, resulls are
normally exprassed in tarms of dry weight of sediment together with its
particle size description.



10. TEST REPORT

Tahle 1.

Faecal coliforms in seawater sediment sampies.

15

1. Eamgpling area

2. Sarnpling paint

coda rymbarn

countnyn I stakion) [angture:
arga: latitide:
3. Time of sampling howr: . day rmanth: Year:

4. Sampling and environment conditions
Sampling depth;
Temperature at sampling depth:
Salinity at sampling dapth:

Container number:
Typa of sedimant:
Durstian of storage:

{miher fartors wnich may influence the resulis should be reported under 12)

5. Tire o inoculation hour . N A
6. 3tar of incubation howur: _ day: A
T. End of incubaticn hour . day: N
4. Confirmatery test MacConkey: Brilfant greer: [mdiole:
9. Humbey of faecal colformns ccloniag par individual petri dish:
Ol ution eriginal sample weight of colany count mean oy
inaeutated {miy sediment{gh dish 1 dish 2 count
01 1 0.5
0.2 @1 Q.08
03 .01 0005
[rad 1.0 0.0005
10, Mumber of faecal coliformss/g Sf sediment:
Cikation B-1; colfa; D=2 cal.fg O3 colfg, D colfg

11. Tear results:

faecal colforms/g of eadimant

12.  Angpmalies abserved in the toat procedure:

13 Full address of the institution which
carried ouy the anaysis:

14,

MWame(s} and signature(s] of the
person(s) wha carried out the analysis:

Diate:
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