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By the year 2000, all people should have access 1o cdequate supplies of sufe
drinking-water, and the pollution af groundwater sources, rivers, lakes and seas
should no longer pose a threat 1o health.

ABSTRACT

The decument is the second in 2 five-part series, the whole
providing detailed guidelines for moenitoring the sunitary
quality of coastal marine recreational and shellfish areas. Tt
contains detailed recommended methodology Tor determination
of the main bacterial indicator crganisms normally monitored,
The eight methods in the document refer to determination of
toral coliforms, faccal coliforms and faecal sireplocosct in
seawater by both the membrane filtration culture (MF) and
multiple test wne (MPN) methods, facesl coliforms in
sadiments by the pour plate method, and faecal coliforms In
bivalves by the MPN method.

Each method, apart from containing definifions and
outlining the principles, lists apparatus and glassware to be
used, a5 well as culture media (including  ingredients),
chemicals and stock  coltures. Sampling and  analytical
procedures are described in detail, a2z well as expression of
resulte,

Modazl test report forms are also included.
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Total coliforms in seawater by the MF culture method

INTRODUCTION

The original version of this recormmended method was prepared by the World
Health Organization within the framework of the Long-term Programme of Pollution
Manitoring and Research in the Mediterranean Sea (MED POL Phase Il) and issued by
the United Nations Environment Programme as Reference Method for Marine Pollution
Studies No. 2 within UNEP's Regional Seas Programme Activity Centre’s series.

The method is essentially based on already-existing recognized techniques, and
also drawn on the experience of microbiologists in a number of Mediterranean
laboratories. In the description, the style used by the International Organization for
Standardization (ISQ) is followed as closely as possible. While designed primarily with
conditions prevailing within the Mediterranean Sea in mind, the method is also, to
variable extents, suitable for other 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 laboratories using the method within the
frarmewaork of their national or local marine pollution manitoring programme.

SGOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of total coliforms in
coastal bathing waters of temperate and tropical seas. !t is designed to be used in
sanitary surveillance of bathing beaches.

One advantage of this method is that it avoids false positive readings of
colonies from anaerobic bacteria such as Clostrudium perfingens. Many non-coliforms
will not grow on the test medium used. The non-coliforms that do grow have to be
excluded by using special tests (8.9). A disadvantage of the method is that it also
detects coliforms of non-faecal origin and is consequently not a specific test indicating
pollution by faecal material.

It uses a membrane filter procedure which allows concentration of the bacteria
prior to incubation. It can be employed in alternation with the Multiple-Tube
Fermentation (MPN) Test (UNEP/WHO 1983). Whether the Membrane Filtration (MF)
Culture Method is preferred to the MPN Test depends on local conditions and personal
preferences. In general, the MF method is less labor-intensive and, due to the
preconcentration of the bacteria in the sample, it is more suitable in situations where low
numbers of coliforms are to be estimated. The MPN test should be given preference
when the test sample contains high amounts of particulate matter which will hinder the
readings of the MFs after incubation.

Since coliforms die when exposed to seawater, their presence in seawater
indicate only recent contamination by faecal materials. Die-away rates (T-90) depend
on salinity, temperature, solar radiation, etc. and must be taken into consideration when
interpreting results.
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3. DEFINITION

Coliform bacteria are aerobic and facuitatively anaerobic Gram-negative, non-
sporeforming rods that ferment lactose while producing acid and gas at 36 = 1° C.
Under the conditions described in this document, the coliform colonies will appear as
pink to dark red spots with a metallic (golden) sheen, which may vary in size from
pinhead to complete colony coverage. Lactose-negative bacteria appear as colourless
colonies.

Coliform bacteria detectable by this test include £. coli type | which are of
faecal origin and irregular types 1l and VI which may not be of faecal origin.

4. PRINCIPLES

From seawater samples taken under sterile conditions, a dilution series is set
up according to the number of total coliforms expected in the water sample. Aliquots
of this dilution series are filtered through 0.45)1 pore size membrane filters. The
membrane filters are placed on the surface of M-endo-agar-MF contained in Petri dishes
and incubated at 36 + 1° C for 24 hours. The coliform colonies will appear as pink to
dark red spots with a metallic (golden) sheen, which may vary in size from pinhead to
complete colony coverage.

Residual chlorine, if present, is neutralized by adding thiosulphate to the
sampling bottle before sterilization.

Suspect and doubtiful colonies can be tested for acid and gas development with
a confirmative test using the MacConkey or brilliant green broth.
o APPARATUS AND GLASSWARE

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

5.2 Sample rod of non-corrosive material with a clamp to hold the sampling bottle
{figure 1).
53 Subsurface sampler of the type shown in figure 2, or similar, complete with

plastic rope and weight.

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

55 Thermometer, 0 to 50° C, precision + 1° C, preferably unbreakable plastic type,
to be used for checking temperature in plastic boxes (5.4).

5.6 Filtration apparatus for 4.7 cm diameter membrane filters (MF) consisting of at
least three filter funnels for simultaneous filtration, made of borosilicate glass
or other non-toxic sterilizable material, complete with electric or water vacuum

pump.
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1) Submerge mouth 20-30 ¢m
2y Turn extension arm 180°

Figure 1. Subsurface sampling with extension arm.

Wire

Messenger

— Glass tube (breakable)

Rubber hose —-

Sterile sample bottle

r=es —— Heavy bottom weight

Figure 2. Sampler for sterile subsurface sampling.
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57 Air incubator for 386 + 1° C.

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

5.9 Autoclave, max 2 atm., electric or gas.

510  Drying oven for sterilization at 160° C.

5.11 pH meter, precision = 0.1 pH units.

5.12 Stainless steel forceps.

513  Analytical balance, precision £ 1 mg.

5.14  Refrigerator 4 = 1° C.

5.15  Vibrator (shaker) for mixing liquids in culture tubes.

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

5.17 Ehrlenmeyer flasks of borosilicate glass for media preparation, capacity one
and two litres.

5.18  Borosilicate glass bacteriological culture tubes.

519  Total volume (blow-out) borosicilate glass pipettes of 1, 9, 10 and 20 ml
capacity, with stainless steel containers for sterilization.

Note: 9 ml capacity pipettes are useful, but not essential.

520  Graduated borosilicate glass cylinders of 100, 500 and 1000 m! capacity with
glass beakers for cover.

5.21 Small borosilicate glass vials ("Durham vials") to be inserted in culture tubes
(5.18).

5.22 Bacteriological loops made from 22-24 Chromel gauge, nichrome or platinum-
iridiurn. Diameter of the loop: 3 mm.

5.23 Heavy wrapping paper.
524  Aluminium foil (household quality}.

5.25  Membrane filters (MF), pore size 0.45y, diameter 4.7 cm, or similar, fitting
filtration apparatus {5.6).
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Note: The 0.45u pore size membrane filter (MF) should be certified by the
manufacturer to be free from substances which may hinder the
growth and development of bacteria. Maximum recoveries are
obtained using membranes composed of mixed esters of cellulose.

5.26 Filter paper.

6. CULTURE MEDIA, CHEMICALS AND STOCK CULTURE

Note: The composition of the media is based on one litre solutions or
sirilar units. Before preparation of media and solutions the actual
needs have to be established and amounts must be chosen
accordingly.

6.1 M-Endo-Agar-MF

Polypeptone 10.0g
Thiopeptone 5049
Casitone 509
Yeast extract 1.5¢
Lactose 125 ¢g
NaCl 509
K, HPO, 4375 g
KH,PO, 1.375 g
Sodium lauryl sulfate 0.05¢
Sadium desaxycholate 0.10 g
Sodium sulfite 210g
Basic fuchsine 1.05¢
Distitled water (6.6) 1.0 litre
Agar 15.0¢g

Preparation: Dissolve the components of the medium in 1 litre of distilled water
containing 20 mi ethanol (6.8). Heat to boiling point and promptly remove from heat.
The final medium should have a pH of 7.2 + 0.1. Cool to about 45° C and pour 4-5 mi
into each Petri dish. After the agar has solidified in the Petri dishes invert the Petri
dished and store them in the refrigerator. The dishes with prepared medium can be
kept in a refrigerator for up to 30 days if kept in the dark.

Note: Do not autoclave the medium.

Note: The agar surface should not become too dry because if the agar is
dry the MF will not adhere well to the agar surface (8.5) and hinder
the diffusion of nutrients to the colonies on the MF.

6.2 MacConkey Broth

6.2.1 Medium

Sodium taurocholate 5049
Lactose 10049
NaCl 50¢
Feptone 200 g

Distilled water {6.6) 1.0 litre




Total coliforms in seawater by the MF culture method

Preparation: Dissolve components by shaking. Adjust pH to 7.1 = 0.1 with
diluted HCl and then add the bromo-cresol purple solution (6.2.2). Add inverted vials
(5.21) to clean culture tubes (5.18, 8.1) and dispense sufficient medium into the culture
tubes so that the inverted vials are at least partially covered after the entrapped air in
these vials has been driven out during autoclaving and close the tubes with cotton
plugs. Autoclave (5.9) the closed culture tubes at 121° C for 15 minutes,

6.2.2 Bromo-cresol purple solution
Preparation: Dissolve 1 g of bromo-cresol purple in 88 ml of 95% ethanol (6.8).
Brilliant Green Bile Broth

Oxgall, dehydrated 2009
Lactose 10.0 g
Peptone 10.0 g
Brilliant green 13.2 mg
Distilled water (6.6) 1.0 litre

Preparation: Dissolve components by shaking. Add inverted vials (5.21) to
clean culture tubes (5.18, 8.1) and dispense sufficient medium into the culture tubes so
that the inverted vials are at least partially covered after the entrapped air in these vials
has been driven out during autoclaving and close the tubes with cotton plugs. Sterilize
by autoclaving (5.9) at 121° C, preferably for 12 minutes, but not exceeding 15 minutes.
After sterilization, cool the broth as quickly as possible. Final pH should be 7.2 = 0.2
Test the samples of the finished product for performance using control stock cultures
{6.9).

6.4 Phosphate Buffer (pH = 7.2)
KHPO,

3.
KH,PO, 1.
Distiled water (5.6) 1

0g
0g
0 litre

6.4.1 P-buffer for filtration
Preparation: Dissolve components and autoclave at 121° C for 15 minutes.
6.4.2 P-buffer for dilutions

Preparation: Dissolve components and dispense 9 ml in test tubes used for
dilutions in the dilution series (8.4) and autoclave (5.9) at 121° C for 15 minutes.

6.5 Thipsulphate Solution

Preparation: prepare a 10 per cent sodium thiosulphate golution in distilled
water (8.6) and sterilize by filtration (e.g. through a sterile MF (8.2.4, 8.2.5)).
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GG Distilled Water

Use only water distilled in all-glass or all-quartz digtillation apparatus. De-
ionized water is also acceptable if produced in apparatus not releasing toxic
substances.

Note: Commercially available distilled water is often produced in copper and
zing apparatus and is highly toxic for coliforms. Before using such
water its toxicity should be checked with a stock culture of £ coli
(6.9).

6.7 Detergents for Cleaning Glassware and Apparatus

Use only detergents recommended by the supplier for bacteriological use. |If
such a detergent is not available, check normal household detergents with a biotest
using a stock culture of £. coli (6.9).

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware.
6.8 95% Ethanol per Analysis.

6.9 Stock Culture of E. coli.

7. SAMPLING
Details of a sampling plan are provided in Part | of these guidelines.
7.1 Sampling of Surface Water

Attach clean sterilized sample bottle (8.2.1) to the clean sampling rod (5.2).
Immediately before submerging the sample bottle, remove the ground glass stopper
from the botile without touching the stopper cone. Immerse the bottle from the bow of
the boat or from the windward side while the boat is moving farward slowly. Push the
botile with the sampling rod 25 ¢rm under the water surface with the mouth of the bottle
downwards, in order to avoid contamination by surface film, then turn the sample bottle
upwards and take the sample (figure 1). The sterilized sample bottle may also be filled
directly by hand.

Retrieve the botlle and discard some water, if necessary, so that some air
space remains in the closed bottle. This space is needed for homogenizing the water
sample at the receiving laboratory. Replace the glass stopper and store the samples
in the clean thermoisolated box (5.4) with cooling pads at about 4° C. Keep 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 a
thermometer (5.5) every three hours. Report irregularities in the test report. Label
sample bottles indicating the sampling station, time of sampling and other factors
relevant to the interpretation of the results.
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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 bottom 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).

Note: [t is known that the die-away rate of coliforms at ambient temperature
in the presence of light is very high. Therefore, all efforts should be
made so as not 1o collect 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 Equipment

All glassware and apparatus (5) should be washed with non-toxic detergent
{6.7), first rinsed thoroughly with hot tap water and then rinsed at least three times with
distilled water (6.6).

B2 Sterilization of Glassware and Equipment

B.2.1 Surface sample bottles (5.1). Clean the sample bottle as described
under 8.1. Dry and sterilize it in a drying oven (5.10) for three hours at 160° C. Before
sterilization, place a small piece of filter paper (5.26) in the neck of the bottle {0 prevent
the ground glass stopper from sticking after cooling.  After cooling to ambient
temperature in the drying oven, remove this filter paper with sterilized forceps (8.2.6)
and fit the ground glass stopper securely into the neck of the botlle. Put the bottles into
detergent-cleaned thermoisolated boxes (5.4). Separate the bottles from each other
with clean wrapping paper (5.23) to avoid breakage.

Note: if residual chiorine is suspected in the water sample, add, aseptically,
0.1 ml of & 10 per cent thiosulphate solution (6.5) for each 100 ml
sample to the contents of the sample bottle before sterilization. This
amount is sufficient to neutralize about 15 mg of residual chlorine per
litre.

8.2.2 Subsurface sampler (5.3). Clean the subsurface sampler as described
under (8.1), rinse with tap and distilled water (6.6). Enclose 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 (5.16) and pipettes (5.19). Clean dishes and pipettes,
complete with a cotton plug in the mouthpiece, are put into suitable stainless steel
containers and sterilized in a drying oven (5.10) for three hours at 160° C.
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Note: Disposable pre-sterilized plastic Petri dishes may be more economical
to use than reusable glass Petri dishes.

8.2.4 Filter funnels of filtration 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 autoclave (5.9) for 15 minutes at 121° C, orin a
drying oven (5.10) for 3 hours at 160° C.

8.2.5 Membrane Filters (MF) (5.25). Remove the paper separator (if present)
and place 10 to 12 clean MFs into Petri dishes (5.16). Autoclave (5.9) for 15 minutes
at 121° C. At the end of the sterilization it the steam escape rapidly in order to
minimize the accumulation of condensate on the MFs.

Note: Sterilized MFs are commercially available.

8.2.6 Forceps (5.12). Sterilize forceps by dipping them into 85 per cent
ethanol (8.8) and flaming them.

8.3 Selection of Sample Size and Dilution Series

The MFs should ideally have from 20 to 80 colonies after incubation. If
previous experience for planning the dilution series for clean seawater is not available,
filter the following volumes of the original sample: 100 mi, 10 ml, 1 ml and 0.1 ml
{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 guarantee that representative aliquots are taken.

Prepare the dilution series by taking with a sterilized pipette (8.2.3), after
vigorously shaking the sample (7), 1 m! from the original sample (figure 3, dilution: D-0)
and transfer this 1 ml into a culture tube containing 9 mi of P-buffer (6.4.2) to make the
first difution (D-1). Agitate the tube on a mixer (5.15) or shake it vigorously by hand.
Continue the preparation of the dilution series by taking 1 mi from the first dilution (O-1)
and mixing it in a new culture tube containing @ ml of phosphate buffer (6.4.2) in order
to obtain the second dilution (D-2), etc.

85 Filtration Procedure

Begin filtration with the highest dilution (e.g D-2) in order to avoid contamination
from samples containing bacteria in higher concentrations. 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 fitration apparatus (8.2.4).
Carefully place the matching funnel unit over the receptacle and lock it in place. Add
into the funnel about 20 mi of buffer solution (6.4.1). With a sterilized pipette (8.2.3) and
1 mi of the D-2 dilution into the buffer solution in the funnel. Filter with a partial vacuurm.
Wash the funnel walls with approximately 20 mi of buffer solution (6.4.1). Filter with a
partial vacuum. Wash the funnel walls two more times with 20 ml of buffer solution
(6.4.1) and filter again. Unlock and remove the funnel, immediately remove the MF with
flamed sterilized forceps (8.2.6) and place the MF on the agar surface of the medium




-1-10 Total coliforms in seawater by the MF culture method

cortained in the Petri dish (6.1) with a rolling motion to avoid the entrapment of air.
Before filtering the next dilution (D-1) in the same manner, pass 20 ml of buffer solution
(6.4.1) through the assembled filtration unit.

P-buffer Test sample D-0

20 ml each
(3 times) L-1

1T ml 10ml 100 ml

L

0.01 ml 0.1 mi 1 mi 10 mi 100 mi

of original sample on MF

Figure 3. Preparation of dilution series and filtration procedure.

86 Incubation

The Petri dishes containing the MFs on agar (8.5) are sealed and incubated (5.7)
immediately for 24 hours at 36 * 0.1° C, As a sterility check, incubate also one blank
(without MF), i.e. a Petri dish containing agar (6.1) only.

B.7 Interpretation

Count with a stereomicroscope or similar (5.8) only colonies which appear as
pink to dark red spots with a metallic (golden) sheen, which may vary in size from
pinhead to complete colony coverage. If the number of dubious colonies is greater
than 10 per cent of the total number of colonies, test dubious colonies either by
MacConkey broth test (8.9.1) or brilliant green bile broth test (8.9.2).
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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 (8.4) using the sample, i.e.
repeating the four last consecutive dilution steps described under 8.3 and 8.4 {figure 3).
The water sample used should be collected during the routine monitoring programme
at a coastal station typical of the area. The dilution series should be selected in such
a way 30 that one dilution step yields three MF counts which satisfy the 20 to 200
colonies requirements expressed in section 9.1,

Filter each individual dilution following procedure 8.5. Incubate according to
procedure 8.6. Report MF counts following the procedure described in sections 9.1 and
9.2 taking into consideration interpretation method of section 8.7. Results should be
reported in the test report (table 2, item 9). -

Caleulate the total coliform concentrations of the original sample for each of the
replicate results, according to section 9.3 and report the resulis in the test report (table
2, item 10Q).

For each dilution step having the three MF counts between 20 and 200 total
coliforrn colonies, calculate: the mean concentration, the concentration range, the
standard deviation of the concentrations, and the coefficient of variation 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
dilution, prepare a test solution from a stock culture (6.9) and repeat the estimation of
precision.

Note: Coefficient of variation (%) = standard deviation x 100
mean

8.9 Confirmatory Test

8.9.1 MacConkey broth test: With a flamed bacteriological loop (5.22)
transfer the suspected colony from the MF into a culture tube containing MacConkey
broth (6.2.1) and incubate at 36 + 1° C for 48 hours. Coliforms will develop gas which
is trapped in the inverted Durham vials, and acid which turns the violet-like colour of the
original broth into a yellowish colour.

8.9.2 Brilliant green bile broth test: With a flamed bacteriological loop (5.22)
transfer the suspected colony from the MF into a culture tube containing brilliant green
bite broth (6.3) and incubate at 36 = 1° C for 48 hours. Coliforms will develop gas
which is trapped in the inverted Durham vials.

Note: The MacConkey broth test is equivalent to the brilliant green bile broth
test. Either can be used for confirmation.
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9. EXPRESSION OF RESULTS

9.1 Report the number of coliform colonies on individual 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 total number of colonies (i.e. coliforms plus non-
coliforms) between 20 and 200. Retain only two significant digits of the counted
number of coliform colonies per filter.

Indicate the results obtained for each filter separately in the test report (table
1, item 9).

9.2 Express the results in terms of total coliforms per 100 m! of sample, using the

following equation:

adjusted number of coliform colonies « 100
ml of sample filtered

total coliforms per 100 ml sample =

Indicate the results obtained for each dilution separately in the test report (table
1, item 10). Report also the results obtained on MFs with less than 20 coliform colonies
per filter. If there are no coliform colonies on the filter report the results as "< 1 coliform
per 100 mi".

9.3 Compute the number of total coliforms per 100 ml 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 Record in the test report (table 1, item 12) anomalies observed in test
procedure (confluent growth of colonies, deVIatIDn from temperature prescribed for
sample storage and incubation, etc.).
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10. TEST REPORT

Table 1. Total coliforms in geawater samples.

. Sampling area 2. Sampling point
countny: (station)
area

code number:
longitude:
fatitude;

. Time of sampling hour .

. Sampling and environment conditions
Sampling depth;
Temperature at sampling depth:
Salimty at sampling depth:

year:

Container number;

Duration of storage:

(other factors which may influance the results should be reported under 12)

. Time of filtration hourr .
. Start of incubation hours .
. End of incubation hour: .
. Confirmatory test MacConkey:

day:
day:
day:
Brilliant green:

/
/
/

S
S
— .

. Number of colonies per individual filter

ml of ariginal total coliforms
Dilution  sample filttered colonies

B-0 160

D-0 10

D-0 1

D-1 0.1

Dz 0.01

03 0.001

D4 0.0001

10. Colonies of total coliforms /100 mi

Ditutions cal. /100 mi

11. Test resul}

total eoliferms /100 mi

Anomalies observed in the test procedure:

Fuli address of the institution which
carried out the analysis:

Name(s) and signature(s) of the
person(s) who carried out the analysis:
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Table 2. Precision estimation for total coliforms determination.

1. Sampling area 2. Sampling point code number:
country: {station) langitude:
area: latitude:

. Time of sampling hour: __ . : year:

. Sampling and environment conditions
Sampling dapth: Container number:
Temperature at sampling depth:
Salinity at sampling depth: Duration of storage:
{other factars which may influence the results should be reported under 12)

. Time of filtration hour: . day:  /
. Start of incubation hour, _ ., day: _ /
. End of incubation hour: day: /[
. Confirmatory test MacConkey: Brilliant green:

/
A
/

. Number of colonies per individual filter 10. Colonies of total eoliforms/100 ml

mi of original total coliforms colonies Dilutions col./100 ml
Dilution  sample fitered replica
15t 2nd  3rd

11, Results (Total coliforms/100 mi)
maan: range:

std.dev,: coefvar,: %

12.  Anomalies cbserved in the test procedure:;

13. Full address of the institution which . Name(s) and signature(s) of the
carried out the anatysis: person(s) who carried out the analysis:
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1. INTRODUCTION

The original version of this recommended method was prepared by the World
Health Organization within the framework of the Long-term Programme of Pollution
Monitoring and Research in the Mediterranean Sea (MED POL Phase Il) and issued by
the United Nations Environment Programme as Reference Method for Marine Pollution
Studies No. 21 within UNEP's Regional Seas Programme Activity Centre’s series.

The methodis essentially based on already-existing recognized technigues, and
also drawn on the experience of microbiclogists in a number of Mediterranean
laborataries. in the description, the style used by the International Crganization for
Standardization (ISQ) is followed as closely as possible. While designed primarily with
conditions prevailing within the Mediterranean Sea in mind, the method is also, to
variable extents, suitable for other similar ecological regions.

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

2. SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of total coliforms in
coastal bathing waters of temperature and tropical seas and is designed to be used in
sanitary surveillance of bathing beaches.

Itis based on the Muitiple-Tube Fermentation (MPN) Test and can be employed
as an alternative to the Membrane Filtration Culture Method. Whether the Membrane
Filtration {MF) Culture Method is preferred to the MPN Test depends on local conditions
and personal preferences. In general the MF method is less labour intensive and due
to the preconcentration of the bacteria in the sample it is more suitable in situation
where low numbers of coliforms are to be estimated. The MPN test should be given
preference when the test sample contains high amounts of particulate matter which will
hinder the reading of the MF’s after incubation.

Since total coliforms die within hours when exposed to sunlight in seawater at
termperatures above + 4° G, their presence in seawater indicates only recent
contamination by faecal material and by soil in stormwater runoff. Die-away rates (T-80)
depend on salinity, temperature, solar radiation, ete. and must be taken into
consideration when interpreting the results.

3. DEFINITION

Total coliforms are aerobic and facultatively anaerobic, Gram-negative, non-
sporeforming rods that ferment lactose while producing acid and gas at 35° C within 48
hours,
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4. PRINCIPLES

Quantitation of total coliforms in marine (seawater) samples is accomplished
by testing multiple sample portions in a lactose based medium for gas production at
a5° C within 48 hours. Positive findings in the presumptive test phase are confirmed in
a second medium for verification of coliform occurrence.

Five sample portions for each multiple tube dilution (10 mi, 1 mi, 0.1 ml, etc.)
are inoculated into individual tubes of lactose broth, After 24 hours incubation, all
lactose cultures are examined for gas production. Those that have visible evidence of
gas production are confirmed by transferring a loop-full of culture from each positive
tube to individual tubes of MacConkey broth or brilliant green broth and incubating at
35 + 0.5° C. Presumnptive tubes showing no gas production are re-incubated for an
additiona! 24 hours, then inspected for gas production. Any new positive cultures are
confirmed as previously described and incubated at 35 = 0.5° C. All 48 hour negative
presumptive tube results are recorded, then discarded. All confirmation cultures are
inspected at 24 hours and 48 hours for gas production. These results are also recorded
and the combination of confirmed positive reactions (gas development in brilliant green
or gas + acid development in MacConkey broth at 35° C) in the different dilutions within
48 hours is used for the calculation of the most probable number (MPN) of total
coliforms in the water sample.

5. APPARATUS AND GLASSWARE

5.1 Sample bottles of borosilicate glass or autoclavable plastic bottles with screw-
cap tops, 200-250 ml capacity, wide-mouthed and with ground-glass stoppers
are used to collect marine (seawater) samples.

5.2 Sample rod of non-corrosive material with a clamp to hold the sampling bottie
(figure 1).
53 Subsurface sampler of the type shown in figure 2, or similar, complete with

plastic rope and weight.

5.4 Thermo-insulated plastic container with prefrozen packs of chemical gel
(camping equipment) for storage of samples.

5.5 Thermometer, 0 to 50° C, precision = 1° C, to be used for checking
temperature in sample collection containers (5.4). Thermometer, 0° to 50° C,
precision = 0.5° C, to be used for checking temperature during incubation.

5.6 Air or water incubator adjusted to 35 = 0.5° C with suitable test tube racks for
incubating multiple tube cultures (5.15).

5.7 Autoclave, maximum 2 atm., electric or gas.
5.8 Drying oven for sterilization of glass sample bottles and pipettes at 160° C for
2 hours.

5.9 pH meter, precision = 0.1 pH units.
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5.10

.11

5.12

513

5.14

6.1

Balance for media preparation, precision * 1 mg.

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

Vibrator (shaker) for mixing sample aliquots in serial dilution (optional).

Ehrlenmeyer flasks of horosilicate glass for media preparation, capacity 1 and
2 litres.

Borosicilate glass bacteriological culture tubes with sufficient capacity to receive
20 ml of medium.

Small borosilicate glass tubes 6 x 50 mm ("Durham vials") to be inserted in
culture tubes {5.15) for detection of gas formation in the multiple test tube.

Total volume (blow-out) borosilicate glass pipettes of 1, 9 and 10 ml capacity
with stainless steel containers for sterilization.

Note: 9 ml capacity pipettes are optional.

Graduated borosilicate glass cylinders of 100, 500 and 1000 ml capacity with
glass beakers, aluminium foil or wrapping paper for cover.

Bacteriological transfer loops made from 22-24 Chromel gauge, nichrome or
platinum-iridium. Diameter of the loop: 3 mm.

Heavy wrapping paper or aluminium ewl wrap.

Test tube racks, rust resistant, with capacity for 15 or 25 test tubes (preferably).

CULTURE MEDIA, REAGENTS AND STOCK CULTURE

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

Preparation of Materials, Media, Reagents

All glassware and apparatus (5) should be washed with non-toxic detergent

(6.9), followed by athorough (complete) rinse with hot tap water and then rinsed at least
three times with distilled water (6.7).
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1) Submerge mouth 20-30 em
2) Turn extension arm 180°

Figure 1. Subsurface sampling with extension arm.

Wire

Messenger

— Glass tube (breakable)

Rubber hose —

NMetal frame

—— Sterile sample bottle

Heavy bottom weight

Figure 2. Sampler for sterile subsurface sampling.




Total coliforms in seawater by the multiple test tube method I-2-5

6.2 Sterilization of Glassware and Equipment

6.2.1 Surface sample botiles {(5.1). Clean all sample bottles as described
under (6.1) and dry. Plastic sample bottles can only be sterilized in the autoclave (5.7)
(121° C for 15 minutes), Be sure screw-cap tops are loose fitting during sterilization to
avoid bottle collapse due to steam pressure in autoclaving. Sterilize glass sample
bottles preferably in a drying oven (5.8) for two hours at 160° C. Before sterilization,
place a small piece of filter paper in the neck of the bottle to prevent the ground glass
stopper from sticking after cooling. The paper insert should be left in place until time
of sample collection. At that time, discard the paper insert by flipping it out of bottle.
Do not insert it into the sample or remove with fingers because of chance
contamination. Put bottles into detergent-cleaned thermo-insulated boxes (5.4).
Separate the bottles from each other with clean wrapping paper (5.19) to avoid
breakage.

Note:  [f residual chlorine is suspected in the water sample, add 0.1 ml of
a 10 per cent sodium thiosulphate solution (6.8) for each 100 mt of
sample to the contents of the sample bottle before sterilization. Thig
amount is sufficient to neutralize about 15 mg of residual ¢hlorine
per litre.

6.2.2 Subsurface sampler {5.3). Clean the subsurface sampler as
described under 6.1, rinae with tap and distilled water (6.7). Enclose each sampler in
heavy wrapping paper (5.19) and sterilize in an autoclave (5.7) for 15 minutes at 120°
C.

6.2.3 Pipettes (5.16). Clean pipettes as described under 6.1 then insert a
cotton plug in the mouthpiece and place into sultable stainless sieel containers prior to
sterilization in a drying oven (5.8) for two hours at 160° C.

6.3 Lactose Broth

strength
single double
Beef extract 304 60g
Peptone 509 10.0g
Lactose 5049 10.0 g
Distilled water 1.0 litre 1.0 litre

Preparation: Dissolve ingredients in distilled water (6.7). The pH of single
strength broth should be between 6.8 and 7.0, but preferably 6.9 after sterilization (5.8).
Double strength broth pH should be 6.7 = 0.1,

Place & clean culture tubes (5.14) in each of 3 rows of a test tube rack (more
in case the expected MPN of total coliforms is high). Then add inverted vials (5.15) to
all culture tubes (5.14) and dispense 10 ml of medium into the culture tubes or sufficient
amount so that the inverted vials (Durham vials) are at least partially covered after then
entrapped air in these vials has been driven out during autoclaving. Use double
strength lactose broth in the first row of these culture tubes. Into the second and third
rows (and if necessary into successive tows) transfer single strength broth. Close all
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prepared tubes with metal caps or cotton plugs. Autoclave (5.7) the prepared media
tubes at 121° C preferably for 12 minutes but not to exceed 15 minutes. Check tubes
of sterile medium for a final pH of 6.8 = 0.1 after autoclaving. Test a sample of the
sterilized medium for performance using control stock cultures (6.11). If the non-lactose
fermenting control culture produces gas in 24 hours at 35° C, medium has been
overheated in autoclaving and should be discarded.

Note: Double strength broth must be used in the first row when 10 mi of
sample is added to the culture tubes. If sample portions to be tested
are greater than 10 ml, prepare medium concentration such that after
sample addition, the medium will approximate 1 x (normal) strength.

6.4 MacConkey Broth

Sodium taurocholate 5049
Lactose 10049
NaCl 50¢g
Peptone 200¢
Distilled water 1.0 litre

Preparation: Dissolve ingredients by shaking and adjust pH to 7.1 = 0.1 with
diluted HC) or NaOH. Add 2 ml bromo-cresol purple solution (6.4.2) to each litre of
prepared MacConkey broth.

Place 5 clean culture tubes in each of 3 rows of a test tube rack. Then add
inverted vials (5.15) to all culture tubes and dispense sufficient medium into the culture
tubes so that the inverted vials are at least partially covered afer the entrapped air in
these vials has been driven out during autoclaving. Close all prepared tubes with metal
caps or cotton plugs. Autoclave the prepared medium in culture tubes at 121° C,
preferably for 12 minutes, but not exceeding 15 minutes.

After sterilization, cool the broth as guickly as possible, Final pH of single
strength medium should be 7.2 + 0.2 after autoclaving. Test a sample of the sterilized
medium for performance using control stock cultures (6.11). If the non-lactose
fermenting control culture produces gas in 24 hours at 35° C, the medium has been
overheated in autoclaving and should be discarded.

6.4.2 Bromo-cresol Purple Solution

Preparation: Dissolve 1 g of bromo-cresol purple in 98 ml of 85% pure ethanol
(6.10).

6.5 Brilliant Green Bile Broth

Oxgall, dehydrated 20.0g
Lactose 10.0 g
Peptone 10.0 g
Brilliant green 0.0133 g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in one litre of distilled water (6.7).
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Place 5 clean culture tubes in each of 3 rows of a test tube rack. Then add
inverted vials (5.15) to &ll culture tubes and dispense 10 m! of medium into the culture
tubes, or sufficient amount, so that the inverted vials are at least partially covered after
the entrapped air in these vials has been driven out during autoclaving. Close the tubes
with metal caps or cotton plugs. Sterilize by auteclaving at 121° C, preferably for 12
minutes, but not exceeding 15 minutes. After sterilization, cool the broth as quickly as
possible. Final pH should be 7.2 + 0.2, Test a sample of the finished product for
performance using control stock cultures (6,11). If the non-lactose fermenting control
culturé produces gas in 24 hours at 35° C, medium has been overheated in autoclaving
and should be discarded.

6.6 Phosphate Buffered Water

Preparation: To prepare stock phosphate buffer solution, dissolve 34.0 g
potassium dihydrogen phosphate (KH,PQ,), in 500 mi distilled water, adjust to pH 7.2
+ 0.5 with 1N sodium hydroxide (NaQH), and dilute to 1 litre with distilled water.

Add 1.25 ml stock phosphate buffer solution and 5.0 ml magnesium chloride
solution (38 g anhydrous MQCIEI'1 distilled water) to 1 litre distilled water. Dispense in
amounts that will provide 83 + 2.0 ml or 9 = 0.2 ml after autoclaving for 15 minutes.
Final pH should be 7.2 = 0.2. if the anhydrous salt is not available use 81.8
MaCl,.6H,0 per 1 litre of distilled water.

Peptone water (alternative dilution water): Prepare a 10% stock solution of
peptone in distilled water. Dilute a measured volume to provide a final 0.1% working
solution. Dispense in amounts to provide 99 = 2.0 ml or 9 = 0.2 m! after autoclaving
for 15 minutes. Final pH should be 6.8.

Do not suspend bacteria in any dilution water for more than 30 minutes at room
temperature because death or multiplication may occur,

6.7 Distilled Water
Use only water distilled in all-glass or all-quartz distillation apparatus or reverse
osmosis (RO) water. De-ionized waler is also acceptable if produced in apparatus that

does not release toxic substances.

Note: Commercially available distilled water is often produced in copper and
zine apparatus and is highly toxic for coliforms.

6.8 Thiosulphate Solution

Prepare a 10 per cent sodium thiosulphate (Na,5,04 stock solution. To a
120 ml sample bottle, add 0.1 m{ of the 10% solution of Na,5,0, before sample bottle
sterilization.
6.9 Detergents for Cleaning Glassware and Apparatus

Use only detergents recommended by the supplier for bacteriological use. If
such a detergent is not available, check normal household detergents with a biotest
using a stock culture of E. coli.

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware.
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6.10 95 per cent Pure Ethanol (not denatured)
6.1 Stock Cultures for Quality Control

Stock cultures of E. cofi for positive control (lactose fermentation) and Froteus
inirabilis or a Salmonella strain for negative control (glucose fermentation).

7. SAMPLING
Details of a sampling plan are provided in Part | of these guidelines.
7.1 Sampling of Surface Water

Label sample bottle at collection site indicating the sampling station, time of
sampling and other factors relevant to the interpretation of the results. Attach clean
sterilized sample bottle (6.2.1) to the clean sampling rod (5.2). Immediately before
submerging the sample bottle, remaove the ground glass stopper from the bottle without
touching the inner surface of the bottle and stopper or screw cap. Immerse the bottle
from the bow of the boat or from the windward side while the boat is moving forward
slowly. Push the bottle with the sampling rod 25 em under the water surface film, then
turn the sample bottle upwards and take the sample (figure 1). The sterilized sample
bottle may also be filled directly by hand. Position bottle with neck pointing slightly
upward and opening directed away from the hand. Plunge the bottle below the water
surface with a sweeping motion against the current,

Retrieve the bottle and discard some water, if necessary, so that some air
space remains in the closed bottle. This space is needed for homogenizing the water
sample at the receiving laboratory. Replace the glass stopper or screw cap and store
the samples in the clean, thermo-insulated sample bottle container (5.4) with prefrozen
packs of chemical gel at about 4° C, avoiding exposure to more than + 10°C. Keep
samples in the dark. Separate bottles from each other with clean wrapping paper (5.18)
to avoid breakage.

7.2 Sampling of Subsurface Water

l.abel sample bottle at collection site indicating the sampling station, time of
sampling and other factors relevant to the interpretation of the results. Lower the
sterilized subsurface sampler (6.2.2) after attaching it to a clean plastic rope, without
letting the weight disturb the bottom sediments (figure 2). Release the messenger and
after one minute retrieve the sampler and store it in a thermo-insulated sample
collection container (5.4). Proceed as for sampling of surface water (7.1).

Note: It is known that the die-away rate of total coliforms at ambient
temperature in the presence of light is very high. Therefore, all efforts
should be made so as not to collect more samples than can be
analyzed and incubated the same day. If this is not possible, the
samples should be stored at 40° C and analyzed not later than 24
hours after sampling.
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D-0Q D-1 D-2
10 ml 1 ml / 1 ml 1 mi
&
60\3{‘0:"
&
2
FRESUMPTIVE TEST
one drop from each positive tube
first ﬁ
confirmed
iest
second ﬁ
confirmed
test

Figure 3. Scheme of preparation of dilution series.
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8. TEST PROCEDURE
8.1 Selection of Sample Size and Dilution Series

Select a dilution series for each sample that will ensure positive tubes in the
lowest dilution row and negative tubes in the higher dilution rows. If previous
experience for planning the dilution series for clean seawater is not available, transfer
10 mi of the seawater to the first row containing 5 tubes of double strength lactose
broth, 1 mito the second row of 5 tubes and 0.1 ml o the third row of 5 tubes. All rows
after the first row (if 10 ml sample portions are used) should contain only single strength
lactose broth. In polluted seawater the dilution should be extended to 5 dilution rows
(the first receiving 10 mi from the seawater sample into double strength lactose) or 5
dilution rows of single strength lactose broth into which the seawater sample is
transferred after the appropriate serial (10 fold) dilutions (figure 3).

8.2 Incubation in Lactose Broth at 35 + 0.5° C for 48 hours (Presumptive
test)

Using sterile pipettes (6.2.3) transfer 10 ml portions of the water sample (7) into
each of 5 sterilized culture tubes containing double strength lactose broth (6.3).

Next transfer with a sterile pipette (6.2.3) 1 ml sample portions (7) into &
sterilized culture tubes containing single strength lactose broth (8.3).

For preparing further dilutions shake sample again then transfer with a sterile
pipette (6.2.3) 1 m! of water sample (7) into a test tube containing 9 ml of phosphate
butfer (6.6} (dilution D-1). Mix vigorously by hand or optionally with vibrator (5.12).
Transfer aseptically (6.2.3), using a sterile pipette, 1 ml of D-1 into each of the 5 culture
tubes containing 10 ml single strength [actose broth (6.3).

If necessary, for further dilutions transfer 1 mi of the D-1 dilution into a test tube
containing 9 mi of phosphate buffer (6.6) 10 obtain dilution D-2, 1 ml of dilution D-2 into
8 ml of phosphate buffer (6.6) to obtain dilution D-3, etc. Shake each succeeding dilute
aliquot prior to transferring dilute sample portions to culture tubes containing single
strength lactose broth,

Incubate the series of lactose broth culture tubes in an incubator (5.6) at 35 +
0.5° C for 48 hours.

After 24 hours check for gas formation. The observation of gas formation in
the Durham vials can be facilitated by slightly tapping on the walls of culture tubes. The
appearance of an air bubble must not be confused with actual gas production. If the
gas is formed as a result of fermentation, the broth will become cloudy. Active
fermentation may be shown by the continued appearance of small bubbles of gas
throughout the medium outside the inner vial when the fermentation tube is shaken
gently. Record the number of tubes showing positive reactions (gas formation after 24
hours of incubation) in table 3, item 9, under (1a).

After 48 hours check again for gas formation in the same tubes and record the
results in table 3, itern 9, under (1b) (test report).
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8.3 Incubation in MacConkey or Brilliant Green Bile Broth at 35° C for 24
hours (Confirmed test)

Three row lactose broth presumptive test:  after incubation for 24 hours in
lactose broth at 35° C (8.2) transfer with flame sterilized transfer loop (5.18) one loop-full
from each lactose culture tube that provided a positive reading inte the test tubes
situated in identical positions on the tube rack containing MacConkey (8.4) or brilliant
green bile broth (8.5).

Five row lactose broth presumptive test: after incubation for 24 hours in lactose
broth at 35° C (8.2) select the highest dilution in which the row of 5 tubes gives positive
readings in all 5 tubes (no negative readings should exist in lower dilutions) and all
positive tubes in succeeding higher dilutions, then transfer with flame sterilized transfer
joop (5.18) one loop-full from each lactose culture tube that provided a positive reading
into test tubes situated in identical positions on the tube rack containing MacConkey
(6.4) or brilliant green bile broth (6.5).

incubate all confirmation cultures (MacConkey or brilliant green bile broth) at
35 + 0.5° C in an incubator (5.6) for 24 hours.

Repeat this confirmation procedure with all other culture tubes containing
lactose broth which have become positive in the 24 - 48 hours interval.

At the same time, record the number of tubes showing positive reactions in
table 3, item 9, under (2a) (test report). Coliforms will ferment lactose in either
confirmatory medium, producing gas which is trapped in the inverted vials and if
MacConkey broth is used, acid produced in fermentation will turn the violet-like calour
of the medium to yellow.

After another 24 hours record the number of tubes showing positive reactions
in table 3, item 9, under (2b} (test report).

9. EXPRESSION OF RESULTS
91 Calculation of Total Coliforms per 100 ml Seawater Sample

Based on the data in the test report (10) showing positive results in various
serial dilutions, calculate the MPN (Most Probable Numbers) value using table 2.

if sample portions of 10 ml, 1 mland 0.1 ml per test tube have been used, take
the number of recorded positive readings from the 24-48 hour incubation in MacConkey
or brilliant green bile broth at 35° C (8.3) i.e. the highest readings from either 2a or 2b
in table 3, item 9, and find the corresponding most probable number (MPN) from table
2. Enter this value in the test report (table 3, item 10).

When more than three dilutions are employed, the results of only three of these
are used in computing the MPN. For MPN calculation purposes, select the highest
dilution that has all tubes positive and the next two following dilutions that will have
some negative tubes.
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Occasionally, positive plates may be encountered beyond the three serial
dilutions. In those cases, and for purposes of calculating the MPN, include such
additional results in the third row. These skip combinations of positive plates should
occur with a frequency lower than 1% of the MPN tests performed. Higher frequencies
would suggest laboratory error in pipetting sample dilutions. Select from either 2a or
2b in Table 3, item 9, the dilution in which the row of five tubes gives positive readings
in all 5 tubes (no negative readings should exist in lower dilutions) and the two next
succeeding higher dilutions. Find the MPN (Table 2) corresponding to the number of
positive tubes in these three dilutions and adjust the value by multiples of 10 depending
on the starting dilution below 10 mil.

Table 1 illustrates an example of the numbers of positive test obtained with a
series of 8 consecutive dilutions: 5-5-3-2-1. For MPN calculations the highest dilution
selected would be that using 1 ml of sample. The final combination of positive plates
reported would be 5-3-3, instead of 5-3-2. The MPN value carresponding to the 5-3-3
combination would be 170 total coliforms/100 ml (Table 2), and not the MPN value of
140 total coliforms /100 ml associated to the 5-3-2 combination. The MPN density thus
obtained should be adjusted for dilution by multiplying for as many powers of 10 as
dilutions were performed with the first plate series considered below 10 ml.  For
example, a MPN value of 5-3-3 would be expressed as 170 total coliforms/100 ml when
the starting dilution is 10 ml, but it would be counted as 1700 total coliforms/100 ml
when the starting dilution, is 1 ml, and 17000 total coliforms /100 ml when the largest
sample volume used was 0.1 ml

Table 1. Example for computing the density of tolal
coliforms in a water sample analyzed by the
MPN method.

Sample portion Positive tubes
mil

10
1
0.1
0.01
0.001

dilution factor; = 10
MPN (5-3-3) = 170 x 10 = 1700 total coliforms/100 mi
95% confidence limits;

lower; 80 x 10 = 800 total coliforrms /100 ml
higher: 410 x 10 = 4100 total coliforms/100 ml

9.2 Precision of Results

Select the 95 per cent confidence limits for the MPN selected in (9.1) from table
2 and enter them in the test report (table 3, item 10},
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Table 2. MPN index and 95% confidence limits for various combinations of
positive and negative results when five 10-ml portions, five 1-mi portions
and five 0.1-ml portions are used.

No. of Tubes Giving MPN 95% Confidence
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10. TEST REPORT

Table 3. Total coliforms in seawater sarnples.

1. Sampling area 2. Sampling paint code number:
country: (station) langitude:
area: latitude:

3. Time of sampling hour: . day: month: year

4, Sampling and environment conditions

Sampling depth: Container number:
Temperature at sampling depth:
Salinity at sarmpling depth: Duration of storage:

(other factors which may influence the results should be reparted under 11}

5. Time of inoculation hour . day: [ [
6. Start of incubation hour: . day: __/ _/
7. End of incubation hour, . day:  / /
8. Confirmatory test MacConkey: Brilliant green:
9. Number of positive reactions at 35.0° C 10. Test results:
Voiume Lactose MaeConkey/BG 10.1 MacConkey broth:
in mi
transferred 24h 43h  24h 48h T. colif./100 mi
{1a) (1 (2a) (20) 95% confidence limits:
: T. colif, /100 mi
10 10.2 Brilliant Green;
1 T. colif. /100 ml
0.1 85% confidence lirmits:
0.0 ; T. eolif. /100 mi
0.001
0.00M
11.  Anomalies observed in the test procedure:
12, Full address of the institution which 13. Name(s) and signature(s) of the
carried out the analysis: person(s) who carried out the analysis:

Date:
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1. INTRODPUCTION

The original version of this recommended method was prepared by the World
Health Organization within the framework of the Long-term Programme of Pollution
Monitoring and Research in the Mediterranean Sea (MED POL Phase 1) and issued by
the United Nations Environment Programme as Reference Method for Marine Pollution
Studies No. 3 within UNEP’s Regional Seas Programme Activity Centre's series.

The method is essentially based on already-existing recognized techniques, and
also drawn on the experience of microbiologists in a number of Mediterranean
laboratories. In the description, the style used by the International Qrganization for
Standardization (ISO) is followed as closely as possible. While designed primarily with
conditions prevailing within the Mediterrangan Sea in mind, the method is also, to
variable extents, suitable for other similar ecological regions.

The present version of this method incorporates a number of amendments,
based on reviews during expert consultation meetings organized by WHQ, and on
comments received from Mediterranean laboratories using the method within the
framework of their national or local marine pollution menitoring programme.

2. SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of faecal coliforms in
coastal bathing waters of temperate and tropical seas. |t is designed to be used in
sanitary surveiliance of bathing beaches.

It uses a membrane filter procedure which allows concentration of the bacteria
prior to incubation. It can be employed in alternation with the Multiple-Tube
Fermentation (MPN) Test (UNEP/WHO 1983). Whether the Membrane Filtration (MF)
Cuilture Method is preferred to the MPN Test depends on local conditions and personal
preferences. In general, the MF method is less labor-intensive and, due to the
preconcentration of the bacteria in the sample, it is more suitable in situations where low
numbers of coliforms are to be estimated. The MPN test should be given preference
when the test sample contains high amounts of particulate matter which will hinder the
reading of the MFs after incubation.

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

3. DEFINITION

Faecal coliforms are aerobic and facultatively anaerobic, Gram-negative, non-
sporeforming rods that ferment lactose while producing acid and gas, both at 36° C and
44.59 C, in less than 24 hours. They produce indole in tryptone water containing




I1-3-2 Faecal coliforms in seawater by the MF culture method

tryptophan at 44.5° C. Under the conditions described in this reference method, the
faecal coliforms appear as blue colonies.

4. PRINCIPLES

From sea-water samples taken under sterile conditions, a dilution series is set
up according to the number of faecal coliforms expected in the water sample. Aliquots
of this dilution series are filtered through 0.45p pore 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} {o exhibit a characteristic blue colour.

Residual chlorine, if present, is neutralized by adding thiosulphate to the
sampling bottle before sterilization.

Suspect and doubtful colonies can be tested for acid and gas development with
a confirmative test using MacConkey broth or brilliant green bile broth. In areas where
industries discharge polysaccharites (paper mills, sugar beet industries, etc.), further
confirmation by the indole test may be necessary.

APPARATUS AND GLASSWARE

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

Sample rod of non-corrosive material with a clamp to hold the sampling bottle
(figure 1).

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

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

Thermometer, 0 to 50° C, precision = 1° C, preferably unbreakable plastic type,
to be used for checking temperature in plastic boxes (5.4).

Filtration apparatus for 4.7 cm diameter membrane filters (MF) consisting of at

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

pump.
Water incubator for 44.5 = 0.2° C.

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

Autoclave, max 2 atm., electric or gas.
Drying oven for sterilization at 160° C.

pH meter, precision = 0.1 pH units.
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1) Submerge mouth 20-30 cm
2) Turn extansion anm 180°

Figure 1. Subsurface sampling with extension arm.

Wire

Messenger

— Glass tube (breakable)

Rubber hose —

Metal frame

—— Sterile sample bottle

i —— Heavy bottom weight

Figure 2. Sampler for sterile subsurface sampling.
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Stainless steel forceps.

Analytical balance, precision = 1 mg.

Refrigerator 4 = 1° C.

Vibrator (shaker) for mixing liquids in culture tubes.

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

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

Borosicilate glass bacteriological culture tubes.

Total volume (blow-out) borosicilate glass pipettes of 1, 8, 10 and 20 ml
capacity, with stainless steel containers for sterilization.

Note: 9 mi capacity pipettes are useful, but not essential.

Graduated borosilicate glass cylinders of 100, 500 and 1000 ml capacity with
glass beakers for cover.

Smalt borosilicate glass tubes 6 x 50 mm ("Durham vials") to be inserted in
culture tubes (5.18).

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

Heavy wrapping paper.

Aluminium foil (household quality),

Membrane filters (MF), pore size 0.45), diameter 4.7 cm, or similar, fitting

filtration apparatus (5.6), or membrane filter of similar diameter fitting the

filtration apparatus.

Note: The 0.454 pore size membrane filter (MF) should be certified by the
manufacturer to be free from substances which may hinder the growth
and development of bacteria. Maximum recoveries are obtained using
membranes composed of mixed esters of cellulose.

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

Filter paper.

Water bath 44.5 = 0.2° C.
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6.

6.1

CULTURE MEDIA, CHEMICALS AND STOCK CULTURE

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

M-FC Agar

6.1.1 Medium

Tryptone 10049
Proteose peptone No. 3 5049
Yeast extract 30g
Sodium chloride 50¢g
Lactose 125 ¢
Bile salt No. 3 15¢g
Aniline blue 0149
Agar 1509
Distilled water (6.7) 1.0 litre

Preparation: Dissolve the components of the mediumin 1 litre of distilled water

(6.7). Heat to boiling point until all components are completely dissolved. Add 10 ml
of a 1 per cent solution of rosalic acid (6.1.2) keep boiling for more than one minute,
ther cool. The final medium should have a pH of 7.4 = 0.1; adjust pH, if necessary,
with diluted analytical grade HCIL. Cool to about 45° C and pour 4-5 ml into each Petri
dish. After the agar has solidified in the Petri dishes, invert the Petri dishes and store
them in the refrigerator. The dishes with prepared medium can be kept in a refrigerator
for 7 days.

6.2

Note: The addition of rosalic acid is facultative and should only be added, if
necessary, 10 suppress excessive growth of non-faecal coliforms.

Note: Do not autoclave the medium.

Note: The agar surface should not becorne too dry because if the agar is dry
the MF will not adhere well to the agar surface (8.5) and hinder the
diffusion of nutrients to the colonies on the MF.

6.1.2 Rosalic acid

Prepare a sufficient amount of 1% solution of rosalic acid in 0.2 N NaOH.

Note: Solution of rosalic acid should be prepared freshly each time. It
should not be autoclaved.

MacConkey Broth
6.2.1 Medium

Sodium taurocholate 504
Lactose 100g¢
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NaCl 50¢
Peptone 200¢
Distilled water (6.7) 1.0 litre

Preparation: Dissolve components by shaking. Adjust pH to 7.1 + 0.1 with
diluted HCI and then add the bromo-cresol purple solution (6.2.2). Add inverted vials
(5.21) to clean culture tubes (5.18, B8.1) and dispense sufficient medium into the culture
tubes so that the inverted vials are at least partially covered after the entrapped air in
these vials has been driven out during autoclaving and close the tubes with cotton
plugs. Autoclave (5.9) the closed culiure tubes at 1212 C for 15 minutes.

6.2.2 Bromo-cresol purple solution
FPreparation: Dissolve 1 g of bromo-cresol purple in 99 ml of 95% ethanol.

6.3 Brilliant Green Bile Broth

Oxgall, dehydrated 200¢g
Lactose 100 ¢
Peptone 10.0¢g
Brilliant green 13.3 mg
Distilled water (6.7) 1.0 litre

Preparation: Dissolve components by shaking. Add inveried vials (5.21) to
clean culture tubes (5.18, 8.1) and dispense sufficient medium into the culture tubes so
that the inverted vials are at least partially covered after the entrapped air in these vials
has been driven out during autoclaving and close the tubes with cotton plugs. Sterilize
by autoclaving (5.9) at 121° C, preferably for 12 minutes, but not exceeding 15 minutes.
After sterilization, cool the broth as quickly as possible. Final pH should be 7.2 + 0.2,
Test the samples of the finished product for performance using control stock cultures
(6.10).

6.4 Indole Test Solutions

6.4.1 Tryptone water

Tryptone 10049
NaCl 509
Distilled water (6.7) 1.0 litre

Preparation: Dissolve ingredients in distilled water (6.7). Dispense 5 ml into
each test 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 indole reagent
Paradimethyl-amino-benzaldehyde 509
Amyl alcohol 75.0 ml

Concentrated hydrochloric acid, HCI 25.0 ml
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Preparation: Dissolve the benzaldehyde in amyl alcohol and add hydrochioric
acid. The reagent should be yellow.

6.5 Phosphate Buffer (pH = 7.2)

K,HPO, 3.0¢g
KH,PO, 1.0g
Distilled water (6.7) 1.0 litre
6.5.1 P-buffer for filtration

Preparation: Dissolve components and autoclave (5.9) at 121° C for 15 min.
6.5.2 P-buffer for dilutions

Preparation: Dissolve components and dispense 9 ml in test tubes used for
dilutions in the dilution series (8.4) and autoclave (5.9) at 1217 C for 15 min.

6.6 Thiosulphate Solution

10 per cent sodium thiosulphate solution in distilled water (6.7) and sterilize by
filtration (e.g. through a sterilized MF (8.2.4, 8.2.5)).

6.7 Distilled Water

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

Note: Commercially available distilled water is often produced in copper and
zinc apparatus and is highly toxic for coliforms. Before using such water its toxicity
should be checked with a stock culture of E. coli (6.10).

6.8 Detergents for Cleaning Glassware and Apparatus

Use only detergents recommended by the supplier for bactericlogical use. f
such a detergent is not available, check normal household detergents with a biotest
using a stock culiure of E. colfi (68.10).

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware.

6.9 95 per cent Ethanol per Analysis.

610 Stock Cubure of E. coli.

7. SAMPLING

Details of a sampling plan are provided in Part | of these guidelines.
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7.1 Sampling of Surface Water

Attach clean sterilized sample bottle (8.2.1) to the clean sampling rod (5.2).
Immediately before submerging the sample bottle, remove the ground glass stopper
from the bottle without touching the stopper cone. Immerse the botile 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 em under the water surface with the mouth of the bottle
downwards, in order to avoid contamination by surface film, then turn the sample bottle
upwards and take the sample (figure 1), The sterilized sample bottle may also be filled
directly by hand.

Retrieve the boftle and discard some water, if necessary, so that some air
space remains in the closed bottle. This space is needed for homogenizing the water
sample at the receiving laboratory. Replace the glass stopper and store the samples
in the clean thermoisolated box (5.4) with cooling pads at about 4° C. Keep samples
in the dark avoiding expaosure to more than +10° C. Separate bottles from each other
with clean wrapping paper (5.23) to avoid breakage. Check the temperature with a
thermometer (5.5) every three hours. Report irregularities in the test report. Label
sample bottles indicating the sampling station, time of sampling and other factors
relevant 1o 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 bottom 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).

Note: It is known that the die-away rate of coliforms at ambient temperature
in the presence of light is very high. Therefore, alt efforts should be
made so as not to collect more samples than can be filtered and

incubated the same day. f 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 Equipment

All glassware and apparatus (5) should be washed with non-toxic detergent
(6.8), first rinsed thoroughly with hot tap water and then rinsed at least three times with

distilled water (6.7).

8.2 Sterilization of Glassware and Equipment

8.2.1 Surface sample bottles (5.1). Clean the sample bottle as described
under 8.1, Dry and sterilize it in a drying oven (5.10) for three hours at 160° C. Before
sterilization, place a small piece of filter paper (5.27) in the neck of the bottle to prevent
the ground glass stopper from sticking after cooling. After cooling to ambient
temperature in the drying oven, remove this filter paper with sterilized forceps (8.2.6)
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and fit the ground glass stopper securely into the neck of the bottle. Put the botlles into
detergent-cleaned thermoisolated boxes (5.4). Separate the bottles from each other
with clean wrapping paper (5.23) to avoid breakage.

Note: f residual chlorine is suspected in the water sample, add, aseptically,
0.1 ml of a 10 per cent thiosulphate solution (6.6) for each 100 ml
sample to the contents of the sample bottie before sterilization. This
amount is sufficient to neutralize about 15 mg of residual chlorine per
flitre.

8.2.2 Subsurface sampler (5.3). Clean the subsurface sampler as described
under (8.1), rinse with tap and distilled water (6.7). Enclose 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 Petri dishes {5.18) and pipettes (5.19). Clean dishes and pipettes,
complete with a cotton plug in the mouthpiece, are put into suitable stainless steel
containers and sterilized in a drying oven (5.10) for three hours at 160° C.

Note: Disposable pre-sterilized plastic Petri dishes may be more economical
to use than reusable glass Petri dishes.

8.2.4 Filter funnels of filtration 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 autoclave (5.9) for 15 minutes at 121°C, orin a
drying oven (5.10} for 3 hours at 160° C.

8.2.5 Membrane Filters (MF) (5.25). Remove the paper separator (if present)
and place 10 to 12 ¢lean MFs into Petri dishes (5.16). Autoclave (5.9) for 15 minutes
at 121° C. At the end of the sterilization let the steam escape rapidly in order to
minimize the accumulation of condensate on the MFs.

Note: Sterilized MFs are commercially available.

8.2.6 Forceps (5.12). Sterilize forceps by dipping them into 85 per cent
ethanol (68.9) and flaming them.

8.3 Selection of Sample Size and Dilution Series

The MFs should ideally have from 20 to 80 colonies after incubation. |If
previous experience for planning the dilution series for clean seawater is not available,
fiter the following volumes of the original sample: 100 ml, 10 ml, 1 mi and 0.1 mli
(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 guarantee that representative aliquots are taken.
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B-buffer Test sample 0-0
20 ml each
(3 times)
1 ml™
ml 10 mi Q0 ml
D-2
1 mi / /
i
1 ml

\
T T T

0.01 mt 0.1 ml 1 mi 10 ml 100 mi

of original sample on MF

Figure 3. Preparation of dilution series and filtration procedure.

Prepare the dilution series by taking with a sterilized pipette (8.2.3), after
vigorously shaking the sample (7), 1 ml from the original sample (figure 3, dilution: D-0)
and transfer this 1 m! into a culture tube containing 9 mi of P-buffer (6.5.2) to make the
first dilution (D-1). Agitate the tube on a mixer (5.15) or shake it vigorously by hand.
Continue the preparation of the dilution series by taking 1 ml from the first dilution (D-1)
and mixing it in & new culture tube containing 8 ml of phosphate buffer (6.5.2) in order
to obtain the second dilution (D-2), etc.

8.5 Filtration Procedure

Begin filtration with the highest dilution (e.g. D-2) in order to avoid contamination
from samples containing bacteria in higher concentrations. Use a sterilized filtration
funnel (8.2.4) for each dilution series. Place the sterilized MF (8.2.5) with flamed
sterilized forceps (8.2.6) over the porous plate of the filtration apparatus (8.2.4).
Carefully place the matching funnel unit over the receptacle and lock it in place. Add
into the funnel about 20 ml of buffer solution (6.5.1). With a sterilized pipette (8.2.3) and
1 ml of the D-2 dilution into the buffer solution in the funnel, Filter with a partial vacuurn.
Wash the funnel walls with approximately 20 m! of buffer solution (6.5.1).
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Filter with a partial vacuum. Wash the funnel walls two more times with 20 ml of buffer
solution (8.5.1). Unlock and remove the funnel, immediately remove the MF with flamed
sterilized forceps (8.2.6) and place the MF on the agar surface of the medium contained
in the Petri dish (6.1.1) with a rolling motion to avoid the entrapment of air. Before
fittering the next dilution (D-1) in the same manner, pass 20 ml of butfer solution {6.5.1)
through the assembled filtration unit.

86 Incubation

The Petri dishes containing the MFs on agar (8.5} are sealed and immediately
placed horizontally inside clean metal boxes. These metal boxes are then placed in a
water bath (5.7) and incubated immediately for 24 hours at 44.5 = 0.2° C. As a sterility
check, incubate alsoc one blank (without MF), i.e. a Petri dish containing agar {(8.1.1)
only.

Note: Metal boxes must be suitably weighted to prevent them from floating.
8.7 Interpretation

Count with a stereomicroscope or similar {5.8) only colonies which appear as
biue coloured. If the number of dubious colonies is greater than 10 per cent of the total
number of colonies, test dubious colonies either by MacConkey broth test (8.9.1) or
brilliant green bile broth test (8.9.2).

in areas where industries discharge polysaccharites (paper mills, sugar best
industries, etc.), further confirmation by the indole test may be necessary (8.8.3).

Note: Colonies produced by faecal coliform bacteria are blue in colour. The
non-faecal coliform colonies are grey to cream-coloured. Background
colours on the membrane filter will vary from a yellowish cream to a
faint blue, depending on the age of the rosalic acid salt reagent.
Normally, only few non-faecal coliform colonies will be observed on m-
FC agar because of the selective action of the elevated temperature
and addition of the rosalic acid salt reagent.

88 Estimation of Precision

Check the precision of the technique at periodic intervals (at least once every
season) by preparing three independent series of dilutions (8.4) using the same sampie,
i.e. repeating the four last consecutive dilution steps described under 8.3 and 8.,4
(figure 3). The water sample used should be collected during the routine monitoring
programme at a coastal station typical of the area. The dilution series should be
selected in such a way so that one dilution step yields three MF counts which satisfy
the 20 to 200 colonies requirements expressed in section 9.1.

Filter each individual dilution following procedure 8.5. Incubate according to
procedure 8.6, Report MF counts following the procedure described in sections 8.1 and
9.2 taking into consideration interpretation method of section 8.7. Results should be
reported in the test report (table 2, item 9).
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Calculate the faecal coliform concentrations of the original sample for each of
the replicate results, according to section 9.3 and report the results in the test report
{table 2, item 10).

For each dilution step having the three MF counts between 20 and 200 fagcal
coliform colonies, calculate: the mean congcentration, the concentration range, the
standard deviation of the concentrations, and the coeflicient of variation 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 cne
dilution, prepare a test solution from a stock culture (6.10) and repeat the estimation of
precision.

standard deviation x 100
mean

NOTE: Coefficient of variation (%) =

8.9 Confirmatory Test

8.9.1 MacConkey broth test: With a flamed bacteriological loop (5.22)
transfer the suspected colony from the MF into a culture tube containing MacConkey
broth (6.2.1) and incubate (5.28) at 44.5 = 0.2° C for 24 hours. Coliforms will develop
gas which is trapped in the inverted Durham tubes, and acid which turns the violet-like
colour of the original broth into a yellowish colour.

8.9.2 Brilliant green bile broth test: With a flamed bacteriological loop (5.22)
transfer the suspectad colony from the MF into a culture tube containing briflliant green
bile broth (6.3} and incubate (5.28) at 44.5 = 0.2° C for 24 hours. Coliforms will develop
gas which is trapped in the inverted Durham vials.

Note: The MacConkey broth test is equivalent to 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 colony into culfure fubes containing tryptone water (6.4.1) and incubate at
44.5 + 0.2° C in a water bath (5.28) for 24 hours. Then add 0.2 - 0.3 ml of Kovag's
indole reagent (6.4.2) and shake. Let the tube stand for about 10 minutes and observe
the results.

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

9. EXPRESSION OF RESULTS

9.1 Report the number of coliform colonies on individual 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 total number of colonies (i.e. coliforms plus non-




Faecal coliforms in seawater by the MF culture method i-3-13
coliforms) between 20 and 200. Retain only two significant digits of the counted
number of coliform colonies per filter.

Indicate the results obtained for each filter separately in the test report (table
1, itern 9).

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

adjusted number of coliform colonies | 454

faecal coliforms per 100 mi sample = .
ml of sample filtered

Indicate the results obtained for each dilution separately in the test report (table
1, item 10). Report also the results obtained on MFs with less than 20 coliform colonies
per filter. If there are no coliform colonies on the filter report the results as "< 1 coliform
per 100 ml*

9.3 Compute the number of faecal coliforms per 100 ml 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 Record in the test report (table 1, item 12) anomalies observed in test
procedure (confluent growth of colonies, deviation from temperature prescribed for
sample storage and incubation, etc.).
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10. TEST REPORT

Table 1. Faecal coliforrns in seawater samples.

. Sampling area 2. Sampling point code number;
country: (station) longitude:
area: latitude:

. Time of sampling hour: . : year:

. Bampling and environment conditions
Sampling depth: Container number:
Temperatura at sampling depth:
Salinity at sampling depth: Duration of storage:
(other factors which may influence the results should be reported under 12)

. Time of filtration hour . day: __ /[
. Stant of incubation hour: . day: /. _/
. End of incubation hour: . day: [/ [/

" Indole test:

. Confirmatory test MacConkey: Brilliant green:

. Number of colonies per individual fitter 10. Colonies of F. coliforms/100 mi

ml of ariginal Faecal coliforms Dilutions cal. /100 ml
Dilution  sample filtered colonies

B-0 100

D-0 10

D-6 1

D-1 01 11, Test result

D-2 0.01

D-3 0.001

D-4 0.0001 F. coliforms/100 ml

Anomalies observed in the test procedure:

Full address of the institution which . Name(s) and signature(s) of the
carried out the analysis: person(s) who carried out the analysis:
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Table 2. Precision estimation for faecal coliforms determination.

1. Sampling area 2. Sampling pint code number:
COUrtry: (station) longitude:
area: latitude;
3. Time of sampling hour . day: month: year:

4, Sampling and envirenment conditions

Sampling depth: Container number:
Temperature at sampling depth:
Salinity at sampling depth: Duration of storage:

{other factors which may influence the results should be reported under 12)

§. Time of filtration hour: . day: [/ J
6. Start of incubation hour: . day: /[ [/
7. End of incubation hourt __ . day:  / f
8. Confirmatory test MacConhkey: Briliant green: indote test:
9. Nurnber of colonies per individual filter 10. Colonies of F. coliforms /100 mi
mi of criginal F. coliforms colonies Dilutions col./100 ml
Dilution  sample filtered replica
1st  2nd 3rd

11. Resulis (F. coliforms/100 ml)

mean: range:
std.dev,: coefvar.: %
12, Anomalies observed in the test procedure;
13. Full address of the institution which 14. Name(s) and signature(s) of the
carried out the analysis: person(s) who carried out the analysis:

Date:
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1. INTRODUCTION

The original version of this recommended method was prepared by the World
Health Organization within the framework of the Long-term Programme of Pollution
Monitoring and Research in the Mediterranean Sea (MED POL Phase ll) and issued by
the United Nations Environment Programme as Reference Method for Marine Pollution
Studies No. 22 within UNEP’s Regional Seas Programme Activity Centre’s series.

The method is essentially based on already-existing recognized techniques, and
also drawn on the experience of microbiologists in a number of Mediterranean
laboratories.  In the description, the style used by the International Organization for
Standardization (ISO) is followed as closely as possible. While designed primarily with
conditions prevailing within the Mediterranean Sea in mind, the method is also, to
variable extents, suitable for other similar ecological regions.

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

2. SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of faecal coliforms in
coastal bathing waters of temperature and tropical seas and is designed to be used in
sanitary surveillance of bathing beaches.

It is based on the Multiple-Tube Fermentation (MPN) Test and can be employed
as an alternative to the Membrane Filtration Culture Method. Whether the Membrane
Filtration (MF) Culture Method is preferred to the MPN Test depends on local conditions
and personal preferences. In general the MF method is less labour intensive and due
10 the preconcentration of the bacteria in the sample it is more suitable in situation
where low numbers of ¢oliforms are to be estimated. The MPN test should be given
preference when the test sample contains high amounts of particulate matter which wil
hinder the reading of the MF's after incubation.

Faecal coliforms exhibit a highly specific positive correlation with taecal
contamination from warm-blooded animals and, therefore, are good indicators for the
sanitary quality of coastal waters. Since faecal coliforms die within hours when exposed
to sunlight in seawater at temperatures above + 4° C, their presence in seawater
indicates only recent contamination by faecal material. Die-away rates (T-80) depend
on salinity, temperature, sotar radiation, etc. and must be taken into consideration when
interpreting the resuits.

3. DEFINITION

Faecal coliforms are aerobic and facultatively anaerobic, Gram-negative, non-
sporeforming rods that ferment lactose while producing acid and gas at 35° C and 44 .5°
C, inless than 24 hours. They produce indole in tryptone water containing tryptophane
at 44.5° C.
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4. PRINCIPLES

Quantitation of faecal coliforms in seawater samples is accomplished by testing
multiple sample portions in a lactose based medium for gas production at 44.5° C,
There are two methods: (a} a direct test using A-1 broth with incubation at 44.5° C for
24 hours or {b) the supplemental confirmation of positive lactose tubes in the total
coliform procedure.

Five sample portions for each multiple tube dilution (10 ml, 1 mi, 0.1 ml, etc.)
are inoculated into individual tubes of A-1 broth (direct test) or tubes of lactose broth
(total coliform procedure). The A-1 cultures are inoculated at 44.5 = 0.2° C for 24
hours, the lactose cultures at 35.0 + 0.5° C for 48 hours. The direct test (A-1 broth) is
read for gas production after 24 hours incubation and faecal coliform density is
determined from the combination of positive-negative tubes interpreted in the MPN table
{table 1).

When the total coliform procedure is used to obtain a faecal coliform
determination, confirm all positive lactose cultures in 24 and 48 hours by transferring a
loop-full of culture from each positive tube to either MacConkey or EC broth. Brilliant
green broth may be used, however, there may be some 10ss in detection of stressed
faecal coliforms.

At the same time, one drop of all positive test tubes is transferred into a similar
multiple test tube series containing tryptone water and incubated also at 44.5 = 0.2°C
(second confirmed test).

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

5. APPARATUS AND GLASSWARE

5.1 Sample bottles of borosilicate glass or autoclavable plastic bottles with screw-
cap tops, 200-250 ml capacity, wide-mouthed and with ground-glass stoppers
are used to collect marine (seawater) samples.

5.2 Sample rod of non-corrosive material with a clamp to hold the sampling bottle
{figure 1),
5.3 Subsurface sampler of the type shown in figure 2, or similar, complete with

plastic rope and weight.

5.4 Thermo-insulated plastic container with prefrozen packs of chemical gel
(camping equipment) for storage of samples.

55 Thermometer, 0 to 50° C, precision = 1° C, to be used for checking
temperature in sample collection containers (5.4). Thermometer, 0° to 50° C,
precision + 0.5° C, to be used for checking temperafure in water bath
incubator.
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5.6

57

5.8

58
5.10

511

b2

513

5.14

5.15

5,186

5.17

5.18

5.18

5.20

Water incubator for 44.5 + 0.2° C and air incubator for 35 + 0.5° C with
suitable test tube racks for incubating multiple tube tests (5.15).

Autoclave, maximum 2 atm., electric or gas.

Drying oven for sterilization of glass sample bottles and pipettes at 160° C for
2 hours.

pH meter, precision = 0.1 pH units.
Balance for media preparation, precision = 1 mg,

Refrigerator with temperature range of 2-8° C for storage of samples 1o be
processed within 24 hours of collection.

Vibrator (shaker) for mixing sample aliquots in serial dilution (optional).

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

Borosilicate glass bacteriological culture tubes with sufficient capacity to receive
20 m! of medium.

Small borosilicate glass tubes 6 x 50 mm ("Durham vials") to be inserted in
culture tubes (5.15) for detection of gas formation in the multiple test tube.

Total volume (blow-out) borosilicate glass pipettes of 1, 9 and 10 mi capacity
with stainless steel containers for sterilization.

Note: 9 ml capacity pipettes are optional.

Graduated borosilicate glass cylinders of 100, 500 and 1000 mi capacity with
glass beakers, aluminium fail or wrapping paper for cover,

Bactericlogical transfer loops made from 22-24 Chromel gauge, nichrome or
platinum-iridiurm. Diarmeter of the loop: 3 mm.

Heavy wrapping paper or metal aluminium wrap,

Test tube racks, rust resistant, with capacity for 15 or 25 test tubes (preferably).

CULTURE MEDIA, REAGENTS AND STOCK CULTURE

Note: The composition of the media is based on one litre solutions or similar
units. Before preparation, the actual needs have to be established and
adequate amounts must be chosen accordingly.
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1) Submerge mouth 20-30 cm
2) Turn extension arm 130°

Figure 1. Subsurface sampling with extension arm.

Wire

Messenger

— Glass tube (breakable)

Rubber hose —

— Metal frame

-~ Sterile sample bottle

=i == pe— Heavy bottom weight

Figure 2. Sampler for sterile subsurface sampling.
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6.1 Preparation of Materials, Media, Reagents

All glassware and apparatus (5) should be washed with non-toxic detergent
(6.13}, followed by a thorough (complete) rinse with hot tap water and then rinsed at
least three times with distilled water (6.11).

6.2 Sterilization of Glassware and Equipment

6.2.1 Surface sample bottles (5.1). Clean all sample bottles as described
under (B.1) and dry. Plastic sample bottles can only be sterilized in the autoclave (5.7)
(121° C for 15 minutes). Be sure screw-cap tops are loose fitting during sterilization to
avoid bottle collapse due to steam pressure in autoclaving. Stetilize glass sample
bottles preferably in a drying oven (5.8) for two hours at 160° C. Before sterilization,
place a small piece of filter paper in the neck of the bottle to prevent the ground glass
stopper from sticking after cooling. The paper insert should be left in place until time
of sample collection. At that time, discard the paper insert by flipping it out of botile.
Do not insert it into the sample or remove with fingers because of chance
contamination. Put bottles into detergent-cleaned thermo-insulated boxes (5.4).
Separate the bottles from each other with clean wrapping paper (5.19) to avoid
breakage.

Note: |If residual chloring is suspected in the water sample, add 0.1 mlof a
10 per cent sodium thiosulphate solution (8.12) for each 100 ml of
sample to the contents of the sample bottle before sterilization. This
amount is sufficient to neutralize about 15 mg of residual chlorine per
litre.

6.2.2 Subsurface sampler (5.3). Clean the subsurface sampler as described
under 6.1, rinse with tap and distilled water (6.11). Enclose each sampler in heavy
wrapping paper (5.19) and sterilize in an autoclave (5.7) for 15 minutes at 120° C.

6.2.3 Pipefles (5.16). Clean pipettes as described under 6.1 then insert a
cotton plug in the mouthpiece and place into suitable stainless steel containers prior to
sterilization in a drying oven (5.8) for two hours at 160° C.

6.3 A-1 Broth {Direct Test)

Lactose 509
Tryptone 2009
Sodium chioride NaCl 50¢q
Salicin 05¢g
Polyethylene glycol p-

iso-octylphenyl ether 1.0 ml
Distilled water 1.0 litre

Triton X-100, Rohm and Haas Co., or equivalent.
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Heat to dissolve ingredients, add polyethylene glycol p-iso-octylphenyl ether,
and adjust to pH 8.9 % 0.1. Before sterifization, dispense sufficient medium into
fermentation tubes to cover the inverted vial (Durham vials) at least partially after
sterilization. Sterilize by autoclaving at 121° C for 10 minutes. Store in dark at room
temperature for not longer than 7 days. Ignore farmation of precipitate.

Make A-1 broth of such strength that adding 10 mi sample portions to medium
will not reduce ingredient concentrations below 1 x (normal} strength. For 10 ml
samples prepare double-strength medium.

6.4 Lactose Broth

strength
single double
Beef extract 309 6.09
Peptone 5049 10.0 g
Lactose 5049 10.0g
Distilled water 1.0 litre 1.0 litre

Preparation: Dissolve ingredients in distilled water (6.11). The pH of single
strength broth should be between 6.8 and 7.0, but preferably 6.9 after sterilization (5.7).
Double strength broth pH should be 6.7 = 0.1.

Place 5 clean culture tubes in each of 3 rows of a test tube rack (more in case
the expected MPN of total coliforms is high). Then add inverted vials (5.15) to all culture
tubes and dispense 10 ml of medium into the culture tubes or sufficient amount so that
the inverted vials (Durham vials) are at least partially covered after the entrapped air in
these vials has been driven out during autoclaving. Into the first row of these culture
tubes transfer double strength broth (6.4). Into the second and third rows (and if
necessary into successive rows) transfer single strength broth. Close all prepared tubes
with metal caps or cotton plugs. Autoclave (5.7) the prepared medium dispensed in
tubes at 121° C, preferably for 12 minutes, but not exceeding 15 minutes. Test a
sample of the sterilized medium for performance using control stock cultures (6.15).
If the non-lactose fermenting control culture produces gas in 24 hours at 35° C, medium
has been overheated in autoclaving and should be discarded.

Note: Double strength broth must be used in the first row when 10 ml of
sample is added to the culture tubes. If sample portions to be tested
are greater than 10 ml, prepare medium concentration such that after
sample addition, the medium will approximate 1 x (normal) strength.

6.5 MacConkey Broth

6.5.1 Composition of medium

Sodium taurocholate 509
Lactose 10.0 g
NaCl 5.0¢g
Peptone 20.0 g

Distilled water 1.0 litre
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Preparation: Dissolve ingredients by shaking and adjust pH to 7.1 + 0.1 with
diluted HCI or NaOH. Add 2 ml bromo-cresol purple solution (6.5.2) to each litre of
prepared MacConkey broth,

Place 5 clean culture tubes in each of 3 rows of a test tube rack. Then add
inverted vials (5.15) to all culture tubes and dispense sufficient medium into the culture
tubes so that the inverted vials are at least partially covered after the entrapped air in
these vials has been driven out during autoclaving. Close ali prepared tubes with rmetal
caps or cotton plugs. Autoclave the prepared medium in culture tubes at 121° C,
preferably for 12 minutes, but not exceeding 15 minutes. After sterilization, cool the
broth as quickly as possible. Final pH of sterile medium should be 7.2 + 0.2 after
autoclaving. Test a sample of the sterilized medium for performance using control stock
cuttures {8.15). If the non-lactose fermenting control culture produces gas in 24 hours
at 35° C, the medium has been overheated in autoclaving and should be discarded.

6.5.2 Bromo-cresol purple solution

Preparation: Dissolve 1 g of bromo-cresol purple in 89 mi of 95% pure ethanol
(6.14). Add 2 ml of bromo-cresol purple solution to 1l of MacConkey broth before
autoclaving.

6.6 EC Medium

Tryptose or trypticase 20.0g
Lactose 50¢g
Bile salts mixture or

bile salts No. 3 1.5¢
Dipotassium hydrogen

phosphate K;HPO, 1.4 g
Sodiurn chloride, NaCl 5.04¢g
Distilled water 1.0 litre

Before sterilization, dispense in farmentation tubes with an inverted vial sufficient
medium to cover the inverted vial at least partially after sterilization. pH should be 6.8
after sterilization. Test a sample of the sterilized medium for performance using control
stock cultures (6.15). if the non-lactose fermenting control culture produces gas in 24
hours at 35° C, the medium has been overheated in autoclaving and should be
discarded.

6.7 Brilliant Green Bile Broth

Oxgall, dehydrated 20049
Lactose 10.0 g
Peptone 100¢g
Brilliant green 0.0133 g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in one litre of distilled water (6.11).
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Place 5 clean cufture tubes in each of 3 rows of a test tube rack. Than add
inverted vials (5.15) to all culture tubes and dispense 10 ml of medium into the culture
tubes, or sufficient amount, so that the inverted vials are at least partially covered after
the entrapped air in these vials has been driven out during autoclaving. Close the tubes
with metal caps or cotton plugs. Sterilize by autoclaving (5.7) at 121° C, preferably for
12 minutes, but not exceading 15 minutes. After sterilization, cool the broth as quickly
as possible. Final pH should be control stock cultures (6.15). [f the non-lactose
fermenting control culture produces gas in 24 hours at 35° C, medium has been
overheated in autoclaving and should be discarded.

6.8 Tryptophane Broth

Tryptone 1004
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in distilled water (6.11).

Dispense 10 ml of tryptone water into each of 15 test tubes positioned in 3
rows of the dilution series. Autoclave (5.7) at 121° C for 15 minutes. The final pH
should be between 7.2 and 7.4. If necessary, adjust the pH before sterilization.

69 Phosphate Buffered Water

Preparation: To prepare stock phosphate buffer solution, dissolve 34.0 g
potassium dihydrogen phosphate (KH,PO,), in 500 ml distilled water, adjust to pH 7.2
* 0.5 with 1N sodium hydroxide (NaOH), and dilute to 1 litre with distilled water.

Add 1.25 ml stock phosphate buffer solution and 5.0 m! magnesium chloride
solution (38 g anhydrous Mg;,|¢3l2|'1 distilled water} to 1 litre distilled water. Dispense in
armounts that will provide 99 + 2.0 ml or 9 = 0.2 ml after autoclaving for 15 minutes.
Final pH should be 7.2 = 0.2. If the anhydrous salt is not available use 81.8
MgCl,.6H,0 per 1 litre of distilled water.

Peptone water (alternative dilution water): Prepare a 10% stock solution of
peptone in distilled water, Dilute a measured volume to provide a final 0.1% working
solution. Dispense in amounts to provide 99 = 2.0 m! or 9 = 0.2 ml after autoclaving
for 15 minutes.

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

6.10 Kovac's Indole Reagent
Paradirmethy! amino-

benzaldehyde 509
Amyl alcohol 75.0 ml
Concentrated HCI 25.0 mi

Preparation: Dissolve the benzaldehyde in iso-amy! or normal amyl alcohol and
add HCl. The reagent should be vyellow. Some brands of paradimethyl
aminobenzaldehyde are not satisfactory or become unsatisfactory (poor colour reaction)
on aging.
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6.11 Distilled Water

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

Note: Commercially available distilled water is often produced in copper and
zinc apparatus and is highly toxic for coliforms.

6.12 Thiosulphate Solution

Prepare a 10 per cent sodium thiosulphate (Na,5,0,) stock solution. To a
120 mi sample bottle, add 0.1 ml of the 10% solution of Na,5,0, before sample bottle
sterilization.

6.13 Detergents for Cleaning Glassware and Apparatus

Use only detergents recommended by the supplier for bacteriologicat use. |f
such a detergent is not available, check normal household detergents with a biotest
using a stock culture of E. coli.

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware,
as this is toxic to bacteria.

6.14 95 per cent Pure Ethanol (not denatured)
6.15 Stock Cultures for Quality Control

Stock cultures of E. cofi for positive control (lactose ferrentation) and Proteus
inirabilis or a Salmonella strain for negative control (glucose fermentation).

7. SAMPLING
Details of a sampling plan are provided in Part 1 of these guidelines.
71 Sampling of Surface Water

Label sample bottle at collection site indicating the sampling station, time of
sampling and other factors relevant to the interpretation of the results. Attach clean
sterilized sample bottle (6.2.1) to the clean sampling rod (5.2). Immediately before
submerging the sample bottle, remove the ground glass stopper from the bottle without
touching the inner surface of the bottle and stopper or screw cap. Immerse the bottle
from the bow of the boat or from the windward side while the boat is moving forward
slowly, Push the bottle with the sampling rod 25 cm under the water surface film, then
turn the sample bottle upwards and take the sample {figure 1). The sterilized sample
bottle may also be filled directly by hand. Position bottle with neck pointing slightly
upward and opening directed away from the hand. Plunge the botile below the water
surface with a sweeping motion against the current.
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Retrieve the bottle and discard some water, if necessary, s0 that some air
space remains in the closed bottle. This space is needed for homogenizing the water
sample at the receiving laboratory. Replace the glass stopper or screw cap and store
the samples in the clean, thermo-insulated sample bottle container (5.4) with prefrozen
packs of chemical gel at about 4° C, avoiding exposure to more than + 10° C. Keep
samples in the dark. Separate botiles from each other with clean wrapping paper (5.19)
to avoid breakage.

7.2 Sampling of Subsurface Water

Label sample bottle at collection site indicating the sampling station, time of
sampling and other factors relevant to the interpretation of the results. Lower the
sterilized subsurface sampler (6.2.2) after attaching it t0 a clean plastic rope, without
letting the weight disturb the bottom sediments (figure 2). Release the messenger and
after one minute retrieve the sampler and store it in a thermo-insulated sample
collection container (5.4). Proceed as for sampling of surface water (7.1).

Note: It is known that the die-away rate of faecal coliforms at ambient
temperature in the presence of light is very high. Therefore, ali efforts
should be made so as not to collect more samples than can be
analyzed and incubated the same day. If this is not possible, the
samples should be stored at 40° C and analyzed not later than 24
hours after sampling.

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

Select a dilution series for each sample that will ensure positive tubes in the
lowest dilution row and negative tubes in the higher dilution rows. If previous
experience for planning the dilution series for clean seawater is not available, transfer
10 ml of the seawater to the first row containing 5 tubes of double strength lactose broth
{or A-1 broth), 1 ml to the second row of 5 tubes and 0.1 ml to the third row of 5 tubes.
All rows after the first row (if 10 m! sample portions are used) should contain only single
strength lactose broth (or A-1 broth). In polluted seawater the dilution should be
extended to 5 dilution rows (the first receiving 10 ml from the seawater sample into
double strength lactose broth or double strength A-1 broth) or 5 dilution rows of single
strength lactose broth (or A-1 broth) into which the seawater sample is transferred after
the appropriate serial (10 fold) dilutions (figure 3).

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

Using sterile pipettes (6.2.3) transfer 10 mi portions of the water sample (7) into
each of & sterilized culture tubes containing double strength lactose broth (6.4).

Next transfer with a sterile pipette (6.2.3) 1 ml sample portions (7) into 5
sterilized culture tubes containing single strength lactose broth (6.4).

For preparing further dilutions shake sample again then transfer with a sterile
pipette (6.2.3) 1 ml of water sample (7) into a test tube containing 9 ml of phosphate
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buffer (6.9) (dilution D-1). Mix vigorously by hand or optionally with vibrator (5.12).
Transfer aseplically (6.2.3), using a sterile pipette, 1 ml of D-1 into each of the 5 culture
tubes containing 10 ml single strength lactose broth (6.4) or A-1 broth (6.3).

If necessary, for further dilutions transfer 1 ml of the D-1 dilution into a test tube
containing 9 mi of phosphate buffer or peptone water (6.9) to obtain dilution D-2, 1 ml
of dilution D-2 into 9 ml of phosphate buffer (6.9) to obtain dilution D-3, elc. Shake
each succeeding dilute aliguot prior 1o fransferring dilute sample portions to culture
tubes containing single strength lactose broth or A-1 broth.

Incubate the series of lactose broth culture tubes in an air or water incubator
{5.6) at 35 = 0.5° C for 48 hours. [If the direct test is used, incubate A-1 broth tubes in
a water bath at 44.5 = 0.2° C for 24 hours.

After 24 hours check for gas formation. The observation of gas formation in
the Durham vials can be facilitated by slightly tapping on the walls of culture tubes. The
appearance of an air bubble must not be confused with actual gas production. If the
gas is formed as a result of fermentation, the broth will become cloudy. Active
fermentation may be shown by the continued appearance of small bubbles of gas
throughout the medium outside the inner vial when the fermentation tube is shaken
gently. Record the number of tubes showing positive reactions (gas formation after 24
hours of incubation) in table 3, item 3, under (1a).

If the direct test (A-1 broth) at 44.5° C is used, calculate MPN value to complete
the test and report results. If the test to be performed on lactose tubes in the total
coliform MPN test, confirm all positive tubes in either MacConkey, EC or brilliant green
bile broth.

After 48 hours check again for gas formation in the same tubes and record the
results in table 3, item 9, under (1b).

8.3 Incubation in MacConkey or Brilliant Green Bile Broth at 44.5° C for 48
haurs (First confirmed test)

Three row lactose broth presumptive test: afler incubation for 24 hours in
lactose broth at 35° C (8.2) transfer with flame sterilized transfer loop (5.18) one loop-full
from each lactose culture tube that provided a positive reading into the test tubes
situated in identical positions on the tube rack containing MacConkey (6.5), EC (8.6) or
brilliant green bile broth (6.7).

Five row lactose broth presumptive test: after incubation for 24 hours in lactose
broth at 35° C (8.2) select the highest dilution in which the row of 5 tubes gives positive
readings in all 5 tubes (no negative readings should exist in lower dilutions) and all
positive tubes in succeeding higher dilutions, then transfer with flame sterilized transfer
loop (5.18) one loop-full from each lactose culture tube that provided a positive reading
into test tubes situated in identical positions on the tube rack containing MacCaonkey
(6.5}, EC (6.6) or brilliant green bile broth (68.7).

Incubate all confirmation cultures (MacConkey or brilliant green or EC broth)
at 44.5° G in an incubator (5.6) for 24 hours.
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1 ml 1 mi
0D-0 D-1 D-2
10 ml 1 mi /1ml L1 ml
]
RIS
&
,;9"\..-
PRESUMPTIVE TEST
one drop from each positive tube
first
confirmed
test
second ﬁ
confirmed
test

Figure 3. Scheme of preparation of dilution series.




Faecal coliforms in seawater by the multiple test tube method -4-13

After 24 hours record the number of tubes showing positive reactions in table
3, item 9, under (2a). Coliforms will ferment lactose in any of the selected confirmatory
media, producing gas which is trapped in the inverted vials and if MacConkey broth is
used, acid produced in fermentation will turn the violet-like colour of the medium to
yellow.

Repeat this confirmation procedure with all other culture tubes containing
lactose broth which have become positive during the 24-48 hours incubation period.

After another 24 hours record the number of tubes showing positive reactions
in table 3, itern 9, under (2b).

8.4 Incubation in Tryptophane Broth at 44.5° C for 24 hours (Second
confirmed test)

At the same time, when confirming in MacConkey broth, EC or brilliant green
broth at 44.5° C (8.3) from positive lactose tubes, also inoculate parallel tubes of
tryptophane broth. Confirmation in tryptophane broth may also be applied to positive
tubes of A-1 broth in the direct faecal coliform test.

Incubate the tryptophane cuitures at 44.5° = 0.2° C in a water incubator (5.6)
for 24 hours,

After 24 hours add approximately 1 m] of Kovac's reagent (6.10) into each of
the test tubes and shake. Within 10 minutes positive reactions are indicated by a red
colour of the iso-amyl alcohol surface layer in the test tubes. Record the results in table
3, item 9, under (2¢).

After 24 hours repeat this operation (8.4) with all tubes which have become
positive in lactose (8.4) during the 24-48 hour interval and record the results in table 3,
itern 9, under (2d).

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

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

If sample portions of 10 ml, 1 m! and 0.1 ml per test tube have been used, take
the number of recorded positive readings from the 24-48 hour incubation in MacConkey
broth, EC broth or brilliant green broth at 44,52 C (8.3) and in tryptone water (8.4), i.e.
the highest readings from either 2a or 2b, 2¢ or 2d in table 3, item 9, and find the
corresponding most probable number (MPN) from table 2. Enter this value in the test
report {table 3, item 10).

¥ A-1 broth is used in the direct faecal coliform test calculate the highest
number of recorded positives for each dilution from 1a and 2¢ and find the
corresponding most probable numbers (MPN) from table 2. Enter this value in the test
report (table 3, item 10).
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When more than three dilutions are employed, the results of only three of these
are used in computing the MPN. For MPN calculation purposes, select the highest
dilution that has all tubes positive and the next two following dilutions that will have
some negative tubes.

Qccasionally, positive plates may be encountered beyond the three serial
dilutions. In those cases, and for purposes of calculating the MPN, include such
additional results in the third row. These skip combinations of positive plates should
oceur with a frequency lower than 1% of the MPN tests performed. Higher frequencies
would suggest laboratory error in pipetting sample dilutions. Select from either 1a or
1b (direct test) 2a or 2b, 2¢ or 2d in Table 3, item 9, the dilution in which the row of five
tubes gives positive readings in all 5 tubes (no negative readings should exist in lower
dilutions) and the two next succeeding higher dilutions. Find the MPN (Table 2)
corresponding to the number of positive tubes in these three dilutions and adjust the
value by rultiples of 10 depending on the starting dilution below 10 mil.

Table 1 illustrates an example of the numbers of positive test obtained with a
series of 5 consecutive dilutions: 5-5-3-2-1. For MPN calculations the highest dilution
selected would be that using 1 m! of sample. The final combination of positive plates
reported would be 5-3-3, instead of 5-3-2. The MPN value corresponding to the 5-3-3
combination would be 170 faecal coliforms/100 ml (Table 2), and not the MPN value
of 140 faecal coliforms/100 ml associated to the 5-3-2 combination. The MPN density
thus obtained should be adjusted for dilution by multiplying for as many powers of 10
as dilutions were performed with the first plate series considered below 10 ml. For
example, a MPN value of 5-3-3 would be expressed as 170 faecal coliforms/100 ml
when the starting dilution is 10 ml, but it would be counted as 1700 faecal coliforms /100
ml when the starting dilution, is 1 ml, and 17000 faecal coliforms/100 mi when the
largest sample volume used was 0.1 ml.

Table 1. Example for computing the density of faecal
coliforms in a water sample analyzed by the
MPN method.

Sample portion Positive tubes
ml

10
1
0.1
0.01
0.001

Dilution Factor: = 10/1 = 10

MPN (5-3-3) = 170 x 10 = 1700 faecal coliforms /100 ml
95% confidence limits; :

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

9.2 Precision of results

Select the 95 per cent confidence limits for the MPN selected in (2.1) from table
2 and enter them in the test report (table 3, item 10).




Faecal coliforms in seawaler by the multiple test tube method

Table 2.

1-4-15

MPN index and 95% confidence limits for various combinations of
positive and negative results when five 10-ml portions, five 1-ml portions
and five 0.1-ml portions are used.

No. of Tubes Giving MPN 95% Confidence
Positive Reactions out of Index Lirnits
Sof 10 mbeach | 5of 1 mleach | 5 of 0.1 ml each 10%6:"1 Lower Upper
0 g 0 <P - -
0 0 1 2 1.0 10
G 1 0 2 1.0 10
o 2 0] 4 1.0 13
1 0 0 2 1.0 11
1 0 1 4 1.0 15
1 1 0 4 1.0 15
1 1 1 [+ 2.0 18
1 2 o] & 20 18
2 6] o 4 1.0 17
2 0 1 7 20 20
2 1 0 7 2.0 21
2 H 1 g 3.0 24
2 2 ¥ 9 3.0 25
2 3 0 12 5.0 29
3 0 o 8 3.0 24
3 0 1 11 40 28
3 1 0 11 40 28
3 1 1 14 6.0 35
3 2 0 14 &.0 3%
3 2 1 17 7.0 40
3 3 0 17 5.0 46
4 0 0 13 50 38
4 0] 1 17 7.0 45
4 1 0 17 7.0 48
4 3 1 21 9.0 93
4 1 2 26 12 &3
4 2 0 22 9.0 o6
4 2 1 26 12 &5
4 3 0 27 12 67
4 3 1 33 15 77
4 4 0 34 16 80
5 Q 0 23 9.0 88
5 0 1 30 10 110
5 0 2 40 20 140
5 1 0 30 10 120
5 1 1 S0 20 130
5 1 2 60 30 180
] 2 0 50 20 170
5 2 1 70 30 210
L] 2 2 850 40 250
5 3 0 80 30 250
5 3 1 110 40 300
5 3 2 140 60 360
5 3 3 170 80 410
5 4 0 130 50 330
5 4 1 170 70 480
5 4 2 220 100 280
5 4 3 280 120 630
5 4 4 380 160 820
5 5 0 240 100 240
L] 5 1 300 100 1300
5 ] 2 500 200 2000
5 8 3 800 300 2900
5 5 4 1600 600 5300
5 5 5 =1600 - -
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10. TEST REPORT

Table 3. Faecal coliforms in seawater samples.

1. Sampling area 2. Sampling point code nurber;
country: (station) longitude:
area: latitude:
3. Time of sampling hour. . day: month: year:
4. Sampling and environment conditions
Sampling depth: Container nurmbar:
Ternparature at sampling depth:
Salinity at sampling depth: Duration of storage:

(other factors which may influerce the results should be reported under 11)

5. Time of inoculation hour __ . day: [ [/
6. Start of incubation hour: . day: [/ _/
7. End of incubation hour: __ . day.  / [
8. Confirmatory test MacConkey: Brilliant green: _ Indole;
9. Number of positive reactions at 44.5° G 10. Test results:
Volume Lactose MacConkey/BG Indole 10.1 Direct test(A-1}
in ml (A-1 brath) or Br. Green test plus indole test:
transferred (Direct test) or EC F. col./100 ml
24h 48h  24h 48k 24h 48h
(1a) {ab} (2a) (2b)  (2¢) (2d)
10.2 After 48h in Mac
10 Conkey, or BG
1 plus indale:
0.1 F. col./100 ml
0.01
0.001 95% confidence limits;
0.0001 H F. col. /100 mi

11.  Anomalies observed in the test procedure:

12,  Full address of the institution which 13 Name(s) and signature(s) of the
carried out the analysis: person(s) whe carried out the analysis:

Date;
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1. INTRODUCTION

This recommended method has been prepared by the World Health Organization
within the framework of the Long-term Programme of Pollution Monitoring and Research
in the Mediterranean Sea (MED POL Phase [l). ltis also being issued separately within
UNEP's Regional Seas Programme Activity Centre’s Reference Methods for Marine
Poliution Studies Series.

The method is essentially based on already-existing recognized techniques, and
also drawn on the experience of microbiologists in a number of Mediterranean
laboratories. In the description, the style used by the International Organization for
Standardization (ISO) is followed as closely as possible. While designed primarily with
conditions prevailing within the Mediterranean Sea in mind, the method is also, to
variable extents, suitable for other similar ecological regions.

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

2. SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of faecal coliforms in
sediments of coastal bathing waters of temperate and tropical seas and is designed to
be used in sanitary surveillance of bathing beaches and shellfish growing areas.

This method allows colonies determination, as the Membrane Filtration Culture
Method, but the sample volume cannot be larger than 1 ml because the culture medium
must be able to absorb the volume of the material inoculated and solidify without
difficulty.

Faeccal coliforms exhibit a highly specific positive correlation with faecal
contamination from warm-blooded animals and, therefore, are good indicators for the
sanitary quality of coastal waters and marine sediments. Since faecal coliforms die
within hours when exposed to sunlight in sea water, their presence in the sea indicates
only recent contamination by faecal material. Die-away rates (T-90) depend, among
other parameter, on salinity, temperature and solar radiation, factors that must be taken
into consideration when interpreting the results.

3. DEFINITION

Faecal coliforms are aerobic and facultatively anaerobic, Gram-negative, non-
sporeforming rods that ferment lactose while producing gas in less than 24 houwrs at
44 5°C. They produce indole in peptone water containing tryptophane at 44.5 °C. Under
the culture conditions described in this reference method, faecal coliforms appear as
blue colonies,




I-5-2 Faecal coliforms in sediments by the pour plate method

4. PRINCIPLES

From sediment samples taken in sterile conditions, a dilution series is set up
made according to the quantity of faecal coliforms expected in the sediment sampie.
A 1-ml aliquot volume of this dilution series are transferred to empty Petri dishes (5.16).
Then m-FC agar (6.1) is poured in each Petri dish. Once the agar has solidified, the
Petri dishes are incubated at 44.5 = 0.2 °C for 24 hours. Lactose fermentation will turn
faecal coliform colonies into their characteristic blue colour.

Suspect and doubtful colonies can be tested for acid and gas development with
a confirmative test using the MacConkey broth or the Brilliant Green broth. In urban
bathing areas where sewer outlets discharge rain water as well as wastewater, the
confirmative test {or indole production is necessary.
5. APPARATUS AND GLASSWARE
5.1 Sterile plastic bags (maximum capacity 1 litre).

5.2  Core sampling cylinders, metallic or borosilicate glass, of approximately 2-cm
diameter and 15-cm length.

5.3 Borosilicate glass bottles, 250-ml capacity, to store prepared m-FC agar. These
bottles must be sterilized before receiving the agar.

5.4 Thermo-insulated plastic boxes (camping equipment), with prefrozen cooling
packs or similar cooling units, for transport and storage of sediment samples.

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

5.6 Stainless steel homogenizer or blender with several blender vessels, sterilizable
in a drying oven (5.10) or in an autoclave (5.9).

5.7 Water incubator for 44.5 + 0.2 °C.

5.8  Stereoscopic microscope, magnification of 10 - 50 X, and/or darkfield colony
counter.

5.9 Autoclave, maximum 2 atmospheres, electric or gas.
5.10 Drying oven for sterilization at 160 °C

511  pH meter, precision = 0,1 pH units.

5.12 Sterile Pasteur pipettes, completed with cotton plugs.
5.13  Analytical balance, precision £ 1 mg.

5.14 Refrigerator, 4 = 0.5 °C.
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5.15

5.18

5.17

5.18

5.19

520

5.21

522

5.23
5.24
5.25
5.26
5.27
5.28

5.28

6.1

Electric vibrator {(shaker) for mixing liquids in dilution tubes.

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

Erlenmeyer flasks of borosilicate glass for media preparation {capacity 1 and 2
litres), or media conservation (250 ml).

Borosilicate glass bactericlogical culture tubes.

Total volume (blow-out) borosilicate glass pipettes of 1, 10 and 20 mi capacity,
with stainless glass containers for stetilization.

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

Graduated borosilicate glass cylinders of 100, 500 and 1000 ml capacity with
spout.

Small borosilicate glass vials ("Durham vials"), 6 x 50 mm, to be inserted in
some culture tubes.

Bacteriological transfer loops, made from 22-24 Chromel gauge, nichrome or
platinum-iridium. Diameter of the loop: 3 mm.

Heavy wrapping paper.

Aluminum foil (household quality).

Autoclavable wide-mouthed plastic bottles, 200 to 300 ml capacity.
Watertight metal boxes for incubating Petri dishes in a water bath (5.7).
Filter paper.

Water incubator for 44,5 + 0.2 °C.

Stainless steel forceps.

CULTURE MEDIA AND REAGENTS

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

m-FC Agar

6.1.1 Medium

Tryptone 100¢g
Proteose peptone no. 3 50¢
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Yeast extract 3.04g
NaCl 5.0g
Lactose 1259
Bile salts no. 3 159
Aniline blue 019
Agar 15.0 g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients of this agar in 1 litre of distilled water (6.7).
Heat to boiling point until all ingredients are completely dissolved. If necessary, add 10
ml of 1% solution of rosolic acid (6.1.2), keep boiling for more than one minute and then
cool. The final medium should have a pH of 7.4 = 0.1. If necessary, adjust the pH with
diluted analytical grade HCI. A volume of 200 mi of m-FC agar, with or without rosolic
acid, is poured in each sterile 250 m! flask (5.3). For immediate use, these flasks are
kept in a 50 °C water bath for a maximum of 3-4 hours. For later use, the flasks are kept
in a refrigerator (5.14) for a maximum of 1 week.

Note: The addition of rosolic acid is optional and should only be added, if
necessary, to suppress excessive growth of non-fagcal coliforms.

Note: Do not autoclave this medium.
6.1.2 Rosolic acid

Prepare a small volume of 1% solution of rosolic acid by adding an adequate
amount of rosolic acid in 0.2 N NaQOH.

Note: The rosolic acid solution (initially in powder form) should be prepared
freshly immediately before being added to the agar. The rosolic acid
solution should must not be autoclaved.

6.2 MacConkey Broth

6.2.1 Medium

Sodiurn taurocholate 5049
Lactose 100 ¢
NaCl 50¢g
Peptone 2009
Distilled water (6.7) 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 inverted
Durham vial (5.21) in each clean culture tube (5.18, 8.1) and dispense sufficient medium
into the culture tubes so that the inverted vials are at least partially covered after the
entrapped air bubble in the vials has been driven out during autoclaving. Close the
culture tubes with cotton plugs. Sterilize the culture tubes by autoclaving at 121 °C
during 15 minutes.
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6.2.2 Bromo-cresol purple solution

Preparation: Dissolve 1 g of brome-cresol purple in 99 ml of 85% pure ethanol
(6.9).

6.3 Brilliant Green Bile Broth

Oxgall, dehydrated 200¢q
Lactose 10.0 ¢
Peptone i00¢g
Brilliant green 13.3 g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients by shaking. Introduce a small inverted
Durham vial (5.21) in each clean culture tube (5.18, 8.1) and dispense sufficient brilliant
green broth into the culture tubes so that the inverted Durham vials are at least partially
covered after the entrapped air bubble in the vials has been driven out during
autoclaving. Close culture tubes with cotton plugs. Sterilize culture tubes by autoclaving
at 121 °C (5.9), preferably for 12 minutes, but not exceeding 15 minutes. Final pH
should be 7.2 + 0.2. Before using this broth, test a sample of the finished product for
performance using control stock cultures (6.10).

6.4 Indole Test Solutions

6.4.1 Tryptone water

Tryptone 10.0 g
NaCl 504qg
Distilled water (8.7) 1.0 litre

Preparation: Dissolve the ingredients in distilled water (6.7). Dispense 5 m! into
each test tube (5.18) and autoclave (5.9) at 121 °C for 15 minutes. Final pH should be
7.0 - 7.4, If necessary, adjust pH with diluted NaOH before sterilization.

6.4.2 Kovac's indole reagent
Paradimethyl-amino-benzaldehyde 509
Amyl alcohol 75.0 ml
HCI 25.0 ml

Preparation: Dissolve the benzaldehyde in amyl alcohol and add HCL The
reagent should turn yellow.

6.5 Phosphate Buffer (pH = 7.2)

K,HPO, 30g
KH,PO, 104g
Distilled water (6.7) 1.0 litre

Preparation: Dissolve the ingredients and autoclave (5.9) at 121 °C for 15
minutes.







