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PREFACE

Au cours de la phase pilote du Programme coordonné de surveillance et de recherche sur la
pollution dans la Méditerrande (MED/POL-phase I), executée entre 1976 et 1981, le projet sur le
contrdle de la qualits des eaux cdtidres en M&diterrande (MED/FOL VII), coordonné en commun par
1'0MS et le PNUE, #'est consacré essentiellement aux paramBtres bactériclogiques et connexes
pertinents ¥ la surveillance des eaux cdtidres utilisdes B des fins réecréatives, des eaux utilisdes
poutr 1'élevage des grustacés et des mollusques et de la chair de ces animaux. Peadant l'exdcucion
da ce projet pilote, B laguelle ont participe 30 laboratoires méditerranéens, les deux principales
méthodea ¢'analyse bactériclogique utilisdes ont été la méthode de filtration sur membrane (MF) et
celle de 1'indice (MPN) (nombre le plus probable). Aucune modalité n'a &cé mise au point pendant
l'exfcution du projet pilote pour la comparaison réciproque exhaustive de ces deux mdthodes,

Au cours de cette mlme période, des asctivités ont aussi £té eatreprises par le Programme des
Nations pour l'Enviromnement (PNUE), en coopdration avec l'Organisation motidiale de la Santé, en
vue de la prépacation de méthodes normalis&es pour L'échantillonnage et 1'analyse bactériclegique
et connexe. Ces méthodes sont congues pour 8tre utilisées par les laborataires méditerrandens
participant au programme 2 long terme de surveillance et de recherche sur la pollution dans la
Méditerranée (MED/POL-phase 2) dans le cadve de la Convention pour la protection de la Mé&diterrande
contre La pollution et des protocoles connexes. Ces méthodes font partie d'une série exhaustive,
en préparatioa avec les institutions spdcialisées des Natiens tUnies intéressées, et sont destindes
B couvrir tous les param®tres possibles, énumé&réds dans les annexes 3 la convenktion et dans sas
protocoles, mais aussi 3 pouvolr &tre utilisfes dans des régions autres que la Mdditerranée.

Au cours du premier semestve de 1982, gquatre mérhodes de référence, destinées & couvrir les
pringipaux organismes imdicateurs microbiologiques, en vue de la surveillance continue des eaux
ehtidres h usage vécréatif, des esux d'élevage de crustacds et de mollusques et de la chair de ces
animaux, oat &cé définitivement arr8iées, avant mise 2 l'épreuve, examen et révision, Ces mithodes

sont les suivantes :

numération deg coliformes totaux présents dans 1'eau de mer, par la méthode de filtration sur
membrane;

identification des coliformes fécaux présents dans l'eau de mer, par la méthode de filtratien
sur mambrane;

identification des streptocoques fécaux présents dans l'eau de mer, par la méthode de
filtration ayr membrane;

racherche des coliformes fécaux présents dans les mollusques bivalves, par la méthode des
tfubes multiples.

Ut certain nombre de laboratoires méditerranéeas out £té invités 3 expérimenter ces méthodes
dans leurs propres conditions envivonnementales., Par la suite, des représentants de ces
laboratoires ont &té invit&s & participer b un exercice d'interfralonnage de ces méthodes, qui a
&té grganisé A& l'Institut supfrieur de la santé A Rome, les 22 et 23 novembre 1982,

Pour faciliter l'application dventuelle des méthodes de ré&férence » d'autres régions, des
veprésentsnts de trois ingtitutions situfes en debors du bassin mdditerranden ont &galement &té
invités & participer & l'exercice d'interétalonnage (deux de la région du Plan d'action du Koweit
et un de la région des Cavalbes).

Le premier projet d'une autre méthode de réfdrence MDirvectives applicables B la surveillance

continue de la qualité des esux c8Htidres utilisdes B des fing récrédatives et aux eaux d'élevage des
crustacés et des mollusques" & Sgalement &t4 mis au point au cours du second semestre de 1982,

Au début de 1982, un certain nombre de laboratoires des pays mdditevvandens {autres gue ceux
Qui ont participé B la mise & 1'épreuve &t § 1'inter-&talonnage des quatres méthodes de référence
wicrobiclogiques) ont &réd invirés A participer B un axercice de comparaison expérimentale des
méthodes de filtration aur membrane (MF) et de 1'indice (MPN) (nombre le plus probable), et 2
procéder & des techerches sur les pavamBtres en cause. Cette dtude a &té effectude en coopdration
avec 1'Inatituto Superiore di Sanit® 2 Rowe, gqui a &zalement préparé la synthlse ainsi que
1'évaluarion ndcessaire des résultats obtenus. Cette dtude & portd sur lep sources de poellution
{efflucnts d'dgofits) ainsi que sur les eaux cBtidres & usape vécréacif et sur des zones-témoins,
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Ls présente réunion de consultation se propesait les objectifs suivantss :

- examiter les vépultats de 1'&tude comparée des méthodes MF et MPN, entreprise par les
différents labovatoires;

- revoir les régultata de 1'&tude sur les méthodes d'échantillonnage et d'analyse utilisfes sur
les sources de pollution (effluents des d'édgofits), les eaux chbtidres B usage vécrdatif et les
gones—témoing;

- Atudier leg résultats de 1a mise 3 1'épreuve des méthodes de référence biologigue par les
laboratoires méditerrandens, ainsi que ceux de l'exercice d'inter-gtalennage, en vue
d'identifier les probl2mea techniques et autres, y compris ceux afférents au contrdle de la
qualitd et, A la lumidre de ces vdsultats, revoir les mfthodes de référence pertinentes pour
lea confimmer ou les révizer;

- formuler les recommandations appropriées concernant les mé&thodes d'&chantillonnage et
d'analyse relatives auvx paramBtres en question 2 l'intention du programme 2 long tervme de
surveillance et de recherche sur la pellution dans la Méditerran&e (MED/PQL - phasze 1I) et
d'eutres sctivicéds végionales du méme type.

La réunion a &té& orgenis&e par 1'0MS et le PNUE, en collaboration avec l'Istitute Superiore de
Sanitd 2 Rome.

On avalt invité & prendre part & la réunion de consultation des représentants des ingtitutions
participant : a) A& 1'éStude sur les mdthodes d'échantillonnage et d'analyse, y compris la
comparaizon des méthodes MF et MPN, et b) & la mise 2 l'essai ainsi qu'ld Ll'inter-£calonnage des
méthodes de rdfdrences bactdriologiques, ainsi gu'un certain nombre de spfcialistes internationaux
dans c¢e domaine, originaires ou nop de la Région europBenne. En ouwtre, les orgsnisatipna et
institutions internationales suivantes out &té inuvitfes 2 se faire reprdsenter : l'Organisation
pour l'alimentetion et l'agriculture (FAQ), ls Commission ccéancgraphique intergouvernementale
{orc), l'Organisation des Nations Unies pour l'dducation, la science et la culture (Unesca),
1'Organisation mét&ovologique mondiale (OMM) et 1'Agence internationale de 1'énergie atomique
(AIEA).

1, Quverture de la réunion (point 1 de 1l'ardre du jour)

La réunion avait &tré ovganisde A 1'Istituto Superiore di Sanith, A Rome, du 24 au 26 novembre
1982, Y ont particip® 28 conseillers temporaires originaives notamment de la Region méditerranden
et d'autres rdgions, Dix pays méditerrandens et cing pays non-méditerrandens dtaleat représentés,
de m@me que le PNUE et le Buresu régional de l'Eurcope de 1'0OMS, gui ont envoyé chacun un
représentant. On trouvera en annexe 1l une liste des partigipants,

Le Dr L.J. Saliba, Spéeialiste scientifique principal due Plan d'action pour la Méditerrange,
Buresu vdgilonal de 1'Burope de 1l'Qrganisation mondiale de la Santé, a cuvert la v€union gu nom du
he lLeo A. Kaprie, Directeur régional. Evoquant la réunion en cours, 1l s'est Egalement r&féréd aux
deux exercices dans le cadre duquel celle—ci doit venir s'inscrire, dans le prolopgement naturel du
projet piloce sur le contrdle de la qualitd des eaux cBtidres (MED/POL VIL)} exécutd entre 1976 et
1981, L'orateur a exprimé la satisfaction de 1'OMS concernant les activitéa entveprises et les
locaux fournis par l'loritute Superieve de Sanita, tant en liaison avec la réunion de consultation
proprement dite et l'exercice conjoint d'inter—étalennage, que pour 1'&tude des méthodes
d'échantillonage et d'analyse. Il a fait temarquer combien il &tait juste gue la prézente réunion
aoit organisde sur les lieux méme de la série de concertations organisdes tout au long du projet
pilote MED POL VIL,

Le Profasseur L. Villa, Directeur du Département de wicrobiologie environnementale &
1'Institut supdrieur de la Santd a soubaitf 1a bienvenue aux participsnts su nom du Professeur F.
Pocchiari, Directeur de 1'Institut, Se disant beureux de ce gque l'Institut scif en mesure de
poursuivre sa longue collaboration avec 1'OMS dans ¢e domaine important, 1l a souhaité gue la
réunion soit fructueuse et couronnée de succds. Quant A l'exercice sur les méthodes
d'dchantillonnage et d'analyse, l'orateuar a signalé que la réaction des institutions participantes
aat trhks encourageante. L'éveatail des thimes &vogués est trks large, et des données utiles ant
été obtenues; cependant, 1'ampleur des contributions et la disparité des mécthodes employdes ont
rendu ta synth2ge et la comparabilité assez malaiz&e,
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7. Portée at objectifs de la réunion (point Z de 1'ordre du jour)

Le Dr L.J. Saliba a exposé la portée et les objeectifs de la réunien, Il a décrit la situation
d'ensemble 2 1'achevement du projet pilote sur le contréle de la qualité des eaux cdtidres (MED/FOL
VII) en 1981, Parmi les questions en suspens, il a signald la nécessicd de procéder A une
comparaison exhaustive entre les mdthodes MF et MPN, ainsi que de mettre au point des méthodes
applicables & 1'échantillonnage et & 1l'analyse des paramdtres utilis&a, A cet dgard, 1l'é&tude
réalisde par 1'Istituto Supericre di Sanith, & laguelle ont collabord diffdrents laboratoires
méditerrantens, rdpondait au premier de ces impératifs. Ces vésultats seront examings gu cours de
la réunion. Pour ¢a qul est des mdthodes de référence, les participants 4 la réunion ne sonL pas
habilités & adopter uns révision définitive, Les méthodes seront soumises & un examen aussi
approfondi que peossible dans des limites de temps acceptables. Les observations et suggestions des
parvticipants seront enregistrées, et il en sera pleinement tenu compte lovs de la préparation des
vergions révisdes des méthodes, qui seront alors soumises AuxX gouvernements dea Etatsa
méditerranéens, 8rre zdoptées dans les programmes nationaux de surveillance. Ces versions révisbes
elles-mfmes ne sauraient &tre en fait décrites commme définitives dans la mesure oll elles geront
continuellement vemises & jour, selon les besoins,

Monzieur F.5., Civili, Spécialiste des sciences de la mer, Unité& de coordination du PNUE pour
la Plan d'action pour l@ M&diterranfe, a pris la parele au nom de son unitf ainsi que du Centre
d'activité du Prograwme des mers rvdgionales. Il a gignald gue pour coordonner les composanies
seientifiques des différents programmes pour les mers régionales, y compris le Plan d'action pour
la Méditerrande, le PNUE a toujours accords la priorité & l'barmonisstion des méthodes d'aznalyse
utiligdes pat les laboratoives participants. Dans le programme MED/POL et plus particulidrement au
cours de la phase pilote, un certain nombre de méthodes communes d'dchantillonnuage et d'analyze
ont été recommandées et un exevcice d'inter-étalounnage 8 €té organisé concernant certains
paramdtres obligateires. On soubaitait par la A aider les laboratoirves 3 acquérir des donndes
comparables, uécessaires pour l'évaluation d'ensemble de la situation

MED/POL est malntenant entré dang sa seconde phase, et la gurveillance continue est devenue
obligatoire pour tous les pays méditerrangens, Il s'ensuit gue les données recueillies daeivent
Stre dsormals tout-i-fait fiables et comparables, pour que le PNUE puisse &valuer l'ézat de
pallution de la Méditerante, En conzfquence, pour assurer la comparabilit$ des données b 1'échelle
mondiale, et comtribuer ainsi au Systzme mondial de surveillence continue de l'environnement (GEMS)
du PNUE, ou est en train d'élaborer des méthodes de véfdrence et des lignes divectrices pour les
drudes suv la poilution marine, qui ont &t& recommand€es aux gouvernements, pour sdoption. Ces
méthodes et divectives sont prépardes par le PNUE, en coopbration avec les organismes spéeialisés
intéresséa du gystéme des Nations Unies et ont &té& mises & 1'épreuve par un certain nombre de
spécialistes des divers domaines. Les métbodes qui font l'objet des discuesions ont &été @laborées

an coopdération avec )1'QMS,

Enfim, le PRUE & l'intention de renforcer 1'&lément "inter-étalonnage" du programme
MED/POL-phase 2, aingi que les programmes dquivalents, réalisds dans d'autres mers rdgionales et de
soumettre ainsl ftoutes les donnédes obtenues & un contrdle strict de qualité. 4 cette fin, des
exepcices analogues seront ultéricurement organisds tant en Méditerrante que dams d'autres Régions.

3. Election du bureau (point 3 de l'ordre du jour)

Le Professeur L, Villa a &t& porté % la présidence, le Dr S. Sotiracopoulos a &€té élu
vice-prézident et M. V. CGauci, rapporteur, Le Dr L.J. Saliba g fait fonction de secrétaire de la
réunion.

4. Adoption de 1'ordre du jour (point 4 de 1l'ordre du jour)

L'ordre du jour provisoire a &cé adopt& & l'unanimicé.

5, Exsmen de l'exercice sur les méthodes d'échantillonnage et d'analyse (point 5 de llordre du
jour)

Des rapports ont &€ présentds par un certain nombre de participants, et les données regues
avant le 15 octobre 1982 ont fait l'objet d'une synth2se par l'Institut supérieur de la saantd, qui
1'3 présenté en sfance (cf. Annexe 1 au présent rapport), Les rapports des institutions
participantes sont veproduites aux Annexes 7 & 8. Les points suivants peuvent Btre retenus, tels
que mis en fvidence dans les tapports et lesz débats qui ont fait suite.
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5.1 Nombre d'échantillons

Tout laboratgire participant 3 un programme de surveillance continu ne peut traiter gu'un
nombre limité d'é€echancillons (maximum effectif dépendant des resspources disponibles dans chaque
eas), il conviendrait donc de décider laquelle des opticens suivantes est la plus valable ¢ a)
examiner uh petit nombre d'dchantillons en double et en triple ou b) exsminer davantage
d'échantillons sans duplication. L'état de pollutin d'un écosystéme marin ne saurait fairve 1'objet
d'une dvaluation sur la base de quelques &chantilions seulement, ausgi est-il souvent pratique de
sacrifier la répécition 2 la nécessitd d'€tudier un plus zrand nombre d'échantillona,

5.2 Examen du gable et des sédiments

Les parcicipénts ont jugs qu'il est essential que les méthodes recommandfes solent simpler et
explicites, faute de guei les résultars peuvant n'Btre pas comparables. Cels 8 &Lé
particulidrement soulign& concernant l'examen de sable et des sédiments. Des Cléments tels que las
méthodes d'dchantillonnage, la nature de l'eau de ringage, l'dpoque du vingage, de mBme que les
procédures analytiques adoptées doivent Btre normalisés. On a mentionné différentes méthodes de
transfert des organismes des particules de sable A la phase aqueuse, 3 saveir notamment l'emploi de
mélangeura, l'utilisatien d'ultra-sons et le fait d'ajouter des enzymes & l'eau de ringage.

5,3 Effets de la méthodologie aur la survie des organismes

On a également soulevé le point de savoir i certaines de ces méthodes sont de nature & porter
préjudice aux organismes, La lumidre est un facteur trds important de mortalité des organiames
indicateurs. On a signalé 1'existence d'une corrélation dtroite entre le nombre de bactéries
présent dans l'eau naturelle at servant d'indicateurs et des &ldments tels que la durde du jour et
le momeat de la journge. Il faut donc enregistrer ces facteurs lors des opérations
d"d#chantillonnage. Il importe non pas seulement de normaliser les méthodes d'analyse mais aussi
celles de traitement des résultats.

5.4 Organismes en état de stress

La présence dans 1'enviromnement marin d'organismes en &tat de stregs a ELé dvogube, (n a
signalé que certaines méthodes permettent de les ranimer, notamment 1a préxncubatlﬂn des membranes
& 36°C + 1°C pour les colifovmes fécaux qui donnerait un nombre plus €levé que 1'utiligation d&s le
départ d'une température d'incubation de 44,5 Cox 0,2 *C. On a proposé en outrée de recommander un
milieu de conservation lorsgue le point de prélévement est &loignés du laboratoire,

Le notion de stress s'applique A toute altération des processus métaboliques nermaux de la
cellule, y compris la dégradation du matériel génécique et des &léments constitutits du
eytoplasme. Des facteurs de stress agissant sur les organismes indicateurs, tals gue ;
tempdracures d&favorables ou varieblea, présence de substances Loxigques et concurrence avec un
grand ngmbre d'organismes, sont présents dana l'environnement naturel. Le stress peut entrafner
une perte temporaite des caract2res biochimiques ou une prolengation de la phase de latence en
cours de croissance. Des organismes en &tat de stress pourraient exercer tant sur les méthodes MPN
que MF uwy effet négatif i certains coliformes Fécaux peuvent ne pas produire une colonie
identifiable sur 1a membrane ou du gax, lorsqu'on adopté la méthode MPN. Les streptocoques fdcaux
sont particulidrement fragiles 3 cet égard, Cela pourrait &tre imputable & leur plus grande
longévité que prolonge le contact avec les facteurs de stress, Les résultats des expériences
comparées sur des cuyltures primaires, avec des organismes ranimés ou non i montré que 1’ ﬂdOPtan
d'un procédé de "réanimation” lers de l'isolation de ces organiames indicateurs, issus d'une eau
naturelle, wat émincmment recommandable, Un certain nombre de méthodes de laboratoire tendent A
gccentuer le stress, & ssvoir les cultures primaires dans un milieu inhibant et les températures
¢levées, Il faut donc les £viter dans toute la mesure possible. 11 importe d'améliorer la
rdcapdration des organlsmes indicateurs en &cat de stress, dans la mesure ob les agents pathoglues
stressds peuvent atve aussi viables er virulents que les pathog2nes non stressés. Un certain
nombre de méthodes de “rdapimation”, dent certaines peuvent étre uriliades conjointement ont &té

propoesses pour ftude ultérieure &t adoption subabquente :
1 Incubrtion primaire 2 36°C+1°C pendant deux heures, puis incubation & ﬁﬁ,SoﬂiO.ZFC.

2) culture primaire en milieu non aélectif, applicable tant pour la méthode MPN gue pour

MF. Dsans le premier cas, il est préférable de réaliser l'easamsi présomptif dans un bouillon de
lactose, avec subculture subséquente sur milieu de bile vert-brillant Mac Cenkey. Pour ce qui
gat de la méthode MF, la membrane peut €tre A l'origine cultivée sur sgar-agar, puis
tranasférde sur un milieu sélectif,
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3) la méthode des plaques en couches est applicable A MF, La membrane est alors culbivée
gut un milieu d'agaragar constitud par une eouche intérieure d'agar-agar sélectif, recouverte
d'une couche minge d'agar—agar nutritif. Au cours des deux premidves heures de 1'incubatioen,
on assiste B un processus de diffusion lente entre les deux ecouches d'agar-agar.

Au cours de la discussion des organismes atténunés et de leur récupédration, on a fait remarquer
que lz "“réanimaticn" se produit sux dépens de la sélectivitd ot qu'en pratique, il convient de
rechercher un compromis.

5.5 Les milieux

L'agar—agar doit Brye préféréd hux tampons absorbants imbibé&s de miliew liquide, pour la
technique MF. On a falt remarquer gue certains lots de tampons absorbants contiennent des matidres
toxiques et qu'il eonvient de se servir d'un milieu d'agar-sgar, susceptible d'2tre préparé et
versé en tant que de besoin, congervéd et utiliszé si nfeessaire, alors que les tampous saturés de
milieu liquide doivent 8ctre employ&s le jour méme de leur préparatiomn,

5.6 Dp€lal entre le préldvement et 1l'analyse

Il a écé décidé que dans tous les cas, ce dé&lai doit &tre maintenn au minimum, i possible
infdrieur 2 huit heures. Pendant leur trangport au lasboratoire, les dchantillous devraient @tre
réfrigérés (10°C) et procézés contre la lumidre. 11 est en effet, avérs que s mortalité en
présence de lumi2re peut Ztre effectivement trds dlevde., On a suggérs de ne pas prélever plus
d'é&chantillons qu'on ne peut en analyser le mé@me jour. Lorsque cela eat impossible, les
prélévements devraicnt 8tre réfrigéréds (4°C) et analysés dans les 24 heures. On & fait drat d'une
méthode spéeifique pour le traitement des fchantillons d'eau d’'égout aprds 24 heurez, II s'agit de
diluer l'échantillen 1 : 10 avec une solution-tampon phosphatée avant véfrigération., On a signale
que la concentration de coliformes daus 1'échantillon original traité le mlPme jour (e'est-a-dire
lors du prél2vement) présente une trds bonne corrélation avec 1'échantillon réfrigéré dilud mis &
l'dpreuve le jour suivant,

5.7 Comparsison entre méthodes MPN et MF

Les vecherches gompar&es gur le méthodes MPN et MF ont permis d'obtenir une bonne corrélation
entrve les donndes obtenues par MF pour le celiformes fécaux au niveau critique, ¢'est-3-dive entre
100 et 2000 coliformes fécaux/100 ml, On a toutefois fait remarquer gqu'il faudrait deudier de
fagon plus approfondie la corrélation A la coneentration significative avant de décider 8i une
ftendue d'eau déterminde convient & des usages véeréatifs ou pour l'dlevage de crustacks et de
mollusgues., Le choix de wméthodes doit &tre fondé aur d'aucres considérations, & savolr des
impératifs juridiques, lz nature dea &chancillona et le colt., Pour ¢ce qui est du premier de ces
élémenta, 1l apparait que, pour la plupart des pays participant, la législation en vigueur admet
1'une et 1'autte méthodes d'analyse. Quant au deuxilme, les participants sont convenus gque pour
les dchantillons troubles, la méthode MPN est celle qui s'imposze, Il en ezt de mé&me pour les
4chantillons fortement contaminds, vu l'anomalie gu'il y a & procéder & une dilution poussée pour
ensuite concentrer les organismes sur la membrane, Pour ce qgui ast du cofir, la situstion est plus
complexe. TLa MPN demande davantage d'intervention humaine que MF. Les colts de main-d'oeuvre
diffaérent selon les pays, sussl est-il nédcessajire de procéder 3 un calgul des cofits sur 1l'une et
1'gutre mérhodes dans chaque pays avant de prendre une décision définitive. A cet dgard, on a fait
état d'une ddrerminstion deg ceofits par le Professeur Celdreich aux Etats=-Unis 4'Amdrique. Ses
galculs trds complexes pourraient servir de moddle pour les sutres pays. Au cours des débats, on a
fait remarquer que l'on pourralt envisager, en cag d'urgence, de rdutiliser les boftes de Petri en
matidre plastique, et mBme les membranes,

&. Revue des tdsultats de l'exercice d'inter-&talonnage conjoint pour les méthodes de référence
(point 6 de 1'ordre du jour)

La réunion & &tudif les résultats de l'exercice conjeint d'inter-&talonnsge entve méthodes de
référence, réalisé dans les laborstoires de 1'Institub supérieur de la zanté & Rome, les 22 et
23 novembre 1982, On trouvera % l'Annexe 9 une deseription des opérations, avec des informations
gfndrales, suv les laboratoires participant, les méthodes adoptées et les résultats, vy comprix ceux
des analyses statistiques comprises,

Les participants sont ¢onvenus que cet exercice s'est vévélé particulidrement utile et ont
Jugé gqu'il convient d'en envizager d'autves dans le cadre du programme de surveillance.
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7. Bxamen des méthodes provisoires de référence {(point 7 de l'ordre du jour)

Les participants ont examing les méthodes de vé&férence provisoires pour la détermination des
paramétres bactériologiques (documents : ICP/RCE 211(2)/7, 8, 9, 10 et 11). Avant la discussiom
générale, les participants ont fait rappert sur les résultats des expériences ré&alisfes avec ces
méthodas dans les conditions d'environnement locales, Eu outre, des rapports &crits ont &té
envoyss par le Laboratpire d'bygilnue du milieu de 1'Ecole médicale Hadassab b Jérusalem et le
Laboratoire ddpartemantal de santé publique A Marseille. A la suite des débats, un certain nombre
de modifications des mé&thodes provisocires de référence on été proposées.

7.1 Mérhode de référence N'1 — Directives applicables & la surveillance continue & la qualicé des
eaux cOtidres ¥ usage récréatif pour élevage de crustacés et de mollusgues

L.e projet, pour cette méthode de référence, en est & un stade préliminaire et de nouvesux
£ldments importants doivent encore y Etre introduits. On & suggéré que les participants pourraient
utilement se borner 2 formuler des suggestions générales sur la modification du texte actuel et le
contenu de la version définitive. Toute fois, les suggastions spécifiques seront également bien
accueillies, Il a éré admis que les parties pertinentes du texte seront modififes pour faire une
place aux normes applicable aux eaux d'élevage de crustacéds et de mollusques et que 1'dvaluatien
deg vésultats (c'est-b~dire l'analyse staristique) sera également prise en compte, soit dans les
directivea alles—mémes, soit dans un document distinct, Parmi les peoints importancs de la
discussion qui a Failt suite, on peut signaler ;

Définition deg aites de préldvement

Les prélkvements devraient 2tre réalisés en zone de contact. Ainsi, pour l'eau, on a
considéré qu'une profondeur maximum de 1,5 m est le plus appropride. On a également suggdéré
d'analyger le sable ot les sédiments. On a fait remarquer que les contacts avec le sable (baing de
soleil, erc.) sont en général plus prolongés qu'avec 1'eau. Les sédiments et plus particuli2rement
1'interphase sédiments/eau revdtent une importance particuli®re., On peut en régle générale y
iacler davantage de virus et de salmonelles que dana l'eau surjacente. Des méthodes apdeciales ont
&té mises sy point aux Etats-Unie d'Amérique pour 1'examen de 1'interphase aiv/eau.

Surveillance continue des organismes autres gque les cspees-indicateurs

En dehors des coliformes totaux, des coliformes fécaux et des streptocoques fdcaux, difféfents
micro-organismes présentent une certaine importance et notamment certdins organismes pathogknes.
Peut—8tre conviendrait—il de leur accorder davantage d'attention gue daus le passé. On a remarquevr
quaz les champignons poutrtaient comstituer de meilleurs parvemdtres pour la surveillance continue des

eaux tropicales et sub-tropicalea & usage récréatif.

Paramdtres devant fairve l'objet d'une surveillance

Il vy a &té signalé que le programme % long terme de surveillance ceontinue MED/POL ne Fait état
que d'un paramétre microbiclogique obligatvire : les coliformes fécaux, Certains pavticipants ont
cependant fait vemarquer sans ambiguité que cela ne signifie en aucune fagon que d'autres
parambtres soient sans intdrdt et ne peuvent pas faive 1'objet de recherches, On 3 remearquer guo
les coliformes féceux sont un bon paramdtre pour la surveillance des bacté&ries entéro-pathogénes,
tandis que les streptocoques fécaux peuvent Btre considérés comme un paramdtre susceptible de
corroborer lew coneclusions acquises., On sait que les streptocoques fécaux sont plus persistants
dans 1'envirennement marin, de sorte que l'on pourrait les considérer comme des indices d'une
pollution plus ancieune. En outre, Streptococcus Laecalis var, liquefaciens est noteirement dotd
d'ubiquité et est déversé en nombre important par les industries alimentaires. On a vapperté pour
1'eau de mer une corrdélation &croite entre stréeptocoques fécaux et virus entéro-pathogénes. On
dénombre davantage de streptocoques fécaux en milieu KF qu'avec un wilieu M—eaterococcus, avec
incubation dans l'un et 1'autre cas, & 36°C, Cela a &ré& attribud 2 une meillcute récupdration des
antérocogques issues d'animaux de ferme. On sait qu'il s'agit 13 d'wne source importante de
pathogdaes humainz, et l'on a done considéré qu'il importe easentiellement de scumettre également &
gurveillance continue des indicateurs dent on sait qu'ils proviennent de cette sonrce, A cet
¢gard, le milieu KF cst done supérieur au milieu M-enterococcus,

7.2 Méthode de référence N 2 — Numéfrarion des coliformes totaux présents dans I'eau de mer par la
métheode de filtration sur membrane

Les amendements ci=aprés ont &té proposés

1) 1 convient d'utiliser un incubateur 2 air & 36°Cx1°C;
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2)  utiliser un milieu M-endp-agar-agar. Apres 24 b d'ineubation, des colonies rouge 3 tose,
avec un reflet métalligue doré sont dénombrés sur les membranes comportant 20 3 80 colonies au
tetal, Inutile de compter les autres colonies;

H gonfirmation non gsyatématigque; seulement au début et en cas de doute;

4) Bouillon Mac Conkey et Bouillen BGB doivent 8tre utilisés pour la confirmation,
Incubation & 36 °C+l°C pendant 48 heures.

5} pour coe qui est de I'expression des résultats, celle=ci devrait &tre simplifife en
avrondisgant les ddnombrements B deux chiffres =ignificatifs;

6}  une culture de bouillon peut Btre utilisfe pour le Test d'estimation de pré&cision.

Mé&thode de Téférence N°3 - Numération des coliformes fécaux présents dans 1'eau de mer pav la
méthode de filtration sur membrane

Les modifications suivaates sont proposdes :
1) Utiliger de 1'agar-agar M-FC;

2) n'‘utiliser de l'acide rosolique gqu'en cag d'interférence par des organismes non
coliformes;

3)  utiliser des boltes de Petri de 5 em, Les faire incuber dans des récipieats rigides et
dcanches en méral ou en matidre plastique, entidrement immergés ou au bain-marie, de sovte que
la température d'incubation soit 44,5 C&d,2 C:

4)  aprdés 24 b d'incubation, les eolonies bleues sont dénombrées sur les membranes présentant
20 % 80 colonies au total. Inutile de dénombyer les colonies qui ne sont pas bleues;

33 il n'y a pas lieu de rechercher systématiquement une confirmation, sauf au début pour
g'assurer que l'on dénombee effectivement des coliformes fécaux, Par la suite, la
confirmation doit &8tre vecherchée en cas de doute sur l'identitd des organismes en fonction de
la morpheologie de la colenie;

B) confirmation par sous-culture sur Bouillen de Mae Conkey ou Bouillon de Dile vere
brillant, ingubation 2 44,5°C+0,2°C pendant 24 h;

7) pout ce qui est de l'expression des ré&sultats, celle-ci devrait 2tre simplifige (arvondir
las déncmbrements A deux chiffres significatifs);

2) une culture de bouillon peut &tre utilis&e pour le Test d'estimaction de précision.

Méthode de référence N4 - Ddtermination des streptocoques fécaux présents dans 1'ean de mer
par la méthode de filtration sur membrane

Le amendements suivants ont €té proposés

1) utiliser un incubateur 2 air a 36°C+1°C;

2)  employer de l'agar-agar KF. Le milieu doik Btre d'abard porté & ébullition pour
dissoudre 1'agar-agar, puis refroidi A enviren 50°C, stériliad par filtration sur membrane de
potosité 0,2 um, ajouter TTC et verser; l'indicateur TTC est instable & la chaleur et & la

lumidre;

n 1'expression des vésultats devrair Btre simplifife (arrondir les dénombrements k deux
chiffres significatifs);

4) une culture de bouillon peut 2tre utilisée pour le Test d'estimation de précision.

9} confirmer s'il y a lieu,
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7.5 Méthode de rTéférence N'5 - Détermination des coliformes f&caux prédsents dans les mollusques
bivalves par la méthode MPN

1) Utiliser pour le test de présomption du Bouillon de lactose incube A 36°Cxl1°C. Les tubes
positifs font 1l'objet d'une sous-culture sur Bouillon de Mac Conkey ou Bouillon BGE et miliew
acqueux k la Lryptone, puis incuber au bain-marvie 3 44,5%ce0 ,2°¢C;

2) utiliser comme diluant une solutien de phospbate tamponée ou de 1l'eau peptonée & 0,1%4;

3) simplifier les calculs concernant la subdivision de l'é&chantillon;

&) réerirve le tableau MPN de fagon & ce gqu'il soit exprimé en grammes d'échantillen ef non
pas en volume,

Tl a &té décidé que la prochaine version de la méthode de référence N'l devrait refléter les

points généraux et spécifiques &voqués en cours de discussion. 0On a, de mime, décidé que les
amendements proposés devraient 2tre incorpords aux versions définitives des méthodes de référence
2, 3, 4 et 5. On trouvers en annexe 12 les grandes lignes de ces quatte méthodes, telles que

décidées par les participanta.

8. Action future et recommandations (point 8 de 1'ordre du jour)

Leg participants ont examing la surveillance continue des aspects sanitaires, dans le cadre de
la phase & long terme de MED/POL. En sus des recommandations spécifiquement formuldes 2 1'égard
dea divers poiats de 1'ordre du jour décrits ci-dessus, les participants ont élaboré les
recommandations ci=-aprés :

1) Il conviendrait d'inelure parmi les activités réalislas au titre de la composante
"yecherche" de MED/POL : a) mise au point de méthodes relatives aux organismes pathoglnes et
b) &tude des facteurs suaceptibles d'affecter les vésultats (temps de prélévement, etc.) pour

les arganismes-indicatezurs actuellement surveillde;

2} il est essentiel de prockder b des études destindes A donner une certaine garantie de
gqualité, et il importe de gavantir que les réasultats obtenus solent comparables. A cette fin,
il est nécesasaire de procéder périodiquement & des exercices d'inter-étalonnags, Ces
exercices, sur le moddle de celui qui avait &té organisé 3 Rome les 22 et 24 novembre 1982,
devraient Btre véalisés dans des laboratoires centralisfs, tant A 1'&chelle des pays qu'entre
pays. Les participants devraient travailler em stricte indépendance, mais chague numération
devrait Bire effectube par plusieurs participants;

3) on pourrait aussi enveyer aux laboratoires des milieux et des cultures d'organismes
notmalisés, et et les participants ont &té invit&s & procéder ¥ treis ou quatve déterminations;

43 il couviendrait de procéder 2 1'étude des rapports existant entre concentration
bactérienne et transmission de la maladie. A cet égard, le participants ont jugé que de
telles dtudes svat difficiles compte tenu du nombre d'éléments en cause;

3) une gyrveillance at un conrrdble précis des plages doivent 2tre associés 3 la surveillance
microbiologique;

) il conviendrait de multiplier les réunions de chercheurs prenant part au programme, A
cet &gard, les participants ont jugd que l'un des facteurs les plus notables du succks du
projet pilote MED/POL VII téside dans la réunion régulidre des principaux chevcheurs.
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Annex 1
A STATTISTICAL ANALYSIS OF THE RESULTS OF THE INTER-LABORATORY EXERCISE
ON SAMPLING AND ANALYTICAL METHODS
by
L. Villa, F. Aulicina, A. Piccioni and G.A. Zappeni
Istitute Superiore di Sanitd, Rome, Italy
1. Iatroduction

This report is & statiatical analysis of the data received from Mediterranean institutioms
participating in the inter—laburatery exexcise on the comparison of the membrane filtration (MF}
and the most probable number (MPN) methods in determination of bacterial concentrations in coastal

wateT quality monitering.
Reports were received from the following institutions:

{1) Institut national de la Santé et de la Recherche wmédicale, Nice, France
(2) The A. Felix Public Health Laboratory, Tel-Aviv, Israel

(3) Institut Pasteur de Tunis, Tunisia

{4) Rudjer Boskovic Institute, Rovinj, Yugoslavia

(5) istitute Superiore di Sanitd, Rome, Italy.

The following data are summarized in Table 1:

- sampling periods
= sampling points
- total number of water, sand and/ot sediment sawples analysed by each institutien

- parameters menitored
- parameters proposed prior to the commencement of the exercise.

Data concerning the methods utilized by each participating iustitution are summarized in
Table 2. Ip this context, a number of difficulries arose in the comparison of data collected, due
to differences in incubation temperature, incubation time and culture media utilizad. Detailed
analyses of the method and data interpretatiom techniques used by individual laboratories are given

in the relevant reports.

2. Mathodalogy

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

Log~tranaformed data were used in correlation analysis, to obtain a Gaussian—type statistical
digtribution (1). Parametreic atatistical wmethoda were used. Analysis was initially limited te the
paramgters monitored by the majority of participating laboratories.

In order ta verify the relationship between the most probable number (MPN) and membrane
filtration culture (MF) methods in the determination of faecal coliform (FC) concentrations,
different blocks of contsmination levels were considered, and correlation analysis performed for

each block.

3. Regults and discussion

Computed correlation matrices for those parameters monitored by participating laboratovies are
given in Figures 1 to 5 {W # water, 5 = gand}. In general, a highly significant coerrelation was
found between the MPN and MF values when considering the same parameter and the same seawater
gsample.

Values for total coliforms (TC) and faecal coliforms (FC)} showed a high level of correlation
betwesn the two techniques (MF and MPN) in the same water samples. Concentrations of faecal
streptococci (F5), where this particular parameter was measured, were generally corralared to TC
and/er FC levels.
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Dats regarding the FC content of sediments appeared to be generally corrvelated to data on the
FC content of the corresponding water samples.

Intra-station contaminstion variabilify was cbserved to range up Lo & maximum of three orders
of magnitude in mome casea. A variability of one to two orxders of magnitude was very frequent.
This variehility may he explained e mainly the tesult of varistions in (a) pollutant dispersion
phenomena and (b) meteorcological patternsa. A minot part of it may be due to random errors in the
various measurements.

Compared to the overall variability, the differences betwean the MF and MPN methods were
practically negligible (Figure 6).

A comparison of the data obtained from (a} slightly polluted localities and (b} theavily
polluted localities indicated that in the presence of a consistent pellution source, all parameters
tended to register a correspondipg increage. This would account for the cotrelation levels given
above.

The results of the correlation analysis for bloeks of contamination levels are given in
Appendix 1. Preliminary conclusions which may be drawn from these regults are the following.

In the first place, when the contamination level is very low or practically negligible
{¢ 10 FC/100 ml) the two parameters — FGC (MPN) and FC (MF) are not correlated. This may be due to
the proximity to analytical thresholds and to the consequent low degree of precision, as well a2s to
a real lack of relationship between the parameters in question in this partieular range, Results
eould alse be influenced by the limited extension of the range.

Secondly, in considering values higher than 10 FG/L100 ml, a highly significant corvelation
emerges.

Thirdly, values lower than 100 FC/100 ml also correlate, although if the 1-10 FC/100 ml and
10-100 FC/100 ml levels are considered =eparately, no correlation is evident between the two
subgets, Obviously, conzistent variations of the contamination level may be appropriately detected
in bath parameters within the 1-100 FC range. Agresment between them is limited if emall
variations are consideved.

4, Conclusions

In general, despite the remarkable intra—site variability, overall results showed that
contaminated and mon-conmtaminated sites can be appropriately distinguished apd claasified if a
reasonable number of analytical! determinations are availasble. The zingle datum is not usuvally
significant for this purpose. An experimental design, based on an adequate assessment of
intra-site variability, would be useful in the programming of seawater and sedimeat surveys aimed
at the detection of prefixed inter—site differences.

It may be reasonably assumed that the MPN and MP methods arve both adequate for distinguishing
betwaen contaminated and non~contaminated sites. For practical purposes, either method could be
adopted, and selection of either method could be based mainly on operational reasona. In any case,
if the random statisztical fluctuations of values measured in the same sites are considered, the
differences between the two methods appear to be negligible from the general point of view. The
problem as to whieh of the twe iz the more reliable method may occur when particular studies are
required, i.e, when the sites under examination are on the borderline from the point of view of

bactericlogical acceptability.
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Appendix 1

In opder to verify the relaticaship between FC MPN and FC MF methods, different bhlocks of
contamination levels have been considered, and correlation analysis has been carried out for each
hlock {Figure 7)., The following results have been obtained:

Block of data E il E
1 MPN £ 10 and MF & 10 .29 41 n.8.
2 10 <MPN £ 100 and lO<MF £ 100 .06 40 n.s.
L+ MPN % 100 and MF % 100 .63 81 .001
3w 4 MER > 100 or MF ¥ 100 .B44 43 .001
&4 MEN > 1000 ox MF > 1000 .795 26 001
2+ 3+ 4 MPN > 10 or MF > 10 593 83 .00

Some gimple preliminary conclusions may be drawn.

When the contamination level ias very low or practically negligible (< 10 PC/100 ml), the two
parameters, FC (MPN) and FC {MF) are not correlated.

This result may be due to the proximity to analytical threshelds and to the consequant low
degree of precision, as well as to a real lack of relationship between the parameters congidered,
in this particular range. The limited extension of the range may also influence this regult.

1f values higher than 10 FC/LOD ml are consideved, a highly significant corvelation is found.

Moreover, values lower than 100 FG/100 ml cerrelated too. If 1-10 FC/L00 ml and 10-10Q
FC/100 wl intervals are comsidered separately, mo correlatien is found in the two subgets.

Evidently, consistent variations of the contamination level may be appropriately detected by
hoth parameters in the 1=100 F¢ range. The agreement between them is limited, if small variatiomns
are consideved.

in any case, it may be reasonably assumed that both MPN and MF methods are adeguate for
distinguishing countaminated and aon—contaminated pites. As a rule, for practical general purposes,
hoth methods may equally well be adopted. The selection of the MPN or MF mathod may be bhased
mainly on operative reasons. In any case, if the random statistical fluctuations of values
measured in the same sites are considered, the differences between the two methods appear in
general negligible. The problem of which methed is more reliable may ba posed when particular
studies are required, for instance on slightly contaminated aites.
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Figure 1
Corvelacion matrices for determining bacterial concentration
Data from I.N.S5.E.R.M. (France)
T.C.y T.C.y F.Cuy F.C.y F.5. F.S.y F.C.
(MEN) (MF) (MPN) (MF) (MPN (MF) (MPN
T.C.{MPN)
W - e - —_-rm - o -
T.C. (MF}
W - - - - - - e
F.C.(MPN)
W e in 1 .34l 825 .B32 -
F.C. (MF}
W - - 841 1 . 796 . 790 B
F.5.(MPN)
W - i 815 . 796 1 917 -
F.3. (MF)
W - -— .B32 « 790 .917 1 -—
F.C. (MPN)
5 —— —— —_ _ _ _ _
N =18
Figure 2
bara from A. Felix Public Health Laboratory {(israel)
T.qu T*C.w F.C-w F-C.w F.S.w F.S.w FqC'S
{MPN) (MF) (MPN} (MF ) {MFN) (MF) {MPN)
T.C. (MPN)
W 1 .949 .949 947 604 . 700 905
T.C., (MF)
W 949 1 .975 .289 659 .719 .863
F.C, (MPN)
W 949 L2375 1 .971 637 LB60 BYY
F.C. (MF)
W 947 .989 L0971 1 713 . 739 L8359
F.5.(MPN)
W 604 659 647 713 1 507 430
7.5, {MF)
W 700 719 . 660 . 739 807 L EEE]
F.C. (MPH)
5 L9035 .368 L899 859 430 .533 1
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Figure 3
Correlation matrices for determining bacterial concentration
Data from Institut Pasteur de Tunis (Tunisial
T.C.w T'C'W F-C.w F. ‘.w F.S.w F'S'W P.C.
wn)  Om (wew) () orwd ) G}
T.C.{(MPN}
W 1 - L7232 . 706 - i =241
T.C. (MF)
W - - - . - —-— -
F.C.(MPN)
W 722 -- 1 493 - - L340
F.C. (MF)
W .706 - 493 1 - - 42
F.5.(MPN)
W - —_— _ . — - w——
F.5. (MF)
W — - _ - __ __ e
F.C. (MPN)
5 241 e L340 042 -— —— 1
N =20
Figure 4
Data from R. Baskevic Iastitute (Yugoslavia)
T.C. T.Coy F.Coy F.Cuy F.8.y F.S.y F.C.g
{MPN {MF) {MPN} {MF) (MPN) (MF) (MPN)
T.C.(HPN)
W 1 950 977 .962 964 974 B804
T.C. (MF)
W .9%0 1 956 .986 .909 975 . 800
F.C,(MPN)
W L9377 356 1 967 .255 .978 LBi1
F.C. {MF)
W 962 L9386 .967 1 912 .988 L8308
F.5.{MPN)
W 964 .909 .955 912 1 L9312 L8110
F,8. (MF)
W .974 975 .978 .988 .932 1 .798
F.C. {MPN)
3 .804 800 .811 .B08 .B10 798 1

N = 18
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Figure 3
Correlation matrix for determining bacterisl concentration
Data from Istitute Superiore di Sanitd (Italy)

T.C.y T.C.y F.C.y F.Coy F.8. F.8.y F.C.
(MPN) {MF) (MPH) {(Mr) {MPN (MF) {MPN

] —- L8931 .B83 - 425 417
.931 - 1 .892 - 22 LAdE
883 -- 8912 1 —= LA54 L4006
A25 —= 422 LG54 —— L . 301
417 -— -488 406 = L 303 L

N =25
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Figure &
Statistical analysis of MPN and MF methods
10°]
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Figure 7

Correlation analysizs of blocks of contamination levels
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Antiex 2

AN EVALUATION OF S0OME DIFFERENT METHODS FOR ENUMERATION OF FAECAL COLIFORMS FROM WATER
(MOST PROBABLE NUMBER AND MEMBRANE FILTRATION TECHNIQUES)

by
F. El-Sharkawi, A. Gawad, L. El-Attar, L. Nofal and N. El-Rakshy
tfigh Inatitute of Public Health, Alexandria University, Egypt

1. Introduetion

The basie methods for the azsay of pollution indicetors - total coliforms (TC), faecal
coliforma (FC)} and faecal atveptococci (FS8) in water gre outlined by rhe American Public Health
Association (APHA) (1). These ineclude the multiple tube, or mest probable number (MPN) technique
and the membrane filter (MF) procedure. Since the acceptance of the MF procedure for the isolation
of these indieators, conflicting reports (2, 3, 4, 5) have appeared in the literature cegarding Lhe
use of membrane filters as a method of evaluating the quality of water. The present study was
carried out te determine the efficiency of two modified MF techniques, the LES two=atep two-day
procedure proposed by Stevens et al. () and the two-layer membrane filter procedure proposed by
Rose et al. {7) for PFC determination.

Z. Materials and methods

A total of 110 seawater samples (collected from the Alexandria area) according to the method
described by APHA (1) were analysed in the present study.

The MPN procedure was perfermed by culturing a series of rhree decimal dilutions per sample,
using five tubes for each dilution. Lactose Broth was used for the presumptive test, and FC medium
At 44,5°C+0,5°C (water bath} was used for the confirmatory test. The MPN of FC per 100 ml was
calculated frowm the positive EC broth uwsing MeCrady's prohability tables.

In the MF procedurves for FC, two duplications of sach sample dilution were filtered through
0.45 p membrane filters (MILLIPORE) for each bacterial test. One set of membranes was placed on
plates of the two=layer medium (bottom layer: 374 M-FC, 1.5% agar in distilled water; top layar:
(4.3% beef extyvact, 0.5% peptone, 0.5% lactose and 1,5% agar in distilled water). These plates weve
then incubated at 35°C for two houra, then at 44.5°C for 22-24 hours in watertight plastic bags in
a watey bath.

The other membrane gets were placed on LES minimal helding agar madium (0.05% tryptose, 0.053%
daxtrose, (0,054 lactose, 0.05% oxgall, 0.04% sodium chloride and 1.5% agar in distilled water).
These plates were incubated at 25"C for 18 houra; the membranes were then transferred to absorhegt
pads in tightly sealed Petri dishes that had been saturated with M-¥C Broth and incubated at 44.5C
for 24 hours.

In both MF procedures, the plates which gave Z0-60 colonies per membyane were counted, and
counts per 100 ml were calculated. Faecal celiform colonies were identified by their blue
coloration and the crystallized deposits on their surfaces with the aid of a stereomicroscope.

T Results

Since FC densibies covered many orders of magnitude, all dats were expressed and analysed as
logarithms (base ).

The results obtained by the different methods used for the detection of the froquency of FC
are shown in Tables 1 to 3, comparing the two megthodsa.

Table 1 shows a comparison of the frequency of FC counts/l00 ml using the MPN and the LE§
methpds, Out of 110 water samples, 14 (13%) gave FC counts of 1-59, 53 (48%) gave counts of
100-999 and 43 (39%) gave counts of 1000 or wmore hy the MFN method. The corresponding figures for
the LES method were 0 (0%), 31 (28%) and 79 (72%) vespectively.
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The data presented in Table 2 show the frequency of FC counts/100 ml detected by the MPN
method as compared to the two=layer method. Out of 110 water samples, 14 (13%) yielded FC counts
of 1-99, 53 (48%) yielded counts of 100-99% and 43 (39%) yielded counts of L000 or move by the MPN
method. The corresponding figeres for the two-layer method were 2 (1.8%), 37 (34%) and 71 (45%)

respectively.

Table 3 presents a comparison of the frequency of FC counta/l00 ml detected by the two-layer
and the LES methods. Out of the 110 water samples 2 (1.8%) yielded FC counts of 1~39, 37 (34%)
yielded counts of 100-999 and 7} (65%) yielded counts of 1000 or more by the two—layer method. The
corresponding figures by the LES method were 0 {0Z), 31 (2BZ)} and 79 (72%) respectively.

The follewing results can be computed from these prepared tables considering the combination
of the two methods. FC counts of 1-99 were found enly in one sample (0.9%) by both the MPN and the
two=layer method, counts of 100-999 were found in 25 (23%) by the MPN and the two-layer metheod, 20
(14%) hy the MPN and LES, and 29 (26%) by the tws-layer method and LES. The corresponding figures
for counts of 000 or more were 43 (39%), 43 (39%) and 71 (65%) vespectively.

A syntnesis of the results shown in Tables 1 to 3, to show the agreement between any pair of
the methods performed, is given in Table 4,

The percentage of agreement was lowest between the MPN and the LES methods (37%), followed by
that between the MPN and the two-layer method (63%). The difference between Chese figures wasg nok
statistically significant {z = 0.9, P 4 0,05). The highest agreement was between LES and the
two-layer methods {91%}., The difference betwaen this figure snd beth the above figures was
statistically significant (z = 5.2 and 6 respectively, B £ 0.05). Results of the statistical
analysis of the data are shown in Figures 1 to 3.

Graphical presentation of the logarithma of the obaerved values of the LES and the two-layer
methods as well as the regreassion line with zero intercept using the logarithmic transformation for
FC counts in both methods are shown in Figure 1, This graph indicates that the fitted line is a
good predictor of the relation betwesn these two methods., The regression line with zero intercept
was calculated by the method of least squares. This method fits data ro an optimized line by the
equation y = bxk, where b i3 the regression coefficient or alepe, y is the dependent variable, and x
is the iudependent variable. Using this technique, the simple regression equation was found to
he: y @ 0.91x in which y = FC counts/100 ml by the two—layer method and x = FC counts/100 ml by
the LES method.

Comparison of the regression line with the squality line, which has a regression coefficient
or slope of 1.0 and which could result if the means of the two metheds were the same, shows tharl
the regression linc lies below the equality line indicating that the LES was superior to the
two-layer methed.

In both Figures 2 aad 3 the regression lines lie below Ethe equality lines indicating the
guperiority of both the two-layer and the LES methods over the MPR one.

Table 5 shows the gesmetric mean, arithmefic mean, standard deviation and coefficient of
variation of the FC counts/100 ml as detected by the MPN, two—layer and LES methods. The highest
geometric wean was found to be that of the LES method (2170) and the lowest value was obtained by
the MPN method (345). The geometric mean of the two-layer method was found to be 1135. The
caleulated ratio of the geometric mean of FC counts using the LES mathod to that using the MPN
method was 3.98:1, that of the two-layer method to the MPN was 2,08:1, and that of the LES method
to the two-layer method was 1.9:1.

The coefficient of varhation shows the degree of precision in a method of bacterial
enumeration, the results with rhe lowest coefficient of variation being the most precise, In this
study the LES method had the lowest coefficient of variation (107) whereas the MPN had the highest
ome (159). The coefficient of variation for the two-layer method was 140,

4. Discuszsion and contlusion

The results of this study revealed that the LES method enhanced FC recovery, gnd had a highey
depree of preciszion thaa the MEN method, Higher counts were obtained in 47 of the samples examined
(43%) with a geometric mean of 2170 and 8 coefficient of variation of 107. The MEN data raflected
& geomerric mesn of 345 and a coefficient of variation of 159. The ratio of FG ¢ounts of the LES
meihod To the MPH method based on the geometric mean was 3.98:1. The highest faecal coliform
recovery by the LES methad as compared to the MPN method in the present study might be attributed:
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(1) to the use of MILLIPORE HG brand of membrane filters, described by Green ar al, (8) and
Tobin & Dutka (%) as the moat efficient one in retaining the bacteria present in the tested

water;

(2) to 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 resuscitation period at 25°C for 18 hours that affords the injured calls the
opportunity to vepaiv themselves, multiply and divide and become ingensitive bo inhibitory
agents in the selective media (2, 10, 11). Results obtained in the present study were in
conformity with those obtained previoualy by several other workers including Goetzee &
Pretoriua (12), Public Health Laboratory Service (13) and Mara (14).

Comparable results weve also obtained by Davenport &t al. (15) and Grean et al. (16&), who
attributed these to the resuscitation period (varying from 2 te 6 hours) before expesure to the
elevated temperature. Other investigatora reported similar results when using first am enrichment
medium at low temperature (35°C for 2 to 4 hours) before exposure of the membrans to selective
media at an elevated temperature of 44.5°C (4, 10, 17).

Thomas & Weodward (18) reported regults disagreeing with the ones deseribed in the present
work. These authors uased the standard one-step MF techunique, i.e. direct incubation of the
membrane on M-FC broth at 44,5°C, and observed 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 1.3:1. This ratioc was reported to be 0.92:1, 1,53:1 and 2.2:1 by Adems {19), MacCarthy et al.
(20) and Slanetz et al. (17) respectively. The lowar counts of the MF technique in these
aforementioned studies might be attributed to the use of improper media containing aubstances
having inhibitory effects on non-coliform Gram-negative bacilli that might also have an adverse
effect on the growth of coliform organisma. Also the initial shock at 44.35°C adversely affected
reproduction of metabolically injured cells.

The data obtained in the present study showed that the two—layer method was superior and more
precige than the MPN methed. Higher counts wete obtained in &1 (37%) of the 110 positive samples

with a geometric mean of 1135 and a coefficient of variation of 140; gimilarly, the MPN data
demonstrated a geometric mean of 5345 and a coefficient of variation of 159. The ratio of FC counts
of the two-layer method to the MPN method based on the geometric mean was found to be 2,.08:1,

In addition to the uge of the MILLIPORE HC brand of membrane filters, higher FC recoveries by
the two=layer method in the present gtudy might be attvibuted firstly to the £azct that the proposed
two-layar MF procedure allows for repair and subsequent reproduction of those coliforms which have
been debilitated by exposure to the aquatic environmant (21); secondly, te the fact that the
counts in liquid media are not as accurate &s counts on solid media (14); and thirdly, to the easy
and accurate codnting of the characteristic blue colonies grown on the agar medium after enrichment

(20, 22).

However, Scuart er al. (23} found rhat the two aforementioned methods gave nearly rhe same
counts when they tested chlorinated sewage effluents with some medification iop the medium. They
attributad their resulfs to the addition of glycerol apnd acetate, plus reducing agents to the
two—-layer media. Glycerol and acetate act as intermediates in the glycolytic pathway and repair
the enzymatic damages of injured cells, =long with reducing Rgents to inactivate residual chlarine,

As a result of the previous findings it was found that the MPN method gave the least counts as
compared to the othar two methods. The low recovery of the MPN method a3 compared ko the LES and
the two—layer methods respectively might be attributed to the false-negative results sbtained in
the presumpbive tests due £o the presence of specific soil organisms or the antagonistie action of
Fseudomonas that also auppress coliform growth, so that the minimum concentration of cells required
to produce visible gas in the presumptive medium iz not obtained within the normal incybation time
(24, 25), and the high concentration of heavy metal ions suppresses gas production by coliform
bacteria (26). Also the MPN method is a biased estimator of the true density and the amount of
bias depends on the number of tubes used in ezch dilution (27).

In this study the LES method proved te be superior and more precige in FC recovery than tha
two—layer method, Higher counts wera found in 10 (9%) out of tha 110 samples with a geometric mean
of 2170 and a coefficient of variation 107, The ratic of FC counts of the LES methad to the
two-layer method based on the geowmetric wmean was found to be 1.9:1. Upon closer examination of the
data, it was found that the agreement between these two methods was in 100 (91%) of the 110
aamples., The great efficiency of the LES method may be attributed to the longer resugcitation
period on the rieh nonaelective medium which contains simple carbohydrates.  Although the LES
method gave higher counts, it required incubation on two different media for two days to obfain the
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final results, Regarding the two-layer mathod, it autematicslly shifts the culture contaect from an
enrichment growth gsubgtrate to the essential differential medium phase, and finsl results are
obtained within 24 hours only. Lim (28) stated that the preearichment incubation temperature of
35°C (used in the two-layer method) was considered the temperature of choice far the improvement of
FC recovery. Ray & Speck (29) and Green et al. (16) reported that for proper enumeration of FC the
resuscitation period should be completed before cell multiplieation atarted, the time initiation of
multiplication at 35°C being 4 hours., Bissomnnette gt al.(10) pointed out that the two-layer method
avsided the limiration of enrichment techniques due to the fact that considerably more time,
equipment and manpower were required for analysis. Finally, Crabow & Freez (30) proved that
gaturated pads were inconvenient and time-consuming, the pads tended to dry out, and the agar-based

medium generatly proved to yield higher counts.

In these comparisons the MPY procedure was used as the standard, but it must be noted that
there are inherent shortcomings in this technique based om statistical probahility, astimates of
bacterial density with inherent errors {(31). Membrane filtration using the two-layer agar method
provides g direct accurate bacterial count, requives omly 24 hours to complete, and has the
advantage of saving media, chemicals, tubes, racks and space. TIn confrast, the MPN test requires 2
to 4 days before final results are obtained, and an excessive amount of laboratory work may be
involved. 1In chis study, Erom the 1600 inoculated tubes, 367 positive lactose tubes failed to
confitm the presence of faecal coliforms. In other words, abaut 23% of all the inoculated tubes
were processed through the confirmation test without any positive coliform reszults, One of the
disadvanrages of the MF technique is the high cost of wembranes which have to be imported from
ahroad, However, Taylor & Burman (17) showed that the membrane could be washed and ve-used by
sterilizing in 3% (v/v) hydrochieric acid.

Follewing evaluation of the results obtained during the present study, if is agreed with
Galdreich (22, 32, 33) that the MF technique gives the most convenieot results, the LES method
gives the highest FC counts and two-layer method saves time, media and labour.

5. Conelusion

Three methods were used for the detection of faecal coliforms (FC) in 110 water samples,
Thase methods were the MPN, the LES and the two-layer MF, This work was carried ocut in order to
determine the most efficient methed for the isolation and enumeration of FC.

Comparison of the results showed the superiovity and the higher degree of precision of both MF
procedures over the MPN method.

1t was concluded that the MF technique gives the most convenient results; the LES method
gives the highest FC counts and the two—layer methed saves elaborate time, media and labour.
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Table 1
Comparison of the frequency of faesal ecoliform counts/100 ml
detected by the MPMN and LES methods
FC ecount
LES MPN 1-%%9 100=999 1000 Tatal
FC count 1-99 a 0 0 0
100~999 11 20 0 31
1000~ 3 33 43 79
Total 14 53 43 110
Table 2
Comparison of the frequency of faeecal coliform counts/100 ml
detected by the MPN and two~layer methods
FC count
Two=layer MPN 1=99 100-999 1000 Total
FU ¢count 1=-99 1 1 0 2
100-399 1z 25 0 37
1006- 1 27 43 m
Tatal 14 53 43 110
Table 3
Comparisen of the frequency of FC counts/100 ml
detected by the two—layer and the LES methods
Two=layer FC count
LES 1-99 100-999 1000 Total
FC count 1-99 0 Q Q 0
100~-999 2 29 Q 11
1000- 0 8 71 79 -

Total 2 37 7t 110
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Table &
Agreement betwden the MPN, the two-layer =nd the LES methods
in the estimation of faecal coliforms
FC counts
. Equal number Higher counta by Lower ecouats by Percentage
F -
m;:i;d i;iggg by the 1st methed than lat method than of
two methods Ind method 2nd method agreament
MPN LES 63 0 47 57
MPN Two=laver 69 1 40 63

LES Two-layer 100 10 ] 91




Figure 1

Comparison of fascal coliform log counts by two-layer and LES methods
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Figure 2

Comparison of faecal coliform log counts by MPN and two-layer methods
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Figure 3

Comparison of faecal coliform log counts by MER and LES methods
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Annexe 3

ETUDE COMPARATIVE DES METHODES UTILISEES EN NUMERATION
BACTERIENNE DES EAUX COTIERES DE LA MEDITERRANEE

par
P. Barnard
{NSERM Service Commun N°11, Nice, France

t. Tatroduction

La prégente &tude, entrant dans le cadre das travaux du Service Commun N'1]1 de l'Institut
national de La Santé et de la Recherche mddicale {INSERM) pour ls Programme MED POL Phase [I, a eu
pour but de comparer deux méthodologies de numération des germes fécsux {colibacilles et
gtreptocoques} en sau de mer des zones cBbidres.

A Nice, trois zones ont &té cholsies :

« la plage de Coce Beach, formde de petites criques rocheuses, située pras du Cap de Nice;

- 1a plage du Porum, au centre de la grande plage de galets de la Baie des Anges, au débouchd
des principales artdres de la Ville de Wice;

- le port de commerce de Wice (Port Lympia), implanté & 1'est de la citd; ze site a &té
sélactionné en consid&ration de sa forte eharge bactérienne présuméa.

Lfewpreice d'esgai a Sté conduit de la mi-juin & la mi-gode 1982 au cours de six opérations de
préiavements d'eaux de mer cbtidres effectudes en chacun des trois lieux précités {voir figure 1},
20it au total 18 préldvements.

7. Matériel ot méthodes

Prélavenents d'gau de met

Les préldvements ont §té effectuds avec des flacons en verve stérilisés de 1 litre, aux
distances suivantes

Coca Beach 1 m du bord {rocher)
Forum @ 3 m du bord (galets)
Port de Commerce @ 0,50 m du bord (béton).

Pour chacun de ces trois sites, 1 & 2 litres ont &té &chantillonnés 2 chaque fois ay méme
androit, 3 20 ¢m sous lz surface de 1'eau, et les analyses ent commencé une heure Apréa au plus
Lard.

Volumes d'eau &tudids

. Volumes (ml} d'eau Volumes (ml) d'ezau
Lieux . . .
3 Nice filtrés sur membyana introduits en tubes
(méthode MF} {méthode MPN)
Plage de Coco Beach 100 10 1 10 1 1 3 107!
Plage du Forum 100 10 1 10 1 12 10°t
Port de Commerce 100 1 1 a 107} 1 1a10") 1a107

Filtration par membranes {(MF)

Leés membrenes utilisées (SARTORIUS) &raient de 47 mm, 0,45 u de porpsité.

Chaque volume d'eau et chaque dilution ont &té filtrés 5 fois pour eculture sur gélose
apdcifique 3 1'aide d'une rampe de filtration (MILLIFORE).
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Tubes multiplea (MPN)

Chague volume a2t chaque dilution ont &té répartis dans 5 tubes de verrs avec houchens cn coton
antourd de gaze.

Prigea des &chantiilons

Elles ont &té faites avec des pipettes automatiques PIPETMAN 5000 pl et 1000 pl aves des chnea
stérilisda.

Géloges utilisédes

1) Coliformes fécaux

a) m FGC Broth base (DIFCO) additionné d'acide rosolique
b) EMBE (PASTEUR)
Gélosa Lactoade Vert Brillant — Rouge de Phénel (PASTEUR),

2}  Streptocoques fécaux

a) KF-streptococcus—agar (DIFCO) additionné de TTC
b) Enterococcus=agar (DIFCO).

Nouillons utilisés

1Y  Coliformes fécaux

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

{Z) Streptocoques fécaux

‘a} Azide-Dextrose Broth (DIFCO)
b) EVA Broth (DIFCO).

Incubgtion

L'incubation & &t& de 48 h pour les géloses ef les bouillons 2 streptocogues fécaux, ainsi que
poutr les bouillons Mac Conkey.

Pour les géloses FC, EMB, au Vert Brillant-Rouge de Phéncl et pour l'eau peptonde,
1'incubation 4 €té arvétde 3 24 h.

Toutes les cultures ont &té faites 2 44 °C.

Lecture des résultats (effectuds par la méme persouue)

1) Coliformes fécaux

a) Filtrationa sur membranes :
- eolonies bleu ciel 3 bleu foncé; pour confirmation cerraines colonies ont &té
repiquées sur gélose EMB ou pgélose Lactosée su Vert Brillant-Rouge de FPhénol.

b}  Tubes multiples :
~ groissance, virage du lactose, 3-7 mm de gaz
- en Mac Conkey, confirmation de tous les positifs en eau peptonée.

22 Streptocogques fécaux

a) Filerations sur membranes i
=~ golonies roses 3 rouge foncé sur gélose KF
- repiquage éventucl sur gélose Enterccoccus,

b) Tubes multiples
=~ proissance et culot foneé en bouillon Azide
- confirmation de tous les tubes pogitifs en bouillon EVA.
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1. Régultatsa

La prészente &tude avant pour but de comparer deux méthodes d'analyse, la moyeane de chague
mesure est présentde avec un intervalle de confiance & 95%. DPe manitre 3 visualiser les réaultats,
ces detniers ont été regroupés dans les tableaux 1 et 2 et les figures 2 3 7 {fchelle semi-

logarithmique, base 10 pour les figures).

3.1 Coliformes fécaux

Les résultats des analysea (figures 2, 4 ot €) par les deux méthodes (filtration sur membranes
at tubes multiples) sont compatibles entreé eux.

La seule exception concerne le préldvement effectué A la plage du Forum, le 26 juillet, ol un
nombre élevé de coliformes fécaux a £€té mis en &vidence (FM = moyenne de B800; tubes
multiples = moyenne de 8}. Une explication possible de cet &cart important serait la présevnce de
nombreux germes alkalinisants (100 colonias rouges par 100 ml sur FM en gélose FC) qui auraient
fausaé la lecture des bouillons Mac Conkey (tubes multiples).

3.2 Streptocoques fdcaux

Les résultats obtenus {figures 3, 5 et 7) ne sont gudre différents ¢'une méthode & Y'autre.
Pour les deux groupes de germes fécaux, L'intervalle de confiance est plus grand pour la méthode

des tubes multiples (MPH).

4. gonclusiun

I1 apparait que les deux méthodes de numératioa ~ filtrations sur membranes (MF) et tubes
maltiplas (MPN) — donnent des résultats similaires, & l'exception du cas spécial des eaux
portuaires.

Ces résultats restent 3 &tre interprétés en fonction des donndes recueillies par i'ensemble
des laboratoives aysnt participé 4 1'étude.
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Tableay 1

Numérations des coliformes féocaux pour 100 ml d'esu de mer
(movennes et intervalles de confiance & %5%)

Filtration sur membranes Nombre le plus probable
(5 membranes) (5 tubes)

moyenne lim. inf. lim. sup. moyenne lim. inf. lim. sup.

14,06.82 4 1 6 2 0,5 7

21.06.82 9 6 12 17 5 4h

Plage 02.07.82 1 5 37 23 41
de 09.07.82 18 11 70 23

Coco Beach 26.07.82 10 L& 7 1 17

03.08.382 & 149 12 3 28

14,06.82
21.06.82
02.07,82
09.07.82
26.07,82
03.08.82

l4.06.82

21.06.82

02.07.82

de 09.07.82
Commerce 26.07.82
03.08.82
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Tableay 2
Numérations des streptocoques fécaux pour 100 =l d'eau de mer
{moyennes at intervalles de coafiance & 95%)
Filtration sur membranes Nombre le plus probable
Date {5 membranes) {5 tubes)
moyenne lim. inf. lim. sup. moyenne lim. inf. lim. sup.
14.06.82 31 35 67 23 7 70
21.06.82 25 11 32 8 1 19
Plage 02.07.82 10 4 16 7 1 17
de 09.07.82 37 3 41 79 25 190
Coco Beach 26.07.82 12 9 15 8 1 19
03,08,82 1 0 2 0 11
14.06,82 85 74 97 27 9 20
21.06.82 22 11 32 2 1 7
Plage 02.071,.82 21 13 28 45 16 123
du 09.07.82 13 10 16 14 & 34
Forum 26.07.82 g 3 13 13 3 31
03.08,82 . 1 3 2 0 7
14.06,82 1800 1520 2080 350 120 1000
21.06,.82 3870 2620 5120 1100 10 2500
Port 02.07.82 680 350 1010 230 70 700
de 09.07.82 2400 1910 2840 1700 430 4500
Commerce 26.07.82 720 560 880 110 20 250
03.08.82 1280 1020 1540 230 70 700
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Figure 1

Zones de prelevements A4 Nice
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Figure 2

Iutervalles de confiance 3 95% pour le taux de Coliformes féeaux
(piage de Coco Beach, 2 méthodes de numération)
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Figure 3

Intervalles de confiance & 95% pour le taux de Streptocoques fécaux
{plage de Coco Beach, Z méthodes de numération)
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Figure 4

Intervalles de confiance & 93% pour le taux de Coliformes fécaux
(plage du Forum, 2 méthodes de numération)
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Fiaure 5

Intervalles de confiance 2 95% pour le taux de Stroeptocoques fécaux
{plage du Forum, 2 méthodes de numération)
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Figure 6

Intervalles de confiance & 95% pour le taux de Coliformes fécaux
(Port de Commerce, 2 méthodes de mumération)

Ao 000 (Cermes/ 100 1.l)

Filtration sur membrares

Tubes multiples

I
14.06.82

Dateg de prelévegemts ’
i

21.06 02.07 09.07 26.07 03.08,82




ICP/RCE 211(2)
19951

page 18

Figure 7

Intervalles de confiance 2 95% pour le taux de Streptocoques fécaux
{Port de Commerce, 2 méthodes de numération)
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Annex 4

COMPARISON OF METHORS FOR MONITORING INDICATOR
ORCANISMS IN MARINE WATER

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

1. Introduction

The purpose of the present study was to compare the most probable number (¥PN) and membrane
filtration (MF) methods in monitoring the major bactericlogical parameters for assessing the
quality of coastal water in the Mediterranean. This would be useful in the eventual recommendation

of the most suitable one ar a stendard procedura.

In previous comparisons of these two methods in coastal water (1, 2), the number of coliforms
obtained by the MPN procedure was usually higher than that obtained by the MF method, which raised
the guestion of the rate of recovery of stressed organisme by the accepted one-step MF method. An
attempt was mada in the present study to elucidate this point by examining parallel samples for
fascal eoliforms and Faecal streptococel with and without resuagcitation.

z. Materiale snd mathods

2.1 Tesgting peried

Sampling started on 25 May 1932 and continued until the first week in August. Two of the
sampling pointa selected on the first sampling day gave very low resulta and were veplaced by
others on the fnllowing sampling dasy. The number of samples wes therefore zix in one sampling
point and only five in the other two.

2.2 Sampling points

Ho means of sampling at the pollution ssurce itself, which was approximately 300 m offshore,
was available. The closest accessible location was approximately 500 m north of the sewage outfall
at Tel-Baruch, where bathing 1s farbidden. The other sampling points were: Sheraton Beach, cirea
900 m south of the outfall, and Bugrashov Beach, circa 1800 m south of the outfall.

Two litres of water and about 200 g of sediment were taken at each point and transported Lo
the laboratory within 1 - 1 1/2 hours. The water temperature was measuraed at the time of sampling.

fotal coliforms

MPN: PresumpCive test in Lactose Broth confirmed in Brilliant Greem Bile Broth, both incubsted at
315°C+0,3°C for 48+3 hours. Four to five dilutions of each sample were inoculated in a S-tube
series and the appropriate three dilutions were selected for reading results.

MF: Two to three dilutions weye Eilter?d from each sample. The membranes were placed on M=endo-—
agar LES and incubated at 35°Cx0.5°C for 22 hours.

Faecal coliforms

MPN: From each positive tube of the presumptive teat for total coliforms twoe drops were inoculated
inte a tube of EC medium using a Pagteur pipette. The tube wag incubsted at 44.5°C+0.2°C
(water bath} for 24 hours. Tubes showing any amount of gas were considered positive.

MF: A double seriea was filtered from each dilution. One wag placed directly on M=FC=zgar and
incubated at 44.5°C30.2°C, the other was placed on pads saturated with Lauryl Tryptese
Broth {3) {in the covers of the Petri dishes) and incubated at 35 C+0,5°C for 2 = 2 1/? hours,
then transferred to the M=FC-agar and incubated at 44,5°C+0,2°C for circa 22 hours.
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Faecal streptococci

Pregumptive test in Azide-Dextreose Broth, as outlined for total coliformr, confivmed in EVA
Broth, both incubated at 35°C+0,53°C for 4843 hours,

In view of the existence of twoe cets of dirvections for faecal atreptococci, one calling for
incubation at 35°C20.5°C (3) and the other at 44°Ci0.2°0 {4}, both temperatures were tested on
one gampling day. Counts obtainad at 315°¢+0.5"C were considerably higher, especxally in the
leaat polluted peints, therefore all further cxaminations were incubated at 35°Cx0. 5°¢ for
48+3 hours.

A4 double geries wag filtered for sach dilution, one set of filters was placed directly on
KF-ggar gnd the other was reguscitated on pads saturated with Trypticase Soy Broth for
2 - 2 1/% hours at 353°CE0.5°C then transferred to KF-agar and incubated for 2 days.

From each filter, several colonies representative of the various groups were selected and
transferred to bhlood agar plates, then to brain heart infusion broth. They were examined
microscopically (Gram astained) and for production of oxidase.

2.3 Examination of sediment

From the sediment samples, 30 or 100 g portions {wet weight) were weighed and 10 volumes of
phosphate buFfer with 0.1% peptone added to sach. The diluted samples were shaken vigorously by
hand and as s00n as most of the zand had settled the liquid was decanted and used for inoculation.
The tegults obtzined were multiplied by 10 and caleulated for 100 g of sample.

2.4 Dther paramefers

Digsolved puygen and BODs were determined in all water samples. Salinity was measured only
on one sampling day.

2.5 Egrimgtion of precision

The precision of the membrane filtration technique was checked by filtering triplicate samples
from a triplicate dilution series of faecal coliforms and faecal streptococei in marine water
(uning 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 also
determined on plate ¢count agar.

3. Results

The data obtained for each sampling point are presented in Tables 1 to 3, Results show that
when total coliforms were chosen ag the parameters for assessing the bacterioloigeal quality of
water ot gediment, and the limit set at 1000 organisma per 100 ml of water or 100 g of sediment,
one aample 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 MF prccedure. In the case of
faacal coliforms, using the MPN method, this limit was exceeded only in one sample of gsediment .

All ather samples Fell into the gsame classification by either method. ‘The number of faecal
streptococci recovered was much higher by the MF method with KF-medium and the resuscitation step
increased their number coasiderably. The incubation tempersture of 35°C#0.5°C was found to be more
efficiant in recovering faecal streptococel (as illustrated in Table 4}.

Salinity was measured on ane day only (1% July). Levels were 353.2%/0o at Tel-Baruch and
33.49% 90 at the Sheraton and Bugrashov Beachea.

The P_Htimﬂtibn O-f [)re(_‘.isio!‘l is aummarized iﬂ [ﬂble 5-
Hacusaion

The results for total coliforms were higher by the MPN procedure in 75% of the samples, by the
MF method in 15% of the samples and equal for both methads in 10% of the semples. When all data
were subjected to the Student's t-test, the difference was not statistically significant. However,

when the two unusually high readings at Tel-Baruch on 18 July were excluded the difference was
gtatistically significant.
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Fascal coliform readings were higher by the MPW technique in 44% of the samples, by the MF in
31% af the samples and equal by both metheds in 25% of the samplea. Differences ware not
statistically significant.

Several authors have reported the MPN procedure as being more efficient in recovering total
and faecal coliforms from stream water and sewage (5) from wastewater effluent (6) and Erom
seawater (7). Ou the other hand, Dutka & Tobin {8) achieved maximum estimates of coliforms in the
Lowey Great Lakes region of Canada by the MF procedure with M-Endo-agar LES. They compared four
procedures and [ound that each was selective for different genera of Enterobacteriacea.

According ta Rose et al. (9}, a two-layered medium propesed by them, which included twe hours’
pre—incubation at 35°C, recoversd 3.8 to 7 times move faecal caliform colenies from marine water
than the direct M-FC procedure. In the present study, the additional resuscitation step recovered
A larger number of faecal coliforms only in & few samples and 1t3 use woupld not therefore appear to
he Jjustified, particularly in clean beaches, in view of the considerable amount of time and work

involved.

In pelluted water however {Tel-Baruch}, the difference between the number of faecal coliforms
recovered after resuscitation and without it was statistically sigaificant (P 0.1).

Since the data presented here were ¢ollected during a short period of time in a limited aves,
it appears that for final selection of the most suitable methed for monitoring faecal coliferms in
the Mediterranean wore data from a widex area should be compared.

Counts of faecal streptococci were considerably higher at an incubation temperature of
357C40.57C than at 44.5 C+).2°C (Table 4) and iuncreased significantly with a 2 - 2 1/2 hour
resuscitgtion peried on Trypticase Soy Broth.

Tn 90% of the samples, counts were much higher by the divect MF methed at 35°Cx0.5°¢C than by
the MPN procedure (Tables 1 te 37 and analysis of all data showed that the difference was
atatistically significant (P D.,1). After resuscitation the difference was statistically
significant zt a higher level (P 0.01}.

No explanation can be offered for the enovmous discrepancy between the recevery rate of faecat
streptococei by MF on KF-medium and MPN methods. Among the colonies that were confirmed, 10-30%
were not streptococci (there were micrococci and even a Few strains of Pssudomonas) and this rate
did net account for the difference. The ratio between the MF and the MPN densities was from D.6 to
92, with 220 in one sample and 355 in another. Kenner et al. (10), who introduced the KF-medium,
nbtained ratios of 0.61 te 20 with one of 200. Different media and procedures for recovering
fascal stfreptococci 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 authora prefer the
PEE-medium, as it vequires only 24 houvs incubation versus 48 hours on KF-medium. Daust &

Litzky (12) obtained the highest counts from marine water on PSE agar znd from sewage onm KF-agar;
Rrodsky & Schiemann (13} found that KF medium was not as selective as F3E agar — only 63% of all
colonies they confirmed were faecal streptoecoeci compared to 904 from PSE.

In conclusion it can be said that che data presented in this study, as well as that available
in the literature, indicate that for faecal streptococci the MF procedure with KF-medium is
superior to the MPN method, as it gives better results in a shorter time (two days instead of four)
with less work involved. Since the PSE-medium has the advantage of shorter incubation time, and
las been reported by some authors to be more selective in some envirooments, ib may be desirable to
compare the two media for selecting the most suitable one for Mediterranean watersa.

-
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Table 4
Effact of incubation temperature on recovery of faecal streptococci on KF-medium
(number of organisms per 100 ml water or 100 g sediment)
Ingubation temperatutre
Loeation 35°C%0.5°C 44.5°C#0.2"C

MF-D MF=R ME-D MF-R
Tal-Baruch water 3600 3500 2300 2400
sadimeng 21000 27000 22000 20000
Sheraton water 440 1200 500 20000
gedimant 3200 17000 200 4B00
Bugrashov water 150 930 40 170
gediment 2000 12000 200 AB0O
MEANY 1800 5300 470 2300
5D [+ 4 13 h

#  Cepmetyvic mean rounded up to 2 gignificant figures

MF-D; membrane filtration, direct
MF=R: membrane filtration with resuscitation
Table 5
Estimation of Precision of Membrame Filtration
Total coliforms Faecal coliforms Faecal streptecocei
Bacterial Mean S5E Mean SE Mean SE
guapension
A 132 2.3 119 3.2 15 0.33
B 143 7.3 123 1.7 22 3.3
C 131 4.0 L10 13.1 212 9.5
MEBE 8.4 17.8 6.5
F=test NS NS N&
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Annex 3

A COMPARISON OF MICROBIOLOGICAL METHODS FOR MONITORING
INOICATOR ORGANISMS IN SEAWATER AND SAND

by
L. Villa, ©.A. Zappeni, F. Aulicine and G. Donati
istituto Superiore di Sanitd, Rome, Italy

1. Introduction

The purpose of this study was Lo compare Lwo different analytical methods, most probable
aumber (MPN} and membrane filtration (MF) for determination of the faecal ¢oliform demsity in
coaatal seawater samples. In addition, total coliforms and faecal streptococci were determined in
water samples and total and faecal coliforms and faecal streptococci in sand samples.

The following data were also determined: sea and sky conditioms, surface current, wind, last
relevant precipitation, air and water temperature, dissolved oxygen (DO) and pH.

2, Materials and methods

2.1 Testing periods

Sampling was performed betwsen 1% May and 31 August 1982, the following being the sempling
dates: 18.5.82; 1.6,82:; 15%.6.82; 26.6.82; 13.7.82; 27.7.82; 10.8.82; 31.8.82.

Hydrographic and meteorological comditions on each sampling day are listed in Table 1.

2.2 Sampling points

The following sampling stations {on the coast of the Province of Latina, between Torve Asturs
and Torre Paola) were seleated {Figures ! and 2):

No. }: "Canale Caterattino” - 2 small canal receiving sewage discharges only in the summer.
Water samples were collected mear the outfall of the canal into the sea. Sand samples
ware collected on the shereline, near the outfall of this canal.

No. 21 beach, at km 25.5 on the coast rpad - c¢lean area. Samples of seawater and sand were
collected,

No. 3: eliminated.

Wo. 4: "Rio Martino" — canal receiving most of the muniecipal iadustrial wasvewater of Latina
(80 000 inhabitants approx.). The samples were collected from the bridge, =t km 17.7
on the eoast road.

Mo. 5: at km 17.1 on the cosst road (approx. 500 m north-north weat of the outfall of Rio
Martino into the zea) under the possible influence of this pollution source.

No. 6: beach, located 500 m south egst of statien No. 7.

No. 7: "Fosso Mascarello" - canal receiving the municipal and industrial wastewater of the
area (40 000 inhabitants spprox.}.

No. 8: beach, located 500 m north west of station No. 7.

2.3 Sampling methods

Water gamples were collected in sterile 1 litre bottles. In sampling points 2, 3, 6 and 8
{seawater) the samples were collected by hand at about 10 m from the sghoreline. In sampling points
1, 4 and 7 collection was performed by sampling device. In sampling points 1, 2, 5, & and & sand
samples were ¢ollected using a sterile wide-mouthed container,
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All samples were collected between 9 a.m. and 3 p.m. and transported in cooling containers
{4~10°C) protected against uleravieolet irradiatien and examined in the laboratory. The maximum
transportation and storage time was 24 hours).

In all, 56 water and 40 gand samples were collected and analysed.

2.4 Analytical methods

2,4.1 Water samples

Total coliforms (MPN): presumptive test tubes of Lactose Broth were incubated at 36°C+1°C
(total incubstion time = 48 houra). Positive tubes were confirmed in Brilliant Green Lactose
8ile Broth tubes and incubated at 26°C+l°C for 48 hours.

Faecal coliforms (MPH): positive test tubes of Lactose Broth were confirmed in EC Broth tubes
and incubated at 44.7 C#0,2°C for 24 hours,

Faecal colifporms (MF): each sample (pr its dilution) was filtered by MF. The membrane was
then incubated on M=FC-agar at 44.5°Cx0.2°C for 24 hours.

Faecal streptococei {MF): each sample (or its dilution) was filtered by MF. The membrane was
then incubated on KF-agar at 44°C20.2°C for 4323 hours.

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

2.4,2 Band samples

Total coliforms, faecal coliforms anmd faecal streptococci were determined also in sand samples
collected from the shoreline. Sand was examined by adding approximately 50 g of sand to a beaker
containing 30 ml of physiclogical saline, followed by analysiz for tetal coliforms, faecal
¢oliforms and faecal streptococci, &8s follows:

Total coliforms (MPN): presumptive test tubes of Lactose Broth were ingubated at 36°CH1"C.
Posirive tubes were confiymed in Brilliant Green Lactose Bile Broth tubes and incubatad at

36°C+1°C for 48 hours.

Faecal coliforms (MPN}: positive test tubes of Lactose Broth (see total coliforms) were
confirmed in EC broth tubes and incubated ar 44,5 Cx0.2°C for 24 hours.

Eaeca] ﬂtreptccocci (MF): the sample was filtered by MF and the membrane incubated on KF-agar
at &4 C+0.2°C for 48%3 hours.

3. Reaults
Reaults obtained are summarized in Tables 2 to 8.

Sampling station No. 1 (Canale Caterattino) showed a high density of bacrerial indicators
(total and faecal eoliforme and faecal streptococci) only in water samples collected in August.
The other water samples showed aceeptable levels of bacterial indicators. This conforms with the
seasonal presence of small discharges (see 2.2). The sand samples showed a constant level af
bacterial indicators, which were subjeet to ne fluctuation during the period of study. The DO
concentration was at acceptable levels with the exception of the sample collected in August, thisg
coreelating with the density of bacterial indicators in the water samples.

Sampling station No. I (beach, km 25.6) showed very low levels of bacterial indiecaters in bath
water and sand samples. The only exception was the relatively high density of faecal streptococcl
in the water sample collected on 15.6.82. The DO concentration and pH values were at excellent
levels in all the samples examined.

Sampling station No, 4 (Rie Martine) showed very high levels of bacterial indicators in all
the samples and correspondingly low values of DO. The pH values were acceptable.

Sampling station Ne. 5 (beach, km 17.1) showed relatively nigh levels of bacterial indicators
only in the sample collected on 15.6.82. The levels however did not exceed the limits prescribed
by the Italian regulations for bathing (100 FC/100 ml). The valucs of DO and pH were satisfactory

in all the samples.




ICP/RCE 211427
19951
page 42

The levels of bacterial density in sand samples were acceptable, though tevels found in
sampling station No. 2 indicated the influence of the pollution sSource at station No, 4.

Sampling station Wo. & showed high levels of bacterizl indicators in all the water and sand
samples {with the exception of the water sample collected on 13.7.82), exceeding the limits of the
Italian tegulations. The high levels found were due to the iafluence of the pollution source at
statien No. 7. The levels of hacterial density in the sand were very high in all the samples. The
values of DO and pH were satisfactory in all the samples.,

Fampling station Ne. 7 (Fosso Mascarello) showed very high levels of bacterial imdicaters in
all the samples, which did not corvelate to the DO values., The pH values were accaeptable.

Sampling station No. 8 showed very high levels of bacterial indicators in the water samples
collected on 1.6.82, 13.7.82 and 10.8.82; medium levels in the water samples collected on
18,.5.82; and low levels in samples collected on 15.6.832, 26.6.82, 27.7.82 and 31.8.8%2. levels of
DO and pH were satisfactory. All the sand samples showed a relatively high density of bacterial
indicators.

4. Discussion

The izvels of the various parameters are shown in Pigure 3, as measured in the first sampling
site in sight successive weeks. The total coliform (TC), faecal coliform (FC) and faecal
streptococci (FS) levels in water samples {the first three graphs ia Figure 3) appear to show
gomparable time tryends. The TC, FC and F5 levels for sand appear more atable tham the
corresponding levels in seawater (variances of log-transformed TC and FC values in the sand were
significantly less than the covresponding ones in the seawater samples). Analogous results have
been recerded in other consistently contaminated sites. It is considered that further data would
he necessary to confirm this.

Figure 4 shows contamination levels as measured in five sampling sites three =uccessive
weekg. The various indicators generally assume maximum and minimum values in the same sites, thus
showing that they basically record the game contamination phenemenon. Significant correlations
were found ameng the various parameters.

Figure 5 shows a highly significant correlation between the FC (MPN) and FC (MF) values. The
two parameters appear to be basically equivalent {on the average, MF values were somewhat lower
than MPN values, in particular when contamination levels were low). Log~transformed values have
heen cousiderved, because such transformation enabled a Gaussian—-like statistical distribution to be
obtained, thus simplifying the statistical treatment of data (Geldreich, 1973),

Figure B shows a highly significant correlation between log-transformed FC (MPH) data and
log-teansformed TC (MPN) data, and Figure 7 the correlation befwaen log-transformed FC (MF) and TG
{MPN)} data. Figure & shows the correlation between log-transformed F$ (MF) and FC (MF} log data.
Figure 9 shows the coyrelation between the TC and FC (MFN) log=values in the seawater and im the
corresponding sand samples respectively.

All the data obtained indicate that the TC, FC and F5 levels in the gseawater and in the saud
gsamples arve generally corrvelated, thus indicating that these parameters basically obtain a weasuze
of the zam= poliution levei, The high varisbility of levels wmeasured in successive samplings 1s
also evident. In any case, the data shown allow an ezsy classificatien of site contamination
level, if several measurements are considered, and the mean value is assumed ag the best indicator
{as a rule, the geometric mean or the log-mean or the median value). Single values are scaveely
significant for this purpose. The measurement repeatability, as tested by the meansg of replicated
analyses oo the same samples, appeared to be characterized by a log-data standard deviation
{napierian logarithms)} of about 0.7 = 0.8, corresponding to about a facter of 2 for original data
in the case of TC and FC, and slightly better for FS. This variability may aceount only for a
miner part of overall variability of measured values.
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Table 1
Sea and meteorolsgical conditions on the sampling day
- Surface Last
Sampling Sea ) .
date conditions current Wind sky relevant
m/min precipitation
18.5.82 calm 10 fyom E weak from SW claar + 4 daye
1.6.82 calm abgent weak from E clear + 4 days
15.6.82 raugh absent strong from E clear 2 days
26.6.87 slightly rough abaent weak from E clear + 4 days
13.7.82 calm 3 from E abzent clear + 4 days
27.7.82 slightly rough absent weak from E ¢clear + 4 days
10.8.82 calm 1 from E weak from E overcast 2 days
31.8.82 calm 20 from W weak from W clear + 4 days
Table 2
Monitoring results: sampling station No. 1
Optional Other
Surface water/100 ml Sand/100 g parameters  parameters
n H T
ate our Total Fascal Faecal Faecal Tatal Fascal Faecal RO water ailr
coli. coll. coli, strep. coli. coli. strep. mi/1 pH temp. temp.
MEN MPN MF MF MPN MFN MF B c C
18.5.82 11,40 1600 350 300 70 230 90 70 10.5 8.3 23 n
1.6.82 11.30 1600 33 49 93 1100 93 10 7.0 7.9 16 29
13.6.82 9.30 70 49 51 39 210 70 20 10.7 8.3 21 22
26.6.82 9.30 23 23 11 58 210 70 0 7.2 2.3 26 72
13.7.82 9.30 14 14 19 16 230 230 40 6.8 8.2 27 28
27.7.82 3.00 4é 45 58 10 430 90 40 6.9 8.2 27 29
10.&8.82 12.30 22400 1600 >300 >300 90 40 10 4.3 7.8 26 30
11.8.82 14.120 »2400 22400 »300 >300 150 90 10 1.0 7.2 23 249
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Table 3
Monitoring results: sampling station No. 2
Optional Other
Surface water/100 ml Sand/100 g parameters parameters
bate Raur Total Faacal Faecal Faecal Total Faecal Faecal Do water air
eoli. coli. coli. strep. c¢oli. cali. strep. nz/1 pH tgmp. temp.
MPN MPN MF MF MPN MPN MF c c
18.5.82 12.00 5 <2 4] Q 0 0 10 11.5 8.1 23 20
1.6.872 11.40 2 <2 0] 36 0 0 0 i1.0 B.3 23 29
15.6.52 2.50 11 11 15 >300 40 30 30 13.7 3.4 17 23
26.H,82 9.553 8 3 5 78 0 0 0 11.4 f.2 22 22
13.7.82 9.45 Ly <2 Q 7 15¢ an 30 9.8 3.7 27 28
27.7.82 9.15 1 2 4] 7 90 40 30 11.3 8.1 22 29
10.8.82 12.50 2 2 ¢] 5 0 0 0 106.0 8.3 7 9
A1.8,82 1440 <2 <2 0 4 0 0 4] 9.7 8.3 27 29
Table 4
Monitoring results: sampling statioa No. 4
Optional Other
Surface water/100 ml Sand/100 g parameters parameters
Date Hour Total Faecal Faecal Faecal Total Faecal Faegal DO water air
coli. colt, goli. strep. coli. coli. strep. agll pH  temp. Camp.
MEN MPN MF MF MPN MPN MF g C c
18.5.82 12.30 23000 13000 8000 13000 ==== ==== ==== 1.0 7.2 21 20
1.A.82 12.15 70000 70000 51000 10400 aawu ==== ==== 1.2 7.0 26 24
15.6,82 10,19 1600000 1600000 >300000 6000 ==== ==== ==== 1.0 7.3 22 22
26,682 10.20 240000 23000 110000 1000 ==== ==== ==== 0.8 7.6 23 25
13.7.82 10.15 1600000 1600000 >300000 13000 ==== ==== ==== 0.6 7.2 26 29
27.7.82 9.45 1600000 43000 28000 13000 ==== ==== ==== 0.8 7.4 26 28
10.8.82 11.50 >2400000 430000 »300000 45000 ==== ==== ==== 0.9 7.2 27 28

31.8.82  13.53 XZ4A00000 >2400000 2300000 21000  ==== ====  ==== 0.6 7.5 15 28
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Tabhle 5
Monitering results: =zampling statiopn Ne. 3
Surface water/100 ml Sand/100 gz Optional Other
parameters parameters
Date
ate Hour Total Faecal Faecal Faecal Total Faecal Faecal Do wataer air
coli. coli. zoli. atrep. coli. coli. atrep. ma/1 pH temp. temp.
MPN MEN MF MF MPN MPN MF 8 "o ¢
18,5,82 12.35 240 79 46 3 90 3 80 8.0 8.0 23 22
L.6.82 12.25 43 23 27 40 »11000 4600 40 9.7 8,2 26 26
15.6,82 10.35 150 110 86 »>300 150 70 0 11.3 8.1 1R 22
26.6.82 10,35 {2 2 0 20 90 432 40 9.1 8.3 22 25
£3.7.82 10.30 <2 2 0 38 a0 4Q 10 7.4 5.2 27 27
27.7.82 10.00 34 34 ae 24 230 230 40 9.5 B.2 22 26
10.8.82 11.30 33 26 ) 13 a0 40 10 8.3 8.2 26 27
31.8,82 13.40 F] <2 5 15 10 10 i0 11.9 8.4 27 28
Table 6
Monitoring results: sampling astation No. 6
Optional Othar
Surface water/100 ml Sand/100 g parameters parameters
H -
Date pur Total Faecal Faecal Faecal Total Fascal Faecal DO water air
coll. eoli. eoli, =atrep. coli. coli. strep. " pH  temp. temp.
MPN MEN MF MF MPN MPN MF B 'C "o
18.5.82 13,00 350 70 3 & L1000 »11000 900 2.0 8.1 24 27
1.6.82 12.40 22400 »2400 »>300 5 640 390 500 10.8 2,2 26 24
15.6.82 10.45 »2400 1600 2300 100 1500 280 80 11.1 a.3 25 7%
26.6.82 11.00 1600 1600 210 50 »24000 250 30 8.2 g.1 27 25
13.7.82 11.00 44 46 12 45 »24000 280 250 3.1 8.2 29 27
27.7.82 10.10 350 350 2300 »300 »>24000 4o00 520 8.3 8.3 28 28
10.8.82 11.00 350 350 180 »1300 4600 200 80 7.9 8.2 28 27
31.83.82 13.13 »2400 >2400 »300 a2 1500 390 28 10.6 8.3 28 27
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Table 7
Monitering vesultsi sampliag station No. 7
Optienal Other
Surface water/100 ml Sand/100 g parameters  parameters
pate four Total Faecal Faecal Faecal Total Faecal Faecal no water aLr
coli. cpli, epli. strep., coli. coli. strep. me/1 pl  temp. temp.
MEN MPN MF MF MPN MEN MF e v
1H.5.82 13,05 >2400000 1600000 »300000 13000 ok ==== ==== 10.5 7.8 20 22
1.6.82 12.50 160000 160000 205000 1000 ==m= EE L of = 10.1 7.8 21 25
15.6.82 11.0Q 33000 33000 22000 2000 ==== ==== ==== 11.3 7.9 19 22
25.6.82 11,20 3130000 240000 210000 1000 LLLL LELES === 10.4 7.8 21 25
13.7.82 11.30 33000 33000 15000 900 m===  ==== ==== 9.3 7.9 2 28
27.7.82  10.30 2400000 2400000 >300000 1000 === =s===  cwam 5.0 7.6 22 29
10.8.82 10.40 >2400000 350000 >30Q000 »300000  ==== ====  ==== 0.3 1.7 1% 26
31.5.82 13.00 23000 5000 15000 8§30 ==== ==s5= craA 11.2 8.0 21 27
Table B
Monitoring results: gampling station No. 3
Surface water/100 ml Sand/100 g Optional Othez
parametars  paramaters
H:
Pate our Total Faecal Faecal Faecal Tetal Faecal Faecal Do water air
coli. coli. coli. strep. coli. coli. strep. /1 pH  temp. Cemp.
MEN MPN MF MF MEN MPN MF mg *c °C
18.5.82 13.20 1600 350 215 14 >11000 >11000 900 9.4 8.1 27 22
1.6.82  13.00 1600 1600 »300 7300 11000 a5 500 8.8 3.2 ki 15
15.6.82 1l.15 2 8 0 #300 280 30 30 12.1 8.1 19 23
26.6.82 11.30 17 17 0 3z 430 230 80 10.7 8.4 22 23
13.7.82 12.00 350 350 >300 »300 150 90 250 8.5 3.3 29 28
27.7.82 11,00 13 L3 0 3 430 430 530 11.4 8.3 23 28
10.8.82 10.20 240 240 180 *300 330 110 80 10.5 8.3 24 23

jl.8.82 12,40 <2 w2 0 0 60 30 9 1.7 8.4 22 27
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Figures % and 2

Belected sampling stations, Frovimce of Latina




Figure 3
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Levels of selected parameters measured at Sampling Site 1 in 8 successive weeks
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Figure 4

Levels of contamination as measured in 5 sampling sites } succesgive weels
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Figure 3

Statistical analysis of FC (MPN) and FC {MF) values
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Figure 6

Statistical znalysis of log—transformed FC (MPH) dats snd log-transformed TC (MPN) data
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Figure 7

Statistical amalysis of log—tranaformed FC (MF)} data and log-transformed TG (MPN)} data
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Figure 8

Statistical analysis of log-transformed F§ (MF) and log-transformed FC (MF) data
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Figure 9

Statistical analysis of log-transformed FC (MPN)} values in seawater and sand samples
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Annex 6

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

by
T. Feliu Mendez, 3. Grané Terradas and A. Hern#ndez Higuera
Regional Government of Catalenia, Tarragena, Spain

1. Introduction

Since 1976, the Territorial Health Promotion Service of the city of Tarragona, Regional
Government of Catalonia, has been developing a system of mierobiclogical control of the waters of
the province's beaches. TIn 1978-1979, it participated in the pilot project on Coastal Watar
Quality Control (MED VII), jointly coordinated by the World Health Organization (WHO} and the
United Nations Envirenment Programme (UNEFP), 3s part of the Mediterranean Poliution Monitaring and
Research Programme (MER POL Phase I).

During the course of both these projects, repeated reference was made te the need for unifying
sampling procedures, analytiecal techniques and criteria for interpreting findiangs. For this reason
and an the basis of work performed to date, the Institution expressed ite willingness to
participate in the study on methods of sampling and analysis of bacteriological partameters ip
coastal water quality, carried out undey the joint sponsorship of WHO and UNEP and coordinated by
the Tstituto Superiore di Sanitd, Rome.

2. Scope and purpoae

The purpose of this gtudy was to compare the membrane filtrationm and most probable number
methods, which are the two most commonly used in analyzis of the micrebiological quality of coastal
whaters with regayxd to those microorganisms indicating faecal c¢ontsmination, i.e. total coliformsa
(1C), faecal colifoxms (FC) and faecal streptococci (F8).

Three sampling stations were selected. These represented three different levels of faecal
contamination, ranging from a coastal area with little ov no contamination to an urbanm wastewater
vutfall, TIn each case, repeated samples were taken and analysed microbiologically, using the two
methods mentioned above.

a. Sampling

The gampling peoints selecred were:

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

(1) the Playa del Milagro, Tarragona, which is affected by submarine cutfall & (diagram 1);
{¢) the Playa de la Mora, Tarragona, which is exceptionally glean and hygienic,

Sampling was performed between 10 August and 6 September 1982, most of the s5amples being taken
between 8 a.m. and 10 a.m., using amber glass bottles with ground-glass stoppers, sterilized in a
Pasteur oven. AL paints B and C, sampling was performed by direct access up to 10=-15 m from the
coastline, at a depth of 1.00-1.50 m, the bottle being dipped 15-20 ¢m below the surface of the
watey, Sampling at point A was performed direcrly at the pumping station for the submarine
wastewater outfall.

Az soen as samples were collected, they were placed in a thermally insulated contaiper and
protected from the light until they reached the labhoratory. The time beétween the collection of the
first sample and its arrival at the laboratory was in =211 instances less than two hoursz, and the
samples were analysed immediately.




TCP/RCE 211(2)
23921
page 61

Diggram 1. Situation of sampling points A and B {(Playa del Milagre, Tarragona)

SUBMARINE
OUTFLOW

'PUERTO

N MEDITERRANEAN SEA
' 5
A} 1 Em.
Seale (kml)‘

4.  Analytical techniques

The analytical tecbniques -sed were those described by APHA (1975), WHO/UNEP (1977) and UNEP
(1981).

In addition to the comparison made between the membrane filtration and most probsble number
metbods, analysis of TC and FC using the membranz filevation method was carried out in duplicate,

using absorbent pads and agar vespectively, thus giving a third set of results far these
microorganisms,

The use of Escherichia coli (EC) as an indicator microorganism was regarded for the purposes
of evaluating the water gquality of 3 coastal arvea 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, membranss usaed
were Milliporve Standavd HAWG, 47 mm in diameter and 0.45 vm in pore size. Filtration funmels and
supports were made of plastic and sterilized with ultravisler rays. Culture media were preparved
dztly, and the volume of water filtered was decided in the light of the concentration of
migroorganiamg anticipated, 20 as to make the resulting number of colonies 20-20 per plate,

The average number of filtrations per sample of watexr analysed was eight: three for TG,
three for FC, and twe for FS, 1In the case of highly polluted water samples, a series of prior
dilutiens was carried out, using distilled water, sterile and stoppered.

Culture media and incubation conditions wsed for each of Lbhe indicator microorganiams were as
follows.

(1) rotal ecoliforms: M~Endo broth MF on abgorbent pads or M-Endo MF on agar, depending on
whether pads or agar were used, on a hermetic perri dish, 47 mm in diameter, incubated for
24 hours at 36 + 1°C.

(2) Faecal coliferms: M-FC broth on absorbent pads or M-FC agsar, depending on whether pads
or agar were used, on a hermetic petri dish, 47 mm in dizmeter, incubated for 24 hours at

&4 & 0.2%C.

{3) Faecal streptococci: Agar-M-Enterococei, on a hermetic petri dish, 47 mm in diameter,
incubated for 48 bours at 36 &£ 1 Q.

4.7 Most probable number method

For analysis of the three indicator microorganisms, 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 stervile phosphate plug was uged as a dilutant,

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

(1) Total coliforms: MacConkey broth incubated at 36 + 1°C for 4B hours. Tubes were
congidered pogitive when they turned the medium over and produced gas in a Durbam tube, Thus,
the presumptive number of coliform bacteria waa obtained. The positive tubes were rvedispensed
in brilliant green broth at 36 t 1°C for 48 hours, giving the confirmatory number of coliform
bacteria,

{2) Faecal coliforms: MacConkey broth ingcubated at 36 + 1°C for 48 hours. The reading was
taken as in determining TC, The positive tubes weve vedispensed in brilliant greeu broth at
44 x 0.2°C for 24 hours, thus giving the number of FC.

(3) Faecal styveptococcii for the presumptive test, azide dextrose broth waa used, incubated
at 36 & L°C for 48 hours, The reading was teken by turbidity. The redispensing of th
positive tubes was done with ethyl violet azide broth (EVA broth} incubated at 36 + 1 C for
48 hours. Tubes were considered positive if there was turbidity of the medium and & purple

bead appearcd at the base,

5. Results and statistical apalysis

The results vbtained from microbiological analyses of TC, FC and F5 found at the three
sampling points, carried out in accordance with the two methods, can be seen in Tables 1, 2 and 3.
The number of mamples taken at the submarine outfall was greater becaunse of the variability of the
microbiological characteristics of the wastewater. 1In the case of TC and FC, the results of the
analyses made using the membrane filter method, with absorbent pads ingtead of agar, were also

added.,

For a statistiecal comparison of the series of microbiologlcal results obtained from cach water
sample using the two methods, & parametvrie statistical method of "cemparison of pairs" known as the
“totest" was applied. In order to apply this "t-test", the twe series of microbiclogical results
to be compared have to be regarded as adjusting to a normal distribution, which is actually the
case if the logarithm of the microbiological cencentrations obtained iz considered.
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Results of microbiclogical analyses carried out at Playa del Milagre,

submarine outfall, point A

Total coliforms Faecal coliforms Faecal streptocecet
Date  Temperaturc per 100 ml per 100 ml par 100 ml
MF (pads) MF {agar} MPN MF (pads) MF {agar) MPHN MF (agar)  MPN
10.8.82  24.8°  3.0.10%8 4.0.108 5,0,107 5,5.107  8.0.107  2.0.107 %107 3.3,108
11.8.87  25.0°  9.6.107  2.4.107  2.0.102 6.0.10% 1.0.i0? blog 1.1.102 2.0.102
17.8.82  25.0°  1.2.10%  6.0.107  2.4,107 3 107 » 107  2,0.107  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  5.6.30°  1.6,100
23.8.82  25.5°  4.0.107  6,3.107 9.2.107 3407  2,2.107  2.0.102  2.6.10%  s5.4.108
74.8.82 24.5° 2.3.107  2.4.307  3.4.100 » 107 = 10°  2,0.10%  1.8.10%  9.4,10°
30.8.82 74.8° 5.2.107  7.2.107  1.6.10%8  3.4.107  1.2.107  1.7.10%  6.4.107  5.4.109
31.8.82 24,0° 1.6.107  3.5.107  7.9.100  8.4.10% 1.0.10% 7.9.208 3.7.108  1.3,10%
6.9.82  25.5° 3.4.107  3.6.107  3.5.107  1.7.107  1.1.107  1.4.10%  9.6.107  2.4.10%
6.9.82  25.47 2.6.107  2.0.107  2.4,107  4.5.10 8.0.10% 9,0.10% 1.7.10% 2.3,107
Table 2. Results of microbiological analyses carried out at Playa del Milagrvo,
submayine outfall, paint B
Total coliforms Faecal coliforms Faeeal streptococcl
Date Temperature per 100 ml per 100 ml per 100 mi
MF {(pads) ™F (agar) MPN MF (pad=s) MF (agar) MPN MF (agar) MPN
L0.R B2 24.3" 190 130 70 40 Y 2 3 2
L1.8.A2 24,07 100 15 2 5 5 2 31 6
12.8.82 24.6° 700 260 49 12 4 5 7 2
16,8, 82 26.0°7 60 44 26 29 24 21 3 2
24 .8.82 2447 550 L 5 20 7 2z A 4
30.6.82 26.7° 1100 470 170 110 49 70 8 2
31.8.82 25.07 50 ag g 0 7 4 (1 2
Tabie 3. Results of microbiological analyses carried out at Playa del Milagro,
submarine outfall, peint G
Total coliforms Faecal coliforms Faacal streptococcl
Dace Temperature per 100 al per 100 ml per 100 ml
MF {pads) M¥ (agar) MPN MF (pads} MF (apar} MPN MF {agar} MPY
10.8.82 24.3" 70 70 2 vl yi 2 10
11.8,582 24.5° 64 b4 “ 2 0 0 %2 0 <7
12.8.82 24.42 T 54 11 4 3 4 3 5
16.8.82 26.0 53 26 7 0 2 <7 9 f
23.8.82 24.5° 61 23 2 3 16 <2 2 <2
24.8.87 24.4"° 280 119 2 2 70 “2 4 5
30.8,82 24.%° 13 10 <2 0 6 <2 0 .
318,82 25.0° L4 4 & 2 a 2 0 27
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1f the logavrithms of the mierobiological concentrations obrained using the membrane [ilter
method are represented as;

Lo 2
with & mean of Hy and a standard deviation of &x,

and 1f the logarithms of the microbiological concentrations obtained using the most probable number
method are represented as;

with a mean of uy, and 2 standavd deviation of Sy,

then the "t-test" consists in obtaining the difference for each paiy of vesults relating to the
gsame water sample and to the same microorganism (X, ¥;), i.e.:

d]_:Kl‘“Yl
dp = X9 = Yg

dj = Xj — ¥§

n Xn

This series of differences d; will also follow a normal distribution whose mean is Wy, and
whose standard deviation is §4.

Before the two series of results X;, Y{ can be regarded as not presenting significant
Jifferences at levael of confidence a, the following bypothesisg mugt hold good:

Hy tug =My —wy =0
where
n
Hd v t
<

- .n-1
6 4 Z

and wy is the mean of the differences
&5d is the standavd deviation
o 1s rhe level of confidence
n ig the numbar of differences involved
t is the probability as shown in Table 4.

1f H; does not haeld good, theve are tweo alternative hypotheses:

{a) Hyp ¢ Mg = Wy - uy > 0
whore
v
n ” tl & ,n-1
-0 . ne
¥
6 d

L.c. the resulting figures for series X; (membrane filter wethod) are higher than those for
sevies ¥; (most probable number method);

{b) Hy @ ug = Wy - wy <0
whare
n
ud v < t
& 1-a,n=1
d

i.a. the figures for aerics Yi {most probable number method) are bhigher than those for sarien
X; {membrane filter method).
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The probability of a difference numerically greater than £ is twice that shown 2t the head of the

tabla,
Simplified rables of t distributions
Degroe Probability of a difference greater than €
of
freedom
n 003 Ki)} 025 05 .1 .15 .2 .25 .3 35 o W45
1 63.657 31.871 12,706 4.314 3.078 1.963 1.376 1.000 727 510 325 .158
2 F.925 0,965 4,303 2,920 1.858 1,386 1,061 LBLl6 617 LA45 L2589 142
3 5.841 4.541 3.182 2.353 1.638 1.250 L4978 LTB5 B4 A28 277 L137
4 4.604 1.747 2.776 2.132 1.533 1.190 941 4] .369 LAlh L271 L134
3 4,032 3.3R5 2,571 2,015 1.476 1.156 .920 127 359 A0S 267 .132
5} 3.707 3.143 2447 1.943 1.440 L1134 .906 718 .353 404 265 .131
7 3.499 2,998 2,365 1,895  1.415 1,119 896 £711 1349 402 .263 .130
8 3.355 2.896 2,306 1.860 1,397 1.108 LB89 J06 0 L5346 L399 L2672 L130
g 3,250 2,821 2,262 1,833 1.383 1,100 .883 .703 L5473 .398 .261 .129
10 3.169 2.764 2.228 1.812 1.372 1.093 .879 700 L5942 .387 .260 .129
13 3,106 2.718 2,201 L.796 1.363 1,088 876 .697 540 .396 .260 L1249
12 3,055 2.681 2,179 1.782  1.35%0  L.083 B73 L6953 L5339 L3395 .259 L128
13 3.012 2.650 2.160 1.771 1.330 1.079 .B70 694 .538 .394 .254% .128
14 2.977 2.624 2.145 1.761 1.345 1.076 .B68 .692 .537 .393 258 L1258
15 2.947 2.6012 2.131 1,753 1.341 1.074 .866 N1 H +336 +393 .258 128
16 2.921 2.583 2,120 L.746 1.337 E.071 B65 690 335 392 258 L1728
17 2,898 2.987 2,110 1,740 1,333 1.069 LB63 .689 L9234 .392 L2457 .128
15 2.878 2,952 2,11 L.734 1.330 1.067 862 688 2534 .392 257 127
19 2,861 2,539 2,093 1,729 1.328  1.066 .86l L6858 L5313 .391 .257 .127
20 2.845 2.528 2.086 1.725 1.325 1.064 .860 687 533 -391 257 127
21 2.831 2.518 2.080 1.721 1.323 1.063 859 .636 .532 L391 257 127
23 2,819 2,508 .074 1,717 1.321 1.061 L858 686,532 L3900 L2586 127
23 2.807 2.500 2.069  1.714 1.31%  1.060 L858 685 £532 -390 -256 127
24 2.797 2.492 2.064 1.711 1.318 1.059 857 685 2531 -390 L1536 127
25 2.787 2.485 2.060  1.708  1.3l6 1.058 856 684 +531 .390 «256 .127
26 2.779 2.479 2.056 1.706 1.315 1.058 858 L6584 +531 + 390 .256 L127
27 2.771 2.473 2.052 1.703 1.314 1.057 853 .634 =531 389 .256 527
28 2,763 2,467 2,048 1,701 1.313  1.036 855 683 .530  .389 .2548 .127
29 2,756 2,462 2,04% 1,699 1,311 1.055 854 683 .330 389 A56 .127
10 2.750 T.4537 7.042 1.697 1.310¢ 1.055 834 .683 530 389 256 127
o0 2.576 1,326 1.960  1.645 1.282 1.036 842 674 524 J3BS 253 126
Source: Hoel, P.G. A first gourse in the theory of modern statistical methods. New York, Wiley,
1363 (28).
Table 4 taken from Statistical methods for research workers, with the kKind permission of the

suthor, Professor R.A. Fisher, and tha publishers, 0liver and Boyd.
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On applying the method to the results obtained from the microbiolopical analyses with a

confidence interval o = 954, the following results are obtained.

Sampling point A ~ submarine ocutfall

(1)

i1.6.

95%.

(2}

i.a,

93%.

(3)

ioe.

5% .

(4)

1.¢,

95%,

i.e,

5%,

(&)

i.e.

95%.

Total coliforms; MF (agar)/MPN

n =10
By = 0.415 0:415. V10w 775 < 2,262
By = 0.737 0.737

= 2.262

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

Total coliforma: MF (pada)/MPH

no=10
pg = 0.423 0.423. V10w 1.446 < 2.262
kg = 0.925 T0.975

L= 2,267

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

Total coliformss MF (pads)/MF (apar)

n =10 |
ug = 0.0087 9.0087. Vi0la 0,102 < 2.262
54 = 0.271 0.271

t = 1.364

tha two servies of results do not present significant differences with a confidence interval of

Faecal coliforms; MF (agar)/MPW

n =7
ug = (.538 0,586, V? = 1.624 < 2.447
5d = 0.955 0.955

t = 2.447

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

Faccal coliforms: MF (pads)}/MPN

n =7

wg = 0.777 0.777. V7 |< 5,399 < 2.447
&d = 0.857 0.85%7
£ @ 2,447

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

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

nom g
Wy = 0.390 0:390. V8a ) 641 < 2.365
ad = 0.672 0.672

t = 2.365

the two series of results do not present significant differences with a confidence interval of
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{7) [Faecal streptococci: MF (agar)/MPN

n =4
Py = 0.298 0.298. Vola 0.784 € 2.306
gg = 1-160 1.140

t = 2.306

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

Sampling point B = Playa del Milagre

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

n =7
M = g.%ig 0-g3gigv7 = 5.273 > 2.447
de .. .

£ = 1.447

Hypothesis H, do¢s not hold good, and we apply the terms of hypothesis Hy:

£ = 1.943 0.636. V7 = 5 473 > 1.943
0,310

i.e. tha figures For the seyies representing the membrane filter method are higher than thoss for
the seTies using the mest probable number method.

(2} Toral coliforms: MF (pads)/MPN

n“lf

g ® 1.035 1.035. V7le 4,318 » 2.447
by = 0.634 0.634
t = 2.447

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

£t = 1.943 1.035, V7 - 4,318 > 1.943
0.634

i.e, the figures for the series representing the membrane filter wmethed are higher than those for
the series using the most probable number wethod.

(3) Total coliforms: MF (pads)/MF (agar)

n =7 i
g = 0.199 0.399. V7= 2,432 « 2.447
b4 0,434 0.6434

L= 2.447

i.e. tha two series of results do not present significant differences with 2 econfidence interval of
95%.

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

n w7
wy = 0.198 0.198. V71_ 1 047 < 2.447
54 = 0.269 0.269

6 = 2.447

b.e. the two series of results do uot present significant differences with a confidence interval of
95%.




ICD/RCE 211(2)

23921
page 68
(%) Faecal coliforms: MP {pads)/MPN
=7
wg = 0.402 0.402. V7|- 1.723 = 2.447
&g * 0.617 0.617
t = 2.447
i.e. the two series of results do not present significant differences with a confidence interval of
95%.
{(6) TFaecal coliforms: MF (pads)/MF (agar)
n =17 v
ud = 0.203 0.203- 7 = 0_979 e 2.447
5q = 0.548 D.548
b= 2447
i.e. the two series of results do not present significant differences with 3 confidence integrval of
usg.
(7) Faocal streptococei: MF (agar)/MPH
n=17 y
g = 0,305 0.305. 7w 7,217 « 2,447
ad * 0,364 0.364
£ = 2.447
i.e. the two series of results do not present significant differences with a2 confidence interval of
95%.
Bampling point & = Playa de la Mora
{}) 'Total coliforms: MF {apax)/MPN
n=§ v
By = 0.938 0.938. " Blw 4,237 »2.365
Gg ™ 0.626 0.626
E o= 2.363
llypothesia H, does not hold goed, and we apply the terms of hypothesis Hy:
t = 1.895 0.938. V& - 4 237 »1.805
0.626
i.c. the figures for the series representing the membrane filter methed ate higher than those for
the series using the mest probable number method.
(?) Total coliforms: MF (pads)/MPN
no= 8
wg = 1.271 1.271. V&]|= 7.551 = 2.365
b4 = 0.476 0.476
t = 2,365
Hypothesis H, does not hold good, and we apply the terms of hypothesis Hy:
t = 1.895 1,270, V8 = 7 551 » 1.895
0.476
i.e. the fipures for the series representing the membrane filter method are higher than those for
the series uging the mest prebable number wethed.
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Total colifeorms: MF (pads)/MF (agar)

=48

By = 0.333 0.333..v8 = 2,961 > 2.365
bq = 0.318 0.318

£ = 2.363

Hypothesis Hg doea not held good, and we apply the terms of hypothesis Hy:

L.,

0.333. VB[_ 7 961 > 1.895
0,318

t = 1,885

the figures [or the series representing the membrane filter methed using pads ave higher than

those for the same method using agar.

{(4)

1.e,
95%.

{6

i.e.

95%.

(7)

L.e.

95%.

Faccal coliforms; MF (agae)/MPN

1 8

wg = 0.273 0.275. Vs |- 1.184 = 2.365
84 = 0.637 0.557
t o= 2.365

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

Fascal coliforms: MP (pads}/MPR

n==8 Vol

by = 0.063 0.063. V8= p,734 < 2.365
&g = 0.239 0,239

t o= 2,365

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

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

n= 4§

g = ~0.338 -0.338. VB 1,590 < 2,365
& = 0.601 0,601

£ = 2.363

the two series of results do net present significant differences with a confidence interval of

Faecal streptococci: MF {agar)/MPN

n=2a '
pg = 0.111 0.111. V8l_ 1 557 « 2.365
Bg = ©.202 0.202

b= 2.365

the two series of results do aot present significant differences with a confidence iaterval of

The entire statistical analysis of the results is summarized in Tables 5 and &,
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Table 5, Summavy cowparison of the results of microbiological analysis obtained

using the MF and MPN methods

Sampling Faeccal Total Faecal Faecal
point contamination coliforms coliforms streptococed

High 108 - 107 107 - 108 108 - 107
MF MPN MF = MPN MF = MPN

103 - 102 102 - 10 10 - 0
MF MPN MF = MF

Minimal 102 - 10 10 - 10
MF > MPN P MF

N.B. The concentrvations of microorganisms are expressed in ml of the sample,

Thug, the series of resultas of the microbiclegical analyses obtained by the MF and MPN methods
do not present aignificant differences with a confidence interval of 93%, except in the case of
fower concentrations of TC, where the figures obtained by the MF method are slightly higher than
those using the MPN method.

Table 6. Summary compavisen of results obtained From analyses of total coliforms
and faecal coliforms by the MF methed, using absorbent pads or agar

Sampling Faecal Fagcal Faecal
point contamination coliforms streprtococcei

High 108 - 107 107
Pads = agar Fads

10¢ - 10% 107
Pads » agar Pads

Minimal 102 - 10 10
Pads * agar Fads = agar

N.B. The concentrations of mievoorganisms are expresszed in 100 ml of the sample,

Thug, the series of results of analyses of TC and FC obtained by the MF method using pads or
agpar do not present significant differences with a confidence interval of 951, except in the case
of lower concentrations of TC, where the use of pads gives slightly better results than those
obtained when agar iz used.
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f. Comparative economic assessment

With a view to making a comparative economic assessment of the microbiological analyses of the
three indicator microorganisms, according as one or other method iz used, the follewing factors
were taken into account:

(1) cost af culture medis, reagents and dilutauts;

{Z) cost of disposable material;

(3} cost of depreciation on the inventary;

{4) time spent in preparing and carrying out the analyses.

Thig last factor was not included in the cost estimates. A breakdown of costs is given in
Tables 7-1Z.

A summary of the economic assessment is given in Table 13.

Tabie 7. Averape cost of culture media per tube or plate

Number of tubes/ Total cost per
Culture Price per plates per flask tube/plate
mad Lum flaak (pesetas)
(pesetas)
Double Single Bouble Single
EVA broth 7 539 648 1297 11.6 5.8
Azide dextvoze broth 7 000 643 1 297 10,8 3.4
MacConkey broth 7 300 648 1 297 ii,26 2.6
Brilliant green 5 131 648 1 297 7.92 3.96
M-FC broth 7 670 & 191 1.2
Agar (FC) - - 2.5
M-Endo broth 3 031 1 179 6.8
Agar {TC) - - 8.1
M=-Enterococcus agar 10 175 1 513 6.7
Bacto agar 4 B84 3 623 1.3
Table 8. Average cost of culture per sample analysed
Total Faecgal Faecal Total
coliforma coliforms streptococei cost
(pesetas)
Number of plates 3 3 2 -
MF
Average Ccosgt 24.3 7.5 13.4 45.2
Number of tubes
(presumptive) 20 - 20 -
MPN Humber of tubes
{confirmed} 20 20 20 -

Average cost 252 79.2 251 581.12
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Table 9. Average cost of disposable material per sample of watev znalysed

MPH method
Tubas Average lifetime 1.5 vears

51 peaetas per tube
100 tubes per sample 1} pesetas per sample

Durham tubes Average lifetime 1.5 years

25 pesetas per D. tube
60 D, tubea per sample 3.8 pesetas per sample

16.8 pesetas

MF methad
Plates Uae and discard

29.6 pespetas per plate
8 plates per sample 236.8 pesetas per samploe

Membranes Use and discard

36.0 pesetas per membrane
8 membranes per sample 288 pezetag per sample

524.8 pesetas

Table 10, Cost of depreciation of apparatus (MPN method)

MPN method

Incubator (atove) 37°C Cosr: 43 227 pegetas
Average lifetime (depreciation): 10 years
Average number of analyses per week: 7
Avaerage depreciation cost; 33.2 pesetas

Incubator (stove) 447°C Cose: 43 227 pesaetas
Average lifetime (depreciation): 10 yaars
Average number of analyses per week: 7
Average deprecliation cost; 16.56 pesctas

Autoclave Cost; 400 QU0 peasetas
Average lifetime (depreciation}; 10 years
Number of times used per analysis: 2
Average number of analyses each week: 7
Average depreciation cost: 133.0 pesetas

Tatal depreciatien cost (average) 202.8 pesetas
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Cost of depreciation of apparatus (MF method}

MF method

Filtering equipment

Incubator (stove) 37°C

Incubator {stove) 44°C

Autoclave

Lost;

Average
Average
Avevage

Cost:

Average
Average
Average

Cagt:

Average
Average
Average

Cost:
Average
Average

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

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

lifetime {depreciation);:
number of analyses per week:
depreciation cost:

lifetime (depreciation):
number of analyses per week:

Wumber of times used per analysis:

Average

depreciation cost:

153 000D pesetan
10 years
36

58.8 pesetas

43 227 pesetas
10 vyears

56

2.07 pesectasn

43 227 pesetas
10 years

56

2.07 pesetas

400 000 pesetas
10 vears

56

1

76.5 pesetas

Total depreciation cost {average)

88.0 pesetas

Tahle 12,

Time spent in preparing and carrying out analyses

MF MPN
Auxiliary staff Preparation of culture media
and cleaning of tubes 2 hours 4 hours
Technical staff Dispeasing 1/2 hour
Redispensing 1/2 heur 1/2 hour
Total time Auxiliary ataff 2 houvs 2 hours
Technical staff 1/2 hour 1 hour
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Table 13, Total cost and time spent for carrying out a microbielogical analysisz

MEN

Average cost of cultures 45,2 pesetas 582.2 peseras
Average cost of disposables 524.8 pesetas 16,8 pesetas
Average cost of depreciation on apparatus 88.0 pesetas 202.% pesetas

Total cost (average) 658.0 pesatas 801.8 peszetas

Time apent {auxiliary staff) 2 hours 4 hours
Time spent (technical staff) 1/2 hour 1 hour

Total time (average) 2 1/2 hours

Thus, the average cost of a microbiological analysis of TC, FC and F8 is higher using the MPN
method than using MF.

The time spent in preparing and carrying out microbiglogical analyses of TC, FC and F5 using
the MPN method is approximately double that using the KF method,

7. Conclusiona

The following can be concluded from the results obtained.

(1) The mean concentrations of microorganisms indicating faecal contamination of urban
wastewater in the case of a Spanish city with a population of approximately 100 000 are
TG (103-107), FC (107-106%) and F5 (109-10%). These concentrations are expressed

in 100 ml of the sample.

(2) The mean concentrations of microorganisms indicating faecal contamination of the waters
in the case of a beach affected by a submarine outfall of specific dimensions and
characterigtics are TG (103—102), FC (10%-10) and F5 (10-0). These concentrations ara
expressed in 100 ml of the sample,

(3) The mean concentratinng 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
TC (102~10), FC (10-0) and F5 (10-0). These concentrations are expressed in 100 ml of the
sample.

{4) The analysis of TC gives values which present no significant differences whether the
method iz MF or MPN until a certain minimum bacterial concentration has been reached which can
be set at 103, For lower concentrations, the MF method gives slightly better results than
MEN.

(5) For the analysis of FC, it is immatevial, 3s far as obtaining results is concerned,
whether the MF or MPN method is used, since the results of the series obtained by either
method present no significant difference.

(6} For the analysis of P3, it is immeterial, az far as obtaining results is conecerned,
whether the MF or MPN method is used, since the tesults of the series obtained by eitber
method present no significant difference.

(7) For the analysiz of TC using the MF method, it is immaterial whether a selid culture
medium (agar) or a liquid medium (abgzorbent pada) is used, except after a certain minimum
bactarial concentration which may be set at 102, Fot lower concentrations, the use of a

liquid mediom {absorbent pads) gives results which are slightly better than those using a
golid medium (agar).
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{8) For the analysis of FC using the MF method, it is immaterial whether a solid culture
medium {2gar) or a liquid {pad) 1s used, since the results obtained from the series produced
by either method presant no significant difference.

(%) The total incubation time for the various micreerganisms indicating faecal contamination
is less with the MF method than with MPN, which means that the results are obtained more

quickly.

{10) The MPN method requires far more laborious and lengthy preparatien of the culture media,
in terms of time and materiels, than the MF wmetheod.

{11} the time required for carrying out an analysis using the MPH methed is twice that needed
for the MF method.

{12) The MF mecthod has a greater degree of precistion, since it provides a direct colony count
instead of the statistical approximation required for ebtazining results by the MPN method.

{13) The MF method isolates the bacteria from the liquid in whieh they are suspended, thus
making it possible to analyse water samples containing enzymes and other substances which
inhibit growth.

(14) The MF method is definitely indicated for the znalysis of highly mineralized waters,
which 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 in suspension retained in the membrane filter inhibits the perfect diffusion
of the nutyitive substance through its pores to the bacteria deposited on its upper surface
and thus has an unfavourable effect on the growth of the colonies.

(16) The MF method 12 not to be recommended for waters with a high suspended matter content,
since the filters rapidly become choked up and filtering of representative volumes is
difficult,

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

(18) The MF method allows for the filtration of samples in situ and the transfer of the
membranes to the laboratory in a preserving medium.

{19) The average total cost of microbiological analysis of TC, FC and FS is higher with the
MPN method than with the MF method.
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Annexe 7

MISE AU POINT DES TECHNIQUES D'ECHANTILLONNAGE ET
D'ANALYSE POUR LA SURVEILLANCE DE LA PQLLUTION

par
5. Jekov, C. Capapé et R. Ghanem
Institut Pasteur de Tunis, Tunisie

L. Introduction

Conformément au programme de travail concernant la mise au point des techniques
d'échagntillonnage #c 4'analyse pour la surveillance de la pollution proposd par 1'Inetitut
Supériaur de la 3anté, Rome, 1'Institut Pazteur de Tunis a procédé, entre le 15 mai et le
15 anfit 1982, & des prélévements hebdomadaires d'eau de mer et de z&diments en trois points usur le
litcoral de la région de Tunias. Lea trois points sont les suivants 3

- plage d'Hammam=Lif : milieu marin pollué;
- plage de la Marsa : milieu marin contaminé (sous 1'influence du milieu pollué 5 Hammam-Lif};
- plage Raouwed : miliecu marin propre.

A partir de ces points nous avons prélevé au total 72 échantiliong (répartis en troir groupes
de 24 dchantillons (12 fchantilions "eau de mer' et 12 &chantiltlons "sddiments"). Afin d'attrihbuer
scatiatiquement plus de crédibilité 3 nos investigations, nous avons doublé L[e nomhre des
dchantillons, effectuant des prdldvements chaque semaine, au lieu de tous les 15 jours. L'horaire
des préldvements est donné an tableau 1.

Les analyses de ces &chantillons ont porté gur la détermination du nombre le plua
probable/100 ml (NPP) des coliformes totaux, des coliformes fécaux et d'Escherichia coli.
Concernant les dénominations NPP des coliformes fécaux et NPP des E. coli, nous admettons comme
F. coli 1es coliformes qui manifestent & la fois la faculté de fermenter, avec dégagement de gaz,
le lactose A 44 'C et de produire 1'indole 3 44 °"C, & part leur conformité aux tests JMVIC.

Hous considérons comme "coliformes fécaux" 1'ensemble des E. coli et des coliformes positifs
au lactose & 44 "C et négatifs 2 1'indole.

La technique des tubes multiples dont la phase confirmative exige 1'édpreuve des deux
caractdres thermophiles (fermentation du lactose avec dégagement de gaz et production d'indele &
44 "€) nous donne la possibilité de différencier le nombre le plus probable des E. coli.

La technigue de la membrame filtrante, qui est congue 3 la base exclusivement d'un treisidme
caractdre thermophile (notamment la faculté de certaines souches de coliformes qui circulent dans
le milieu marin A croftre et 2 proliférer anm colonies sur les membranes filtrantes incubdes A
44 °"C) nous donne la possibilitd d'établir seulement le nombre le plus probable des coliformes
fécaux et ¢e¢ dans un sens besucoup plus large, &tant doané que La faculté de croissance 3 44 "C esc
plus commune aux coliformes que celle de fermenter le lactose ou de produire 1'indele 3 cetie méma

température.

Si 1'objectif est d'établit lagualle des deux techaiques est prioritaire ep colimétrie du
milieu marin, d&s maintenant il faut préeiser le paramdtre (NPP des coliformes totaux, fécaux ou
E. coli) qui servira 3 faire le choix. Il est important aussi de préconiser le procédé standard 2
appliquer pour la détermination de ce paramédtre.

Dans vet esprit, il est utile de mentionner qu'en ce qui concerne la technique des tuhes
myltiples, ef notamment le bouillen lactoséd utilisé pour effectuer la phase présomptive de cette
technique, i'Institut Supérieur de Santé de Rome 3 recommandd d'appliquer 1'un des deux milieux,
spit Mac Conkey Brath, zoit Lactose Broth, laissant le choix aux participants de 1'étude.

Loxs du Programme MED POL VII, nous avons préféré utiliser la technique des tubes multiples
comme Stant, srlon notre expérienca, plus valable que celle de la membrane filtrante en appliquant
simaltandment deux bouillons lactosés - le Brilliant Green Lactose Bile Broth (agré€ en France) et

le Lactose Broth (agréé aux USA).
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Nous avons constaté qu'en utilisant le Lactoge Broth, les nombres les plus probables des
coliformes totaux et des coliformes fécaux dtaient beaucoup plus élevés que ceux obtenus par le
frilliant Green Lactose Bile Broth, ce qui exprime que la sensibilité de la technique des tubes
multiples est dépendante du type de bouillon utilisé., Afin de confirmer cette congtatation et
d'artiver & une meilleurc compréhension sur la valeur rdelle des deux techniques (tubes multiples
et mambrane filtrante), mous avens cffectud dans le cadre de ce projet la colimétrie de chaque
échantillon en appliquant le technique des tubes multiples simultandment en trois vaviantes, en ce
qui concerne le type de bouillon lactosé yrilisd.

Pour la premidre variante, nous avouns utilisé Mac Conkey Broth (production déshydratde DIFCO),
pour la deuxidme variante Lactose Broth (production déshydratée DIFCO), pour la troisidme variante
Brilliant Greem Lactose Bile Broth {(production déshydratée PASTEUR). Les volumes d'déchantillons
ensemencés dans ces différents bouillons lactosé&s sont i 5 tubes de 10 ml, 5 tubes de ) mi et
5 tubes de 0,1 ml.

Dans le cas de ces trois variantes, la phase "confirmative" a £té effectude par
réensemencenants dans le bouillon lactesd bilié au vert brillant - épreuve de la fermentstion du
laetose 8 44 “C — et dans l'eau peptonde =~ dpreuve de la production d'indele 3 44 'C - a partir de
toukes les cultures propres & la phase présomptive qui ont manifesté la fermentation duy lactose
aves dégagement de gaz 3 37 "C.

En ce qui concerne la cechnique de la membrane filtrante, nous avons utilisgd les membranes et
1'&quipemeat MILLIPORE, et la gélese Endo (productien d€shydratde MERIEUX dans le cas des
coliformes totaux et la gflose CF DIFCO pour les NPP des coliformes f&caux). Les résultats obtenus
sont présentéds au rableau 2.

2. Rézultats et discussion

Les NPP/I0OO ml obtenus par la technique des tubes multiples er utilisant simultanément les
trois hauillons lactosds, répartis selon la provenance des dchantillons, sont présentds dans les
tableaux 3, &4 et 3, Selon ceg tableaux, 27,77% des dchantillonz ge sont avérdn exempts de
coliformes en appliguant ces trois variantes.

Il f£aut noter que dans la majorité des échantillons "positifs", la coneentration des
coliformes ast minime comparde aux normes propres 4 1'eau de mey pollude. Cela est di au fait que
le déversement de l'eau d'égout, non £purfe dans le point de préldvement choisi comme "pollué™,
Etait liminéd immédiatement aprds le d€but de cette dtude, en consdquence de la mise en
exploitation de la station d'fpuration des eaux d'dgout.

Cebte contamination queique limitée s'est avérde suffisante 2 1'étude de la senaibilitéd de la
technique des tubes multiples en fonction du type de bouillon lactesé utilisé. Pour démantrer
cette dépendance acus avons gradud en trois niveaux (zensibilité £lavée, sensibilié moyeune et
sensibilité limitée) les trois bpuillons lactosés ci=dessus mentionnés. DPans ce but, nous avoens
comparé les valeurs des NPP des E. cgli, des coliformes fécaux et des coliformes totaux propres A
chaque &chantillon qui a révélé& la présence de coliformes.

Le niveau "seneibilité éSlevéde” est attribud au bouillon lactosé qui a manifesté le NFF
(exprimé en chiffres) le plus &levé. Sur ce principe sont &valuds les niveaux "sensibilité
mayenne' et “sensibilit€ limitde™, Les résultats de cette clsasification sont présentés dans le
tableau 6. Compte tenu de ces résultats comparacifs on peut justifier 1a conglusion que
l'utilisation des bouillons lactosés Lactose Broth s'avdre la plus favorable & ls sensibilité de la
technique des tubes multiples en ce qui conterne la mise e¢n &évidence de la présence de coliformes
et 1'dvaluation d2 leur concentration dans le milieu marin (seit 1'eau de mer, soit les sédiments).

Lz priorité du Lactose Broth par vapport au Mac Conkey et Brilliant Green Lactosc Bile Broth
est bien confirmée surtout par les chiffres propres aux NPP/100 ml des E, coli préasentds dans le
tableau 7. Gette priorité du houlllon Lactose Broth provient du fait que les E., coli, aprés avolr
quitté leur habitat naturel (l'organisme humain et animal) pour passer dans les effluents, et enfin
dans 1'eauw de mer, ne Lrouvent pas toujours dans l'environnement des conditions propices & leur
survie,  Souvent au moment des préi2vements d'esu de mer et de leur ensemencement au laboratoire,
ils sont déjd d'une vitalité fort affaiblie. Aussi est=il important d'éviter 1'utilisation, 3
!*dtape présomptive de la rechnique des tubes multiples, des bouillons lactosés sélectifs {(Mac
Conkey Broth et Brillianmt Green Lactose Bile Broth), gqui risquent de g@ner plus encove la
croissance et la prolifération de ces germes et ledr mise en dvidence au laboratoive. [1 faut
rappeler que le Lactose RBroth offre aux coliformes des conditions de réanimation pendant la phase
de latence, & 1'image de celles gqu'offre 1'eau peptonde aux denrées alimentaires pour leur
préenrichigsemneant.
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Afin de faire le choix de laquelle des deux techniques {(rubes multiples ou membrane filtrante)
doit &tre préparde dans la pratique de la colimétrie du milieu marin, nous avons comparé les
données de notre &tude portant sur Lea NPP/100 ml des E. coli & celles concernant la technique de
la membrane £iltrante. Les donndes utilisdes 3 cette comparaison sont présentdes aux tableaux B
et 9.

En comparant les valeurs des NPP des coliformes fécaux obtenues par laz technique de la
memhrane filtrante aux valeurs concernant les NPP des E. coli dérermindes par la technique des
tubes multiples (il est difficile de les différencier par la technique de la membrane filtrante
pratiguée A 44 "C), on constate que par cette technique dans toutes ses variantes 2 niveaux
différents on arrive i déceler la présence des coliformes dans un nombre plus élevé d'échantillons
{en pourcentage) fque par la technique de la membrane filtrante (voir tableaux 7 et &),

3. Concluaion

En conclusion des résultats de cette £tude, on peut dire que la technique des tubes multiples
g'avire plus efficace gque celle utilisant la membrane Filtrante quant & la détermination du degré
do pollution de 1'eau, et ce, utilisant 1'un quelconque des trois bovillons lactosés. Par
ailleurs, il est A remarquer que le lactose Broth s'est manifesté bien plus sensible que les autres
bouillons lactesés lors de la détermination du degré de pollution de l'eau pour les différents

coliformes.

Cependant faut—il rappeler gue le nembre d'échantillons utilisés 3 cette étude est trop réduit
pout pouveir s'assurer une conclusion statistique crédible sinon valable sur la supérioricté de la
sensibilitd de la technique des tubes multiples sur celle des membranes filtrantes.







