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PREFACE

During the pilet phase of the Meditercancan Pollution Monitering and Research Programme (MED
POL Phage 1), carried out betwean 1976 and 1481, the project on Coastal Water Quality Contrel (MED
FOL VII), jointly coordinated by WHO and UNEP, was concerned primarily with bacteriological and
related parameters For the manitoring of coastal recreational waters, shellfish-growing waters and
shellfish flesh. Ouring the course of this pilst project, in which thirty Mediterranesn
labaratories pacticipated, tha two principal methnds of bacterielegiesl analysis utilized were the
membrane Eiltration culture (MF) technique and the most probable number (MPN) technique. A
comprehensive intercomparison of thase *wo methods was not finalized during the perind of the pilet
project.

Concurrently, during this peried, work was stavted by the United Nations Environment Programme
(UNEP) in coaperation with the World Health Organization on the preparation of standard reference
methods For bacteriolopical and related sawpling and analysis. These methods sve designed for use
by Medirerranean lahoratories participating in the Leng-term Programme for Pollution Menitoring and
Research in the Mediterranean Sea {(MED POL Phase IT), This programme is being undertaken by
Maditerranean coastal stetes as part of the Mediterranean Action Flan under the terms of the
Convention for the Protection of the Meditcrrvanean Sea against Pollution and its related
protecels. These methods form part of a comprehensive series being prepared by UNEP's Regional
Seas Programme Activity Centre (R3/PAC) in collaboration with the relgvant United Naticns
Specialized Agencies, desigaed not only to cover all the possible parameters listed in the annexes
to the Comvention and protocols, but alse te enable their wtilization in reglons other than the
Mediterranean. s

During tha first half of 1982, four raference methods, covering the major microbiological
iadicator organisms for menitoring of coastal recreational waters, shellfish-growing waters and
shellfish Flesh, reaghed their final draft stage, prior to testing, review and vevision. These
methods were as follows:

- determinacion of total coliforms in seawater by the membrane filtration culture method;

- determination of faecal coliforms in seawatar by the membrane filtration culture method;

- determinatinn of faecal streptococcl in seawater by the membrane filtration culture method;
- determination of faecal coliferms in bivalves by the most probable number methoed.

A number of Meditervansan laboratories were requested to test these methods under their lecal
environmental conditions. Following this, reprosentstives of such laboratories were invited to
partticipate in = joint intercalibyation exercise on these methods, which was held at the Istitute
Superiore di Sanitd, Rome, on 22-23 November 1982,

In ordar to facilitate the eventual application of the reference methods to other regions,
reprosentatives from three imstitutions outside the Mediterranean {(twe from the Kuwailt Action Plan
region, and one {rom the Caribbean region) were also invited teo participate in the joint
intarcalibration exarcise.

Tha first draft of a further reference methed "Guidelines for monitoring the quality of
coastal recreational and shellfish-growing waters" was alse completed during the second half of
1982,

Barly in 1982, a number of Mediterranean laboratories (other than those participating in the
testing and intercalibration of the four microbiological reference methods) were invited to
participate in an exarcise on comparative testing of the membrane filtration culture {MF) and most
probable number (MPN) methods, as well as to carry out determinations of supporfing pavameters.
This particular study was carried cut in cooperation with the Tstituto Superiorve di Sanitd, Rome,
which alse undertook the preparation of the necessary synthesis and evaluation of results
ohtained. This study covered poliution sources {sewage effluents) as well as coastal recreational
waters gud reference areas.

The main objectives of the preseat consultation meebing were the following:

- o eeview the vesults of the comparative study on the MF and MPN methods undertaken by the
different laboratories;

- to review the results of the study on sampling and analytical technigues utilized on pollution
gources (spwpge effluents), coastal reer. ational waters and refersnce areas;
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- o review the results of the teasting of microbiological reference metheds carried out Dby
Mediterransan laboratories, as wall as those of the joint iuntercalibratien exercise, to enable
identification of technical and other problems, including quality cemtrel, and in the light of
these, to review the televant reference metheds with a view to their confirmation or proposed
revigion;

- to make appropriate recommendations on sampling and analytical techniques on the parameters in
question, vis-A—vis the Long—term Mediterranean Pollution Manitoring and Research Fraogramme
(MED POL Phase [I) and other such regional activities.

The meeting was organized by WHO and UNEF iun cellaboration with the Istitute Superiorve di
Sanitd, Rome,

Reprasentatives of institutions participating in (a) the study on gampling and analytical
techniques, ingiuding the intercomparison of the MF and MPN methods, and (b) the testing and joint
intarcalibration of bacteriolegical reference methods, as well as a number of selected
international experts in the field both within and outside the Mediterranean reglen, were invited
to attend the consultation meeting. In addition, the follewing internatienal organizations aad
agencics were invited te send reprasentatives: Food and Agriculture Organizatiun (FAQY,
Intergovernmental Oceanographic Commission (I0C), United Nations Educational, Scientific and
Cultural Organization (UNESCO), World Mateorological Organization (WMO) and International Atamic
Energy Agency (L[AEAY,

1. Opening of the meeting (agenda item 1)

The meeting took place at the Istituto Superiore 4i Sanicd, Rome, from Z4 to 16 November
1982. It was actended by 28 temporary advisers from the Mediterranean and other regions.  Ten
Mediterranean and five non-Mediterranezn countries were represented. There was one represcnabive
from UNEP and one from WHO/EURO. 4 list of participants is given ab Annex l.

Dr L.J. Saliha, Senior Scientist for the Mediterranean Action Plan, Regional Otfice for Burope
of the World Health Organization, opened the meeting on behalf of the Regional Dirzctor, Dr leo A
Kaprio. He referred to the current meating, and to the two exercises within the framework of which
it was convened, as the natural continuation and follow-up to the pilet project on coastal watar
quality control (MED POL VI1) implemented batween 1976 and 198l. He also expressad WHO's
appreciation of the work undertaken and the facilities provided by the istituta Supertore di
Sanitd, both in conmexion with the consultation mesting itself and the jeint intercalibration
exarciss, ag well as in the study on sampling and analytical methods. He ment ioned the particular
appropriateness of this meeting heing convened at the same venoe 33 the series of meetings hald
throughout the course of the MED POL VIL pilot project.

Professor L. Villa, Director of the Department of Envirenmental Microbiology, Istituta
Superinre di Sanitd, welcomed che participants on behalf of Professor F. Pocechiari, Director of the
Institute. He expressed the Institute's appreciation at being able te continue its long=standing
collaboration with WHO in thia important field, and augured = fruitful and successful meeting.
Referring to tha exercise on sampling and analytical methods, he stated that the response fay
participating institutions was very encouraging. A wide range of topice had been covarad, and
valuable data obtained, alrhough the range of contributions and methodelogies employed had randered
the procass of synthesis and comparability rather difficult.

7.  Scope and purposc of the meeting (agenda jtem 2)

Dr L.J. Saliba explainad the scope and purpose of the mecking. He described the genecral
situation existing at the termination of the pilot project on coastal water guality contral (MED
POL VIL) {n 198l. Among the outstanding matters, he referred to the need for a comprehensive
intercomparizon of the MF and “MPN methods, as well as for the development of methods for the
sampling and analysis of supporting parameters. In this commeéxion, the study undertaken by the
Istituto Superisre di Sanitd, in which various Mediterranean laboratories had collaborvated,
fulfilled the former need, and the rasults would be reviewed during the current mesting. Regardiag
the raference methods, it was mot within the scope of the curzent meeting to adopt a final
revision. The mechods would be reviewd as comprehensivaly as possible within the permissible rime
limitations. QCommments and supgestions by participants would be recorded and fully taken ineo
account in the preparation of revisad versions of the methods, which would then be submitted to Lhe
Governments of Medicerranean States for use in national monitoring proxrammes. Even these revisad
versions could not really he described as final, as they would be continually updated as and when
negcegsary -
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Mr F.8. Civili, Marige Scientist, UNEP Goardinating Unit for the Mediterranean Action Plan,
spoka both on bahalf of the Cocrdinating Unit and of the Regional Seag Programme Activity Centre.
He stated that in the coordination of the scientific components of the various Regional Seas
praogramnes, including the Mediterranean Actian Plan, UNEP had always given prietity to the
harmonization of analytical mathodolagies ysed by participating laboratories, In the MED POL
programme, particularly duting the pilot phase, a number af common sampling and analytical methods
were recompended, and an intercalibration exercise covering some mandatory parameters organized.
This was deme in order to assisr laboratories in the acquisition of comparable dats aecessary for
overall assessment of the situation.

MED P0L was now in its second phase, and menitoring had become mandatory for all Mediterranean
countries. This meant that data being cellected shoyld now be fully reliable and comparabla in
oeder to sllew UNEP to assess rhe State of pollution of the Meditarransan, As a tasult, o ansuyre
comparability of data on 3 worldwide basis, thus contributing to the Global Environment Monitoring
System {GEMS) of UNEP, veference methods and guidelines for marine pollution studiss were being
developed and recommended to government s for adoption. These methods and guidelines were being
prepared by UNEP in cooperation with the relevant specialized bodiess of the UN system and were
being tested by 3 numbar of experts competent in the patticular Fialds. The methods being
discussed during this meeting had heen developed in cooperation with WHO,

Finally, it was the intention of UNEP to strengthen the intercalihration component of the MED
POL Phase 1! programme as well as in equivalent programmes earried our in other regional seas, aud
Fhrough this, to achieve stricr quality eontrol of all date obtzined. For this purpese, similar
exercises would he organized in future hoth in the Meditevranean and in ather regions,

3. Election uf afficers fagenda item 2)

Professor L. Ville was elected Chairman, Dr 3. Setiracopoulns Vice~Chairmen, and My v. Gauci
Rapporteur. Dr L.J, Saliba scted 4g Zecretary ro the mesting.

4. Adoption of the agenda {agenda jtem 4)

The provisional agenda was unanimously adopted.

3. Review of the ewercise on sampling and analytical methods (agenda item 3§)

Reports were presenred by a number of participants, following which a summary of data receivaed
pPrior to 15 October 1982 was alan given, as prepared and processed by the Tstituto Superiore di
fanitd (appearing as Anpex | to this report). Repores by participating institutions are given at
Annexes 7 to 8. From these reports and che easuing discussion, the following points amerged .

5.1 fNumber of samples

Since any labaratory participating in a monitoring pregramme can of necassity only cope with a
limited number of samples (actual maximum depending on individual regources available), it should
he decided which of the Following alternatives was the bast: (a) to examine a small number of
samples in duplicate aud triplicate, or (b) to examine move zamples without duplication. Since
the state of pollution of a MmAring ecasystem cannot be asseased on the basis of only a few samplas,
it is often acceptable ro sacrifice duplication for rhe sake of examining more samples.

5.7 Examination of sand and sedimont

It was considered of the utmost importance that recommended methods be simple and explicit.
Otherwise reanity may not be comparable. This was particularly stressed wirh regard to the
examination of sand and sediment. Such lactors as sampling procedures, nature of rinse water, time
of rinse and analytical procedure used on rinse water must be standardized. Various technigues for
transferring the organisms from the sand particles ta the water phase were medtioned. These
included the uza af blending machines, ultrasonie waves and addition of anzymes to rinse warer,

3.3 Effects of wechod on organisms' survival

The point was also raised thar some of these methods equld potentialiy damage the organisms.,
Light is g very important factppr in the die=off of indicator organisms. It was reported that g
close corvelation exists betwaen bacterial indicator numbars in natural water and such factors as
duration of daylight and time of day. Such 4ctors should, therefore, be recordad during sampling
operations. Lt is ilmportant not only to stantardize analytical techniques hut alse the processing
of results.
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5.4 Stressed ovganisms

The presence of stressed organisms in the marine environment was considered. Resuscitatien
techniques, such as pre=~incubation of membrane at 36°C£1°C for faecal coliforms, was reported to
give higher counkts than using 44.5°C+2°C incubation temperature from the start. Tt was also
propesed to recemmend a holding medium in the case of sampling points which are far from the
lahoratary.

Stress involves any alteration in the normal metabolic processes of tha cell, including
degradation of genetic material and cytoplasmic constituents. Stress factors towards indicator
nrganisms, e.g. enfavourable temperature, fluctuating temparatures, toxic substances and
competition with a large number of organisms, do occur inm the natutral enviranment. The result of
gtress could be a temporary loss of bischemical characteristics or a prolongation of the lag phasc
of growth. G&tressed organisms could affect negatively borh MPN and MF techniques: a faecal
coliform mey fail tao produce a recognizable colony on the membrane, or gas with the MPN technique.
Faecal screptococei are particularly subject to stress, This could be due te their longer
persistence and cherefore contact with gtress factors. Resulcs of comparative experiments using
primary cultures with and without resuscitation showed that the adoption of a resuscitation
prosedure in the isolation of these indicator organisms from natural water wag highly
recommendable. A number of laboratory proceduras accentuate stress, e.g. primary culture in a
inhibitory medium and high temperature. These must be avolided as much as poasible. It is
important to improve the racovery of stressed indicator organiams since stressed pathogens may be
as viable and virulent as non-stressed pathogens. A number of resuscitation techniques, some of
which can be used in combination, were propssed for further study and subsequent adoption.

(1) Primary incubaticn at 3%6°C+1°C for twe hours followed by incubation at 44.5°C%0.27¢C.

(2) Primary culture on a non-selective medium, applicable to both MPN and MF techniques. In
the former the presumptive test is preferably carried out in Lactose Broth with subscguent
aubculture onto Mac Conkey Brilliant Green Bile Breth. In the MF technique, the membrane may
me initially cultured on a nutrient agar and later transferred to selective medium.

{3) The layered plate technique is applicable to MF. The membrane iz culturad on a layerard
agar medium made up of a lowar layer of selective agar madium overlain with a thin layer of
nutrient agar. During the first two hours of incubation there occurs a slow diffusion process
of the two agar layers.

During tha discussion of attenuated organisms and their recovery it was pointed out that
resurcitation occurs at the expense of selectivity and that in practice a compromise must he sought.

5.5 Madia

Agar media were to be preferved to abgorbent pads seoaked with liquid media for the MF
technique. [t was pointed out that certain batches of absorbent pads contain toxic material and
that the agar medla are more convenlent Lo use since they can be prepared and poured zs necded,
stored, and used when requirad, while pads saturated with ligquid media must be used the same day
they are prepared.

5.6 Time-lag between sampling and analysis

It was sgraed that in all cases rhis time-lag must be kept to a minimum, and preferahly within
a total of ® hours. During transport to the laboratery, the samples should be kept chilled (10"¢)
and protected from light, sines it is known that the die—away rate in the presence of light can be
very high indeed. It was suggested that no more samples are taken than can be analysed duriag the
same day., When this is impossible the samples should be refrigevated {4°C) and analysed not more
than 24 hours later. One particular technique of processing sewage samplee after 24 hours was
veported. This consisted in diluting the sample 1| in 10 with phosphate buffer prior to
refrigoration, Tt was reported that the coliferm comcentration in the oariginal sample processed on
the game day {i.e. when it was taken) correlaced very wall with the diluted refrigerated sample
tested on the following day.

5.7 Compayisen of MPN and MF techniques

The comparative investigation of the MPN and MF techniques carried out showed good gcorrelation
petween datn ohtained by MF with regard to Faecal colifarms at the eritical level, i.c. between
100 end 2000 fascal zoliforms per 100 ml. Tt was noted, however, that it would be necessary to
study further the correlation at the concentration which is significant for deciding whether a
particular water body is fit for receeactional or shellfish-growing use.  The choice of methods was
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therelore to ba based on other considarations, in pacticular legal =2szpects, nature of samples and
cost. With rogard te the first, Lt appeared that far most participating countries, existing
Tegislation tesognizes both methods of anzlysis. With regard to the second, it was agreed that for
turtid sanplea, the MPN was the mathed of choice. The same held good for highly contaminated
samples, since it was anomalous te carry out 2 high dilution and then to concentrate the organisms
o1 the membrane. With regarvd to cost, the situationm is more complicated. MPN is more
lrhour-iatensive than MP. Since labour costs differ from country to country, ii was necessary Lo
carty out a coating exercise on the two methods in each and every country before taking a final
degision,  In this respect reference was made to a costing exercise carried out by

Professor Geldreich in the USA. This was a very detailed exercise and could sepve as a model on
which to base similar exercises in other countries. During the discussion, the point wess mentioned
that re-use of plaatic Petri dishes and even membranes could be considerad in emergency situatioms.

6.  Review of the results of the jeint intercalibration exercise on reference methopds
{agenda item §)

The mecting reviewsd the results of the joint intercalibration exercise onr veference methods
carried out in the laboratories of the Istituto Superiore di Sanith, Rowe, on 22-23 Hovember 1987,
A description of this exercise, giving backzround, participating laboratories, methodologies and
results, including statisrical analysis, is given at Annex 9.

[t was agreed by the meeting that this exercise had proved most useful, and it was considered
that such exercizes were essential within the framework of the monitoring programme.,

7. Roview of draft reference methods (aﬁcnda item 73

The meeting discussed and reviewsd the draft reference methods for determination of
hacteriological parameters (documents I[CP/RCE 21102377, 8, 9, 10 and 11). Prior tn the general
discussion, participants reported on the results of tests carried out under locel environmental
condiciong, using these mathods. Wriktten reports were also submitted by the Environmental Health
Laboratary, Hadassah Medical School, Jerusalem, and the Laboratoire départemental de Santé ]
publique, Marseille. Az a result of the discussions, a number of amendments te the draft reference
methods ware proposed,

7.1 Retersnce mothod No.o 1| - Guidelines for monitering the quality of ¢oastal rtecreational and
Shollfish—growin&_waCErs

The draft of this particular zefeprence methed was still at an early stage of formulation and
new substantive material was still being introduced. It was suggested that participants could more
appropriately limit their comments ta general SuggesCions on improvemeats to the presant text and
content of the final version, altheugh specific suggestions would zlso be welcome. It was
understopd that the relavant parts of the text would be modified to cover requirements for
shelltish-growing waters, and that evaluation of vesults {i.e. statistical analysis) would alse be
catered for, either in the guidelines themsclves, or separately. Important points of the
discussion which followed were:

Definitinn of sampling sites

fampling should he carried out in zone of contact. Thus for water, a dapth of up to 1.5 m was
considered beat. Also suggested were gand and sediment analysis. It was puinted oub that contact
with sand (aun-bathing, etc.) was usually longer than coutact wiLh water. Sediments, and
rapacially the sediment/water {aterphase, were of special importangs. More viruses and Salmonella
could nsually be isolated than from the overlying water. Special metheds have heen developed in
the USA for the examination of the ailr/water interphase.

Minitoring of organisms other than the {adicater species

Various micro-organisms besides total coliforms, faecal coliforms and fascel streptaococci are
of impertance and perhaps deserve more attention than has heen glvan to them up to mow. These
include pathogenic organisms. Tt was suggested that fungi may be better parameters to monitor
recreational waters in tropical and subtropical regions.

Paramerters to he monitorad

tt was noted that in the leong-term MED P' L monitering programme, there is only one mandatory
microbiological parameter: faecal coliforms. 1t was wmade clear, however, that this by no means
fuggesls that other parameters are of no value and may not be investigated. It was pointed out
that faecal coliforms are a good paremeter by which to monitor enteropathogenic bacteria while
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faacal straptpcocci may be considered as a corrvoborating parameter in this respect. Faecal
streptococci are known £o persist longer in the marine envirvoument so that they mey be considered
as indicators of a more remote pollutien. Moreover, Stveptococcus faecalis var. liquefaciens is
knows to be ubiquitous in mature and is discharged in great numbers by food industries. A clese
correlation hetwean faecal streptocoeci and cnteropathogenic viruses was reported for geawater.
Higher counts of faecal streptocscci are obtained uaing KF-medium than by using
Meenterococeus-medium, both incubated at 36°C. This was attributed to a better recovery of
enterococci originating from farm animals. $ince this i3 known te be an important source of human
pathogens, it was considered essential that indicators which are known to be coming from this
gource he also monitored. I this respect K¥-medium is, therefore, superior to
M-entetococcus—mad lum,

7.2 Reference method No. 2 - Determination of total coliforms in eseawater by the membrane
filtration culture method

The following amendments woere proposad:

(1) an air incubator at 34 C£1°C to be used;

(2} M-ende-agar medium to be used. After 24 hours’ incubation, red to pink volonies with a
golden metallic sheen are counted on membranes having 20 te 80 total colenies. Other colonias
need nnt he counted;

{3) confirmation not sysfematic but only initially and when in doubt;

(4) Mae Conkey Broth amd BGBE Broth to be used in the confirmation. Incubation is at 36°CrLT0
for 48 hours;

(%) as regards expression of results, this should be simplified by Just rounding aff counts
ro two sipnificant figuves;

{6) a stock culture may be used for the Precision Estimation Test,

7.3 Reference method No. 3 = Determination of faecal coliformas in seawater by the nembrane
filtration culture method

The following amendments were proposed:

(1) M=FCmagar to ba used;

(2) rosolic acid to be used only when interference by non-coliform organisms is experienced;
(3) 5 cm Petri dishes to be used. These should be incubated in rigid metal or plastie
watertight containers totally iemersed - or water bath such that temperature of incubation is
44,5°040.2° 0y

(4) after 24 hours' incubation, blua coloniss are counted on membranes having 20 to 80 total
colonies. HNon=bluc colonies need not be counted;

(5) confirmation need not be systematic but carried out enly at the start to be sure that
what one is counting is reazlly faecal coliforms. Theraafter, confirmation to he carried out
when in doubt regarding the identity of organisme as judged by the colony morphelogy;

{6} confirmation fo be carrvied out by subculture onto Mac Conkey Broth or Brilliant Sreen
Bile Broth, incubation being at 44.5°C%0.2°C for 24 hours;

(7) as regards expression of results, this should be simplified hy just vounding off counts
to two significant figures;

(8) a stock culture may be used for the Precision Estimation Test,

7.4 Reference method No.4 = Determimation of faecal streptococci in seawater by the membrane
FiTtration culture method

The followling amendments were propesed:

(1) an air incubator at 36°C+1°C to be used;

(2} HKF-agar to be used. The medium must be beiled first to dissolve agar, left to conl ro
about 50°C, sterilized by filtration through membranes of pore size 0.2 um, TTC added and
pourad. The TIC indicator is heat and light labile;

(3) as repards expression of results, this should he simplificd by just rounding off counte
to twe zignificant filgures;

{(#}) a stock culture may be used for the Pracision Estimation Test.,

(5) confirm 1f necessarv.

7.9 Reference method Neo.5 - Determination of faecal coliforms in bivalves by the MPN method

The following amendments were proposed:
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(1) Lactose Broth incubated at I6°CEITC to be uzed for presumptive test. Positive tubes are
subcultured onto Mac Conkey Broth or RGR Broth and tryptone water medium and incubated in
water hath at hh.S“CiO.QQC;

{2) phosphate buffer or 0,14 Peptone water to be used 85 diluent;

(3) simplify calculation with regerd ro subdivision of sample;

(4) rewrite MPN table, =0 rhac it refexs to grams of sample and not to volumes.

It was zgreed that the next draft of reference mathod No.l should reflect the general and
specifie poiats mentioned in Lhe discussien, [t was t¢imilarly agreed that the final versions of
refarence methods 2, 3, 4 and 5 should incorperate the amendments praposed.  An outline summary of
these four mathods as Finally agreed .n by the meeting appears at Annex 10.

8. Future action and recommendations {agenda item &)

The meating discuased healch-ralated monitoring within the framework of the long=term phase of
MED POL.  Apart from tie specific recommendations made in connexion with the various agenda items
above, the foliowing vecommendations were also made by the consultation meeting:

(1) Ta the research component of MED POL, activities to he ¢arried aut should inglude
(a) development of methods in connexion with pathogenic organisms, and (b} studies on
factors which cenld affect results, i.o. sampling times, ete., in the case of indicator
eroanisms currently being monitored.

(2) Duality assuranee studies are ¢ssential and it is importart to ensure that resules
obtainad are comparabla. For this purpose it ias necessary to carry out periodic
intercalibration exsrcises. Such exercises, on the lines of the one organized in Rome on
22-23 November 1982, should be held in centealigzed laboratories on both an intva-country and
an iatcrcountey basis, Participants should waorl completaly on their own, but gach count
should be made by more than one parcicipant.

(3)  Apart from such exercises, standard cultures of organisms and medie could alse be sent ra
laboratories, and participants requested ro make three or four determinations.

(6)  Studies should be carried out on the relation between bacterial concentration and the
spread of disease.  1In this connexian, it was recognized that such studies are difficult
hecause of the many facters involved.

{5) Precise beach surveillanca and control has to be included together with microbiological
monktoving.

(6) Mare [raguent meetings of investigators patticipating in the programme shouwld be held.
In this cenpnexion, the meeting considered that one of the most significant factors
eontributing to the success of the MED FOL VII Piler Project was the convening of regular
meetings of principal investigators.
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A STATISTICAL ANALYSLS OF THE RESULTS OF THE INTER-LABORATORY EXERCIHE
ON SAMPLING AND ANALYTICAL METHODS

by
L. Villa, F. Aulicinge, A. Piccioni and G.A. Zapponl
Tsrituto Supericre di Sanitd, Home, Italy

1. Introduction

This report is a atatistical analysis of the data received from Mediterranean institutions
participating in the inter-laboratory exercise on the comparisen of the membrane filtration (MF)
and the most probable number (MPN) methods in determination of bacterial concentrationa in coastal
water quality monitoring.

Reports were received from the following institutions:

(1) Inetitut natipnal de ta Santé et de 1z Recherche médicale, MNice, France
The A. Felix Public Health Laboratory, Tel-Aviv, Tsrael
[nstitut Pasteur de Tunis, Tunisia

(4) Rudjer Boskovic Institute, Rovinj, Yugoslavia

{53} Istituto Superiore di Sanitd, Rome, Ttaly.

The following data grea summgrized in Table 13

= sampling periods

- sampling points

- total number of water, sand and/or sediment samples analysed by each institution
- parameters monitored

- parameters proposed prior to the commencement of the exercise.

Data concerning the methods utilized by each participating institution are summarized in
Table 2., In this context, a number of difficulties arose in the comparison of data collected, due
to differences in incubation temperature, ineubation time and culture media utilized. Tetailed
analyses of the wethod and dJata interpretation techniques used by individual lahoratories are given
in the relevant reports.

2. Methodology

In the statistical treatment of material, only quantitative data were considered. In
particular, sets of data corresponding to specific localities and data including one or more values
expressed as "higher than (*)'" were omitted for statistical computation purposes.

Log-transformed data were uged in correlation analysis, to obtain a2 Caugsian-type statistical
distribution {1). Paravetric statistical methods were used. Analysis was initially limited to Lhe
parametrers monitored by the majority of participating laboratories.

In order to verify the relationship between the most prohable number (MPNH) aud mambrane
filtration culture (MF)} methods in the Aetermination of faecal coliform (FC) concentrations,
different blocks of contamination levels were considered, and correlation analyszis performed for
zach block.

3. Reawlts and discussion

Computed correlation matrices for those parameters monitored by participating laboratovies are
given in Figures 1 to 5 {W = water, 3 = sand). In general, = highly significant correlation was
found hetween the MPN and MF values when considering the game parameter and the same seawdter

sample.

Valuea for total coliforms (TC) and faecal coliforma {FC) showad a2 high leval of correlation
hetween the twoe techniques (MF and MPN) in the same water samples. Concentrations of [aecal
streptococei {F8), where this particular parametey was measured, were genarally correlated ta TG
and/or FU levels.
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Pata regerding the PO content of sediments appearved to be generally correlated to data on the
FCocantent of the corvespanding water samples.

Intra-station contamination variability was observed ro range up Lo a maximym of three orders
of magnituds in some ceses. A variability of one to two orders of magnitude was very frequent.
This variability may he explained as mainly the result of variations in {a) polivtant dispersion
phanomana and (L} meteorological patterns. A widor part of it may be due to vandom errore in the
Vi l'iﬂl.lﬂ medsuremsankts.

Compared ro the overall varisbility, the diffevences between the MF and MPN methods wera
practically negligible (Figure 8},

A comparison of the data obtained from (a) slightiy polluted localities and (b) heavily
pelluted localities indicated that in the presence of a consistent pollution source, all paramelbers
tunded to reglster a correspunding increase. This would account for the correlarion lavels given
abova,

The resules of the correlation analysis for blocks of contamination levels are given in
Appendix 1. Preliminary conclusiens which may be drawn from these results are the following.

In the first place, when the contamination level is very low or practically negligible
(£10 FC/100 ml) the two paramcters = FC (MPN) and FC (MF) are not correlated. This may be due te
the procimity to amalytical thresholds and to the cousequent low degree of precision, as well as to
a reat lack of relationship between the paramerers inm question in this particular range. Results
curld alao be influesced by the limited extension of the range.

Szcondly, in considering values higher than 10 PC/100 ml, a highly significant correlation
EMECES

Thirdly, values lowar than 100 FC/L00 wl alse correlate, although if the 1-10 FC/100 wl and
L0-~100 FC/100 wml ilevels are coneidered separactely, no correlabtion is evident between the two
subsets. Obviously, consistent vaviations of the contamination level wmay be appropriately detecred
in both parameters within the 1-100 FC range. Agreement between them is limited if small
variations are coastiderad.

4, Conaluslons

In general, despite the remarkable intra-site variability, overall results showed that
contaminated and non-contaminated sites can he appropriately distinguished and classified if a
reagonhle numbar of analytical determinations are available. The single datum is not usually
significant for this purpose. An experimental design, based on an adequate aszasgment of
intra-site variability, would he useful in tha programming of seawater and sediment surveys aimed
at the detection of prefixed inter-site differences.

Tt may be reasonably assumed that the MPN and MF methods are both adequate for distinguishing
between contaminated and non-contaminakbed sites. Far practical purpeses, either method cauld be
advpred, and selection of sither method could he based mainly on operationzl resasons. In any case,
1f the random stacistical fluctuations of values measured in the zame sites are c¢onsidered, the
differences botween the two methods appear to be negligible from the general point of view. The
preblem as to which of the two is the wmove reliable method may occur when particular studies are
tequired, l.e. when the sites under axaminaClinon are oq the borderline from the point of view of
bacterinlogical acceptability.
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Apﬂendix 1

In order to verify the relationship between FO MPY anm! FU MF methods, differeut blocks of
contamination iavels have been censidered, and correlation analysis has been carried out for aach
block (Figure 7). The following results have been obtained:

Block of data R

MEN £ L0 and MF & 10 .29
104 MPN < 100 and 10<MF = 100 .0h
MPN £ L0 and MF £ 100 A5
MPN > 100 or MF > 100 LBhY
MEN > 1000 or MF > 1000 L7453

+ 3+ 4 MBEN # 10 or MF > 10 LBY3

Some simple preliminary conclusions way he drawn,

When tha contamination levasl is very low or practically negligible (4 10 FZ/100 ml), the two
parameters, FC (MPN) and FC (MF) are not correlated.

This result may be due to the proximity to analytical thresholds and to the consequent low
depree of precision, as well as to a real lack of relationship between the parametera cousidered,
in this particular range. The limited axtenslon of the range may zlso influenee this result.

[f values higher than 10 FC/LOD ml are considered, a highly significant correlation is found.

Moreover, values lower than 100 FC/100 ml corrolated too. 1f 1-10 FC/100 ml and 10-100
FC/100 ml intervals are considered separately, no correlarion is found in the two subsels.

Evidently, consistent variations of the contamination level may be appropriataly detected by
both parametees in the 1=100 FC range. The agresment betwecn them is limited, if small variations
are considered.

In any case, it may be reasonably assumed that both MPN and MF methods are adequate For
distinguishing contaminated and non-contaminated mites, Aa a rule, for practical general purpuscs,
both mathods may equally well ba adopted. The selection of the MPN or MF methed may be hased
mainly on operative raasons. In any case, if the random statistical fluctuations of value
measured in the same sitas are consideced, the differences betwsen the two methods appear in
goneral negligible. The problem of which method is mere reliable wmay be posed when particular
studies are reguired, for instance on slightly contaminated sites.
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Fipure 1
Lorrelstion matrices for determining bacterial concentration
Data from [.N.S5.E,R,M, (France)

I.Cy Ty F.C.y FuCuy F.S.y F.S.y F.C.g
(MPN ) {4E) AMPR) (MF) (MPN) {MF) {rEN )

- -- 1 .841 .B25 J832 --

-- - 841 1 794 790 ==

—-- - 825 . 796 1 .917 —=

- - - L B832 L 790 417 i ™
H =15

Figure 2
Data from A. Felix Public Health Laboratory (Israel)

T.C.y T.C.y Fuluy F.C.y F.S.y F.S.y F.C.g
(MPN) (MF) (MPN) (MF) (MPN) (¥) (MPN)

1 .949 949 947 .604 . 700 -905%
L9949 1 975 L3989 .6539 L7149 .B68
<949 .875 1 L3971 LB37 . 660 -899
L947 .98% L5971 1 L7113 739 .859
L6054 .h5Y 637 -713 1 L 307 2430
L7009 .719 660 739 .807 1 533
L9053 .868 .899 L8539 L4300 333 1
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Figura 3
Correlation matrices for determining bacterial concentration
Data from Institut Pasteur de Tunis {Tunisia)
T‘C‘W '1'.C.w F.C.w F.C.W F.S.w F.S.w F'.C..;
(MEN) (MF) (MPH) (uF) (tipH) (HF) (MPN)
T.0. (MPN)
W 1 _— 722 . 706 -- -= .241
T.C. (MF}
W —- —_ - - - - —_
F.G.(MPN)
W 722 - 1 493 - -= L340
F.GC. (MF)
W LT06 - ,493 1 - - Y
F.5.(MPN)
W - - -= -- -- -- -—
F.5., (MF)
W __ __ __ . . - —
F.C. (MPN)
5 L241 - L340 042 -- -- 1
N =19
Figure &
bata from R. Boskovie Institute (Yugoslavia)
T.C., T.Coy FaCoy F.C.y F.S.y F. 8.y F.C.
{MPN ) (MF) {MPN) (MF) (MPN) (MI) (MPN)
T.C.(MPN)
W 1 L350 977 952 L9645 974 A4
T.0. (MP)
W L9450 1 L9536 986 L. 909 97> LH00
F.C,(MPN)
W 977 L9506 1 L4687 L9559 L4978 L8111
F.C. (MP}
W 962 L9586 Y67 1 L4912 L9888 L8N8R
F.5.(MPN)
W 964 L9909 L9955 L912 1 .932 810
F.5. {(MF)
W 974 975 978 988 L9532 1 798
F.C. (MPN)
3 L8048 L BOO LB11 LB08 810 L7498 |
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Figure 5
Correlation matrix [or determining bacterial congentration
Data from Istituto Superiore di Sanitd (Icaly)
T.Cuy T.Coy F.C. F.Cuy F.S.y FuS.y F.C.
{MEN) (MF) (MEND {(MF) {MPN) {MF) {MPN
T.CL{MPND
W 1 - 931 .383 —— 425 417
T.C. (MF)
w —_— - —_— —_— -— - —-—
¥, (MPN)
W .931 —— 1 L8392 . A22 488
F.C. (MF)
W L8483 -- L8592 1 —-— 454 406
F.8. (MPN)
w -— JEn— [y - - —— -
F.5. (MF)
W L4125 —- L4272 L4354 - 1 . 303
F.C. (MPN)
5 417 - 488 406 -- . 303 1
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Figure &
Statistical analysis of MPN and MF methods
10°
Fol. (M)
10%]
10'L
10°1
10°]
N F) = 87 inGy o, ) - Ja
10 ] o< 01
1 10 10 10" ' 10’ 10"
Facy (PN
Figure 7
Correlacion analysis of hlacks of contamination levels
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AN EVALUATION oF SOME DIFFERENT METHODS FOR ENUMERATION QF FAECAL COLIFORMS FROM WATER
{(MOST PROBABLE NUMBER AND MEMBRANE PILTRATION TECHNIQUES)

by
F. El=Sharkawi, a, Gawad, L, El-Attae, L. Nofal and N. Ei-Rakshy
High Instituce of Public Health, Alexandrig University, Egypt

1. Inteaductian
—ZLroductian

The basic pethods for the 2ssay of pollucion indicators - torg] coliforms (TC), fgecal
coliforms (FG) and fapes) ftreptocoeci (F8) inm watar are outlined by the American Public Hegltn
Association (APUA) (1), These include (he multiple tube, or most pProbable number (MPN) technique
and the membrane filrer {MF) procedyre, Ince the acceptance of the MF procedure for the isnlatioen
of these indicators, cenflicting reports (2, 3, 4, 5} have appeared in the literature regarding the
use of membrane tiltere 4% a method of evaluating the quality of water, The Present study was
carvied out ro determine the efficiency of rwg modified MF techniques, tha LES twosstep two-day
rrocedure propoged by Stevens at al. (6} and the two-layer membrape filter procedure proposed by
Rose et al. (7) for 7o determination,

2. ﬂiterLﬂlg and methods

A total of 11p SeEwater samples (collercred from the Alexandyia area) according to the merhod
descrihed by APHA (1) were analysad in the present study,

The MpN rrocedure yag performed by culturing a series of three decimal dilutions per gample,
using five tubas fop cach dilution. Lacrpse Broth was used for the presumptive tesr, and FC medigm
A 54570H0.5°C (yarer bath} was used for che confirmatory test, The Mpy of FC per 100 m1 was
calculated From the pasitive EC hroth using McCrady'sg probabilicy tahles,

Ia the MP PYacedures for PO, gyo duplications of each sample dilution were Filrered thraugh
0.45 ) membrane filters (MILLITORE) for wagh bacterial test. (ua et of membranes was placed on
plates af the two-layer medign (battom Layer: 37y M=FC, 1.5% 4gar in distillag water: ctop layee;
0.3% boaf axtrace, 0,5% peptone, 0.9% lactose and 1.5% agar ip distillad water). Thesge plates were
then ineubated gzt 35°C for two hours, then at 44.5% for 22-24 hours in watertight plastic bags in
d water bath.

The other wembrane 8ets were placed gn LES minimzl holding agar mediyp (0.05% Lryptosa, G.05%
dextrose, 0.05% lactose, 0.05% oxgall, 0,047 sodium chloride gnd 1,5% dgar in distilled warer).
These plates were incubated gt 23°C for 18 hours; the MEMDLanes wops then transferred to absorbent
Pads in tightly gealad Petri dishes thet hag been saturated with M=FC Broth and incubated at 44.5°¢
for 24 hours,

In bath My pProcedures, tha plates which zave 20-60 colonies pey membrane wera counted, and
counts per 100 ml wape caleculated, Faecal coliform colonies wers identifieq by their blue
enloration amd the erystallized deposits op their surfaces with the aid of g stereomicroscope,

3. Resules

Since F( densities covered many orders pf mAgnitude, all darg were expressed ang analysed ag
logarithms {(base &),

The results obrained by the differagr methods used for the detection of the frequency ot pg
are showa in Tables | to 3, comparing the two methods,

Table | shows comparison of the ‘requency of £g counts/100 m] using the MPN and the LEY
metheds,  Qut of 110 water samples, 14 (13%) gave FC counts of 1-99, 53 (4a%) gave counts of
LID-9449 and 43 (35%) mwave counrs of 1000 or mure by the MPN method. The Gorrésponding figures fop
the LES method weve 0 (0%), 31 (28%) and 79 (7:%3 respectively.
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The data presented jn Table 2 show the frequency of po courts/100 ml detected by the MPN
method aa compared to the two—layer method. Ouk of 110 water samples, 14 (13%) yielded ro count s
of 1-99, 53 (48%) vielded counts of 100-999 and 43 (39%) yielded counts of 1003 or more by the My
methad. The corresponding figures for the two-layer method were ? CL.BZ), 37 (34%) and 71 {652)
respectively.

Table 3 pressnts g comparison of the frequency of P councs/100 ml detected by the two-layer
and the LES wethods. Qut of the 110 water samples 2 ([.ay) vyielded FC counts of 1-99, 37 (34%)
vielded counts of 100-999 and 71 (&5%) vielded counts of logg or move by the two-layer mechod, Thi:
corresponding figures hy the LES methed were O {0%), 31 (28%) and 79 (72%) Tespectively.

The following results can be computed from these prepared tables considering the combinalion
of the two methods, ¢ counts of 1-99 were foupd only in one sample (0.9%) by bath the MPN ang the
two-layer method, counts of 100-999 ware found in 2% {234) by the MPN and the two-layer method, 20
C18%) by rhe MPN and LES, and 29 (26%) by the tWoslayer method and LES. The corresponding Eigures
for counts of 1000 or mope were 43 {39%), 43 (39%) and 71 (653%) respectively,

A synthesis of the results shown in Tables | te 3, to show the dgTeament between any pair of
the methods recformed, is given in Takle 4,

The Percentapge of agreement was lowest between the MPN and the LES maethods (570), Followed by
that between the MPN and the two-layer method (63%). The differsnce between these figures was not
statistically significant (z = 0.9, P £0,05), The highest sgreement was between LES and ehe
two-layer methods (91%). The difference hotween this figure and both the ahove figures was
statistically significant (z = 5.9 and b respectively, P £ 0,05), Results of the statistical
dnalysis of the data are shown in Figures | te 3,

Lraphical prescntation of rhe logarithms of the ohserved values of the LEg and the two-layer
methods as wall as the regression line with zero intereept using the logavithmic transformarinn For
FC counts in both mechads are shown in Figure |, This Zraph indicates that the firrad ine 15 o
geed predicror of the relation between these tys méthods. The regressjion line with zerg intereapt
was caleuiated by the method of least squares. This methad fits data to an optimized lina by the
fquation y = bx, where b is the regression toeffigcient or slope, v ia the dependent variablae, and x
is the independent variahle. Using this technique, the simple regression vquation was found to
ba: ¥ = 0.91x {n which ¥y = FC counts/100 mi by the two-layer method and X = FC counts/100 wl by
the LES method,

Comparison of che végrassion line with the equality line, which has a regresaion cocfficiaent
or slope of 1.0 and which could vesylt 1§ the means of the twe methods were the same, shows thar
the regression line 1jes below the equality 1ine indicating thal the LES wis Suparior to Lhe
two—layer methed,

In both Figures 2 and 3 Eh¢ regression lines lie below the equality lines indicating the
supariority of hoth the tworlayer and the LES methods over the MPN one.

Table 5 shows the geomelric mean, arithmelic mean, standard deviation and coefficient of
variation of the Fo count /100 ml as dececced by the MPN, twoslayer and LES methods. The highest
Bromelric mean was found o be that of the LES method {2170) and the lowest value war obtained by
the MPN method (545). The geometric mean of the twoslayer mathod was found to ba 1135, Tha
caleulated ratio of rhe geometric mean of FC rounts using the LES method to that wging the MpN
method was 3.98:1, that of the two-layer method to the MPN was 2.08:1, and thar of the LES mothod
ta rthe two-layer method waa 1.9;1.

enumeration, the results with the lowest coafficient of variation being the mase precisc,  Tn this
study the LES mechod had the lowest coefficient of variation (107) wheregs the MPN had the highest
one (159),  The coefficient of variation fop the two=layer wethod was 140.

4. Discuszion and conclysion

The results of rhig study revealed thar the LES method ornhanced PO Fecovery, and had a higher
degree of precision than the MPN method. Higher counts wire abtained in 47 of the Sampley nuamined
(43%) with a Agameiric mean of 2170 and a4 coafficient of variation of 107, The MPN data rellacted
8 geomelric mesn of 54% and & ceefficient of vaviation of 139, The ratio of Fo counts of the LES
method o the MPN method based on the pgeomecric mean was 1L, 98:1.  The hizhest Faecul coliform
vecavery by the LES methad ag compared to the MPN method in Lhe presont study mipght he acryibubied:
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{1) to the use of MILLIPORE HC brand of membrane filters, described by Gresn at al. (2) and
Taoin & Ducka [9) as the most efficient one in retaining the bacteria present in the tested
water;

{2) co the use of the enriched medium (minimal holding agar) which is easily attacked and
metabolized by the faecal coliforms and foster bacterial cell repair (6);

(3} to the resuscitstion period at 23°C for L8 hours that affords the injured cells the
ppportunity to repair themselves, multiply and divide and become insensitive to inhibitory
agents in the selective media (7, 10, 11), Results obtfained in the present study were in
conformity with those ohtained previeusly by several other workers including Coetzee &
Pratorvius (12}, Public Health Laboratary Service (13) and Mara (14).

Comparable results wers also obtained by Davenport et al. (15) and Green et al. {16), who
attyibuted these to the resuscitation period (varying from 2 to & hours) before exposure to the
#levated temperature. Other investigators veported similar results when usiag first an enrichment
wedivm at low temperature (3%°C for 2 to & houraz) hefore exposure of the wembrane to selective
media at an alevatped temperature of 44,5°C (4, 10, 1.

Thomas & Woodward (18) veported rasules disagresing with the vnes described in the present
work, These authars used the standard one-step MF techaique, i.e. direct incubation of the
memlitane a0 M=FUC broth at 44.57C, and obsarved significantly poorer recoveries of FC organisms by
the MF technique than by the MPN method. They also Found that the ratio of FC by MPN to MF methods
was 1.3:l. This ratioc was reparted to ba 0,92:1, 1.53:1 and 2.2:1 by Adams {19}, MacCarthy et al.
(20) and Slanetsz et al. {17} respectively. The lower counts of the MF technique inr these
aforementionad studies might be attributed to the use of impropar media containing substances
having inhibitory effects on non-coliform Cram-negative bacilli that might also have an adverse
effect on the wrowth of coliferm organisms. Also the initial shoek at 44.5°C adversely affectad
reproduction of metabolically injured cells.

The data obtained in the presant study showed that the two-layer methed was suparior and more
precise than the MPN mcthod. Higher counts were obtajined in 41 (37%) of the 110 positive samples
with a geometrie mean of 1135 2nd a cocfficient of variation of 140; similarly, the MPH Jata
domonstrated A geometreic mean of 345 and a coefficiant of variation of 159, The ratio of FC counts
ol the two-layer method to the PN wethod based on the geomecric mean was found to be 2.08:1.

In addition to the use of the MILLIPORE HC brand of membrane filters, higher FC recoveries by
fhe twe-layer method in the present study might be attributed firstly to the fact that the proposad
two-layer MF procedure allews for repait and subsequant veproduction of those coliforms which have
feen debilitated by exposure to the agquatic enviromnent (217; secondly, to the fact that the
counts in liquid mediz are not as accurate as counts on solid media (14); and thirdly, to the easy
and aceyrate counting of the characteristic blue colonies arown on the agar medium after enrichment
{20, 22).

However, Stuart et al, {23) found that the two aforementionad methods gave nearly the same
counks when they tested chlovinated sewage effluents with some modificatisn in the medium.  They
attributed thelr results to the addition of glycerol and acetate, plus reducing agents to the
two-layer media. Glycevol and acetate act as intermediates in the glycolytic pathway and repair
the engymatic damages of injured cells, aleng with reducing agents to inactivate rezidual chlarine.

As & resutt of the previous findings 1t was found that the MPN method zave the least counts as
compared Lo the other twe methods. The low recovery of the MPN mathod as compared to the LES and
the two-tayer methods raspectively might be sttributed to the false-negative results obtained in
the presumptive tests dus to the prasence of specific soil organisms or the antagenistic action of
Paendomonas that 2150 suppress coliform growth, so that the minimum concentration of cells requiraed
£ produce visible gas in the presumptive medium is not obrained within the normal incubation time
{24, 25), and the high concentration of heavy metal ions fuppresses gas production by coliforn
bacteria (20). Also the MPN method is a biased estimater of the true density and the amount of
bias depends an the number of tubes used in each dilurion (27).

In this study the LES method proved to be superior and mere pregise in PC recovery than the
two-layer method. Higher counts were found in 10 (9%) out of the 110 samples with a geometric mean
of 2170 and a coefficient of vartation 107, The ratio of FC counts of the LES methed to the
two-layer method based on the pgeomelric mean vas found fo be 1.9:1. Upon ¢loser examination of the
data, it was found that the agreement betwecn thess fwa mathods was in 100 (91%Z) af the 110
samples. The areat efficiency of tha LES methad may be attributed to the longer resuscitation
prrind on the vich nonselective medium which coataing simple carbohydrates, Although the LES
method gave higher counts, it raquived incubation oo twa different media for two days to obtain the
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final results. Regarding the two-layer method, it automatically shitts the sulture contact from an
¢nrichment growth substrate fo the essential dxfferCnttal medium phase, and final results ara
DhtdlﬁLd within 24 hours only. Lin (28) stated that the preenrichment incubatlon Compecaturs of
35°C (used in the two- layer mathod) was considered the temperature of choice for the improvament of
FC recovery. Ray & Speck (29) and Green ot al. (1) reported rhat for proper enumeracion of FO the
resuacitat fon period should be completed bafore cell multiplication started, the time initiation ot
multiplication at 357C being 4 hours. Bissonnette et al.(l0) pointed out that the two-layer method
avaided the limitation of enrichment techniques due to the fact that considerably moce time
equipwent and manpower were required for analysis. Finally, (rabow & Preez {30) proved LhuL
saturated pads were inconvenient and time-gconsuming, the pads tended to dry out, and the spar—hasel
medium penerally proved to yield higher counts.

In these compariaons tha MPN procedure was used as the standard, but it must he noted Ghat
there are inherent shortcomings in this technique based on stacistical probability, estimates of
actarial density with inherent errors {31). Membrane filtration using the two-laver agar nelhiod
provides o direct accurate hacterial count, tequires only 24 hours Lo completa, and has the
advantage of saving media, chemicals, tubes, racks and gpace. In contrast, the MPN Lost roquirey
to 4 days before final results are obtained, and an excessive amount of Inboratory work may be
fnvolved. Tn this study, from the 1600 inoculared tubes, 367 positive lactose tubes Falled tu
confirm the presence of faecal coliforms. In ether words, aobout Z3% of all the invsulated tubes
were processad through the confirmation test witheut any positive coliform results. One of the
disadvantages of the MF feghnique is the high cost of membranes which have to be importad from
abroad. However, Taylor & Burman (17) showed that the membran: could be washed and re-used by
sterilizing in 3/ (v/v) hydrochleric acid.

g

Follawing evaluatien of rhe results obtained during the preseat study, it is agreed with
Geldraich (22, 32, 33) that the MF technique gives the most convenient results, the LES method
givas the hlghEEt FC counts and two-layer method saves time, madia and labour.

5. Conglugion

Three methods were used for the detection of faeeal colifurms (FU) in 11D water samples.
These methods were the MPN, the LES and the two=layer MF. This work was carried out in orler o
detarmine the most efficient mathod for the ilsolation and enumcration of FO.

Comparison of the results showed the superiority and the higher degree of preciaion of both MF
procedures over the MPN method,

Tt was concluded rhat the ME tachnique gives the mest ceavunient results; the LES method
gives the highest FU couats and the two=layer method saves elaborate time, media and labour.
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fable 1
Comparison of the froguency of faecal coliform counts/100 ml
detected by the MPN and LES methods
FC count
LES MEN 1-94% 100-999 1000 Total
FC count 1-99 0] 0 0 0
100=999 Ll 0 0 31
1000- 3 33 43 79
Total 14 53 43 110
Tﬁhlﬁmg
Gomparison of the frequency of faecal coliform counts/100 ml
datected by the MPN and two-layer methods
FC count
Two-laver MPH 1-99 100-299 1000 Total
FU count 1-99 1 1 0 2
100-999 12 25 0 37
1000- 1 27 435 71
Total 14 33 43 110
Tabile 3
Comparigzon af the frequency of FC counts/100 ml
detected by the twe-layer and the LES methods
Two-layer FC count
LE3 =99 130-999 1000 Total
FC count 1-99 0 8] 0 0
100~9499 2 29 4 3l
1000- a a 71 79

Total 2 37 71 110
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Table 4

Agreement between the MPN, the two-layer and the LES methods
in the estimation of faecal coliforms

FC counts

First 3acond Equal number Higher counts by Lower c¢ounts by Percont age
me thod Q;éhod by the lst methad than 13t method Chan of
) two methods 2nd method 2nd method A Eeemen

MPHN LES 63 0 47 57
MPN Two=layer hY 1 40 i

LES Two-layer 100 a 91
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Figure 1

Comparisan of faecal coliform log ccunts by two=layer and LES methods

Ty ayer
method

10|-

T ¥ i} 3 % 1 r ) ) T TS method
Figuve 2
Comparison of faecal coliform log counts by MPN and two-layer methods
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Figure 2

Comparison of faecal celiform log counts hy MPN and LES methods

MI'N
method
"0

LES method




Amnexe 3

ETUDE COMPARATIVE DES METHODES UTILISEES EN WUMERATION
BACTERTENNE DES EAUX COTIERES DE TA MEDITERRANEE

par
P. Bernard
INSERM Service Commun N°11, Nice, France

1. Introduction
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La présente étude, entvant dans le cadre des travauX du Service Commun N°11 de 1'Insrituat
national de la Santé et de la Recherche médicale (INSERM)} pour le Programme MED POL Phase II, a eu

pour but de comparer deux wéthodologies de numération des germes fdcaux (colibacil
streptocogques) en eaw de met des zones cdtidres.

A fdice, trois zones ont §té choisies

les et

la plage de Coco Beach, formée de petites criques rocheuses, situde prds du Cap de Nice;

la plage du Forum, au centre de la grande plage de galets de la Baie des Ange
des principales arbires de la Ville de Nice;

&, au débouchs

le port Jde commerce de Nice (Port Lympia}, implanté & 1'est de la citd: ce gite g &té
P

sélectionnd cn considération de sa forte charge hactérienne présumde.

L'exercice d'essal a été conduit de ls wi-juin & la mi-=zofit 1982 au cours de six opérations de

prél2vements d'eaux de mer cHtldres effectudes en chacun des trois Lieux précités
soit au total 18 préldvements.

2. Matériel =t méthodes

Prédlavoments d'eau de mer

Les prélévements ont &té cffectués avec des flacons en verre stérilisds de 1
distances sulvantes ;3

Coco Beach 1 m du bord (recher}
Forum : 3 m du bord (galets)
Port de Commarce : 0,50 m du bord {béton),

Pour chacun de ces trois sites, 1 & 2 litves ont £té échantillonnés 3 chaque

(voir figure 1),

litre, aux

foiz au mEme

endroit, 3 20 c¢m sous la surface de 1'esu, et les analysas ont commencd une heure aprés au plus

tard.

Volumes d'ean dtudids

Licux

& Nice {wdthode MF) (méthode MPN)

Volumes (ml) d'eau Volumes (ml) d'eau
filtrds sur membrane intreduits en tubes

Plage de Coceo Beach 10 1

a 1o=1

Plage du Forum L0 12 1ot

Fort de Commerce 11 to~?

Filteation par membranes (MF)}

Les membranes utilisdes (SARTORIUS) dtaiet de 47 mm, 0,45 u de porosicé.,

Chaque volume d'eau et chaque dilution ont &té filtrés 5 fois pour culture sur gélose

spéeifique & 1'aide d'ume vampe de Eiltration (MILLIPORE).
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Tubas multiples (MPN)

,.

Chague volume et chaque dilution ont €té répartis dans 5 tubes de verre avec bouchons ou coten

antouré de gaze.

Prises des dehantillons

Elles ont &té feitas avec des pipettes aubomatiques PLEETMAN 3000 pl et 1000 pl avec des cfnes
stérilisda.

Géloses utilisées

1) Coliformes fécaux
a) m FC froth base (DLFCU) additionné d'acide rosoligue

b} EMB (PASTEUR)
G&lose Lactosde Vert Brillant = Rouge de Phénol (PASTEUR).

iy Streptocoques fécaux

a) KF-atreptococsus=agar (DIFCO) additieonné de TTC
b} Enterococcus-agar (DIFCO).

Roulllona utilisés

1} Coliformes fécaux

a} Mac Conkey Broth (DIFCO) avec cloche
b) eau peptonde exempte d'indole {(PASTEUR).

{2) Streptocoques Eécaux

a} Agide-Dextrosa Broth (DIFGCO)
b) EVA Broch (DIFGO).

Incubation

L'inetubation a &té de 48 h pour le: péloses et les bouillons 3 streptocoques [écaux, ainsi que
pour les bouillons Mac Conkey.

Pour les géloses FU, EMB, au Vert Brillant-Rouge de Phénal at pour l'eau peptondsa,
1'incubation a &cé arrétde B 24 h.

Toutes les cultures ont &cé faites & 44 “C.

Lecture des résultats (effectuds par la m@me personne)

1) Coliformes fécaux

a) Filtrations sur membranes i
- colonies bieu ciel & bleu foned; pour confirmation certaines colonies ont &té
repiquées sur gélose EMB ou pélose Lactosée au Vert Hrillant-Rouge de Phinnl.

b Tubes multiplos
- e¢roissance, virage du lactoss, 3-7 mm de gaz

- &n Mac Conkey, confirmation de tous las positifa en eau paptonde.

2) Streptocoques fégaux

a) Filtrations sur membranes :
- colenies roses 4 rouge foncéd sur gélose KF
=« repigquage éventuel sur gélose Entarococcus.

) Tiubes multiples
- cruisszance et culot foncéd en boulllon Azide
- confirmatien de tous les tubes pazitifs an houillen EVA.
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3. Résultats
La prdagente dtgde ayant pour but de comparver deux méthodes d'analyze, la moyenne de chague
mesure est présentde avee un intervalle de confiance A 93%. De maniédre & visuvaliser les ré&sultats,
cag derniers ont £té regroupds danz les tableaux 1 et 2 et les figures 2 & 7 (&chelle semi-

logarithmique, base 10 pour les figures).

3.1 Coltformes féeaux

Les tdsultats des analyses (Figures 2, 4 et &) par les deux méthodes (filcration sur membranes
et tubes multiples) sont compatibles enLre eux.

La seule gxception concerne le prélavement effectud & la plage du Forum, le 26 juillet, od un
nombre éievé de coliformes fécaux a été mis en dvidence (FM = moyenns de B(0; tubes
moltiples = moyenne de 8). Une explication possible de cet &cart important serait la présence de
nombreux germes alkalinisants (100 colonies rouges par 100 ml sur FM en gélose FC) qui auraient

faussé la lecture des bouillons Mac Conkey (tubes multiples).

3.2 Streptocoques fdcaux

Les résultats obtenus {fipures 3, 5 et 7} ne sout gulre différents d'une méthode 3 1'autre.
Paur les deux groupes de germes fécaux, !'intervalle de confiance est plus grand pour ia méthode
drs tubes multiples {MPN).

4. Conclusion
Il apparafc que les deux méthodes de numératiow = filtrations sur membranes (MF) et tubes
multiples (MPN) - donnent des résultats similaires, & L'exception du cas spécial des eaux

partuaires.

Ces résultats restant & &tre interprétés en fonction des donnédes recueillies par 1'ensemble
des laboratoires ayant participé & 1'étude,
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Tableau 1
Numérations des coliformes fécaux pour 100 ml d'eau de mer
{moyennes et intervalles de confiance & 95%)
Filetration sur membranes Nombre le plus prohable
Date {3 mewbraanes) {5 tubes) -
moyenne lim. inf. lim. sup. moyenne Llim, inf. lim. sup.
14,06.82 & 1 b 2 0,9 7
21.06.82 9 6 11 17 3 4h
Plage 07.07.82 z 1 3 37 23 41
de 09.07.82 15 13 31 70 23 170
Coca Beach 26.07.82 14 10 18 7 1 .7
03.08.82 8 6 10 12 3 23
14.06.52 les 120 210 79 25 194G
21.06.82 2 1 2 2 i 2
Plage 02.07.87 3 L 5 7 1 7
du 09.07.82 13 10 15 17 5 hiy
Farum 26.07.52 300 LN G40 ) 1 14
03.08.32 6 4 3 5 Q 173
14.06.82 600 480 70 7400 2400 > 2400
21.06.82 1340 330 1830 490 170 L3040
Port 02.07.82 480 270 740 170 50 aiat)
de 09.07.82 3020 21148 3430 2400 a80 7500
Commerce 26.07.82 1600 1340 1860 720 360 BEO

03.08.82 jl2o 2470 3770 1300 150 3000
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Tableau 2

Numérations des streptocoques Edfcaux pour 100 m]l d'eau de mer

(mayennes et intesrvalles de confiance & 95%}

Filtration aur membranes ¥ombre le plus probable
(5 membraces) {3 tubes)

Date
noyenne lim, inf, lim, sup. moyenne lim. inf. lim. sup.

14.06.82 51 35 a7 : 70

21.06.82 15 il 32 19

Plape 02.07.82 10 4 16 17
de: N3.07.82 37
Coco Yeach 26.07.52 12
03.08.82 1

14.06,82
21.04,82
02.07.82
0%.07.82
26.07.82
03.08.82

14.,06,82

21.96.82

02.07.32

da 09.07.82
Commerce 26,07,82
03.08.82




Figure 1
#ones de prelevemants & Nice
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Figure 2

Intervalles de confiance § 95% pour le taux de Coliformes fécaux

{plage de Coco Beach, 2 méthodes de numération)
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Figure 13

Intervalles de cenfiance A 95% pour le faux de Streptocagues fdoaux
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Figure 4

Intervalles de confiance 3 95% pour le taux de Coliformes fécaux
(plege du Forum, 2 méthodes de numération)
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A 10 000 (Germes/100 m1}

Figure 3

Intervalles de confiance & 95% pour le taux de Streptocoques féecaux
(plage du Forum, 2 méthodes de aumération)
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Figure &

Tatervalles de confiance & 95% pour le taux de Coliformes fécaux

(Port de Commerce, 2 méthodes de numération)
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Figure 7

Intervalles de confiance & 95% pour le taux de Streptocoques fdcaux
{Port de Commerce, 2 méthedes de numération?
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Annex 4

COMPARISON OF METHODS FOR MONITORING TNDICATOR
ORGANISMS IN MARINE WATER

by
Y. Yoshpe-Purer
The A. Felix Public Mealth Laboratory, Tel-Aviv, Israel

1. Introduction

The purpose of the present study was te compare the most probable number (MPN) and mewbrane
Eileration (MF} wmetheds in monitoring the major hacteriological parameters for assessing the
quality of ceastal water in the Mediterranean. This would be useful in the eventual recommendation
af the mest suitable one as a standard procedure.

In previcus comparisons of these two methods in cosstal water {1, 2), the number of coliforms
obtained by the MPN procedure was usually bigher than that obtained bty the MF methed, which raised
the question of the rate of vrecovery of stressed organisms by the accepted one-step MF method. An
Attempt was made in the present study to elucidate this peint by examining parallel samples for
fazcal coliforms and Faecal streptococci with and without resuscitation.

2. Materials and methods

2.1 Testing period

Sampling started on 25 May 1982 and continued until the first week inm August. Two of the
sampling points selected an the first sampling day gave very low results and were replaced by
athers on the following sampling day. The number of samples was therefore 2ix in one sampling
point and only five in the other tyo,

2.7 sampiing points

No means of sampling et the pollution source itself, which was approximately 300 m offshore,
was available. The closest accessible location was approximately 300 m north of the sewage cutfall
at Tel-Baruch, where bathing is forbidden. The other sampling points were; Sheraton Reach, ¢irca
900 m south of the outfsll, and Bugrashov B2ach, circa 1800 m south of the outfall.

Twe litres of water and abopt 200 g of sediment were taken at each point aad Lransported to
the laboratory within 1 = 1 1/2 hours. The water temperature was measurad at the time of sampling.

Total coliforms

MEN: Presumptive test in Lactose Broth coufirmed in Brilliant Oreen Bile Broth, bath incubated ag
35°Ck0.5°C for 48%3 hours. Four to five dilutions of each sample were inogulated in a S=-tuba
series and the appropriate thres dilutiens were selected for reading results.

MF: Two to three dilutions were filtered from 2ach sample. The membrames were placed an M-endo-
agar LES and incubated at 35°C£0.5°C For 22 hours.

Fasgal coliforas

MER: From each positive tube of the presumptive test for total coliforms twe drops were inoculated
inta a tube of EC medium using a Pasteur pipette. The tube was incubated st 44.5°0x0.2°C
{water bath) for 24 hours. Tubes showing any amount of gas were considered positive.

ME: A double series was filtered from each dilution, One was placed directly on M-FC-ager and
incubated ar 44‘5°CtO.2°C, the other was placed on pads saturated with Lauryl Tryptose
Broth (3) {in the covers of the Petri dishes) and incubated at 35°C+0.5°C for 2 = 2 1/2 hours,
then transferred to the M-FC~agar and Lacubated atr 44.5°C20,2°C for circa 27 hours,
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Faecal straptogpged

MPN: Presumptive test in Azide-Dextraose Broth, as outlined for total coliforms, confirmed in EVA
Brath, both incubated at 35°C*0.5°C for 48+%3 hours.

MF: In view of the axistence of two sets of directions for faecal streptococci, one ¢allinmg for
incubation at 33°C£0.5°C (3} and the other at 44°C+0.2°C (4), both temperatures were Lested on
one gampling day. Counts obtained at 3537C#0.5°C were considerably higher, especially in the
least polluted points, therefore all further examinations were incubated at 357C#0.5°C for
4343 hours.

A double geries was filtered for sach dilution, one zet of filters was placed directly on
KF-ggar and the other was resuscitated on pads saturated with Trypticase Seoy Broth for
2 - 2 1/? hours at 15°CL),5°C then transferred to KF-agar and incubated for 2 days.

From each filter, several colonieg representative of the vavious groups were selected and
transferred to hloed sgar platesz, then to brain heart infusion broth. They were exawined

microscapically (Gram stained) and for production of oxidase.

2.3 Examination of sediment

From the sediment samples, 50 or 100 g portions {wet waight) were weighed and 10 volumee of
phosphate buffer with 0.1% peptone added to egach. The diluted samples were shaken vigorously by
hand and as soon as mosat of the sand had setcled the liquid was decanted and used for inoculation.
The results obtained were multiplied by 10 and calculated for 100 g of sample.

1.4 Other paramectars

Dissolved oxygen and B0ODg were determined in all water samples. Salinity was measurwd only
on one sampling day.

2.5 Estimation of precision

Tne precision of the membrape filtration technique was checked by filtering triplicate samples
from a triplicate dilution series of faecal coliforms and faescal streptacocci in marine water
{using strains isolated during the present work), and subjecting the results to analysis of
variance to determine the standard error. The number of organisms in the suspensions was algo
determined on plate count agar.

1. Resulbs

The data obtained for each sampling point ave presented in Tables 1 to 3. Results show that
when total coliforms ware chosen as the parameters for asscssing the bactevioloigeal quality of
water or sediment, and the limit set at 1000 organisms par 100 ml of water or 1Q0 g of sediment,
one sample of water and two samples of sediment from the Sheraton Beach would exceed that limit
when monitored by the MPN method, while complying with it by the MP procedure. In the case of
faecal coliforms, using the MPN method, this limit was exceaded only in one sample of sediment.

All other samples Fell into the same ¢lassification by either method. The number of faecal
streptocacci recovered was much higher by the MF method with KF-medium and the resuscitation step
increased their number considerably. The incubation temperature of 35°C#0.5°C was Found to b mors
efficient in recovering faecal streptococel {as illustrated in Table 4).

Salinity was measured an one day only (13 July). Lavels were 35.2%/o0 at Tel-8aruch and
35.49%/0a at the Sheraton and Bugrashov Beaches.

The estimaticon of precisien is summarized in Table 3.
4. Digcysaion

The results [or total celiforms were higher by the MPH procedure in 72% of the samples, by the
MF method in 15% of the samples and equal for both metheds in 10X of the samples. when all data
ware subjected to the Student's t-test, the difference was not statistically asignificant. Howeowver,
when the two unusually high readings at Tel-Baruch on 13 July were excluded the difference was
statisticelly significant.
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faecal coliform teadings were higher by the MPN technique in 44X of the samples, by the MF in
31% of the samples and equal by both methods in 25% of the samples. Differences ware not
statistically significant.

Sevaral suthors have reparted the MPN procedure as being mere efficient in recovering Lotal
and Faecal coliforms from stream water and sewage (3) from wastewater effluent (6) and from
cmawater (7). On the other hand, Dutka & Tobin (8) achieved maximum estimates of coliforms in the
Lower Great Lakes regien of Canada by the MF procedure with M-Endo-agar LES. Thay compared four
procedures and found that each was selective for different genmera of Enterobacteriacea.

According to Rese et al, (9), a two-layered medium proposed by them, which included twe hours'
pre—incubation at 35°C, receverad 3,8 to 7 rimes more faecal coliform colonies from marine water
than the direct ¥-FC procedure. In the present study, the additiomal resuscitation step recovered
a larger number of faecal coliforms only in a few samples and its use would not therefore appear to
he justified, particularly in clean beaches, in view of the censiderable amount of time and wetk
involved.

In polluted water however {Tel-Baruch), the difference between the number of faecal zoliforms
recoversd after resuscitation and without it was statistically significant (P 0.1).

Since the data presented here were collected during 2 short period of time in a limited srea,
it appears that for final selection of the most suitable methad for monitoring faecal coliforms in
the Mediterranean wmore data from a wider area should be compared.

Counts of fascal streptococci ware considerably higher at an imcubation temperature of
35°C+0.5°C than at 44.5°C&0.2°C (Table 4) and inscreased significantly with a 2 - 2 1/2 hour
resuscitation peried on Trypticase Soy Broth.

In 90% of the samples, counts ware much higher by the direct MF method at 35°C#0.5°C than by
the MPN procedurs {Tables 1 to 3) and analysis of all data showad that the difference was
statistically significant (P 0.1). After resuscitation the difference was statistically
significant at a higher level (P 0.01),

No explanation can be offered for the enormous discrepancy between the recovery tate of faecal
gtreptococcl by MF on KF-medium and MPN methods. Among the colenies that were confirmed, 10-30%
were not streptococci (there were micrococel and even a few strains of Pgendomonas) and this rate
did not account for the difference. The ratio between the MF and the MPN densities was from 0.5 to
92, with 220 in one sample sud 355 in another. FKenner et al. {10), who introduced the KF-medium,
obrained ratios of 0.6l to 20 with one of 200, Different media and procedures for recovering
faecal streptocpeci from water have been compared by various authors (10-14) and all of them
reported that KF and PSE-agar gave the highest recovery rates. Several authors prefer the
pSE-medium, as it requires only 24 hours incubation versus 48 hours on KF-medium. Daust &

Litzky (12) obtaianed the highest counts from mavine water on PSE agar and from sewage an KF-agar;
Brodeky & Schiemann (13} found that KF medium was not as selective as P3E agar - only 65% of all
colonies they confirmed were fascal streptococci compared to 90% from PSE.

In conclusion it can be said that the data presented in this study, as well as that available
in the literaturs, indicate that for faecal streptococeci the MF procedure with KF-medium is
superior to the MPN method, as if gives better results im a shorter time (two days instead of four)
Wwith less work invelved. Since the PSE-medium has the sdvantage of shorter incubation time, and
has been reported by some authors Lo be more selective in some environments, it may be desirable to
compare the two mediaz for selactfing the most suitable one for Mediterranean waters.
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Table 4

Effact of incubation temperature on recovery of faecal streptococci on KF-madium
(number of orgamisms per 100 ml water or 100 g sediment)

Incubation temperature

Loeakion 35%cx0,5°C 44,5°Ccx0.2°C
MF=R MF-§

Tel-Baruch water 3500 2400
sediment 27000 20000

Sheraton watar 1200 20000
gadimant 17000 4800

Bugrashov watar 930 170
sediment 12000 3800

*  Geometric mean tounded up to 2 gsignificant figures
MF-D: membrane filtration, direct
MF-R: membrane filtratien with resuscitation

Tgble 5

Estimation of Precisgion of Membrane Filtration

Total coliforms Faecal coliforms Faecal streptacocel
Bacterial Mean 5E Mean ‘ SE Maan
suspensian

A 132 119 . 15
B 143 123 22
c 13) 110 22

MEE
F=rest
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Annex 5

A COMPARISON OF MICROBIOLOGICAL METHODS FOR MONITORING
EyDICATOR ORGANISMSE IN SEAWATER AND SAND

by
L. Villa, G.A. Zapponi, F. Aulicine and G. Donati
Istituto Superiore di Sanitd, Rome, ltaly

1. Introduction

The purpose of this study was to compare two different analytical methods, most probable
number (MPW) and membrane filtration (MF) for determination of the faecal coliform deasity in
coastal seawater samples, in addition, total zoliferms and faecal streptococci were determined in
water samples and total and faecal coliforms and faecal streptococci in sand samples.

The fellowing date were also determined: sea and aky conditions, surface current, wind, last
televant precipitation, air and water temperature, dissolved oxvgen (00D) and pH.

2. Materials gnd methods

2.1 Testing periods

Sampling was performed between 18 May and 31 August 1982, the following being the sampling
dates: 18,5.823; 1.6.82; 15.6,82; 116.6.82; 13.7.82; 127,7.82; 10.8.82:; 31.3.82.

Hydrograpnic and meteorological c¢onditions on each sampling day are listed in Table 1.

2.2 Sampling points

The following sampling stations (eon the coast of the Province of Lativa, between Torre Astura
and Torre Pacla) were selected (Figures 1 and 2):

¥o. 1: "Canale Caterattine” - a small ¢anal receiving sewage discharges only ia the summer,
Water samples were colleeted near the outfall of the camal inte the sea. 3Sand samples
were collected on the shoreline, near the outfall of rhis canal,

Ne. 2: beach, at km 25.6 on the coast road - clean area. Samples of zeawater and sand wers
collected.

No. 3: eliminated.

No. 4: "Rio Martino" - canal receiving most of the municipal industrial wastewater of Latrina
(80 000 inhabitants approx.). The samples were collected from the bridge, at km 17.7
on the caast road.

Bo. 5: at km 17.1 on the coast road (approx. 500 m north—north wast of the outfall of Ria
Martino inte the sea) under the possible influenmce of this pollution source.

No. 6: ©beach, located 500 m south east of gtation No. 7.

No. 7: "Fosso Mascarello" - canal receiving the municipal and industrial wasrewater of ths
area (40 000 inhabitants approx.).

Ho., 83 beach, located 300 m north west of station No. 7.

2.3 S8ampling methods

Water samples were gollected in sterile 1 litre bottles. In sampling points 2, 5, 6 and B
(seawater) the samples were collected by hama at about 10 m from the shoreline. Ip sampling points
l, 4 and 7 cellection was performed by sampling device. Ia sampling points L, 2, 5, 6 and 8 sand
samples were collected using a sterile wide-mouthed container.
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éll samples were collected between 9 z.,m. and 3 p.m. and transported in cooling containers
(4-10°C) protected againat ulctravielet irradiation and examined in the laboratery. The ma x imim
transportation and gtorage time was 24 hours}.

In all, 536 water and 40 gand samples were collected and analysed.

2,4 Analytical methods

2.,4.]1 Water gamples

Total coliforms {(MPN): presumptive test cubes of Lactose Broth were incubated at 16°clC
(total incubation time = 48 hours). Positive tubes wers confirmed in Brilliant Green Lactose
Bile BEroth tubes and incubated ar 36°Cx1"C for 43 hours.

Faecal coliforms (MPN): positive test tubes of Lactose Broth were confirmed in EC Broth tubes
and incubated at &&.3 C£0.2°C for 24 hours.

Faecal eoliforms (MF): each sample {or its dilution) was filtered by MF. The membrane was
then incubated an M=FC-agar at 44,5°Cx0.2°C for 24 hours.

Fascal streptococci (MF): each sample (or its diluriem) was filtered by MF. The membrane vas
then incubated on KF-agar at 44°Cx0.2°C for 4343 hours.

Other parameters (dissolved oxygen, pH, air and water temperature) were determined by standard
technical methods.

2.4.2 Sand samples

Toral coliforms, Faecal coliforms and faecal streptococci were determined alse in sand samples
collected from the shoreline. Sand was examined by adding approximately 50 g of sand to a baaker
containing 50 ml of physiological saline, followed by analysis fer total celiforms, faecal
coliforms and faecal streptococci, as follows:

Total coliforms (MPN): presumptive tear tubes of Lactosze Broth were incubated at 36°c21°C,
Positive tubes were confirmed in Brilliant Green Lactose Bile Broth tubes and incubated at
36°C+1"C for 48 hours.

Faecal coliforms (MPN): posifive test tubes of Lactose Broth (see toral coliforms) were
confirmed in EC broth tubes and incubated at 44.5°Cx0.2°C for 24 hours.

Faecal streptococci (MF): the sample was filtered by MF and the membrane ineubated on KF-agar
at 44 Cx0.2°C for 4843 hours.

ReazultCs
Results obtained are summarized in Tables 2 to 8.

Sampling station Ne. 1 (Canale Caterattino) showed a high density of bacterial indicators
{total and faecal coliforms and faecal streptococci) omnly in water samples cellected in August.
The other water samples showed acceptable levels of bacterisl indicators. This conforms with the
seasonal presence of amall discharges (see 2.2}, The sand samples showed a constant level of
bacterial indicaters, which were subject to no fluctuation during the peried of study. The DO
concentration was at acceptable levels with the exception of the sample collected in August, this
correlating with the density of bacterial indicators in the water samplez.

Sampling station No., 2 (beach, km 23.6) showed very low levels of bacterial indicators in hoth
water and sand samples. The only exception was the velatively high density of faecal streptococel
in the water sample collected on 15.6.82. The DO concentratien and pH values were at excellent
levels in all the samples examined.

Sampling station No. 4 (Rio Martino) showed very high lavels of baccerial indicators in all
the samples and correspoadingly low values of DO. The pH values were acceptable.

Sgmpling starion No. 5 (beach, km 17.1) showed relatively hign levels of bacterial indicators
only in the sample colhected on 15.6,82, The levels however did not excead the limits prascribed
by the Italian regulations for bathing (100 FC/100 ml), The values of DO and pR were satisfacrory
in all the samples.
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The levels of bacterial density in sand samples were acceptable, though levels found in
sampling station No. 2 indicated the influence of the pollution source at station No. 4.

Sampling station No. 6 showed high levels of bacterial indicaters in all the water and zand
samples (with the excaption of the water sample coilected on 13.7.82), exceeding the limits of the
Italian regulations, The high levels found were due to the influence of the pollution source at
station No. 7. Tne levels of bacterial density in the sand were very high in all the samples. The
values of DO and pH were satisfactory in all the samples.

Sampling station No. 7 (Fosso Mascarello) showed very high levels of baeterial indicaters in
all the samples, which did not cotrrelate to the DO values. The pH values were acceptable.

Sampling station No. 8 showed very high levels of bacterial indicators in the water samples
collected on L.6.82, 13.7.82 and 10.8,82; medium levels in the water samples callected om
18.5.82; and low levels in samples collected on 15.6.82, 26.6.82, 27.7.82 and 31.8.82. Lavels of
DO and pH were satisfactory. All the sand samples showed a velatively high density of bacterial
indigators.

&. Discussion

The levels of the various parameters are shown in Figure 3, as measured in the first sampling
site in eight successive weeks. The total coliform (TC), faecal coliform (FC) and fascal
streptocacci (F5) levels in water samples (the first three graphs in Figure 3) appear to show
comparable time trends., The TC, FC and F5 levels for sand appear moce stable than the
corresponding levels in seawater (variances of log-transformed TC and FC values in the sand were
significantly less than the corresponding ones in the seawater gamplas). Analogous results have
been recorded in other consisrently contaminated sites. It is considered that further dsta weuld
be necessary to confirm this.

Figure 4 shows contamination levels as measured in five sampling sites three successive
weelks. The various indicators generally assume maximum and minimum values in the same sifes, thus
showiag that they basically record the same contaminatiom phenowenon. Significant correlations
were found ameng the various parameters.

Figure 5 shows a highly significant coerrelation betweea the FC (MPN) and FC (MF) values. The
two parameters appear to be basieally equivalent (on the average, MF values were somewhat lower
than MPN values, in particular when eontamination levels were low). Log-transformed values have
been considered, because such transformation enabled a Gaussian-like statistical distribution to be
obtained, thus simplifying the statistical treatment of data (Geldreich, 1975).

Figure 6 shows a highly significant correlation between log-transformed FC (MPN) data and
log-transformed TC (MPN) dats, and Figure 7 the correlation between log-transformed FC (MF) and TC
{MPW) daca. Figure & shows the correlation betwsen log-transformed F$ (MF)} and FC (MF) log data.
Figure 9 shows the carrelation between the TC and FC (MPN) log-values in the seawater and in the
corresponding sand samples respectively.

A1l the data obtained indicate that the TC, FC znd FS levels in the seawater and in the sand
samples ate generally correlated, thus indicating that these parameters basically obtaia a meagure
of the same pollurien lavel. The high variability of levels measured in successive samplings is
also evident. In any case, the data shown allow an easy classification of site contaminstion
level, if several measurements are considered, and the mean value is assumed as the best indicater
(ag a rule, the geometric mean or the leg-mean or the median value). Single values are scarcely
significant for this purpose. The measurement repeatability, as tested by the means of replicated
analyses on the seme samples, appeared to be charascterized by a log-data standard deviation
{napierian logarithms} of about 0.7 = 0.8, corresponding to sbout a factor of 2 for original data
in the case of TC and FC, and slightly betfer for FS. This variability may sccount only for a
minot part of overall variability of measured values.
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Table 1

Sea and meteorological conditions en the sampling day

Sampling
date

Surface
current Wind Sky
m/min

Sea
conditioms

La
rele

-4
vant

precipitation

18.5,82

1.6.82
15.6.82
26.6.82
13.7.82
27.7.82
10.8.82
3i.8.82

calm 10 from E weak from SW clear
calm absenr weak from E cleér
rough absent strong from clear
slightly rough absent wegk from E clear
calm 3 from E absent clear
slightly tough absent veak from E ¢lear
calm 1 from E weak from E overcast

calm 20 from W waak from W clear

+

4+

Lo - T - - B N T A

days
days
days
days
days
days
days
days

Monitoring results: sampling station No. 1

Optional

Surface wataer/100 ml Sand/100 g
parameters

0

ther

parameters

Total Faseal TFaecal TFaecal Total Faecal Faecal Do

coli, coli, coli. sgtrep, coli. coli. strap. nH
‘ mg/ ]

MPHN MPN vF MF MEN MPN MF

wate
tggp

r
+ &

air
&mp .
a

G

1600 350 300 70 230 90 70 10.5 8.3
1600 33 40 93 1100 95 10 7.0 7.4
70 49 51 19 210 70 20 10.7 8.3
23 23 11 58 210 70 0 7.2 B.3
14 14 19 16 230 40 6.8 8,2
44 44 58 10 430 90 40 6.9  B.2
20 40 10 4.3 7.8

150 90 10 1.0

23
26
21
26
27
27
16
28

20
29
2
22
28
29
30
29
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Table 3
Monitoring resules: sampling station Ne. 2
Optional Other
Surface water/100 ml Sand/100 g paramatars parameters
Date Houx Totsal Faacal Faecal Fsecal Total Fasecal Faecal po wateyr air
coli. eoli. coli. strep. coli. coli. strep. mg/1 pH  temp. temp.
MPH MEN MF MF MPN MPN MF *c *c
18,5,82 12.00 5 L2 0 Q 10 11.5 3.1 23 20
1.6.82 11.40 42 <2 o] 86 0 11.0 8.3 23 29
15.6,82 9.50 11 11 15 >300 40 o 30 13.7 8.4 17 22
26.6.82 9.55 3 8 5 76 0 Q W) 1.4 8.2 22 22
13.7.82 9.45 42 <2 1] 7 150 g0 30 9.8 8.2 27 28
27.7.82 9,15 2 2 0 7 20 a4 30 11.3 .1 22 29
10.8,82 12.50 2 2 0 S 0 0 0 10.0 3.3 27 9
31.8.82 14.40 <2 <2 0 4 0 4] 0 9.7 2.3 27 29
Fable &
Monitoring results: sampling station No. &
Surface water/)00 ml Band/100 g Optionsl dther
parameters parameters
Date Hour .
Total Faecal Faecal V¥aecal Tetal Faecal Faecal Do water air
coli. eoli. coli. strep. coli. coli. strep. /n pH  temp. Ctemp.
MPN MPN MF MF MPN MEN MF & *c
18.3.82 12,30 23000 13000 BOQO 13000 = L ==== i.0 7.2 Z1 20
1.6.82 12.15% 70000 70000 51000 1000 === ====  ==2= 1.2 7.0 26 24
15.4,82 10,15 1600000 1600000 »>300000 6000 1.0 7.3 22 22
76.6.82 10.20 240000 23000 110000 1006 2 ===w Fm== === 0.8 7.6 25 5
13.7.82 10.15 1600000 1500000 »300000 13000 2 nawma sE==  ==== 0.6 7.2 26 29
27.7.52 9,45 1600000 43000 23000 13000 0.8 7.4 26 28
10.8,82 11.30 >2400000 430000  »*300000 45000 ==== zuanm =wan 0.9 7.2 27 28
31.8.82 13,55 >2400000 »Z400000 »300000 21000 - ma== ==== 0.6 7.5 25 z8
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Table 5
Monitoring results;: sampling station No, 35
Optiomal Other
Surface water/loq ml Sand/100 g odrameters  parameters
Date Hour Total Faecal TFaecsl Faecal Tatal Faecal Faecal Do water air
coli. coli. eeli. satrep. coli. coli. strep. mg/1 pi  femp. Cemp.
MPR MPN HF MF MPN MPN MF "¢ C
18.5.82 12.35 240 79 A 3 30 3 20 8.0 8.0 23 72
1.6.82 12,15 43 23 27 40 311000 4600 40 9.7 2.2 16 26
15.6.82 10.35% 150 110 86 »300 150 740 30 11.3. 8.1 18 22
26.6,82 10,35 42 €2 0 20 90 42 40 g.1 8.2 22 25
13.7.82 10,30 {2 2 38 20 af 10 7.4 2.2 27 27
27.7.82 10.00 34 34 39 24 230 230 40 9.5 3.2 22 26
10.8.82 11,30 33 26 6 13 g0 49 10 8.3 8.2 26 27
31.8.82 13.40 £2 w2 3 15 14 10 10 11.0 8.4 17 28
Table 6
Monitoring results: sampling station No. 6
Optional Dther
Surface water/100 ml Sand/100 g paramerers parameters
Dace Hour Tatal Faeeal Fascal TFaecal Total Faecal Faecal Do water air
coli., coli. eali. strap. coli, coli, strep. me/1 pH tEmp. temp.
MPN MPN MF MF uPN MPN MF & c c
18.5.82 13.00 3150 70 3 & »L100Q0 11000 900 9.0 2.1 24 22
1.6.82 12.40 #2400 »2400 »300 5 640 390 500 10.8 8.2 26 24
15.6.82 10.45 »2400 1600 >300 190 1500 280 80 11.1 2.3 25 22
26.6.82 11.00 1500 1600 210 50 »24000 280 &0 8.2 3.1 27 25
13,7.482 11.00 46 ab 12 45 224000 280 250 8.1 8.2 29 27
27.7.8% 10,10 350 350 »300 »300 »>24000 4600 520 8.3 5.3 28 28
10.8.82 11.00 350 350 180 2300 4600 200 80 7.9 8.2 28 27
31.8.482 13.15 72400 X400 2300 82 1500 390 28 10.6 8.3 28 27
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Table 7
Monitoring vesultrs: sampling station Ne. 7
Optional Othar
Surface water/100 ml Sand/100 £ paramefers parameters
Dace Hour Tatal Faecal Faecal Faecal Tetal VFaecal Faecal DD water  air
coli. coli. coli., strep. aoli. cali. strap. mg/ 1 pH temp. temp.
MPN MPN ME MF MPN MPN MF °c i
18.5.82 13,05 »>2400000 16Q0000C >300000 13000 L L LLLE I i 10.5 7.8 20 22
1.6.82 12.30 160000 160000 205000 1000 FRET A== HER 10.1 7.8 2] 23
15.6.82 11.00 33000 33000 22000 2000 11.3 7.9 i9 22
26.6.82 11.20 350000 240000 210000 1000 10.4 7.8 21 25
13.7.82 11.30 33000 330060 15000 300 9.3 7.9 21 28
27.7.82 10.30 2400000 2400000 >300000 1000 s=== 9.0 7.6 22 29
10.8.82 10.40 »>2400000 350000 »300000 »300000 10.3 7.7 19 6
31.8.82 13.00 23000 5000 18000 850 A==z S=t@s Ss=x 11.2 8.0 21 27
Table 8
Monitoring results: sampling statiom Ne. 8
Surface water/100 ml Sand/100 & Optional Other
parameters parameters
Date dout Total Faecal Faecal Faecal Total Faecal Faecal Do water air
coll. coli. celi. strep. coli. coli. strep. ma/1 pH  temp. temp.
MPN MEN MF MF MEN MEN MF 2 "¢ "c
18.5.82 13.20 1600 350 215 14 211000 >11000 %00 9.4 8.1 27 22
1.6.82 13.00 1600 1600 »300 7300 11000 93 500 8.8 3.2 30 25
15.6.82 11.15% 2 3 0 2300 280 30 80 12.1 3.1 19 23
26.6.82 11.3C i7 17 4] 32 430 230 30 10.7 3.4 22 25
13.7.82 12.00 350 3350 » 300 >300 150 9 250 8.5 8.3 29 28
27.7.82 11.00 13 13 0 3 430 4130 320 11.4 8.3 23 28
10.5.82 10.20 240 240 180 >300 030 110 80 10.5 3.3 24 23
31.8.82 12.40 <2 <2 0 0 60 30 9 11.7 8.4 22 27
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Figures 1 and 2

Selected sampling statiems, Province of Latina
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Figure 3

Levels of selected parameters measured at Sampling Site 1 in 8 successive weeks
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Levels

Figure &

of contamination as measured in 5 sampling sites 3 successive weeks
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Figure 3

Statistical analysis of FC (MPN) and FC (MF) values
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Statistical analysis of log-transformed FC (MP¥) data and log-transformed TC (MPN) darg
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Figure 9

Staristical analysis of log-transfermed FC (MPN} values in seawater and sand samples
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Annex b

A COMPARATIVE STUDY OF THE MEMBRANE FILTRATION AND MOST PROBABLE
NUMBER METHODS IN THE MICROBLOLOGICAL ANALYSIS OF SEAWATER

by
T. Peliu Mendez, §. Grané Terradas and A. Hernindez Higuera
Regzional Covernment of Catalonia, Tarragona, Spain

1. Introduction

Since 1976, the Territorial Health Promotion Service of the city of Tarragona, Regional
Government of Catalonia, has been daveloping a system of micrebiclogical contrel of the waters of
the provinee's beaches. In 1978-1979, it participated in the pilot project on Coasral Water
Quality Contrel (MED VII), jointly coordinated by the World Health Organization (WHO) and the
United Nations Environment Programme (UNEP), as part of the Mediterranean Pollution Monitering and
Research Propgramme (MED POL Phase I).

During the course of bath these projects, tepeated reference was made to the need for unifying
sampling procedures, analytical techniques and c¢riteria for interpreting findings. For thig reasoun
and on the basis of work performed to date, the Institution expressed its willingness to
pETticipate in the study on methods of sampling and analysis of bactericlegical parameters in
coastal water quality, carried out under the joint sponsorsnip of WHO and UNEF and coordinated by
the Istituto Superiore di Sanitd, Rome.

2. Scope and putrpose

The purpose of this study was to compare the membrane filtration and most probable number
methods, which are the two most commonly used in analysis of the microbiological quality of ceastal
waters with regard to those microorganisms indicating faecal conteminatioen, i.e. total coliforms
(TC), faecal coliforms (FC) and faecal streptocosci (F3).

Three sampling stations were selected., These represented three different levels of faecal
contamination, ranging from a coastal ares with little or no contamination to an urban wastewater
outfall. In each case, repeated samples were taken and analysed mierobislegically, usaing the two
methods mentioned above,.

3. Sampling
The sampling points selected were:

{a) the submarine outfall of urban wastewater from the city of Tarragona {length 1000 m,
outfall depth 20-25 m);

(b) the Playa del Milagro, Tarragona, which is affected by submarine outfall 4 (diagram 1};

(¢} the Playa de la Mora, Tarragona, which is exceptionally clean and hygienie.

Sampling was performed batween 10 August and 6 September 1982, most of the samples being taken
between 8 z.m. and 10 a.m., using amber glass bottles with ground-glass stoppers, sterilized in a
Pasteur oven. Af points B and C, sampling was performed by diréct access up to 10-13 m from the
coastiine, at a depth of 1.00~-1.50 m, the battle being dipped 15-20 c¢m below the surface of the
water. Sampling at peint A was performed directly at the pumping statien for the submarine
wagtewater outfall.

As soon as samples were collected, they were placed in a thermally insulated container and
protected from the light until they reached the laboratory. The time between the ¢olleccion of the
first sample and its arrival at the laboratery was in 211 instances less than two hours, and the
samples were analysed immediately.
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Diagram 1. Situation of sampling points A and B

{Playa del Milagre, Tarragona)

N

MEDITERRANEAN SEA

o+

3cale (km)

4. Anslytical techniques

(1981).

The analytical techniques used were those described by APHA (1975), WHO/UNEP (1977) and UNEP

In addition to the comparison made be ween the membrane filtration and mest probable number
mezhods, analysis of TC snd FC using the membrane filtratien method was carried out im duplicate,
using sbsorbent pads and agar respectively, thus giving a third ser of results for these
microorganisms,

The use of Escherichia coli (EC) 25 an indigcator microotganism was regarded for the purposes
of evaluating the water quality of a coastal area as practically the equivalent of FC.
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4.1 Membrane filtration method

For analysis of the three categories of microorganisms of the indicator type, membranes used
were Millipore Standard HAWG, 47 mm in diameter and 0.45 ¥m in pore size. Filtration funnels and
supports were made of plastic and sterilized with ultravielet rays., Culture media were prepared
daily, and the volume of water filtered was decided in the light of the concentration of
microorganisms anticipated, so as to make the resulting number of colonies I10-80 per plate.

The aversage number of filtrations per sample of warer analysed was eight: three for TC,
three for F¢, and two for F§. In the case of highly pelluted water samples, & seriesz of prior
dilutions was carried out, using distilled watar, sterile and stoppered,

Culture media and incubstion conditions used for each of the iadicator micreoorganisms were as
follows,

(1) Total coliforms; M-Ende broth MF en absorbent pads or M-Endo MF on agax, depending on
whether pads or agar were used, on a hermetic petri dish, 47 mm ia diameter, incubated for
24 hours at 36 £ 1°G.

(2} faecal coliferms; M-FC broth on absorbent pads or M-FC agar, depending on whether pads
or agar were used, on a hermetic petTi dish, 47 wm in dismeter, incubated for 24 hours at

44 + 0,2°C,

(1) vaecal streptococci: Agar-M-Enterococci, on a hermetic petri dish, 47 mm in diameter,
incubated for 48 hours at 36 & 17C,

4.2 Most probable number mechod

For analysis of the three indicator micreorganisms, four series of five tubes were used to
determine the most probable number of microorganisms contained in each sample of water. For the
analysis of samples of highly polluted water, a sterile phosphate plug was used as a dilutant.

The culture medis and the incubation conditions for each of the microorganisms were as follows.

(1) Total coliforms: MacConkey breth incubated at 36 & 1°C for 48 hours, Tubes were
considered positive when they turned the medium over and produced gas in a Durbam tube. Thus,
the presumptive number of coliform bacteria was obtained. The positive tubes were redispensed
in brilliant green broth at 36 % 1°C for 48 hours, givieg the confirmatery number of coliform
bacteria.

{2} Faecal coliforms: MacConkey broth incubated at 36 % 1°C for 48 hours, The reading was
taken as _in determining TC. The positive tubes were redispensed in brilliant green broch ac
44 + 0,2°C for 24 hours, thus giving the number of FC.

(3) TFaecal streptoceccis for the presumptive test, azide dextTose broth was used, ilncubated
at 16 £ 1°C for 48 hours. The reading was taken by turbidity. The redispensing of the
positive rubes was done with ethyl violet azide broth (EVA broth) incubated at 36 % 1°¢ for
48 hours. Tubes were considered positive if there was turbidity of the medium and a purple
bead appeared at the base,

3, Results and statistical analysis

Tha rasults obtained from mictobiological analyses of TC, FC and FS§ found at the three
sampling points, carried out in aecordance with the two methods, can be sean in Tables 1, 2 and 3.
The number of samples taken a: the submarine outfall was greatev because of the variability of the
microbiological characteristics of the wastewater., 1In the case of 7C and FC, the results of the
analyses made using the membrane filrer method, with absorbent pads ingtead of agar, were also
added,

For a statistical comparison of the sevics of microbiological results obtained from ezch water
sample using the two methods, a parametric statistical merhod of "comparison of pairs" known asz the
“r_pest" wyas applied. In order to apply this "t-test", the two series of microbiological results
to be compared have to be regarded as adjusting te s normal discriburion, which is actually the
case if the legarithm of the microbiolegical concentrations obtained is considered.
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Table 1. Results of microbiologic¢al analyses carried out at Playa del Milagre,
submarine outfall, point A
Tatal coliforms Faecazl coliforms Faeca) streptococci
Date  Temparature per 100 ml per 100 ml per 100 ml
MF (pads) MF (agar) MPN MF (pads) MF (agar) MPN MF {(agar) MPN
10.8.82  24.8° 3.0.108  4.0.102  s5.,0.107  s5.5.107  g.0.107  2.0.107 »10°  3,3,10%
11.8,82  25.0° 9.6.107  2.4.107  2.0.10%  6.,0.10% 1.0.103 %102 1.%.10%  2.0.107
12.8.82  25.0°  1.2,10%  6.,0.107  2.4.107 » 10° 10°  2.0.10° 1.9.10% 7.0.10%
16.8.82  26.5" 1.4.107  1.7.107  2.4,107 1.1.107  1.1.107  2.4.107  5.6.16° 1.s6.10%
23.8.82  25.5° 4.0.107  6.3.107  9.2.107  3.4.107  2.2.107  2,0.30°  2,6.10%  s5.4.106
24.8.82  24.5°  2.3.107  2.4.107  3.4.10% 2103 %103 2,0,10° 1.8.106 9.4.10%
30.8.82  24.8° 5.2.107  7.2.107  1.6.10%  3.4.107  1.2.107  1.7.108  6.4.10°  5.4,100
31.8.82  24.0° 1.6.107  3.5.107  7.9.10%  8.4.106 1.0.106  7.9.100 3,7.108 1.3.100
6.9.82  25.5° 3.6,107  3.6.107  3.5,107 1,7.167 1.1.107 1.4.10% 9.6.10° 2.4.10°
6.9.82  25.4° 2.6.107  2.0.107  2.4.107  4.5.10% 8.0.10%  9.0.10° 1.7.10° 2.3.10°
Table 2. Results of microbioloegical analyses carrcied out at Plays del Milagro,
submarine outfall, point B
Total coliforms Faecal coliforms Faecal streptococcl
Datea Temperature per 100 ml per 100 ml per 100 ml
MF (pads) MF (agar) MPN MF (pads) MF {agar} MPN MF (agar) WMPN
10.8.82 24.3: 190 130 70 40 3 2 5 2
11.8.82 24,0 100 15 2 5 5 2 3] 6
12.8.82 24.6" 700 260 49 12 & 5 7 2
16.8.482 26,07 &0 4ty 6 29 24 21 3 2z
24.8.82 26.4" 550 46 5 20 7 2 4 4
30.5.82 24,77 1100 470 170 110 49 70 3 2z
31.8.82 25.0° 50 80 9 0 7 4 0 2
Table 3. Results of microbiclogical analyses carried out at Playa del Milagro,
submarine outfall, point C
Total coliforms Faecal coliforms Faecal streptococel
Date Temperature per 100 ml per 100 ml per 100 ml
MF (pads) MF (agar) MPN MF (pads) MF (agsr) MPEN MF {agar} MPN
10.8.82 24.3° 70 70 2 2 2 2 10 7
11.8.42 24.3" bl A <2 ) 0 <2 0 <7
12.8.82 24.4° 94 34 11 4 3 4 3 [
16.8.82 26.0° 53 26 7 0 2 €2 9 6
23.8.82 24.5: 61 23 2 5 16 <2 2 <2
24,8812 2.6 280 119 2 2 70 <2 4 5
30.5.82 24.3" 13 1 <2 0 4 <2 0 <1
31.8.82 25,07 44 A 6 2 0 2 0 %2
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If the logarithms of the micrebiclogical concentrations obtained using the membrene filter
method are represented as:

—_ 2
with a mean of u, and a standatd deviation of Sx,

and if the logaritbms of the microbiological concentrations cbtained using the most probable number
mathod are represented as.

Yis Y94 evvuan ¥§ cavans ¥

2
with a mean of Wy and a standard deviation of by,

then the "t-test” consists in obtaising the difference for each pair of results relating to the
game watar sample and to the same microorganism (Xj, Yi), i.e.:

dp = X3 = ¥
da = Xg = Y2

i=¥~Y
dp ® X; = Yq

This series of differences d; will also follow 2 normal distriburion wheose mean is y4, and
whose standard deviation is &4.

Before the two series of results X;, Y; can be regarded as not presenting significant
differences at level of confidence &, the following bypoethesis must hold good:

Hp @ ug = ¥y = By =0
where

-2 ,n-1
&4 2
and wy is the mean of the differences
&d is the standard deviation
o is the level of confidenca

n iz the number of differences involved
t is rhe probabilicy zs shown in Table 4.

1f H, does not hold goed, there are two alternative hypotheses:

(a) Hi @ Mg = Wx =Wy = 0
where
n
ud v » €
5 l=a ,n=-1
d

i.e, tha resulting figures for series X; (membrane filter method)} are higher than those for
seties ¥; (moat probable number methad);

(b) Hy s oug =uy -~ dy <0
where
n
nd v « ¢
5 1=-a ,n=1
d

i.e. the figures for series Y; (most prebable number method) are higher than those for series
¥; (membrane filter metbed),
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The probability of a difference numerically greater than t is twice that shown at the head of the

table.
Simplified tables of t distributions
Degree Probability of a difference greater than E
of
freedom
n .003 01 .025 .05 -1 .15 .2 .25 23 .35 4 45
1 63.657 31.821 12,706 6.3L4 3,078 1,963 1.376 1.000 .727 -510 2325 +158
2 9.925 6.9653 4.303 2.920 1.858 1.386 1.061 L8116 617 L4445 .289 142
3 5.841 45341 3.182 2.353 1.638 1.250 978 765 D84 L2 277 .137
& 4604 3.747 2,776 2.132 1.533 1.190 G4l ThL 569 SAl4 271 .134
5 4.032 3.365 2.571 2.015 1.476 1.156 520 J27 .259 A08 267 132
) 3.707 3.143 2.447 1.943 1.440  1.134 L9068 718 353 Ll +265 131
7 3,499 2.998 2.365 1.895 1.415 1.119 -89é .711 .549 402 .263 .130
) 3,355 2.896 2,306 1.860 1.397 1.108 .88%9 706 Sh6 L399 .262 .130
9 3.230 2.821 7.262 1.833 1.383 1.100 8383 .703 543 L3198 .261 .129
10 3.169 2.764 2.228 1.812 1.372 1.093 .8379 700 542 .397 .260 .129
11 3.106 2,718 2.201 1.796 1.363 1.088 876 697 L5340 .396 .260 .129
iz 3.053 2.681 2.179 1.782 1,356 1.083 873 695 «539 395 +25%9 2128
13 3,012 2.630 2.160 1.771 1.350 1,079 L870 694 .338 +394 .259 .128
14 2.977 2.624 2.145 1.761 1.345%  1.076 L8368 692 537 -393 .258 .128
15 2,947 2.602 2.131 1.753 1.341 1.074 866 L69] 536 393 258 .128
la 2.921 2,583 2.120 1.746  1.337 1.071 865 890 .535 +392 .258 128
i7 1.398 2.567 2,110 1.740 1.333 1.069 863 .689 534 392 257 128
18 2.878 2.352 2,101 1.734 1.330 1.08&7 862 .088 534 .392 L257 127
1% 1.861 2.539 2,093 1,729 1.328 1.066 361 688 »533 391 257 »127
z0 2.845 2.528 2.086 1.725 1.325 1.064 .860 687 .533 L3291 257 .127
21 2.831 2,518 2.080 1,721 1,323 1.063 859 636 L5332 .391 L2557 127
22 2.819 2,508 2.07& 1.717 1,321 1.061 L858 L6860 2532 390 256 127
23 2.807 2.500 2.069 1.714 1.31¢% 1.060 L858 685 .532 .390 256 L127
24 2.797 2.492 2.064 1.711 1.318 1.059 857 .685 531 -390 2368 127
25 2.787 2.435 2.060 1.708 1.316 1.058 856 584 531 390 256 LL27
24 2.779 2.479 2,056 1.706  1.315 1.058 856 G846 L5331 L3590 +256 127
7 2.771 2,473 2.052 1.703 1,314 1.057 835 684 231 389 L256 127
28 2.763 2,467 2,048 1.701 1.313 1.056 855 L6883 L5330 .389 256 127
29 2.756 2.462 2.045 1.699 1.311 1.055 854 683 .330 .389 .256 .127
30 2.750 2.457 2.042 1.697 1.310 1.055 .854 LG683 L5390 .389 2236 127
0o 2.576 2.316 1.960 1.645 1.282 1.036 B42 674 D524 .385 L2153 L126

Source:; Hoel, P.G. A first course in the theory of modern statistical methods. New York, Wiley,
1963 (28).

Table 4 taken from Statistical metheds for tesearch workers, with the kind permission of the

authot, Professor R.A., Fisher, and the publ .shers, Qliver and Eoyd.
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On applying the mathod to the results obtained from the microbiclegical analyses with a
confidence interval & = 95%, the following tesults are obtained.

Sampling peint A - submarine outfall

(1) Tgtal ¢vliforms: MF {agar)/MPN

n 10
ug = 0.415 0.415. V10l u 1,779 < 7.262
8q = 0.737

t = 2.262

the two series of results do not presant significant differences with 2 confidence interval of

Total coeliforms: MF {pads)/MPN

n = 10
g = 0.423 0.423. V10 |- 1.446 < 2,262
fg = 0.925 0.923

t = 2.262

the two series of results do not present significant differences with & confidence interval of

Total coliforms: MWF (pads)/MF ({agar)

n A 10
ug = 0.0087 0.0087. V10|~ 0,102 < 2,262
gg = 0.271 0.271

t

2,262

. the two series of resulfs do not present significant differences with a confidence interval of

Fawcal coliforma: MF (agar)/MPN

n=7
uy = 0.586 0.586. V7 |a 1 624 < 2,447
54 = 0.955 0.955

t 2,447

the two series of results do not present significant differences with a confidence interval of

Faecal coliforms: MF (pads)/MPN

7

0.777 0.777, V7|a 2,399 < 2.447
0.857 T 0.857

2,447

1l
ud
6d
C

. the two series of results do not present significant diffaramces with 2 confidenca interval of

Faacal coliforms: MF (pads)/MF {agar)

n = 8
Mg = 0.390 0.390. Y8|- 1 641 < 2,365
og = 0-672 0,672

£ = 2.363

i.e. the two series of results do not present significant differences with a confidence interval of
95%.
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{7) Faecal streptococci: MF {agar}/MPN

n=29
bg = 0.298 0.298. V8l= o784 < 2.306
g = 1.140 T.140

£ = 2.306

i.a. the two series of results do not present significant differences with a confidence interval of
5%,

Sampling point B - Playa del Milagro

(1) Total coliforms: MF (agap)/MPN

n=7
ng = 0.636 0.636. V7l= 5273 » 2.447
@d = 0.319 0.319

£ = 2.447

Hypothesis H, does not hold good, and we apply the terms of hypothesis Hy:

£ o= 1,943 0.636. V7
0.319

5,273 > 1,943

1l

l.2. the figures for the series representing the membrane filter method are higher than those for
the series using the most probable number method.

(2) Total coliforms: MF {pads)/MPN

n =7
ud = 1.035 1.035. V71o 4 318 » 2,447
5g = 0.634 | 0.634

Eow 2,447

Hypothesis Hy does not hold goed, and we apply the terms of hypothesis Hy:

t = 1.943 1.035. V7 « 4,318 > 1.943
0,634

i.2. the figures for the servies representing the membrane filter methed are higher than those for
the series using the moat probable number method.

{3} Toatal coliforms; MF (pads)/MF (agar)

n=7
pg = 0,399 0.399. V7= 2,437 « 2.447
§q = 0.434 T0.535

T o= 2.447

i.e. the two szeries of results do not present significant differences with a confidence iunterval of
95%.

(4) Faecal coliforms: MF (agar)/MPN

no=7
uy = 0.198 0.198. V71 | 047 < 2.447
54 = 0.269 0,263

= 2.447

i.2, the two series of results do not prasent significant differences with a confidence interval of
93%.
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(5) Fascal coliforms: MF {pads)/dPN

n=7
ug = 0.402 0.402, V7]|a 1.723 < 2.447
g = 0.617 0.617

£ = 2.447

i.e. the twa gecies of results do not present significant differences with a confidence interval of
95%.,

(6) Faecal ¢oliforms; MF (pads)/MF (apgar)

n=*7 v
ug = 0.203 0.203. "7la 5,979 < 2.447
6q = 0.568 0,548

t o= 2,447

i.8. the two series of results do not present significant differences with a confidence interval of
95%.

{(7) Faeeal streptococei: MF (agar)/MPN

n=7 y
ug = 0.303 0,305, Y7l= 2,217 « 2,447
gsc = 0.364 0.364

L= 2,447

i.e. tha two series of resulrs do not present significant differances with a confidence interval of
5%,

Sampling point C - Playa de la Mora

(1) Total coliforma: MF {agatr)/MPH

n= 8

ug = 0.938 0.938. V8|- 4237 »2.365
5q = 0.626 0-626
t = 2,365

Hypothesis H, does not hold good, and we apply the terms of hypothesis Hp:

& = 1,895 Qgiﬁh_fﬁ s 4,237 = 1,895
0.626

i.e. the figutes for the zaries representing the membrane filtar method are higher than thoss for
the series using the mosc probable number metheod.

{2) Total goliferms: MF (pads)/MPN

n =38
g = 1.271 1,271. Vai= 7 551 » 2,365
5q = 0.476 0.476

£ = 2,365

Hypothesis H, does not hald goed, and we apply the terms of hypothesis Hy:

t = 1.895% 1.271. V8 - 7551 - 1.89%
0.476

i.e. the fipures for the series vepresenting the membrazne filter method are higher than those for
the series using the most probable number method.
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(3) Total coliforms; MF (pads)/MF {agar)

n

- 8
g = 0,333 0.333. Y8lo 2.961 » 2.365
&g = 0.318 :

£ s 2.365

Hypothesis H, does not hold good, and we apply the terms of hypothesis Hy:

£ = 1.895 0.333. V8

0.318

= 2,961 & 1.895

i,e, the figures for the series representing the membrane filter method using pads are higher than
those for che same method using agarv.

(4} Faecal coliforms: MF (agar)/MPN

nas 3
ng = 0.275 0.275. V82 1,184 < 2.365
&g = 0.657 0.657

£ = 2.365

i.e. the twe series of results do not present significant differences with a confidence interval of
95%. :

(3) Faecal coliforms: MF (pads)/MPN

n =48 \/
tg = 0,083 0.063. Y8|x 0,734 « 2.365
5y = 0.239 0.239

¢t = 2,365

i.,2, the two series of results do net present significant differences with a confidence interval of
95%.

(6) Faecal coliforms; MF {pads)/MF (agar)

n= 8

pg @ -0.333 -0.338-VB1- | 550 < 2.363
&g = 0.5601 0.601

= 2,365

i.e. the two series of vesults do not present significant differences with a confidence inzerval of

(7) Faecal streptococci: MF {agar)/MFN

n=23
wy = 0,111 0.111. V8| 1,557 < 2,365
Bg = 0.202 0.202

t = 2,385

i.e. the two series of results do not present significant differences with a confidence interval of
3%,

Tha entire statistical analysis of the results is summarized in Tables 5 and 6,
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Table 5. Summary comparison of the results of microbiological analysis obtained

using the MF and MPN methods

Sampling Faecal Total Faecal Faecal
point contaminatien coliforms coliforms streptococch
A High 108 - 107 107 - 108 106 - 107
MF = MPN MF = MPN MF = MFN
B Lowert 103 - 102 102 - 10 10 - 0
MF > MPN MF = MPN MF = MPN
¢ Minimal 102 - 10 10 -0 10 - 0
MF > MPN MF = MPN MF = MPN

N.B. The concentrations of microorganisms are expressed im 100 ml of the sample,

Thug, the series of results of the mictobiological analyses obtained by the MF and MPN methods
do not present significant differences with 2 confidence interval of 935%, except in the case of
lower concentrations of TC, whare the figures obtained by the MF method are slightly higher than
those using the MPN methed,

Table 6. Summary comparison of results obtained from analyses of totgl coliforms
and faecal coliferms by the MF method, using absorbent pads of agar

Sampling Faecal Faecal Faecal
point contamination celiforms streptococcl
A High 108 - 107 107 - 106
Pads = agar Pads = agar
B Lower 103 - 102 102 - 10
Pads = agar Pada = agar
G Minimal 107 - 10 10 ~ 0
Pads * agar Pads = agar

N.B. The concentrations of microorganisms are expressed in 100 ml of the sample.

Thus, the series of results of analyses of TC and FC obtained by the MF method using pads ot
agar do not present significant differences with a confidenece interval of 95%, except in the case
of lower concentrations of TC, where the use of pads gives slightly betcer tesults than those
obrained when agar is used,
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a, Comparative economic assessment

With a view to making a comparative economic assesament of the microblological anglyses of the
three indicater migroorganisms, according as one or other method is used, the following factors
weve taken into account:

(1) cost of culture media, reagentsg and dilutants;

(2) cost
(3) cost
(4) time

This last
Tableas 7-11,

A summary

of disposable material;

onf depreciation on the inventory;

apent in prepaving and carrying out the analyses.

factor was not ingluded in the cost estimates. A breakdown of costs is given in

of the economric assessment 1is given in Table 13.

Tgble 7. Average cost of culture media pee tube or plate
Number of tubes/ Total ¢ost per
Culture Price per plates per flask tube/plata
merd ium flask (pesetas)
(pesetas)
Double Single Nouble Single
EVA brath 7 539 648 1 297 11.6 5.8
Azide dextroze broth 7 000 648 1 297 10.8 5.4
Maclenkey broth 7 300 648 1 297 11.26 5.6
rilliant preen 5 131 H48 1 297 7.92 3.96
M-FC braoth 7 670 6 191 1.2
Agar (F() - - 2.5
M—kndo broth 3 oh 1179 6.8
Agar (TC) - - 8.1
M-Enterococcus agay 10 175 1 513 h.7
Racto agar 4 BE4 3623 L.3

Table 8.

Average cost of culture per sample analysed

Total Faecal Faeerl Total
coliforms czoliforms 2ErEpLococel cost
(pesetas)
Humber of plates 3 3 2 -
ME
Avurage cost 4.3 .5 144 05,2
Number &f rubes
(presumptive) 20 - 20 -
MPN Number of tubes
{zonfirmed) b2 243 20 -
Average cost 252 79.2 251 582.2

T
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Table 9.

Average cost of disposable material per

sample of water analysed

MPN method

Tubes

Torham tubes

Averape lifetime 1.9 yeavs

31 pesetas per tube
100 tuhes per aampla

Average lifetime 1.3 years

25 pesetas per N. tube
60 D. tubes per sample

13 pesetas per sample

3.8 pesetas per sample

Total

Lh.8 pesetas

MF method

Plates Use and discard

29.6 pesetas per plate

3 plates per sample 130.8 pesetas per sample
Membranes Use and discard

36,0 pesctas per membrane

H mambranas per sample 288 pesetas per sample
Total " 324.8 pesetas

Table 10.

Coat of depreciation of apparatus (MPN method)

MPN mechod

Incubator {stove) 37°C

Incubater (stave) 44°C

Autoclave

Costi 43 227 pesetas
Average lifetime (depreciation): 10 years
Average number of analyses per week: 7

Average depreciatikon cost: 33.72 pesetas
Cose: 43 227 pesetas
Average lLifecime (depreciatiom): 10 years
Average number of analyses per week: 7

Average depreciation cost: 16.6 pesetan
Gosts 400 000 pes=Las
Avarage lifetime {depreciation): 10 years
Number of times used per analysis: 2

Average nunber of analyses evach wecek: 7

Average depreciation cost:

153.0 peselus

Total deprecistion cos

t (average)

202.8 pesetas
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Table 11. Cost of depreciation of apparatus (MF method)

ME method

Filtering equipment Cose:

Average lifetime (depreciation):
Average number of analyses per week:

Average depreciation cost:

Incubator (stove) 37°C Coskt:

Aversge lifetime {depreciation);
Averaye number of analyzes per week:

Average depreciation cost:

153 000 pesetas
10 vears

56

58.8 pesatas

43 227 pesetas
10 years

36

2.07 pesetas

Incubator (stove) 44°C Costt 43 227 pesetas
Avevage lifetime (depreciation): 10 years
Average nuwber of analyses per week: 56

Autoclave

Average depreciation cast:

Cost:

2,07 pesetas

400 000 pesetas

Average Lifetime (depreciation}: 10 years
Average number of analyses per week: 56
Buniber of fimes used per analysis: 1

Avarage depreciation cost:

76,3 pesatas

Total depreciation cost (average) 88.0 pesetsas

Table 12. Time spent in preparing and carvying out analyses

MF MPN
Auxiliacy seaff Preparation of culture media
and cleaning of tubes 2 houtrs 4 nours
Technical staff Dispensing 1/2 hour
Redispensing 1/2 hour 1/2 hour
Total time Auxiliary staff 2 hours 2 hours

Technical staff 1/2 hour 1 hour
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Table 13. Total cost and time spent for carcying out a microblological analysis

FM MIPN
Average cost of cultures 45.¢ pesetas 382.7 pesetas
Average cost of diapesables 524.8 pesetas 16.8 pesetas
Average cost of depreciation on apparatus 538.0 pesctas 202.8 pesetas
Total cost (average) 658.0 pesetas 201.8 peastas
Time spent (auxiliary staff) ? hours 4 hours
Time spent (technical staff) 1/2 hour 1 bour
Total time (average) 2 1/7 hours 5 hours

Thus, the average cost of a microbiological analysie of TC, FC and F3 is higher using the MFN

method than using MF.

The time spent iu preparing and ecarrying cut micrebiovlogical analyses of TG, FC and F§ using

the MUN method is approximately double that wsing the MF method,

7.

Conclusions
The following can be concluded from the results obtained.

(1) The mean concentrations of mictoorganisms indicating faecal contaminatien of urban
wastewater in the case of a Spamish c¢ity with a population of approximately 100 QOGO are
TC (103—107), FC (107—106) and F§ (106—105). These concentrations are expressed

in 130 ml of the sample,

{2) fThe mean concentrations of microprganisma indicating faecal contamination of the waters
in the case nf a beach affected by a submarine outfall of szpecific dimensions and
characteristics are TC (103-102), FC (102-10) and F§ (10-0). These concentrations ure
expregsed in 100 ml of the sample,

{3) The mean concentrations of microorganisms indicating faecal contamination of the waters
in the case of a virgin beach, in the sense of one not affected by wastewater effluents, are
T (102-10), FC (10-0) aud F§ (10-0). These concentrations ate expressed in 100 ml of the
sample.

(4) The analysis of TC gives values which present no significant differences whether the
method is MF or MPN until a certain minimum bacterial concentration has been reached which can

be set at 103, For lower coneentrations, the MP method pives slightly better results than
MPN.

(5) Tor the analysis of FC, it is immateriel, as far as obtaining results 1s concerned,
whether the MF or MPN wmethod is used, since the results of the sevies obtained by either
method present no significant differance,

(&) FPor the analysis of F§, it is immaterial, as far as obtaining results is concerned,
whether the MF or MPN method is used, since the results of the sevies obtained by either
method present no significant difference.

{(7) For the analysis of TC using the MF method, it is {mmaterial whether a solid caiture
medium (agar) or a liquid medium (absorbent pads) is used, except after a cerfalu minimun
hacterial concentration whigh may be set st 107, For lower concentracions, the use of a
liguid medinm (absorbent pads) gives results which arve zlightly betrer than those using a
ao0lld medium (agar).
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{8) For the analysis of FC using the MF method, it is immaterial whether a solid culture
medium (agar} or a liquid {pad) is vsed, since the results obtained from the series produced
by cither method present ao significant difference.

(9) The total incubgtion time for the various microorganisms indicating faecal contCamination
iz less with the MF method than with MPN, which means that the results are obtained more
quickly.

(10) The MPN method requires far move laborious and lengthy preparation of the culture media,
in terms of time and materialg, than the MF method.

{11) The time required for carrying out an analysis using the MPN method is twice that needed
fur the MF method,

{12) The MF methed has a greater degres of precision, since it provides a direct colony count
instead of the statistical approximation required for obtaining results by the MPN method.

(13} The MF method isolates the bacteria from the liquid in which they are suspended, thus

making it pessible to analyse water samples containing enzymes and other substances which
inhibit growth.

{14) The MF method is definitely indicated for the analysis of highly mineralized waters,
vhich can produce false reactions in MPN liquid media.

{15) The MF method is not to be recommended for waters with a high suspended matter content,
since the matter ia suspension retained in the membrane f£filter inhibits the perfect diffusion
of the nutritive substance through its pores to the hacteria deposited on 1ts upper surface
and thus has an unfavourable effect on the growth of the colonies.

(16) The MF method is nof to be recommended for waters with a high suspended matter content,
since the filters rapidly become choked up and filtering of representative volumes is
diftficult.

(17) The MF method enables a larger volume of samples to be analysed than MPN,

{18) The MF mecthod allows for the filtration of samples in gitu and the tranefer of the
membranes to the laboratory in a preserving medium.

(19) The average total cost of microbiological analysis of TQ, FC and F5 is higher with the
MPN methed than with the MF method.
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Annexe 7

MISE Al POINT DES TECHNIQUES D'ECHANTILLONNAGE ET
D'ANALYSE POUR LA SURVEILLANCHE DE LA POLLUTLON

par
5. Jekov, €. Capapé et K. Chanem
Institut Pasteur de Tunis, Tunizie

1. Introduction

Conformément au programme de travail concernant la mise au point des techniques
d'dehantillonnage et d'analyse pour la surveillance de la pollution proposé par 1'lastitut
Supfrieur de la 3anté, Rome, 1'Institut Pasteur de Tunis a procédé, entre le 13 mal et le
15 aciit 1982, 3 des préldvements hebdomadaires d'eau de mer et de sédiments en trois points sur le
littoral de 12 végion de Tunis. Les trois points sont les suivanta

- plage d'Hammam—Lif : milieu marin pollud;
- plage de la Marsa : milieu marin contaminég {sous l'influence du milieu pollué 3 Hammam-Li £);
= plage Raoued : milieu marin propre.

A pavtir de ¢es points nous avons prélevé au toral 72 échantillons (répartis en frois Eroupes
de 74 dchanrillons (12 dchantillons “eau de mer' et 12 Schantillons “sédiments’). Afin d'attribuer
gtatistiquement plus da crédibilité & nos investigations, nous avens doublé le nombee des
gchantillous, effectuant des préldvements chaque semaine, au lieu de tous les 15 jours. L'horaire
des prél2vements est donné au tableau 1.

Les analvses de cea échancillons ont portéd sur la déterminatien du nombre le plue
probable/100 ml (NPP) des coliformes totaux, des coliformes fécaux et d'Escherichia coli.
Concernant les dénominatisms NPP des coiiformes f&caux et NPP des E. ¢oli, nous admettons comme
E. coli les coliformes qui manifestent 2 la fois la faculté de fermenter, avec dégzagement de zaz,
Te lactose & 44 'C et de produire t'indole 3 44 °C, & part leur conformité aux tests JMVIC.

Nous considérons comme "coliformes fécaux" 1'ensemble des E. coli et des coliformes positifs
an lactose A 44 “C et néganifs 3 1'indole.

La tachnigue des tubes multiples dont la phase confirmative exige l'épreuve des deux
caract@res thermophiles {fermentation du lactose avec dégagement de gaz et productien d'indole &
44 °C) nous donne la posaibilité de différencier le nombre le plus probable des E. coli.

La technique de la membrane filtrante, qui est congue # la base exclugivement d'un troigidme
caract@re thermophile {notamment la faculté de certaines souches de coliformes qui circuleot dans
le milieu marin A croftre =t A proliférer em colonies sur les membranes filtrantes incubdes 2
44 °CY pous donne la possibilité d'établir seulement le nombre le plus probable des coliformes
fécaux et ce dans un sens beaucoup plus large, &tant dound que la faculté de croissance 2 44 *C ast
plus commune aux coliformes que celle de fermenter le lactose ou de produire l'indole 3 certe ndme
température.

83 l'objectif est d'établir laquelle des deux techaiques est prioritaire en colimdtrie du
milieu marin, d2s maintenant il faut préciser le paramdtre (NPP des coliformes totaux, fécaux ou
E. coli) qui servira & faire le choix, Il est important aussi de préceniser le procddé standard 2
appliquer pour la détermination de ce paramdtre.

Dans cet esprit, 1l est utile de mentionner qu'en ce qui concsrne la technique des Lubew
wmultiples, et notamment le bouillon lactesé utilisé pour effectuer la phase présomptive de cette
techaique, 1'Iastitut Supérieur de Santé de Rome a2 recommandé d'appligquer 1'un des deux milieux,
goit Mac Conkey Broth, soit Lactose Broth, laissant le choix aux participants de 1'érude.

Lors du Programme MED POL VIE, nous avons préféré utiliser la technique des tubes multiples
comne §rant, aelon notre expérience, plus valable que celle de la mewbrane filtrante ep appligquant
simultanément deux houillons lactosés = le Brilliant Green Lactose Bile Broth (agréé en France) et
le Lactose Broth (agrdd aux USA).
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Bous avons constaté qu'en utilisant le Lactose Broth, les nombres les plus probables des
colifermes totaux et des coliformes fécaux étaient beaucoup plus élevés que ceux obtenus par le
frilliant Green Lactose Bile Reoth, ce qul exprime que 1a sensibilité de la technique des ftubes
multiples est dépendante du type de bouillon utilisé. Afin de confirmer cette constatation et
d'arriver 2 une meilleure compréhension sur la valeur réelle dea deux techniques (tubes multiples
¢C membrane Eiltrante), nous avons affeetud dans le cadre de ce projet la colimftrie de chaque
échantillon en appliquant la technique des tubes multiples simultanément en trois variantes, en ¢&
qui concerne le type de bouillem lactosé urilisé.

Pour la premidve variante, nous avons utilisé Mac Conkey Broth (prodyction déshydratée DIFCO),
pour 1la deuxilme variante Lactose Broth (production déshydratde DIFCO), pour la troisilme variante
Erilliant Green Lactose Bile Broth (production déshydratée PASTEUR). Les volumes d'échantillons
ensemencés dans ces différents bouillons lactosés gont : 3 tubes de 10 ml, 5 tubes de 1 ml et
5 tubes de 0,1 ml.

Bans ie cas de ces trols variantes, la phase "confirmative' & &ré effectude par
réensemancements dans le bouillon lactosd bilié au vert brillaat - épreuve de la fermentation du
lactose 3 44 "C - ¢t dans l'eau peptonée - &preuve de la production d'indole 3 44 "C - & partir de
toutes les cultures propres & la phase présomptive qul ont manifesté la fermentation du lactose
avee dfgagement de gaz a 37 °C.

En ce qul concerne la technique de la membrane filtrante, nous avons utilisé les membranes et
1'&quipement MILLIPORE, et la gélose Endo (production déshydratée MERIEUX dans le cas deg
coliformes totaux et la gélose CF DIFCO pour les NPP des coliformes fécaux), Les vésultats obtenus
gont présentés au tableau 2.

2. Résultats ef discussion

Les NPP/100 ml obteaus par ls rechnique des tubes multiples en utilisapt simultanément les
trois bouillons lactosds, répartis selon la provenance des &chantillons, sont présencés dans les
tableaux 3, 4 et 5. Selon ces tableaux, 27,77% des échantillons &e sont avérés exempts de
coliformes en appliquant ces trois vaviantes.

Il faut neter que dans la majorité des &chanrillens "positifs™, la concentration des
coliformes est minime comparée aux normes propres & 1'sau de mer pollufe. Cela est dd au fait que
le déversement de l'eau d'dgout, non épurde dans leé point de préldvement cheisi comme "pollud”,
dtait &liminé immédiatement aprds le début de cette £tude, en consdquence de la misze en
exploitation de la station d'épuration des eaux d'é&geut.

Cette contamination quoique limitée ='est avérde suffisante 4 1'dtude de la sensibilicé de la
rechnigque des tubes multiples en fonction du type de bouillon lactosé urilisé. Pour démontrer
cette dépendance nous avons gradué en Lroils nivesux (sensibilité &levde, sensibilié moyenne et
sensibilité limité&e) les trois houillons lactosés ci~dessus mentionnés. Dans ce buf, nous avons
comparé les valeurs des WPP des E. coli, des coliformes fécaux et des coliformes totaux propres 2
chagque dchantilion qui a révélE la présence de coliformes.

Le niveau "sensibilité flevde™ est attribud au bouillon lactosé qui g manifesté le NPP
{exprimé en chiffres) ie plus £levé, Bur ce principe sont évalués les niveaux "sensibilité
moyenne' ef “seasibilitd limitde". Les résultats de cette classification sont présentés dans le
tableau 6. Compte teny de ces résultats comparacifs on peut justifier la conclusion que
l'utilisation des bouillons lactosds Lactose Broth s'avdre la plus favorable 3 1a sensibilité de 1a
technigque des tubes multiples en ¢e qui concerne la mise en évidence de la présence de coliformes
et 1'évaluation de leur concentration dans le milien marin (soit 1'eau de mer, soit les sédiments).

La prioritd du Lectose Breth par rapport au Mac Conkey et Brilliant Green Lactose Bile Broth
est bien confirmfe surtout par les chiffres propres aux NPP/100 ml des E. coli prdsentdg dans le
tableau 7. Cette priorité du bouillon Lactose Broth provient du fait que les E. coli, aprés avoir
quitté leur habitat naturel (1l'organisme humain et animal) pour passer dans les effluents, et eafin
dang l'#au de mer, ne trouvent pas toujours dane l'environnement des conditions propices 3 leur
survie. Souvent au moment des prélavements d'eau de mer et de leur ensemencement gu laboratoire,
ils sont d&ja d'une vitalité fort affaiblie. Aussi esc—il important d'éviter l'urilisation, &
1'&tape prédsomptive de la technique des tubes multiples, des bouillons lactosdas sélectifs {Mac
Gonkey Broth et Erilliant Green Lactose Bile Bre th), qui risquent de géner plus encore la
crnissance et la prolifération de ces permes et ‘eur mise en &vidence au laboratoire. 1I1 faut
vappeler que le Lactose Broth offre aux coliformes des conditions de rfanimation pendant la phasge
de latence, 3 1'image de celles qu'offre 1'eau peptonde aux denvdes alimentaires pour leur
préenrichissement.,
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Afin de faire le choix de laquelle des deux techniquas {rubes wultiples ou membrane filtrante)
doit &tre préparde dans la pratique de la colimécrie du milien marin, nous avons comparéd les
donndes de notre étude portant sur les NPP/I0G ml des E, coli 4 cellea concernant la technique de
ta mambrane filtrante. les données utilisdes & cette comparaison sont présentdes aux tableaux &
et 9.

En comparant les valeurs des NPP des coliformes fécaux obienues par la technique de la
membrane filtrante aux valeurs concernant les NPP des B. coli détermindes par la technique des
tubes multiples (il est difficile de les différencier par la technigue de la membrans filtrante
pratiquée A 44 "C), on constate que par cette technique dans teutes ses vatiantes 3 alveaux
différents on arrive & déceler la présence des coliformes dans un nombre plug €levé d'dchantillons
(en pourcentage) gque par 1a technique de la membrane filtrante (voir tableaux 7 et 8).

3. Conclusion

En conclusion des résultats de cette dtude, on peut dire que la technique des tubes multiples
s'avire plus efficace que celle utilisant la membrane filtrante quant 3 la détermination du deygré
de pollution de 1'eaw, et ce, utilisant 1'un quelconque des trois bouillons lactosés. Par
atlleurs, il est A remarguer que le Lactose Broth s'est manifesté bien plus sengible que les autres
bouillons lactosés lors de la détermination du degré de polluciom de 1'eazw pour les différents
coliformes.

Cependant faut~=il rappeler que le nombre d'échantillons utilirds & cette &tude est trop réduit
pour pouvair s'assurer une conclusion statistique crédible sinon valable sur la supdriorité de la
sensibilité de la techniqua des tubes multiples sur celle des membranes filtrantes.
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Tableau |
Horaire des prédldvements
Points de prélavements
Date Pollu# Contaminé Propre
de Eau S&diment Eau 5éd iment Eau S&dimeat

prélévement N d'échantillon N” d'éehantillon W' d'échantillen
14.05.82 1 2 3 A 5 &
31.05.82 7 8 9 10 11l 12
10.06.82 13 14 15 16 17 18
17.06.82 19 n 21 22 23 24
11.06.52 25 26 27 28 23 3o
26,06.32 31 3z 33 34 35 36
07.,07.82 37 38 39 4n 41 42
15.07.82 43 44 45 46 47 48
19.07.,82 49 30 31 32 53 34
17.07.82 33 56 57 55 59 60
03.08.82 61 63 63 10 %] 66
10.08.82 67 ol 69 70 71 72
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Tableau 2
Résultats obtenus par la méthode utilisant les membranes filtrantes
{exprimés en nombre de colonies métalliques/100 mi & 44 0
Propre Coutaming Pollué
Huméro des Nombze des Numéro des Nombre des Numéro des Nombre des

dchantillona colanies 3 44 'C dchantillons colonies 3 44 "C dchantillons celonies 4 44 “c

9 1 3 1 1 4
1] - 9 3 7 3
17 ] L3 0 13 L
23 i 21 - 19 7
29 0 27 7 25 35
35 Q 13 2 31 10
41 6 39 22 37 -
47 0 &5 26 43 52
53 a 31 a 49 49
59 z 57 12 55 40
63 0 63 12 6l -
7L 5 69 - 67 10

f 0 4 a 2 0
12 2 10 - g 20
18 1 16 18 14 150
14 1 22 3 20 3
30 n 28 40 26 -
36 Q 34 4 iz -
42 20 40 - 38 -
48 4 46 0 44 -
S4 2 52 20 50 -
60 4 58 - 56 -
66 - 6k - 62 260

12 - 70 - 63 0







