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PREFACEH

Within the framework of the Plan of Action for the Mediterramean S5ea, adopted at Barceleoma in
Fabruary 19753 by the (oastas)l States of the Region, znd under the terms of Arcicle 10 of the
Caonvention for the Protection of the Mediterranmesn Sea against Pollution, the contracting parties
undertook %o establish, in close cooperation with the competent international organizations, a
system of pollution monitoring for the Meditarranean Sea region.

The decails of this monitoring programme were adopted by the centracting parties at their
'second ocdinary meeting (Cannes, 2-7 March 1981}, within the framework of the Long-term Progrsmme
'for Pellution Monitoring and Research in the Mediterranean Sea (MED POL Phase II), which was
adopred at the same meeting. The majority of the Mediterranean countries have already submitted
their national monitoring programmes, or are in the course of completing preparation of these
programmes, which comprise the menitoaring of various bacteriological parameters in coastal waters
used for recreaticnal purposes and also in water used for shellfish farming.

Ta promote the standardization of methods and to ensure the comparabiliry of results,
vreference metheods for sampling and analysis have been prepared for the use of Mediterranean
laboprateries participating in this programme. The World Health Organization and the United Natioms
Eoviroument Prograsme have developed, tested and reviewed methods of determination of total
coliforms, faecal eoliforms znd faecal streptococei in seawater by the membrane filtrarionm culture
(MF) method and determination of faecal coliforms in bivalves by the multiple test-rube method -
the most probable number (MPN) method. Reference methods for rhe determinatriom of toegl coliforms,
faecal coliforms and faecal streptocecei in seawater by the multiple test-tube methods are at
present being developed and will be available shertly.

Te techeck the comparability of results and of quality control operations, a series of
intercalibration exercises was commenced in 1983, afrer completion of a preparatory exercise in
Rome in 1982. These exercises were attended by specialists responsible for the monitoring
programme [rom the host country's laboratories and also from a number of laboratories in wother
countries. They have been held alternately in the English and French languages and combined with
consultation meetings to snalyse the results obtzined and discuss matters relating te the MED POL
Programme .

The first exercise in the series (in French) was held in Barcelona from 7 te 11 Novembar 1983
end the second {in English) in Athens from 25 to 29 June 1984. The present exercise (in French)
has Deen organized by WHO and UNEP, in collaboratiom with the Institut Pasteur, Tunis, within the
framework of Phase IT of the MED POL programme and of other Tunisian monitoring programmes. Like
its pradecessars, it was mainly intended o enable participants to determine the bacteriolegical
parameters in identical seawater samples, using the recommended methods, finalized after the Rome
mesting in November 1982, These methods were;

- determination of toral coliforme in seawater by the MF method (UNEP/WHO, Reference Methods faor
Marine Pollution Studies, We, 2, Rev. 1):

- detzrmination of faacal coliforms in seawater by the MF method (UNEP/WHO, Reference Methods
for Marine Pollution Studies, No, 2, Rev. l);

- determination of faecal streptococel in seawater by the MF method (UNEP/WHO, Referenca Methods
for Marine Pollutien Studies, Ne. &, Rev. L),

- determination of fgecal coliforms in bivalves by the ¥PN method (UNEP/WHO, Reference Methods
for Marine Pollutionm Studies, No. 5, Hev. 1).

In view of the need for an exhaustive comparison of the twe principal merhods of
bactariological anslysis used, namely the MF and MPN methods, a further aim of the exercise was to
make paralle] decerminationz of the total coliforms, faecal coliforms and faecal sCTeptococci in
seawater by both methods, using the same samples.

It was zlec proposed rhat the ¢consultation meeting should:

- review the rvesults of this exercise and those of previous ones in the series;

- discuss the microbiological parsmeters used for monitoring the sanitary quality of coasral
waters, and the methods for their determination and interpretation:
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- formulate any necessary recommendations for subsequent exercises in Che series;

- make appropriate recommendations on ralevant aspects of the long-term monitoring and resesrch
PrOgramme.

Representatives of Tunisian instituces participating in the microbielogical monitering pricess
within the framework of MED POL Phase II and other Tunisian monitoring programmes were invited to
take part in the interealibration exercise and comsultation meeting; representatives of instrifutas
in other Medirerranean countries participating in MED POL Phase II (Algeria, France, Italy, Morecco
and Yugoslavia) were also invited to participate. To facilitate Che eventusl application of the
reference methods in aother regioms, Tepresentatives from twoe non-Mediterranean institutes, sityared
in Portugal and West Africa, were also invited to take part in the exerecise and consultation
meeting.

The following organizafions and institurions were also invited ta send rvepresentatives; Che
Food and Agriculture Organization (FAQ), the United Nations Bducational, Seientific and Cultural
Organization (UNESCO), the Intergovernmental Oceanographic Commission (18C), the World
Meteorclogical Organization (WMD) and the Internstional Atomic Energy Agency {IAEA).

l.  Opening of the mesting (agenda item 1)

’

The intercalibration exercise and conmsyltation meeting, organized by WHO and UNEP, in
collaboration with the Institut Pasteur, Tunis, was held from 12 to 16 November L984, It was
atrended by 24 temporary advisers from Tunisian institutes, from other Mediterranean countries and
from Pertugal. The WHO Regional Office for Europe alse sent a representative, A list of
participants is acrached as Annex 4.

Dr L.J. Saliba, Senior Scientist, Coordinating Unit of the Plan of Action for the
Mediterranean, WHO Regional Office for Europe, deelared the consultation meeting open in the name
of Dr Leo A. HKaprio, WHO Regional Director for Europe, and of Dr M. E! Gezairy, WHO Regional
Director for the Eastern Mediterranean. After listing briefly the work done within the framework
of the MED POL programme which had led up to the present exercise, he paid tribute to the
activities  undertaken and the faecilities provided by the Institut Pasteur. He pointed out with
satisfaction that this was the first axercisze within the framework of the MED POL programme to take
place in the North African country and that, again foar the firse time, the meeting had the homour
of being welcomed by the Minister of Health ig person.

Professor A. Chadli, Director of the Institut Pastaur in Turis, welcoming the participants,
said that the meeting was a landmark in the campaign which many countries were waging agaiast the
pellutien of the seas in general and of the Mediterranean Sea in particular. Mr M, Mzali, Prime
Minister #nd Minister of the Interior of Tunisis, had shown his close interest ia the work of che
committes by accepting the appointment of honerary president of the meeting, After reminding
participants that the wellbeing and the physical and morsl health of the Tunisian people were cne
of the main concerns of the Tunisian hesd of state, he described briefly the characteristics of the
Mediterranean Sea and its present degree of pollution, after which he described the activiries of
the Iastitut Pasteur in the fieid of public health and in particular within the framework of the
MED POL project, in many cases in collaboration with other Tunisian jnstitutes. In conclusion, he
wished the fatercalibration exercise all the success that the participants were entitled to expect.

Mrs 5. Lysgoubi-Quahchi, Minister of Publie Health, alsc extended a2 welcome to the
participants, She said that it was indeed auspieious that a meering of this nature should ba held
for the first time in & North Afriean country and that the Institut Pasteur in Tunis, which had
Been 8 regular and active participant since 1976 in the meetings held in variscus countries in che
Mediterranean Regicn, should have besn chosen to host this exercise. She thanked WHO and UNEP for
their assistance in holding these meetings and pointed out that the choice of the Institur Pasceur
brought out clearly the continuing efforts of the Tunisian Government fo institute a two-way
collaboration between the northern and southern coasts of the Mediterranean Sea in the field of
sciencific ressarch, for the graster benefir of all, Envirenmental problems were also her coacern
as Minister of Public Health. Her Gavermment atrtached the vVery greatest importance te the resolute
puresuit of a higher srendard of sanitary hygiene in general, with the aim of achieving more
effective health protection for all Tunisian cirizens, since the human being was the essential
element in national development pelicy. 1In conclusion, she thaoked Frofessor Chadli and hig team

for their work in organizing this exercise at the Institut Pasteur and wished the meeting all
futcess.
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2. Scope and aims of the meeting (agenda jcem 2)

. Dr Saliba described briefly the scope and aims of the intercalibration exercise and
consultarion meeting.? He emphasized the importance of following secrictly the instructioms
prepared for the deferminaction of the various paramerers, so as te ensure comparability of the
results obtained.

3. Election of officers (agenda item 3)

Professor Chadli was elected Chairman, Dr A. Nejjar Vice—Chairman and Dr P. Bernard
Rapporteur. Dr Saliba acted 2s Seevetary of the meeting.

4. Adoption of the sgenda (agenda item 4)

The provisional agenda was adopted unanimously.

5. Organizarion of the programme of work (agenda item 5)

The Chairman explained the programme of practical wark, The instructions given ro the
participants relating ta the organization of the work are attached at aonex 2.

6. General discussion on the bacteriological parameters used for monitoring fthe sanitary gquality
of coastal waters, and on the methods for their determination aod interpretation (agends
ltem &)

Professor 5. Jekov presented s paper entitled "The comparability of the MF (MF) and multiple
tesct-tube (MPN) methods for determining total coliforms, faecal coliforms and faecal sCreptococal

in seawater". This paper, which was greatly appreciated by all the participants, is reproduced ap
Annex 1,

7. BReview of rhe results of previous meetings (agenda item 7)

The reports of the incercalibration exercises held in Rome from 22 e 26 November 1587 and in
Barcelona from 7 to 1l November 1983 were presented to the participants in their fimal farm. The
summary report of rhe exercise held in Athens from 25 te 29 Jume 1984 was also cireulared to the
participants. The results cbtained in these exercises were described briefly.

B. Analysis of results of the present exercise (agenda item 8§)

The results of the present exercise are given later in the report (Annex 3),

Comparison of the analyses of the bacterial councentratien in = single seawater sample (thrae
diffecent types of seawater having been analysed) by the MF and MPN methods yielded satisfaccory
results, allowing for the human factor., There were, however, reservations about comparing a method
which had been tested 24 times during the present exercise (MPN method) with one tested oaly
glght times (MF merhad).

The results of the MF method as applied to a single seavster sample were similar for all
participant groups, altheugh two groups cbtained differing rezults for totral coliforms and faecal
streptococci. This can enly have been due to individual variation.

The reproducibility of the MPN method was found fully satisfactory.

The following comments were made by the participants during the exercisa:

- some difficulties arose over the reading and interpretation of the number of total coliform

colenies on Ende agar and over the faecal streptococcal count on Enterococcus agar by the
MF method;

- the MPN method was easier to iaterpret than the MF methad;
- some ¢ountries found the cost of membrane filters to be high;

- WHQ and UNEP should notify participatimg laboratories of the reference methods one manth
before the exercise, at the same time circulating the reports of preceding exercises,

4 Deocument ICP/CEH 001/m3/2.
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9. Future sction and recommendations (agends item 9)

In addicion to the individual recommendstions oa items of the agenda, the parrticipants made
the following general recommendations.

(1) The series of intercalibratien exercises on microbiological reference methods for monitoring
the quality of coastal waters should be continued on a regular basis. A new programme should starc
at the beginning of 1986. This programme should include cther microbiological indicstors of
pelliution.

(2} Oun the basis of the results obtained in che last two exercises (Athens, 25-29 June 1984, and
Tunis, 1Z-16 November 1984), a significant correlstion is evident between the MF method amd the MPN
wethod. Consequently, the MPN method should zlso be recommended a3 a reference method for
decermining the degree of pallution of coastal wakters. Tn this regard, the definitive versions of
the reference methods for detarmining total coliforms, faecal coliforms and faecal streptococei in
seawater by the MPN method sheuld be completed as scon as possibla.

(3) It was desirable that other merhods be daveloped for determining pathogenic ovganisms and
pollution indicacor organisms in wastewater.

(4) In the research component of MED POL Phage II, the activities dealing with epidemiological
studies that correlate the bacteriological quality of seawater with health effacts should be
éxtended. In this regafd, the participants noted the intention of WHO/UNEF to convens a
consuyltatien mesting on this subject in 1985 and stressed the necessity of developing a standard
Profocel to render comparable future work, which should be carried out on the widest possible hasis.
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Annex L

COMPARABILITY OF THE MEMBRANE FILTRATION CULTURE {MF)} &ND MULTIPLE
TEST-TUBE (MPN) METHODS OF DETERMINING THE CONGENTRATION OF TOTAL
COLIFORMS, FAECAL COLIFOEMS AND FAECAL STREPTOCOCCI IN SEAWATER

by
Professor S. Jekov
Institat Pasteur, Tunis

Before describing the basic criteria used for comparison of the two methods, the membrane
filtration culture (MF) and the multiple rest—tube (MPN) methods (MPN = most probable aumber) for
the detection and simultanecus coutting of coliforms and enteroccoci (faecal streptocgcei) inm
seawater, it is useful £o give the historical background of the development of colimetry:

- the use of these microorganisms as faecal pollution indicators;

- the diversity of views on the sanitary interpretation, let alone the significant values in
epidemiolegical prngﬂslﬂ, of the different taxonomlc species of coliforms;

- the corract choice of the mest sultable method of determining coliforms in & seawater medium.

In earlier times, although the bacterisl origin of infectious diseases had not yet been
discovered, it was already known that fzecsl pollution of warercourses was a contributory factor to
the propagation of cholera and typheid epidemics among populations living along the banks.

At a later stage, when the natural process of the mineralization of organie matter and ifs end
products (nitrites, nitrates and chlorides) became known, it was accepted that research workers
could ute specific faecal pollution imdicators to reveal the insalubrious properties of water. At

the same time, laboratory procedures for the decection of these chemical parameters were being .

developed and implemented in zanitary control systems.

In 1881, T. Escherich isolated Erom the stools of adults and children a microorganism which he
designated Bacterium coli commune,

Since this micreorganism was detected consistently and in large numbers in human stools and in
the excreta of warm-bleocded animals, the conclusion was drawn that human and animal organisms were
its ouly natural hosts.

B. coli cowmmune was therefore regarded as the principal bio-indicater of faecal pollution in
view of its specificity and sensitivify to the chemical parameters referred to above.

In addition to chese two criteria (specificity and seasitivity), the bio-indicator must have a

longer survival time than any pathegens that may be present in the faecal material rtesponsible for
pollucion of the water.

At that time, enly some strains of Shigella, Salmonella and vibrios had a comparable survival
timz to that of B. coli commune, and it was generally accepted thgt B. coli commune survived lenger
in warer than pathogenic miercorganisms, Therafore, in additionm fo LLs usefllaness as an indicatror
of faeeal pollution, B. coli commune was in genersl regarded ss an indireer indicatar of the
possible presence of pathogens in polluted water.

Vincent (1889), Eijkman (1904) and Bulir {1%07) then developed multiple tube culturing
processes for the determination of B. coli commune in soft water (for coliforms, Vincent used a
selactive broth wirth the addition of 0.85% phenol).

Subsequently, however, other research workers {Levine, 1921; Koser, 1926) discovered in the
seil, and even ia plants, bacteria identical with B. coli commune in terms of their morphalogy and
the biochemical criteria used by Escherich.

These workers believed B. coli commune to be ubiquitous in mature, so that there was ne reason
Eo tegard it as a specific faecal pellution indicator.

After the introduction of new differential parameters, strains isolated frem the soil and
identified as B. eoli commune were found on application of the "citrate" test to be
citrate-pesitive, whereas those derived from human stools were constantly cltrate-negative.
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The gbility of the microorganisms to make use of citrates introduced inte rhe culturing media
{Roser broth or Simmons agar) as a sole source af carbon came to be used subsequently as a means of
classifying B. coli commune strains into two categories: cicrate-negative coliforms which are
normally found in the intestinal microflora and therefore signify faecal pellufion, and
citrate-positive coliforms, which baslong to the normal microflera of the emvironment and in
consequence have no ganitary significance.

This classification inte two categories - citrate-negative and citrate—positive - was a first
attempt at a sanitary classification of coliforms. After testing a wider range of biochemical
criteria, including in particular rhe IMVIC tests,d it was found rhat two clearly dlstlngulshable
biotypes existed within these twoe ¢oaliform categories.

In their taxconomic classification, coliforms belong to the Enterpbacterize family. They make
up the tribe of Escherichia, within which they are divided intoe genera (Eacherichia, Citrabacter,
Enterobacter, Klebsiella and Levinea (not universally accepted)), and then into species.

The classification is being continuocusly medified, however, in respect of the taxonomic
nomenclature and the distribution of coliforms inte genera snd species. This lack of precision is
easponsible for the confusion surrounding the sanitary interpretation of coliforms. The differant
principles on which current laboratary techaiques have been bagsed have also contributed o the
stare of confusion.? '

It is worth remembering in connection with coliform determinations that the word "coliform" is
not & Caxonomic term. It is curreatrly used e designare all intestinal bacceria beloaging to tha
tribe Escherichiz, which share the charactaristics of being gram-negarive baciili, non-sporulating,
most frequenctly mobile and metabolizing lactose with a relesse of gas at 37°¢C.

Faced with the taxonomic diversity of the coliforms, at the practical lavel, attention has teo
be concentrated on the species Escherichia coli (B. coli commune discovered by Escherich),
Citrobacter freundii and Enterobacter serogenes.

Over and above the taxonomic classification of coliforms, sanitary monitoring, which is
interested in coliforms solely as faecal pollution indicators, makes use of a so-—czlled "sanitary”
clagsification, the first version of which (referraed te above) distinguished between rwo coliform
categories: the cifrate—negative category (represented by E. coli) and its biotypes, which are of
faecal origin, and citrate-positive coliforms which are only found in the environment.

At the present time, after intensive research and many years of intensive argument between
teseatch workers, the saniiary classification of coliforms still consists of two categories or, to
be more exackt, two tests, which are used for the detection of fzecal ¢oliforms and tetal coliforms,
distinguished as in the inirial classifiecation on the basis of a single criteriom: ctheir abilicy
to eause lactose farmentarion ar 44.5°C.

It is accepted (according to the American school) that coliforms, the representative species
of which is Escherichia coli, are undoubtedly of Eaecal origin. The definition of faecal
cpliforms® is based on their common characteristics of beinp gram—-negative, deroblc and
faculrative apnserobic bacteria, in the form of bac:llx, nen- sporulatlng and ca?able of fermenting
lactose with gas production in less than 24 hours in cultures at 37°C and Rath ‘s 4 They produce
indole in tryptonated water (containing tryptoPhan) when cultured ak 44.3°C. To seme lsboratories,
coliforms which are indole-negative at 44.5°C ara also regarded as "faecal" in

2 The IMVIC tests (I = indol, M = methyl red, V » Voges-Proskauer, IC = sodium citrate) are
only useful at the presant time for identifying genera but not coliform species.

B It is to be hoped that current studies on coliform ¢lassificarion based on new eriteria
and more sophisticated methods, possibly ineluding 2 numerical, geneti¢ and molecular taxonomic
system, will produce a more suicsble classification for monitoving & marine medium and more
consistancy overall.

€ United Nariens Environment Programme. Determination of faecal coliforms in bivalves by the
multiple resc—tube metheod. Reference methods for marine pollution studies, No. 5, Rev. 1, 1983 (in
cooperation with WHO).

d tn the MF method, the differential criterion for coliforms (lactose degradstion,
manifested by acidification follewed by 2 release of gas) has been reduced to the parameter
"acidification'.
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Toutine praccice.8 Other laboratories consider the terms "E. coli" and "faecal coliforms® as
Syaenymous. b our own experience, the need to differentiate E, coli can only be mer by the IMVIC
tests, in which case indole production at 44.5°C is an obligatary criterion.

The rotal coliferm test reveals both faecal coliforms amd coliferms which are not capable of
fermearing lactose at 44.5°C, bur research werkers are not agreed on the interpretation of the
Lozl coliform test for sanitary purposes.

Te reconcile current definitions and interpretarions, which often differ considerably, the
authsars of the International standards of drinking water (Ganevs, World Health Organization, 1962)
accepeed that all coliforms might be of faecal origin® so that their presence iz deemed to
indicare pollurion,

We may quote Leclerc (1984) in this connection, who states that high-temperature tests tp
reveal the presence of & microorganism population or group, which are significant from the hygiene
paint of view, are:

() sigunificant in the senss thar the bactaria detected {at 44°C) are in most cases E. coli
or bacteria of definitely faecal origin;

(B) restrictive and relative in the sense that many faeczl intestinal bacteria are probably
ineapable of multiplying at this temperature; this iovolves accepting the existence of
coliforms which are incapable of multiplication at &44°C, without disputing their faecal origin.

Accoerding to Farmer {1977), only 20% of all intestinal bacteria of faacal origin can be
identified as a known species and 30% asg a given genus without specifying the species, wheress 50%
escape classification altogether.

Coliforms detected in the toral eoliform test, the faecal origin of which is disputed, are at
present stiributed to an earlier faecal contamination, which is less important from rhe point of
view of epideminlogical prognesis, whereas faecal coliforms are regarded more particularly as
indicators of a recent faecal contaminstiom 0T, L0 more exact rerms, of & contamination by fresh
faecal material,®

Celimetry (coliferm determination) in 2 marine medium

The theoretical concepts, methods of analysis and forms of sanitary interpretation of
coliforms, used as faecal pollution indicators, constitute g special field in microbiclogy of the
medium (sanitary mictobiolegy), known in particular as colimetry.

The aim originaily was to improve sanitary control, and the relevant merhods were designed and
tried our in freshwater,
‘ Later, thesa principles and tests, developed for celimetry in freshwater, were applied
directly in a warine medium, without taking account of the faetr that ther latter is a highly dynamie
and highly diversified ecosystem, for which there is no possible basis for comparisen with the
human biotope of coliforms or the conditions of life which the latter experience in the continental
environment.

There are therefore some weaknesses in colimetry as currently used for monitoring the marine
enviromment, eéspecially seawater ar seaside resorts,

On intreduction inte the marine environment, in arder to survive, celiforms have to adapt to
conditions completely different from their natural habitar and wodify their metabolism to fit im
with the marine ecosystem. New characteristics may then appear or one or more characteristics
considered to be specific to the species may disappear, e.g. the loss (by E. coli) of the ability

% Modificarion of the Eijkman thermophile tests at 46°C.

b rhis practice has been confirmed in our experience, since we have detected in stools sent
to the laboratery for rourine examinatiom, in parallel with E. eoli, the presence of
titrate~positive coliferms in 40% of the samples.

€ In the normal version of the MF method, the two tests may be distinguished in cthe
following way: tetal coliform count/l100 ml at 37°C for the total coliferm test and total coliform
count/100 ml at 44°C for the faecal coliform test.
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to ferment lactose and produce indole at 44°C.2 These are provisienal adaptations, and sconer or
later the microorganisms degenerate and die. This may explain the variability and instabilicy of
the biochemical characteristics of coliform strains isolaced directly from the marine environment.

The inrerpretation of sanitary and epidemiolegical purposes, which has been based at pregent
on survival im freshwater and on comparisens with certain microorganisms of the Shigella or
Salmonells genus and certain vibrios, is me longer in line with the present state of knowledge. in
epidemiclogy and micrabiology,

It is now known that faecal contamination introduces inte the marins environment not enly.
pathogenic intestinal bacteria, but alse the agents responsible for vaTious viral diseases
(Poliovirus, the virus of infectious hepatitis B, the Coxsackie virus, ete.) and also of parasitic
diseases, the survival time of which is undoubtedly laonger than that of E, coli, the coliform
species recognized today as the main faecal poellution indicater. In consequence, absence of
E. coli and faecal coliforms in general (during sanitary monitoring) in no way signiiies that
seawater is free from pathegenic agents, ner is the E. coli determination, including the faecsl
coliform test in any way a better method, Ln Lerms oF sensitiviey and specificity, of measuring the
quality of bathing weter than fhe total coliform tesc. ‘

In our experience, seawater samples taken at points remote from any source of pollution have
been found to be free of coliforms;b in other words, if coaliforms are detectad in seawvater,
their presence may be regarded, irrespective of the species, as an indicateor of peliutiom of
mazn-made origin; we understand this term to mean the pollution of rhe marine envireament by
wastewarers, in a broader sense than faecal contamination. Coliforms in the marine enviromment are
in fact transmitted by wastewaters (drainage waters, river waters Teceiving wastewaters and waters
flowing through urban zenes) which carry, together with pathogenic microorganisms, physical and
chemical pollutants. Travellers and ships' crews may be responsible for part of rhe faecal load on
the marine environment. This load may, however, be calculated on the basis of the number of
travellers, by the equivalent inhabiczant/day test. )

Since ar the present time industrial wastes are eollected and in most cases discharged on the
"everything dewn the drain" principle through the public sewer system, coliforms may be used not
only to assess the risks of infectious diseases Eransmitted by seawater, but also as an aid to
sanitfary engineering, since they help us to follow the diffusieon of westewater anmd to establish the
path followed by chemical contaminants carried by wastewaters. Colimetry can help in assessing the
self-purification capacity of the marine environment and in siting a drainage outfall; it may even
be used as an aesthetic parameter.

These different applicationa of coliform determinacion raisa the question of which of the twe
indices (MPN/100 ml) (toctal coliforms or faecal coliforms) is the more specific and more sensitive
indicater for the purposes listed shove.

Before considering prierities and the disadvantages imherent in <he two methods for
comparison, the point has to be made that the MPN method has not yet.been standardized, There are
various wedifications of the method with different sensitivities. It is thersfore essential ro
know in advance which of these modificatiens iz to be compared with the MF method, In the first
place, the MPN method makes use in its prelinminary phase of different lactose broths, three of
which are particularly recoumended: lactose broth, free from inhibiting components; MacConkey
broth, with the addition of sodium taurocholate as inhibirar; and brilliant green lactose bile
breth, the bile and the brilliant green being added as inhibiters. Thess two latter are therefors
regarded as selective broths in relation to coliforms.

We have glready pointed out that the merine eaviromment does not favour coliform survival.
Their virality decreases progressively and the leasst resistant individuals pass inte a state of
"stress". If eultured in broths with brilliant green and bile salts, the inhibiter concentrations
also exert an inhibiting action on the coliforms (Table 2), whereas broth with the addition of
lactese favours the resuscitation of coliforms under "strass" ia the same way as the tryptonated
water used as a pre-enrichment medium in food analysis techniques.

% This faculty has not yet been adequately studied, but it has to be regarded as an abilicy
to adapt. Escherichia eoli psichrophiles have been discoverad {by Leclere) which are capzble of
growing at &4 ¢.

b g study of the visceral microflora of fish caught in the open sea has shown to be free of
colzforms.
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To establish which of the three liquid media rendered the MPN method most sensitive, we
deteymined in 1982, within the framework of the MED POL Phase II project, the MPN/100 ml for total
coliforms, faecal coliforms and E. coli, using simuitanecusiy the three broths referred Lo above.

The study was carried out on 72 seawater samples, consisting of three groups of 24 samplas
each taken in three different stations (one heavily polluted by outfalls of wastewaters, the second
moderately polluted and the third assumed to be relatively clean). The samples were chosen on the
basis of routipe meonitoering data,

‘ The samples were inoeculated in series of five 10 ml, 1 ml and 0.1 ml tubes for each of Che
hree lactose broths in the presumptive phase of the MPN method (in the confirmatory phase,
wulturing was carried out at 44°C on brilliant green lactose bile broth snd in tryptonacted water).

Comparison of the MPN values cbtained for coliforms (total, faeeal and E. coli) for each of
the three lactose broths in each ssmple enabled the lactose broths te be classified into Chree
sensitivity levels: high, medium and limired.

The highest sensitivity level wag found with the lactese broth,® for whieh the highest MPN
values were found, i.e. the lactgse broth proved to be the most sensitiva,

The resultas of this evaluatien are shown in Tables 1 and 2, from which it is evident that the
"high sensitiviey" percentages for total eoliforms, faeeal coliforms and E. coli are significantly
higher in the case of the broth with a lactose additive. This broth was tharefore more sensirive
and of higher quality than the other rtwo. The percentages in Table 2, relating to the brillisnt
lactose bile broth, e¢learly indicate its inhibiting action on colifarms.

In the second phase of our study, we compared the sensitivity of the MPN technique using
lactose broth with that of the MF technique using MF agar, The results are shown in Table 3.

The overall results appear to indicate that the MPN method using lactose broth is 2 mere
sensitive means of determining the faecal pollution of a marine zone.

The bacterielegical parameters relating to the two methods have already been discussed during
the intercalibration exercise and consultation meeting in Rome (WHO/UNEP, 22-26 November 1982).
After discussion of the comparability of the twe methods ar that meeting, neither method was found
to be superior te the other. Each one had advantages and disadvantages. This finding was in
sgreement with the data in the relevant literature,

The resuits of the intercalibration exercises held at Rome (in 1982) and st Barceloma (in
1933)® cast no further light on the comparability of the two methods.

The different working groups used the MF method for determination of the coliform and
enterococcal concentirations in the three types of seawater sample (41, Bl and Cl). The results are
accordingly enly significant for verifying the precision and sensitivity of the MF merhod, applied
to 2 single sample by different working groups.

On this basis, the coneentration ranges in coloniss per 100 ml in the interealibration
exercise in Rome and even more so in the Barcelops exercise (75 000 000, 43 000 for retal
coiiforms; 4 000 000, 12 900 for faecal coliforms; and 1 730 000, 57 000 for enteroccoci) show
the MF method to be insufficiently exact provided, of course, that the method was correctly carried
out by sll experimenters. 4 similar calibrarien of the MPN methad is obviously necessary for
comparison of the precision of the two methods.

2 For coliform determinations in the marine envirooment, we use lactese broth with the
addition of bremothymol blue 25 a pH indicatar of lactose acidification without the release of
gas. This medium, which yielded very encouraging results, has the advantage of enabling eultures
from the presumptive phase of the MPN method to be used for determining the MPN/100 ml of faecal
strepeococel by reineculation on Slanets agar-agar or on a potassium tellurira sgar-agar (in the
confirmatory phase),

® See “Report on a joint WHO/UNZP mesting”, Barcelona, 1983,
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Table 1. Comparisoan of the sensitiviety (in Z) of three lactoese broths
in the determination of the Escherichia coli concentration in the analysed samples

Type of broth MPN/ 100 m} MPN/100 ml MEN/100 ml
used toral coliforms faecal coliforms Escherichia col

MaecConkey 41.17 49,27 46.37

L
Lactose 79.41 71.01 76.81 ‘
Brilliant green broth 19.11 30.43 H0.57 \

Table 2, Comparison of the sensitivity (in %) of rhe wmulriple resc=-tube rechnique
depending on the Fype of lactose broth used for the determinarion of the MEN of coliforms

s

Sensifivity

Type of
lactose MEN/LO0 ml MEPN/100 ml MEN/100 ml
broth tatal eoiiforms faecal coliforms Escherichia coli !

High Med tum Limiked High Medium Limiced High Medium Limiged

|
Lactose 7%.41 14.71 5.88 71.01 24,63 2.89 76.81 20.27 2.89
MacConkaey 41.17 47.11 11.76 49.27 28,98 21.73 46,73 33.33 20.28

Brilliant :
green broth 19.11 45.58 35.29 30,43 47 .82 21.73 40.57 43,47 15.98

Note. A single sample waz examined on each of the three lactsase broths and compared in
three MPN values obtained in relation ko each test,

Table 3, Comparison of sensitivity (im Z) of the two techniques in relation to
the numbers of samples anialysed

MPN technique superioer MF techanique
Type of te the membrans superior to the Equivalence of
sample filtration techaique MPN technique the two techuniques

Clean 42,80 33.33
Contaminsted 70,58 19.41
Polluted 87.50 12.50
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Disadvantages and _advantages of the MPN method (multiple test-tube technique on lactose broth) inm
rejation to the MF merhod

1. Disgdvantages

The MPN method was originally designed as a means of assessing the "colitirre® test = based on
the smallest volume of analysed water inm whieh rhe presence of coliforms is derecred,

Subsequently, this method was artificially adapted to become the MEN rest by mathematical
conversion of the results of the coliform determination (colititre), using staristiesl tablesd to
determine the MPN as a function of the results abserved,

The position is therefore that the MF method enables a direct determination of the coliform
concentration co he made by counting the colonies, whereas in the MPN method the concentration is
arrived at by statistical means.

Where systemaric control checks are required on seawater samplea from sectors believed to be
free from faecal pollution and suspended matter, the MPN method is technically less rapid and
requires more equipment {stove, laboratory benches), space and staff than the MF method.

2, Advantages

It is possible to obrain simultaneously, from the presumptive phase oawards, the results of
the three MPN tests: for total coliforms, faecal califorms and E. coli.

The MPN determination can be carried out on constant jinoculation valumes (5 x 10 ml, 5 = . mt
and 5 x 0.1 ml), irrespective of the asgumed level of faecal pollutien in the seawarer for analysis,

The methed has 2 higher technical specificity, being based on the ability, spacific to
coliforms, to ferment lactose with a release of gas, whereas the MF methed is based solely on
lactose acidification.

A better bacterial cell "regeneration” is obtained (in the case of coliforms under "stress"),
Seawster samples rich in suspended matter can be more easily analysed.

The method can be applied in all laboratories, the apparatus and glassware (stove, stands,
graduated pipettes, tasc—-tubes, ete.) being available in any operatiomal laboracery.

The methed can be used without the need for specialized materials (filtratienm membTanes,
special gpparatus, etc,).

Reading off is emsier and yields more standardized results. The method is also less
time-consuming, especially in the case of samples taken in coastal sectors with an outfall of
wastewvaters, where several filtration membranes would have to be used, ¢

The method is less costly, especially For countries requiring to import filtration membranes.
"The MPN technique is the method of choice mainly because one does not know in sdvance the level of
pollurien and in ¢ensequence the number of filtration membranes which it will be necessary to use
(Leclerc, 1984).P

Conglusions

In sanitary hygiene monitoring, the finding of faecal pollution is enly a presumptive stage,
an alarm signal, necessitating subsequent investigations to establish the origin of the poliutiom,
te track down the mechanisms of transmission and establish its path and survival range, 50 &5 to be
able te work out and plan messures to clean up" the marine environment.

2 These tables are not complete since they do not include results for a number of
combinations which sre designated "paradexical cases" or "false reactions".

b During the intercalibrarion exercise gt Barcelena (1983), coliform dererminaticns by the
MF morhod necessitated the filtration of 520 ml of each of six dilurions of each type of seavater,
50 that a large number of membranes had to be used. Geldreich (1973) reduced this number to three,
corresponding 2o three different selected volumes on the basis of the assumed degree of pollutiom.
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E. coli has & short characteristic survival time and the MPN/100 ml test for faecal coliferms
cannet in general meet the spegific requirements.

The MPN/100 ml index of total coliforms appears to be more suirable for detecting and
assessing the degree of man-made contamination. Differentiation of the coliform categery 1is
ennecessary with this index, All species, irrespective of the arguments with regard to their
faecal or non-faecal origin, are equally capable of indicaring man-made contamination, since the
different types of coliform found in the marine envirenment all originate from affluent outfalls.

The MFN/100 ml test for total coliferms should therefore be preferred for colimerry in the
marine environment. :

The MPN method, using multiple test-tube culturing on lactose broths, is gsuperior to the MF
method {or colimetry in & marine enviresment, whather for routine moenitoring or specifie
investigations.




1.

ICP/CEH Q01/m03
1806V
page 13

Annex 2

ORGANTZATION OF PRACTICAL WORK

Working groups

Participants will be divided into three groups. Each group will be designated by a Roman

numera} {group I, group II, group IIL, &tc.). The members of each group will be distinguished by
an Arabic figure (1, 2 and 3), Participants' place and group numbers as shown on the laboratory
benches must not be altered throughout the intercalibration exercise.

2,

Samples

Each participant will find on his bench three 1 litre sarew—top flasks containing

'three samples of coastal water having different pollution levels:

a sample "A" (ved label) of highly polluted coastal water;
a8 sample "B" (yellew label) of moderately polluted coastal water;
a sample "C" (white label) of faintly polluted coastal water.

Each group will alge find on its bench & sample of bivalves, clams (tapes decussatus).

Laboratory equipment

Each partieipant will find on his bench, or in his pigeon hole, the follewing equipment,

intended for performance of the MPN test, using the multiple test-rube method:

three identical stands, each for 15 tubes, containing five tubes with concentrarad lactose
broth and ten tubes with normal lactose broth;

three identical stands, each for 13 tubeg, containing five tubes of concentrated Rothe medium
and ten tubes of normal Rothe medium,

These test-tubes are to be used for analysis of the 3 seawater samples A, B and ¢, using MPN

determinations of total eoliforms, faecal coliforms and faecal streptoacocei (in the presumptive
phase).

One stand for 15 tubes, containing five tubes of concentrated lactese broth snd ten tubes of
nprmal lactose broth.

These tubes are to be used for the MPN determination of faecal coliforms in the bivalve sample.

10 x 10 ml graduated sterile pipettes

10 = 1 ml graduated sterile pipettes

one set of test-tubes with brilliant green lactose bile broth
one set of test-tubes with peptonaced water

one flask of Kovacs reagent.

The equipment listed below will be used for the confitmatory phase of rhe faecszl coliform

detarmingtion.

one bateh of test-tubes with Litsky medium;

one set of Petri dishes containing agar-agar for emteroccoci (Enterococeus agar) for the
confirmakory phase en faecal streptococei;

one set »f Petri dishes containing Ende agar-sgar for the confirmatory phase on total
colifcrus;

Pasteur pipettes for reinoculation; one set for the twe groups on a single bench.

Each group will be issued with the following equipment, to be used for the tetal coliferm,

faecal coliform and faecal streptococcal counts in samples A, B and C, using the MF method:

i
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membrang SUppeTt);

60 Petri dishes contsining different types of agar—agar:

starile Ffiltration membranes, packed separately;

sterile graduaced pipettes (3 x 50 ml, 3 x 20 ml and 20 x 10 ml pipettes);

equipment for the MF method, namely a vacuum pump and two filtrariom units (funnel and

for membrane filtration culturing of total coliferms, 20 Petri dishes with MF agar—agar far

membrane filtraticn culturing of faecal coliforms and 20 Petri dishes with Enterococcus agar
for membrane filtracion culturing of faecal streptocoecci;

ditutions (107}, 1072 aad 1073) of the water for analysis.

&, Labelling

Each participant will be required to mark on the tubes of liquid media and

of agar-agar medium:

his group number in Roman numerals {from I to VIIL);

- his place number in Arabic figures (1, 2 or 3);

- infermatien on the sample: A, B, C or bivalves;

16, 1ot an@lio . 3

3. Procedure

Monday,

the volume of undiluted filtered water im ml - 50 mi, 20 ml or 5 ml;

12 November 1984: p,m.

The participants will carry out determinatioms of the total coliforms, faecal coliforms and
faecal streptococei, using the MPN method on the three samples A, B and C.
decermine the MPN of faecal coliforms in the bivalve sample.

Tuesday, 13 November 1984; a.m.

Each group will carry out total coliform, faecal ecoliform and faeeal gtreptococcal gounts

using the MF method on samples A and B in accordanee with the following scheme.

In each group:

participant } samp le
perticipant 2 sample
participant 3 sample

In each group:

participant 1 gamp le
participant 2 sample
participant 3 sample

[ »-]

e B

total coliforms
faecal coliforms
fascal streptococed

faecal coliforms
faecal streptococci
total coliforms

Tuesday, 13 November 1984; p.m.

In each gzroup:

participant 1 sample
participant 2 sample
participant 3 sample

1

[T o]

faecal streptocoeci
total coliforms
faecal coliforms

All the participants are requested to refer to the general programme for activities
Wednesday, 14 and Thursday, 15 November 1984.

or the volume of dilured water — 20 ml and 5 ml = also indicaring the degree of dilution:

They will also

on

a - L3 . - !
24 x 90 ml fiasks, each contajning buffered water (green label) for use in preparing decimgl

20 Pecri dishes wich Endo agar-agar

on the Fetri dishas
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6. Recording of the results

For recording their resulta, the participants will be provided with the following two forms
and with a table for caleulating the MPN per 100 ml eceasral water:

- form 1 for recording the data on the MPN method;
- form 2 for recording the data on the MF method.

The procedure for determining the MPN of faecal coliforwms in the bivalve samples will be found
in Instruction 5, Rev. 1, page 10,

[ The table for calculating the MPN per 1 g bivalve flesh will be found in Reference Method 5,
Rev, 1, page 12.

7. Important notice

| Before starting their operations, the participancs should read carefully Reference Methods
'No. 2, Rev. 1, Wo. 3, Rev. 1, No. 4, Rev, 1, and No. 3, Rev, i, published by UNEP (Regionazl Seas)
in 1983, These instructions are included in their falders.

On completion of each practical work session, the participants are requested to leave the
tesc—tubes and Petri dishes which they have used in the laboratory washing umit.




ICP/CEH Q0Ll/m03

L30ev
page L6
Annex 3
RESULTS OF THE INTERCALIBRATION EXERCISE
|
Introduction L

The aim of the exercise wis to enable participants to carry out actual determinations of |
bactericleogical parameters by uniform methods, using identical seawater samples, and to compare the

results obtaiaed (a) between individuals for each parameter, and (b) between the Lwo methods (the

M¥ and MPN methods) in relatiom to the ralevant parameters.

QOrganization and method

The participants were divided into eight groups of three workers. Three seawater samples were
analysed by the MF method, which was used by each group, and by the MPN methed, which was used by
each participant individually; the samples were as follows: sample A of heavily polluted coascal
water, zample B of moderately polluted cosstal water, and sample ¢ of coascal water pollured to a
gslight extent only. Determination of the total coliforms, faecal coliforms and faecal streptococei
was carried out on each/sampie. In addition, the MPN method was used by each group for the

analysis of a bivalve sample (Etapes decussatus clams) originating from a heavily polluted
environmeant.

Parricipants used Reference Methods Neos 2, 3, 4 and 5 for detarmination of the bacterial
concentrations in seawster by the MF method and in the bivalves by the MPN method., Por
determinations in seawater with the MPN method, participants used methods devised by the Iastitur

Pasteur on the basis of the 1l3th edition of Standard methods for the examination of water and
wastewater (American Association of Public Health).

Results and discussion

The results obrained by participants in their determinations of total coliforms, faecal
coliforms and faecal straptocecei in seawater samples are presented below in tabular form
(Table L). The comparability of the results obtained by different individuals may in general be
regarded as satisfactory. The variation between the values obtained by some participants or some
participant groups and the mean values recorded are doubtless due to the level of experience of
each worker. Some participants were using the MF method for the first time. Another possible

source of variarion in results may have been the slight but clearly evident differences in the
evaguation pressure of the apparatus used by the different groups.

The gomparability of the results obtained for identical samples by the two methods may also be
regarded as satisfaccory, especially with regard to the interpretarcion of these results.

All the participants obrained identical rtesults on the heavily polluted bivalves, namely =
faeeal coliform count of 2400 or more per 100 g.
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Bacterial counts per lOQ ml seawater
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Toral coliforms

Faecal coliforms

Faecal streptococci

MF MPN MF MPN MF MPN

Froup 1 2 3 1 2 3 1 z 3

Bamgle A

r 1 1200 1600 2400 2400 446 92Q 350 1600 50 240 17 340
2 2500 2400 2400 2400 500 2400 2400 2400 150 240 330 350
3 1250 2400 2400 2400 400 130 1600 1600 0 240 350 34
&4 3204 - 2400 1600 s00 - 2400 1600 500 170 280 927
3 1275 26400 2400 2400 4Q0 2400 2400 2400 2000 1600 540 540
6 3300 92Q 920 350 500 920 920 00 330 920 2400 34
7 5400 1500 24Q0 1800 147 1600 1600 1600 258 350 540 350
8 2150 2400 350 350 1200 2800 350 350 a 540 12 170

Sample B
1 1100 130 220 3150 180 33 94 130 5Q 3 4 4
2 8590 70 79 78 &0 i1 49 49 is 4 4 4
3 250 110 130 110 60 79 7 33 0 2 2 2
4 740 - 130 240 5 - 49 79 3 2 2 4
5 620 79 130 180 106 &9 130 33 33 [ 4 34
6 800 94 70 49 100 24 70 22 160 & 4 &}
7 3460 130 110 31586 105 130 49 79 7 2 2 4
-] 660 220 350 350 373 110 6 33 Q 4 2 4

Sample C
! 35 11 14 140 9 8 2 21 3 z 2 2
4 14 17 23 L7 Q 2 3 11 5 2 A 2
3 2 17 23 17 0 13 2 7 0 2 2 2
4 8 - 27 13 2 - 2 0 4] - 2 2
3 313 170 9 11 97 130 9 o 57 2 2 2
b 150 17 a3 17 13 13 13 3 12 2 2 2
7 30 il 11 23 Q 7 4 2 0 2 2 2
8 24 i7 17 22 10 5 2 2 0 z 2 2z
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Sample: seviverresnen

Form 1

WHO/UNEP Intercalibration exercise

RESULTS
{MPN/100 ml}

Group No.: ..... rr et b eaaes
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Participant No.:

Stage\\lolumes 10 10 10 10 10 1 1 1

g.1 0.1 0.1 0.1

‘Presumptive phase (lactose

beatch}

Confirmation on Endo
agar-agar at 37°C

Confirmation on brilliant

-

green brocth ac 449C

Confirmation with
indole/peptonated
water at 449¢

(a) MPN/I00 ml total colifoTms: evvevecen.
(b) MPN/L0OO ml faecal colifOfmMS: svewewo.s

Symboles to be used for recording the resulrs:

I e+ O

Growth with relegse of gas

Growth (turbid) without release of gas
Sterile culture (ne turbidicy)}
Pesitive indele culture

Negative indele culture

(positive cultures formula ,
(positive cultures formula ,
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Form 2

WHO/UNEP Intercalibration exercise
Date: .oeeriunann. .
RESULTS
(filtration membranes)

Sample: ..oveeaean ‘e Group NO.I sansnsness Farticipant No.:

P

. . Number of colonies per membrane
Volume of filtered Dilutions

water in ml usad ~Total

Faecal Faecsl
eoliforms coliforms streptocogdl
E
50 1 hreaamaas et aaan cisaaaa
20 1 PN Aasaamur ws aamanaas £
5 1. ------ 3 I ) LB B B B - - - i‘li"“
20 wr . e iiaaes ool
5 107k Cereeeanas e -i
20 w2 L. crran e . Cerseans |
5 10-2 Crerraaean feeas conn R
20 10-3 e s . .
5 1073 N Creeeeenn . _\
Bacterial comcentration fn  aeeeas e R ‘e Visaaaman
colenies/100 ml
Remarks:
Form 3
WHO/UNEF Intercalibraticn exercise
Date: soueuess [
RESULTS
(MPN/100 ml)
Sample: ceeaiiinaas Group No.: veesssrnan Participant Ne.;
Stages Volumes 10 10 10 10 10 1 1 1 L 1 .1 0.1 0.1 0.1 0.1

Presumptive phase {Rothe
medium)

Confirmatien {Litsky
medium)

Confirmarion on
Entarococcus agar

MPN/100 ml streptococcl: ...... vens Positive cultures formulaE;: ..o.va-cons
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Annex 4

LIST OF PARTICIPANTS
REPRESENTATIVES OF LARORATORIES PARTICIPATING IN THE EXERCISE

Mrs D. Barbato
Socleta Laciomare, Latina, Ictaly

Dr M. Belemlih
Institut agronomique et véecdrinaire Hassan IX, Industrial Hygiene Laboratery far Foodstuffs of
Animal Origin, Rabat, Morocco
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