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Foreword

One of the main public health problems in the Mediterranean is microbiolagical
poliution of coastal recreational and shellfish waters as a result of untreated or partially-
treated sewage discharges. Although the general situation has improved considerably
in several parts of the region through the establishment of sewage treatment plants and
the construction of submarine outfall structures, the matter is still of major concernin a
number of areas. The problem is serious because of the ever-increasing tourist load
along the Mediterranean coastline, where the sea forms the main recreational amenity,
and large amounts of shellfish are consumed.

The development of national marine pollution monitoring programmes was |
commenced in 1982 within the framework of the Long-term Programme of Pollution
Monitoring and Research in the Mediterranean Sea (MED POL Phase Il), the scientific
component of the Mediterranean Action Plan. Microbiological monitoring of coastal
recreational and shellfish waters form an important component of such programmes.
Practically every Mediterranean country now has an opéerational monitering programme,
though financial constraints have limited development of such programmes in a number
of countries. Throughout the last decade, assistance by WHO and UNEP consisted
mainly in the provision of laboratory and field equipment, the convening and
organization of short training courses and intercalibration exercises, and the production
of guidelines on strategy and methodology.

A maijor updating exercise was performed by WHQO in 1954 with the production
of comprehensive 5-part guidelines for health-related monitoring of coastal recreational
and shellfish areas, comprising general guidelines on programme development,
analytical methods for determination of bacterial indicators and bacterial pathogens in
seawater and shellfish, laboratory quality control, and statistical methods. A new
document on assessment of the state of microbiological pollution in the Mediterranean
Sea is scheduled for completion in late 1995,

The objectives of the present consultation, which was being jointly convened by
WHO and UNEP within the framework of MED POL Phase Il, included:

- A review of the status of microbiological monitoring of coastal recreational and
shelifish areas in the various Mediterranean countries:

- ldentification of major methedological problems encountered by laboratories
during monitoring, and the relevance of the recently -issued guidelines in this
respect;

- ldentification of specific requirements to enable monitoring to proceed more
- efficiently;

- A brief preliminary review of the new assessment on the state of microbiological
poliution of the Mediterranean Sea;

- Development and formulation of appropriate recommendations
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1. Opening of the meeting

The meeting took place at the premises of the Coordinating Unit for the
Mediterranean Action Plan, Athens, Greece. It was attended by 18 temporary advisors,
one representative of the United Nations Environment Programme (UNEP), one
representative of the European Commission (EC) and one representative of the WHO
Regional Office for Europe. A list of participants is given in Annex 2. -

Dr G. Kamizoulis, Senior Scientist, Mediterranean Action Plan, WHO Regional
Office for Europe, welcomed participants on behalf of Dr J.E. Asvall, Regional Director,
WHQ Regional Office for Europe, and briefly described the framework within which the
meeting was held.

Mr L. Chabason, Coordinator of the Mediterranean Action Plan welcomed
participants on behalf of Ms Elizabeth Dowdeswell, Executive Director of UNEBP, and
thanked them for the services they were providing to the programme. He explained the
arganization of the Plan and noted the high priority which it gave to microbial poliution.

Dr .. Jeftic, Deputy Coordinator, UNEP Coordinating Unit for the Mediterranean
Action Plan, outlined the history of the Mediterranean Action Plan from its inception in
1872. At present, 20 countries are contracting parties, of which four are Member States of
the European Union (EU). The Mediterranean Region has 45,130 Km of coastline, of
which 17,705 Km are of islands and has 466 coastal cities with populations exceeding
10,000 inhabitants and ten exceeding 1 million. Dr Jeftic outlined the objectives of the
Action Plan for Protection of the Marine Environment and the Sustainable Development of
the Coastal Areas of the Mediterranean as adopted at the Barcelona Convention 1985 and
which is scheduled for 1996-2005. The work will embrace:

- Organization of coastal monitoring programmes

- Generation of infarmation on marine pollution

- Formalization of proposals for technical administration and legal programmes
- Strengthening the capabilities of national institutions

- Assisting implementation of the recommendations.

2. Scope and purpose of the meeting

Dr . Kamizoulis outlined the scope and purpose of the meeting, as set out in the
Foreword to this report. He particularly noted that the position regarding pollution of the
Mediterranean Sea by faecal discharges had been improving in recent years, but that much
still remaingd to be done. Microbiclogical monitoring played an important role in identifying
sources of pollution and areas where remedial action was needed. At the present time,
practically every Mediterranean country had monitoring programmes in force. The role of
MED POL Phase Il had been concerned with the provision of laboratories, training of
personnel, the compilation of guidelines for microbiological monitoring and establishment of
standard methods for analysis. He noted that Dr L.J. Saliba had been engaged to prepare
the assessment on the state of microbial pollution of the Mediterranean Sea and that this
would be presented as Agenda item 9 on the programme.
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3. Eiection of Officers

Dr Bt‘}ubker MNaouri was elected Chairman, Dr Laura Volterra Vice-Chairman and Dr
Edmund B. Pike Rapporteur. Dr George Kamizoulis acted as Secretary to the meeting.

4, Adoption of the Agenda

The provisional agenda was adopted unanimously.

5. Organization of the meeting

The meeting was conducted in plenary session with presented papers as the basis
for open discussion by all participants.

For Agenda items 6-9, five issues were discussed:
- The design, conduct and administrative respensibilities for monitoring programmes,
- Reviewing the different microbiological standards enforced;

- |dentifying problems with methods of analysis and examining the relevance of
different microbiclogical parameters;

- Reviewing the current state of microbial pollution;

- identifying requirements to enable monitoring to proceed more efficiently.

6. Review of the status of microbiological monitoring of coastal recreational and
shellfish areas in the various Mediterranean countries

Participants provided brief reports covering (a) the organization of microbiological
monitoring of recreational and shellfish waters in their home countries, (b) details of
national standards in force, and (¢} any problems being encountered in the implementation
of the moenitoring programme. These have been incorporated into the assessment
document.

Various general points and issues were identified:

(a) The four Mediterranean Member States of the EU have adopted into their legislation
. the provisions of the Directives for bathing water 78/180/EEC and shellfish hygiene
91/492/EEC.

(b) Of the other Mediterranean countries represenied at the meeting, four (Croatia,
Slovenia, Tunisia and Turkey) have their bathing water standards based on the
1975 EC Directive, four (Cyprus, Libya, Malta and Morocco) based on the standards
adopted by Contracting Parties in 1985, and one (Albania) based on the WHO 1974
Bilthoven guidelines. In most cases, there are various degrees of adaptation of
these basic standards. One country (Israel) has its own specific standards based
on none of the above,
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(¢)  Members of the European Union are participants in the European Blue Flag Award
scheme for beach quality, for which one of the criteria is the achievermnent of
guideline () values for bacterial parameters in the previous year. Two other
participating countries, Cyprus and Turkey, also took part in this scheme.

(d) ' The general monitoring frequency adopted is at least fortnightly during the tourist
season {usually May-October), but most countries maintain monthly monitoring at
other times.

(®) Some Mediterranean Countries do not have an established shellfish industry and
therefore do not apply standards for quality of coastal waters used for shellfishery or
for shellfish hygiene. However, they recognize the need for water quality standards
for offshore fish culture in cages.

{f) in many countries, there is a division of responsibilities between government
departments responsible for human health, environmental protection and shellfish
rearing/marketing, which impedes communication and the orgamzatlon of remedial
action in the case of pollution.

The representative of the EC noted the common interests of the EU and MAP, but
highlighted the important difference, that Member States of the EU were bound by its laws,
including the bathing water (76/160/EEC) and shellfish hygiene (81/492/EEC) Directives.
These had to take account of social, economic and scientific considerations and had to be
applicable to different geographic and economic conditions. The Directives presented
minimum levels, which had to be respected and the bathing water Directive presented
guide (G) values, which were intended for Member States to aspire to in framing their own
legislation. The EU is a contracting party to the Barcelona Convention and the
Mediterranean coastline embraces 65 per cent of its identified bathing areas.

The attention of participants was drawn to the recently published report of the
Bureau Communautaire de Référence report on the inter-laboratory comparison of
rmicrobiological methods for seawater analysis, conducted at the Institut Pasteur de Lille,
and involving the participation of expert microbiologists from different laboratories in the
EU. The practical consequences of this trial would be assessed in the forthcoming months,
It was noted in discussion that, although WHO had published a manual on laboratory
quality control and organized national training courses, including quality assurance,
accreditation of microbiological iaboratories was currentiy a matter for individual nations.

7. Identification of major methodological problems encountered by laboratories during
monitoring and the relevance of the recently issued Guidelines in this respect

In discussing this part of the agenda, paricipants took into account the recently
issued 1994 WHO/UNEP 5-part Guidelines for health-related monitoring of coastal
recreational and shelifish areas (WHO document EUR/ICP/CEH 041(2)).

Specific methodological problems encountered by participants were as follows:
(&) Lack of harmonization of methodological procedures between participating countries

and between laboratories. The parallel use of membrane filtration and multiple-tube
. methods was not infrequent.
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Poor specificity of methods, such as m-Enterococcus agar (Slanetz and Bartley's
medium) for the target organisms. Such problems were highlighted by the results of
the intercomparison trials of microbiological media for determination of the coliform
and faecal streptococci groups, organized by the Bureau Communautaire de
Référence of the EC-DG XII-C-5 (Agenda item 8).

The need for dual temperature resuscitation to detect damaged cells was raised and
the need for confirmation, when false-positive reactions formed a significant part of
the isolation (e.g. more than 10 per cent). [t was suspected by some paricipants
that differences in methodological procedures could explain differences in the ratios
of perecentage compliance in the yearly summary data for the four EU Member
States (see Section 9). .

The foregoing points emphasized the need for harmonization of analytical methods
and the adoption of guality assurance (QA) schemes. It was thought that
introduction of the latter would be a matter for individual Contracting Parties to
decide nationally in the first instance.

Adoption of common methodelogies would assist the compilation of data for the

Mediterranean Sea as a whole,

Another suggestion viewed favoufably by the participants was the introduction of
computerised mapping for generating public information on results of monitoring
rapidly.

New molecutar methods, based on the polymerase chain reaction, were being
introduced for rapid detection of pathogenic bacteria and viruses. However, it was
recognized that the significance of positive reactions was questionable, since there

.was no certainty that the nucleic acid detected was from culturable or infactive

agents.

Identification _of specific _reguirements to enable monitoring to proceed more
efficiently

The discussion on this item merged with that on the previous one. The main points

were as follows:

(a)

(b)

(<)

In some countries different agencies were responsible for different aspects of the
monitoring programmes, or even between responsibility for the UNEP programme
and other routine monitoring. This impeded remedial action in the case of failures
of a water body to comply and the mechanisms of reporting within the
Mediterranean Action Plan.

Creation of a Mediterranean data bank would assist compilation of global annual
reports, but to be of most value, the data it contained would have to be
homogensous.

Some non-EU countries were participating, or were interested in participating in the
European Blue Flag Award scheme. This necessitated monitoring for faecal
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streptococci and achieving corﬁpliance with the G-value (100/100 ml in 80% of
samples). . -

(d) Participants noted that raw sewage was stil being discharged into the

Mediterranean Sea, so that standards for microbioiogical quality of recreational

- waters and for shellfisheries were, in some cases, not being achieved. They agreed

that countries should be encouraged to accelerate the establishment of wastewater

treatment with appropriately designed outfalls, or alternative methods for treating
sewage, to ensure that microbiological quality was achieved in these areas.

9. Brief preliminary review of the new assessmeant on the state of microbiological
pollution_of the Mediterranean Sea

The draft report (Appendix 1), prepared by Dr L.J. Saliba, was presented for
discussion. It followed the general lines of format and content used for MED POL
assessments, and attempted to consolidate and update all previous information on the
state of microbiological poliution of coastal recreational waters and shellfish-growing areas
of the Mediterranean Sea. The data has been drawn from monitoring and research data
from MED POL research projects, annual reports of bathing water quality from the EC and
other national and international sources. The overall aim has been to identify temporal
trends. Specific topics have been reviewed in depth to present information derived from
Mediterramean sources or of direct interest to conditions in the Mediterranean coastal
waters, namely:

- The origins of microbiclogical pollution and the fate of micro-organisms derived from
pollution;

- The significance of pathogenic bacteria, viruses, other microparasites, fungi, toxic
algae and cyanobacteria;

- Microbiological standards and criteria for Mediterranean coastal areas, with a review
of their history and evolution;

- The state of microbiclogical pollution of sensitive coastal areas.

The assessment on the state of microbiological poliution has been made on the
basis of data from the beginning of MED POL Phase Il (1983) until 1992, the last year for
which reasonably full data was available. The strategy used in developing the monitoring
component of MED POL Phase |l was to strengthen existing national programmes and
assistance in starting programmes where they did not exist, this being provided through
agreernents between MAP and national governments. Results were provided to MAP as
raw data. This contrasts with the more developed countries, in which case no agreements
were signed and for which raw data was not obtained. This was the case with the four
northern Mediterranean countries, which are now Member States of the EU (France,
Greece, Italy, Spain), for which assessments have had to be made on the basis of reports
submitted annually to the EC under Article 13 of the bathing water Directive 76/160/EEC.
Consequently, it has not been possible to make a direct comparison between the results
from the two sets of countries. Another problem which was identified was the
heterogeneity of the sets of raw data provided in the first case, as a result of differences in
the identify and numbers of countries reporting (out of the total of 13) within the framework
of MAP, changes in the numbers of sampling stations and in the number of stations
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monitored with the frequency required for assessing compliance. During the course of
discussions on the document, the meeting made a number of recommendations for
amendment of specific items, which would be incorporated into the final version of the
document.

10. Development and formulation of appropriate recommendations

11. General recommendations

The meeting discussed this agenda item together with agenda item No.10, and
made the following recommendations:

1. In order to ensure quality and comparability of results, a voluntary laboratory
accreditation programme should be developed within the framework of the
Mediterranean Action Plan.

2. Within the general framework of the MED POL Programme, WHO should
encourage the development of collaborative joint research projects between
institutions of the Mediterranean countries, as well as research undertaken
individually.

3, Taking into account the increasing development of acquaculture in coastal waters, it
is recommended that a group of experts considers the development of interim
criteria for the protection of fish culture and the health of consumers,

4, Data produced by EU Mediterranean countries should, apart from being processed
in accordance with the standards of the EU bathing water Directive, aiso be
evaluated in terms of the common criteria adopted by the Contracting Parties to the
Barcelona Convention for the Protection of the Mediterranean Sea.

5, Collaboration between WHO and the EU should be enhanced in order to promote
the use of reliable and comparable methodologies, and to achieve harmonization of
criteria in the Mediterranean basin,

6. In order to enable evaluation of the state of shellfish waters in the Mediterranean
Sea, countries should be encouraged to improve the monitoring programmes, and
to provide relevant data to the Mediterranean Action Plan,

7. Due to the fact that, in several parts of the Mediterranean, municipal sewage is still
being discharged into the sea in a raw or partially-treated state, countries are
encouraged to implement the Genoa Declaration, the Nicosia Charter and EU
Directive wherever applicable, and to accelerate the establishment of wastewater
treatment plants with appropriate outfalls. The use of alternative ways of sewage
treatment and re-use of treated wastewater with the aim to progressively reduce
sewage discharge into the sea should be promoted. |n connection with the above,
effluent quality standards should be developed.

12.  Closure of the meeting
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Dr Kamizoulis thanked participants for their work during the meeting, and for their
comments received on the report, which contributed to the success of the meeting. In
formally closing the meeting, the Chairman, Dr Boubker Naouri, thanked all the participants
for their excellent coliaboration.
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PART 1

INTRODUCTION AND BACKGROUND

1-1.  The steady process of deterioration of the state of the Mediterranean Sea as a result
of continuous poltution, particularly in coastal areas, first started to draw attention, and to give
rise to a certain amount of concern, during the late 1960s. One of the main causes was -
identified as the considerable amount of largely-uncontrolled coastal discharges of untreated
or partially-treated municipal and industriat wastes, Although early reports, coming mainly
from oceanographic cruises and expeditions, tended to highlight depletion of marine life and
the destruction of natural marine habitats and ecosystems, it became increasingly apparent
that the situation created an equal, if not greater, threat to human health, both through bathing
in poliuted coastal seawater and through consumption of microbiciogically or chemically
contaminated seafood.

1-2. By the early 1970s, a considerable amount of data on various aspects of
Mediterranean pollution had already been recorded. Early studies on those aspects of
pollution having a direct or indirect bearing on human heaith. consisted, in the main, in the
measurement of concentrations of various bacteria (mainly the orthodox indicators of sewage
pollution} in coastal bathing and shellfish areas, and of a number of crganic and inorganic
chemicals in various species of seafood. Some of these studies were performed as part of
intemational programmes, others on an institutional or individual basis, By and large, studies
were uncoordinated, and also showed a considerable geographical imbalance from the
viewpoint of the region as a whole. The situation altracted the attention of the major United
Nations Agencies, which immediately recognised the need for a properly-balanced region-
wide programme in order to reach a reasonably-accurate estimate on the actual state of
poliution of the Mediterranean Sea. This would enable actual and potential threats to both
human health and marine life to ‘be more specifically identified and quantified, and data
obtained would provide national authorities with the basis for development and implementation
of appropnate preventive and remedial measures.

The framework for pollution assessment

1-3. By the end of 1874, such a programme - the Joint Coordinated Mediterranean Pollution
Monitoring and Research programme (MED POL) - had been developead jointly by the United
Nations Environment Programme (UNEP), the Food and Agriculture Organization of the
United Nations (FAQ), the World Health Organization (WHO), the United Nations
Educational, Scientific and Cultural Organization (UNESCQ), the Intergovernmental
Oceanographic Commission (IOC), the World Meteorological Organization (WMO) and the
International Atomic Energy Agency (IAEA). During the first Intergovernmental Meeting on
the Protection of the Mediterranean (Barcelona, 28 January to 4 February 1975) this
programme was formally approved by the governments of the region within the overall
framework of a more comprehensive venture - the Mediterranean Action Plan - which included
two other main components consisting of a set of regional legal instruments to bind
Mediterranean States to individual or joint action with regard to various aspects of poliution
prevention and control, and a socio-economic programme designed to link developmental
processes with environmental preservation. (UNEP, 1975).
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1-4.  In February 1976, also in Barcelona, Mediterranean States adopted and signed the
Convention for the Protection of the Mediterranean Sea against Poliution, along with two
protocols dealing respectively with pollution from dumping by ships and aircraft, and
cooperation in pollution emergencies (UNEP, 1978). In the meantime, preparations were
commenced towards the development of a further protocol on poliution from land-based
sources, which was recognised as the greatest problem, and within the framework of which
control measures against both microbiological and chemical poliution could eventually be
taken.

1-5. The Protocol for the Protection of the Mediterrangan Sea against Pollution from Land-
based Sources was adopted and signed in Athens on 17 May 1980. Under the terms of
Article 7.1 of the Protocol (UNEFP, 1980), Contracting Parties are bound to progressively
formulate and adopt, in cooperation with the competent international organizations, common
guidelines and, as appropriate, standards or criteria dealing in particular with a number of
aspects, including the quality of seawater used for specific purposes that is necessary for the
protection of human health, living resources and ecosystems. The Protocol came into force
on 17 June 1883. A revised version of the Protocol'is currently under negotiation (UNEP,
1995a) prior to finalisation and adoption, but the article in question has so far remained
unchanged. As originally adopted, the Protocol contained three annexes, the first listing
substances pollution by which had to be progressively eliminated, the second listing
substances and sources pollution by which had to be reduced, and the third listing the factors
to be considered in the granting or otherwise of discharge authorizations. The original Annex
Il included pathogenic microorganisms. In the revised version of the Protocol, the first two
annexes have been combined into one, and one of the items listed is "Pathogenic
microorganisms and algal toxing which could result from eutrophication”.

1-6. A meeting of experts on the technical implementation of the Protocol for the Protection
of the Mediterranean Sea against Pollution from Land-based Sources was convened by
UNEP in Athens from 9 to 13 December 1985 (UNEP, 1985b). The meeting approved a
workplan and timetable for the progressive implementation of the Protocol, which included
the phased preparation of assessments of the state of poliution of the Mediterranean Sea by
the substances listed in Annexes | and !f to the Protocol, together with proposed control
measures on the basis of such assessments. 1t was agreed that assessment documents
should include, inter alia, chapters on:

(@) sources, points of entry, and amounts of pollutants from industrial, municipal
and other discharges into the Mediterranean Sea;

(b) levels of pollution
{c) effects of pollution
(d) present legal, administrative and technical measures at national and
international levels.
Microbiological poliution of the Mediterranean Sea
1-7.  The problem of microbiological pollution in the marine environment of the region was

specifically recognised by Mediterranean states when adopting the MED POL programme in
1975, One particular pilot project within this component of the Action Plan
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(FAOMNESCONOCWHOMWMOAAEANINER, 1983), entitled "Coastal Water Quality Control”
(MED POL VIi) entailed the regular monitoring by designated Mediterranean national
institutions of coastal recreational waters, shellfish-growing waters and shelifish flesh, the
main parameters being microbiological  Thirty institutions from fourteen Mediterranean
countries participated in the pilot project, which was coordinated by the World Health
Organization. During the course of the pilot project, desirable environmental quality criteria
for both recreational and shellfish-growing waters were elaborated by participants, with a view
to their eventual proposal for adoption by Mediterranean Governments.

1-8. The Intergovemmental Review Meeting of Mediterranean Coastal States and the First
Meeting of the Contracting Parties to the 1976 Convention (Geneva, 5-10 February 1978)
recommended {(UNEP, 1979) that:

"Work should be continued on the development of the scientific rationale for the
criteria applicable to the quality of recreational waters, shellfish-growing areas, waters
used for aquaculture and seafood. Based on this rationale, and taking into account
existing national provisions and international arrangements and agreements, the
criteria should be formulated on a scientific basis and submitted to the Governments
and the EEC for their consideration".

1-9.  The first or pilot phase of the MED POL programme was concluded in 1981. The
Second Mesting of the Contracting Parties to the Convention for the Protection of the
Mediterranean Sea against Pollution and its related Protocols, held in Cannes from 2to 7
March 1981 (UNEP, 1981), approved the second phase of the programme, now termed the
Long-term Programme of Pollution Monitoring and Research in the Mediterranean Sea (MED
POL Phase ll). Originally designed to cover the period 1981-1990, the programme was later
extended until the end of 1985, The monitering component of the programme (UNEP, 1983)
included microbiological monitoring of recreational and shellfish areas within the framework
of national marine pollution monitoring programmes to be upgraded or established. The
research component included three activities wholly or partially devoted to microbiological
pollution. The first of these activities, entitted "Development and testing of sampling and
analytical technigues for monitoring of marine pollution”, provided for the upgrading of
microbiological methodology in current use, and the developing of standard methods for
determination of microbiological parameters (particularly pathogens) for which no methods
appropriate for Mediterranean conditions were then available. A considerable number of such
methods were, in fact, developed during the course of MED POL Phase |I. The second
activity, entitied "Biogeochemical cycles of pollutants”, included a sub-activity on survival of
pathogens, on which several studies were performed during the same period. The third
activity was entitled "Epidemiological studies related to the confirmation or possible revision
of the proposed environmental quality criteria (standards of use) of bathing waters, shellfish-
growing waters and edible marine organisms". A number of studies performed within the
framework of this activity aimed at finding a correlation between the microbiological quality of
coastal recreational waters and observed health effects on exposed population groups. The
first such study was initiated in 1982 and completed in 1986, and was followed by others
throughout the course of the programme. However, shortage of funds resulted in all of them
being necessarily small-scale.
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Previous assessments of microbiological pollution of the Mediterranean Sea

1-10. In view of the fact that interim microbiological criteria for recreational and shellfish
waters had already been prepared during the first phase of the MED POL programme, these
were proposed to the Governments of the region within the framework of an assessment on
the current state of microbial pollution of the Mediterranean Sea (UNEP/WHOQ, 1985) which
was prepared by WHO mainly on the basis of monitoring data from the MED POL VI pilot
project. The Fourth Ordinary Meeting of the Contracting Parties to the Convention and
Protocols, held in Genoa from 9 to 13 September 1985 (UNEP, 1985a) decided to postpone
the issue of shellfish waters and shellfish to a later date. Insofar as the recommendations
regarding recreational waters were concerned, these were approved only in part, Contracting
Parties adopting joint interim criteria for bathing waters based on maximum acceptable -
concentrations of only one indicator organism (faecal coliforms), instead of the two (faecal
coliforms and faecal streptococe) proposed. Details of the proposals and the interim criteria
for recreational waters adopted are contained in Part 4 of this document.

1-11. At their Fifth Ordinary Meeting, held in Athens from 8 to 11 September 1987, (UNEP,
1987), Contracting Parties adopted environmental quality criteria for shellfish waters,
proposed on the basis of a revised assessment (UNEP/WHQ, 1987) prepared by WHO on
the recommendations of 2 meeting of experts convened by that Organization earlier that year
(WHO/MUNEP, 1987), which had the task of preparing altemative proposals to those submitted
in 1985. The criteria recommended, and eventually adopted, were limited to shellfish waters,
and were identical with the relevant EEC Directive on the subject (EEC, 1979). In this
context, it was understood that the scope of the resolution in question, the operative parts of
which are given in Part 4 of this document, was only designed to cater for acceptability of
marine areas for shellfish growing and harvesting, and did not in any way intrude on
acceptability of the shellfish for human consumption, which aspect would continue to be
handled by appropriate public health or related legislation in the various countries (WHO,
1989).

1-12. The first ad hoc assessment of the state of pollution of the Mediterranean Sea by
pathogenic microorganisms was prepared by WHO in 1991 (UNEP/WHO, 1981), and
submitted to the seventh ordinary meeting of the Contracting Parties to the Barcelona
Convention and Protocols (UNEP, 1991). Except for a brief review of the situation regarding
temporal trends in concentrations of bacterial indicator organisms in coastal {mainly
recreational) waters on the basis of an interim review of MED POL Phase || monitoring data
(UNEP, 1989) and data from Mediterranean States contained in annual EEC reports on
bathing waters, the document concentrated on pathogenic microorganisms recorded in the
Mediterranean, their source, dispersal and fate, and on microbiological/epidemiological
studies conducted to date on the correlation between coastal water quality and health effects
on exposed population groups. A number of recommendations on data acquisition through
monitoring and research were made. It was not, however, recommended that, at that
particular stage in time, any formal action be taken to amend the current interim
microbiclogical eriterion for acceptability of bathing waters, even on a further interim basis, as
the global situation regarding the validity of the several bacterial indicators in current use was
in a state of flux.
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Scope of the present document

1-13. In approving and adopting the workplan and time-table for the progressive
implementation of the Protocol for the Protection of the Mediterranean Sea against Pollution
from Land-based Sources, it was understood by the Contracting Parties that any particular
itern should be updated as appropriate. In view of the relative importance of microbiological
pollution of coastal areas, and the facts that (a) the interim criteria for bathing waters and the
environmental quality criteria for shelifish areas were now ten and eight years old respectively,
(b) a considerable amount of MED POL monitoring and related data, mainly concerning
recreational waters, were available for evaluation and interpretation, (c) there have been
recent advance in the field of epidemiological studies comelating recreational water quality and
health effects, and (d) a number of bathing water quality standards, including intemational
ones, are in the process of revision, it has been considered that a comprehensive and
updated review of the situation is due, with a view to the improvement of current prevention
and control measures.

1-14. The recent amendments made to the 1976 Barcelona Convention aon the Protection
of the Mediterranean Sea against Pollution (UNEP, 1985b, 1895¢) and, as already stated,
those currently under negotiation regarding the 1880 Athens Protocol for the Protection of the
Mediterranean Sea against Pollution from Land-based Sources (UNEP, 19853, 1995b) in no
way affect the importance accorded to the prevention and control of microbiological pollution
of the Mediterranean Sea, or the general procedures for the preparation, development and
adoption of any individual or joint measures designed to achieve this purpose.

1-15. The present documnent was prepared for the World Health Organization and the United
Nations Environment Programme by a consultant (Dr L.J. Saliba, Malta), and was reviewed
by 2 WHO/UNEP consultation on microbiological monitoring of recreational and shellfish-
growing waters, held in Athens, Greece, from 29 November to 2 December 1895 within the
framework of the MED POL Phase Il programme. The present version of the document
incorporates, or takes account of, as appropriate, the comments of this expert meeting. It
follows the general lines of content and format agreed on for MED POL assessments, and
attempts to consolidate and update all previous information on the state of microbiclogical
pollution of the Mediterranean Sea with particular reference to coastal recreational and
shelifish areas through the inclusion of monitoring and research data, drawn from national
MED POL monitoring programmes, MED POL research projects, EC annual reports on
bathing waters, and other national and international sources. Wherever appropriate,
relevant data from previous documents has been included, either in the original or in an
abridged form, as appropriate, 10 make the document more self-contained, and provide a
better view of temporal trends. An overview of the current situation, together with
recommendations for possible action, is also included.
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PART 2

THE ORIGIN OF MICROBIOLOGICAL POLLUTION OF
THE MEDITERRANEAN SEA

21  SOURCES OF POLLUTION

2-1.  Pathogenic and other microorganisms enter the marine environment mainly through
municipal wastewater discharges. As is the case in other regions, microbiological poilution
of the Mediterranean Sea is principally the direct result of the discharge of untreated or
partially-treated sewage into the immediate coastal zone. In this regard, on the basis of the
results of a pilot project on pollutants from land-based sources in the Mediterranean, carried
out in 1978-77 within the framework of the MED POL Phase | Programme, it was estimated
that atleast up to the late 1970s, over 80% of liquid municipal waste used to be discharged
into the sea in the raw state UNEP/ECE/UNIDOQ/FAQ/UNESCO/MWHO/NAEA, 1983). The
same project provided an estimate of approximately 2 x 10° m® /year for the total volume of
wastewater discharges from coastal communities in the region. This figure has been
considered as marginal compared to the estimated amount of 420 x 10° mn? /year of freshwater
discharged by rivers. However, although rivers may add a considerable amount of
microbiological pollution, mainly from upstream wastewater discharges, their actual relative
contribution to pollution of the Mediterranean Sea by microorganisms (pathogenic and
otherwise) has not been assessed, and it has been assumed that the high concentrations of
microorganisms in wastewater discharges directly into coastal waters makes such discharges
the maijor source of microbiotogica!l poliution reaching the Mediterranean Sea (UNEP/WHO,
1985). '

2-2.  Pburing the fourth ordinary meeting of the Contracting Parties to the Barcelona
Convention and Protocols in Genoa in September 1985, Mediterranean States adopted a
formal Declaration (subsequently terrmed the Genoa Declaration) wherein they commitied
themselves to the achievement of a number of environmental targets during the second
decade of operation (1986-1995) of the Mediterranean Action Plan. These targets included
the establishment as a matter of priority of sewage treatment plants in all cities around the
Mediterranean with more than 100.000 inhabitants, and appropriate outfalls and/or appropriate
treatment plants for all towns with more than 10,000 inhabitants (UNEP, 1985a).

2-3.  This target has only been partially achieved, but the general situation has improved
considerably. An updated survey on pollutants from land-based sources in the Mediterranean
was commenced in 1989. Owing to problems in the acquisition of the necessary data in a
number of countries, this survey is not yet complete. Preliminary (unpublished) results
available show that although there is an indication that the total volume of wastewater
discharges has increased in global terms, due to new coastal development projects
implemented during the past two decades, a significant amount of municipal wastewater, at
least in some areas, now undergoes various stages of treatment prior to discharge, Data
available from the survey show that, at the time of submission, in France, 87% of a total
volume of municipal wastewater of 361 x 10° cubic metres per year was undergoing treatment
prior to discharge. The figures for Slovenia are 82% of a total of 6.13 x 10° m® per year, for
Spain, 69% of a total of 589,29 x 10° m? per year, for Croatia, 14% of a total of 71,44 x 10°
m® per year, and for Cyprus 12% of a total of 16.66 x 10° m® per year. The figure for Cyprus
will be considerably increased when a new treatment plant becomes operational. Information
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from other countries is either unavailable, or shows that still very little, if any, treatment of
municipal wastewater is-being carried out.

2-4. This, together with the number of new submarine outfalls constructed during the last
decade in various parts of the Mediterranean, means that a certain proportion of wastewater
is no longer being discharged in the immediate coastal zone, i.e. practically at the land/sea
interface, as a result of which better dilution and dispersion is achieved. Guidelines for
submarine outfall structures for Mediterranean small and medium-sized communities have
recently been prepared and distributed (WHOMAINEP. 1994a). However, untreated or
inadequately-treated sewage, and disposal of this into the immediate coastal marine
environment through refatively short ouffalls, in many cases at the coastline itself, still
remains the main factor of concern in a number of Mediterranean areas, and will remain so
until the targets setin Genea in 1985 are fully achieved.

2-5. The atmosphere may also serve as a pathway for the entry of pathogenic and other
microorganisms into the coastal marine environment. It has been stated (Brisou, 1976) that
winds blowing from the continents towards the sea carry, inter alia, bacteria, viruses and
parasites, and that rain facilitates the descent of these pollutants into rivers and oceans. One
other possible source, which affects mainly coastal recreational areas, is bathers themselves,
Recreational waters not affected by sewage effluent discharges can be contaminated with
enteroviruses, and that the serotype found in the water is likely to bhe the same one
predominating in concomitant human infections (Shuval, 1986). Therefore, bathing waters
contaminated by the bathers themseives may at times serve as an effective route of
transmission of some viral diseases, This could also apply to other bacterial and fungal
infections (Papadakis ef al, 1992), and it has been reporied that skin counts of certain
bacteria and fungi can increase after bathing, even if the water is unpoliuted
(Papapetropoulou and Sotiracopoulou, 1895) There is currently an increasing amount of
evidence linking adverse health effects with bathing in high-population-density beaches, and
the contribution of bathers themselves as a source of pollution of recreational waters by
pathogenic microorganisms is a subject which calls for serious consideration (WHO/UNEP,
1995).

2-6. Apart from pathogenic microorganisms (principally bacteria, viruses and fungi)
discharged into the marine environment in municipal sewage effluents or from other terrestrial
sources. another group of naturally-occurring marine microorganisms, which can be
considered as pathogenic through their ability to produce various toxins, to which man is
exposed mainly through the consumption of contaminated shellfish, can pose a similar
problem to human health when present in large numbers. These microorganisms, mainly
dinoflagellate algae, constitute a phenomenon known as an algal bloom or 2 red tide when
their concentration in seawater reaches levels of 10° to 16 cells per litre.  While the
etwironmental conditions under which these microorganisms are able to reproduce asexuaily
at high rates does not yet appear to have been fully elucidated, the fact that red tides are
essentially a8 coastal phenomenon indicates that terrestrial factors are at least partially
responsible. Land drainage has been considered as playing a role in their initiation (WHO,
1984). It has also been considered that the size of algal blooms is in proportion to the
magnitude of incoming nutrient masses through rivers (WHOQ, 1991},  In a review of the
problem, Shumway (1990) states that 2 number of factors are thought to enhance algal
blooms, including nutrient enrichment (eutrophication), decreased grazing pressure, large-
scale hydrometeorological changes, upwelling of nutrient-rich bottom water, heavy
precipitation and run-off, and even the presence of pravious blooms of other phytoplankton
species. -
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2-7. Eutrophication ¢an be defined as the process of enrichment of waters with plant
nutrients, primarily nitrogen and phosphorus, that stimulates aquatic primary production,
Apart from algal blooms (or red tides), its most serious manifestations are algal scum,
enhanced benthic algal growth leading at times to massive growth of submerged and floating
macrophytes (Vollenweider, 1968, 1981). Sometimes these manifestations are accompanied
by, or alternate with, cycles of visible bacterial biooms {(Aubert, 1988) and fungal development.
‘Eutrophication as a water quality problem differs from poliution-refated ones mainly in the
increased difficulty in distinguishing the process of eutrophication caused by.man from
processes and phenomena that may also occur naturally. Although not its main cause,
sewage and other forms of water pollution may directly or indirectly enhance or counteract
eutrophication (Vollenweider ef af, 1993). In this context, it has been stated (Shumway, 1990)
that it has been firmly established that there is a direct correlation between the number of red
tides and the extent of coastal pollution, particularly from sewage and some forms of industrial
waste,

2-8. Marine eutrophication is mainly an inshore problem that affects lagoons, harbours,
estuaries and coastal areas adjacent to river mouths. * Major publicity has been accorded to
the Northem Adriatic as a problem area but, in the Mediterranean as a whole, coastal marine
areas and lagoons prone to eutrophication problems exist in practically every country
(UNEP/FAO/WHO, 1885). No comprehensive estimate of the total nutrient load to the
Meditetrranean Sea as a whole appears to have been made, a lacuna difficult to fill because
of the lack of exhaustive source and reliable input data for all the countries bordering the
Mediterranean Sea. A provisional estimate of 580,000 to 1.070,000 tons nitrogen and
104,000 to 120,000 tons of phosphorus annually has recently heen made (UNEP/FAO/WRHO,
1995). Although the main body of the Mediterranean Sea as a whole is not yet seriously
threatened by eutrophication, there are localized problems, which can be quite serious in their
actual or potential socio-economic and sanitary impact on tourism, aquaculture. fisheries and
other water uses and which, in the light of projected population increases, will be aggravated
in future years unless the necessary remedial and preventive measures are taken
(UNEP/FAQOMWHO, 1995).

2.2 DISPERSION AND FATE OF MICROORGANISMS IN THE MEDITERRANEAN
MARINE ENVIRONMENT

Dispersion

2-9. Seawater is not the natural environment for most of the microorganisms discharged
in wastewater effluents, particularly those originating in the intestinal tract of humans and
other wam-blooded animals. In the first assessment of the state of microbial poliution of the
Mediterranean Sea (UNEP/WHOQO, 1985), it was explained that concentrations of the three
major groups of indicator bacteria normally utiized for determining the state of pollution of the
sea by sewage (total coliforms, faecal coliforms and faecal; streptococci) would not remain
unaltered in the receiving waters, but would progressively disappear. However, it was also
stated that whether or not all the microorganisms discharged in wastewater effluents were
permanently inactivated during the hours following their mixing with the receiving seawater
was the subject of considerable debate and of continuing research. QOver the past century,
many studies have been carried out to estimate the fate of pathogenic microorganisms
(viruses, bacteria, fungi and protozoa) and bacterial indicator organisms in estuaries and
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seawater through both field and laboratory observations and experiments. (WHQO/UNEP,
1661). '

2-10. Microorganisms contained in sewage are dispersed by the turbulence of diffusion
where they are discharged into the sea. On discharge into seawater, they are rapidly
adsorbed on to particles of every kind that float in the water. (plankton, mineral particles,
assorted organic debris) and when routine counts are made, this adsorption results in an
apparent diminution in the number of microorganisms per unit of volume of seawater (Brisou,
1976). These adsorbents are diluted, dispersed, flocculated, sedimented or carried back to
the coast. The coarse particulate matter contained in sewage has a tendency to settle rapidly
in seawater, fixing microorganisms which are adsorbed onto it.  Although this process of
sedimentation plays an important role in the vicinity of waste discharge points (Mitchell and
Chamberlin, 1875, Geldreich, 1978), it does not appear to be an essential factor in microbial
disappearance, considering the high bacterial concentrations detected in these waters. On
the other hand, the fine particles undergo a diffusion process whereby they transport a large
quantity of microorganisms with them (Gauthier, 1980; Mujeriego ef a/, 1982; Borrego,
1982). .

2.11. The physicochemical processes of flocculation of microbial cells, and their subsequent
sedimentation to the sea bottom, have also been considered as the mechanism responsible
for the microbial enrichment of sediments in the areas surrounding wastewater discharges
{Mitchell and Chamberiin, 1975). Natural turbulence and marine currents can become a
plausible mechanism by which the contaminated sediments can be re-suspended, with the
consequent impairment of the microbiological quality of the overlying seawater (Volterra and
Aulicino, 1981; Velescu, 1983).

Adaptation and survival

2-12. The survival of enteric bacteria in the marine environment was originally constdered
as essentially of short duration, these bacteria supposedly being destroyed comparatively
rapidly by an assembly of antagenistic factors including physical factors such as temperature
and solar radiation, chemical factors such as salinity, heavy metals, pH and xenobiotics, and
biclogical factors such as macropredators, Iytic substances or antibiotics produced by marine
bacteria, algae or fungi. The effects of each of these factors will be briefly discussed later in
this part of the document. During the last two decades, It has been progressively recognised
that these bacteria, instead of being destroyed, can be subjected to considerable stress from
hostile factors, particularly under the conditions prevailing in the marine environment
(essentially low temperature, high salinity and nutritional insufficiency). It has been
demonstrated that these bacteria can evolve towards a viable but not cultivable state which
could be irreversible. During the course of such evolution towards dormancy, the cells
become subject to highly significant structural and metabolic modifications which render them
progressively inert, and which are essentially attributed to food scarcity. In effect, a striking
anatogy exists between such evoiution and that of autochthonous marine bacteria in
oligotrophic waters (Gauthier, 1992b).

2-13. The capability of a microbial cell to adapt may be overcome by its contact with
seawater, which constitutes a hostile environment, such contact resulting in physiological
damage which may be either sublethal or so intensive that it causes the death of the cell.
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The physiological damage or stress exerted by the marine environment on the allochtonous
microorganism can be studied by observing either the degree of structural disorganization in
the microorganism, or its inability to carry out a determined metabolic function when grown in
a selective medium. However, these stressed cells ¢an develop in culture media which do
not contain inhibitory substances (Romero and Borrego, 1991).  The importance of the study
of physiological damage to pathogenic cells is based on the non-detection of these cells in the
performance of standard microbiological tests which, in turn, are based on the examination
of selective culture media (Moadley, 1981).

2-14. | arge variations in Ty, values (the time taken for a 90% reduction in bacterial counts)
are observed in different marine areas. These differences are attributable to very different
environmental conditions (WHQ, 1991). Salinity, natural light, temperature, dissolved
substances and natural predators are among the factors known to affect the survival of these
microorganisms in seawater. The saline content of seawater varies from 3.3 to 3.8%, while
the most favourable habitat for allochtonous microorganisms requires a salinity level of close
to 0.9%. This significant difference in salt concentration anticipates the sea water's ability to
inactivate these microorganisms. Such inactivation may be achieved through osmotic shock
or through the specific toxicity of the ions (Carlucci and Pramer, 1960). it is also commonly
known that increase in cellular metabolism is dependent on temperature. The accelerated
activity of microorganisms caused by this increase can produce a greater inactivation of the
toxic factors in the water (Aubert and Aubert, 1869; Vasconcelos and Swartz, 1978). The
effects of temperature depend closely on the organism tested. Some bacteria or viruses (e.g.
Salmonella fyphi and some coliphages) are more sensitive than others (e.g. Shigefla species)
to high temperatures. Vibrio species (Vibrio cholerae, Vibrio alginolyticus, Vibrio
paraheaemolyticus) are very sensitive to low temperatures; they generally become
undetectable in marine environments at temperatures below 15 to 18°C (WHO, 1691).

2-15. Because of the specific toxicity of some metallic ions to numerous organisms, they can
exert a negative effect on the sewage flora in even remotely low concentrations (Jones, 1971;
Jones and Cobet, 1975). Because of their ability to inactivate enzymatic systems, it appears
that these ions, or complexes of heavy metals, form part of the sea water's purifying process.
The amount of available nutrients is another factor. Seawater is an oligotrophic substrate as
a nutritive source, with a low level of nutrients, organic matter being a limiting factor in the
growth of polluting microorganisms (Savage and Haines, 1971; Sinclair and Alexander,
1984). On the other hand, the presence of organic substances originating from sewage in the
water stimulates bacterial growth, thus intervening in partial compensation of the bactericidal
effects of other negative factors. This, of course, is not the case for strict parasites such as
viruses.

2-16. In particular, solar radiation has been identified as the single most important factor
responsible for microbial inactivation, and the inactivating effect of light is proportional to the
intensity of, and the time exposed to, radiation (Gameson & Gould, 1975), its effect being
determined by the transparency and concentration of organic matter dissolved in water
(Fujioka et af, 1981). The lethal effect of light increases with intensity; the T, values for
bacteria are generally 90 to 100-fold lower in the light than in the dark (WHO, 1991). It has
been indicated that the sublethal injuries induced by solar radiation in the catalase enzyme
system of Escherichia coli render the cells sensitive to otherwise innocuous peroxide
concentrations (Kapuschinski & Mitchel!, 1981). In these authors' experiments, although
standard cultivation techniques did not allow recovery of all the stressed microbial cells, the
addition of peroxide scavengers, and particularly the catalase enzyme itself, proved capable
of recovering a considerable portion of the affected E. cofi cells. Furthermore, light acts
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synergistically with salinity and, to some extent, temperature. - Maximal lethal action is
ohserved in water with high solar radiation, high salinity and high temperature (WHQ, 1881).

2-17. However, these physico-chemical factors, due to their large ecological influence, could
have a direct or indirect effect on microbial pathogens by enhancing growth. In addition,
antagonistic or protective activity by other marine organisms (bacteria, plants or animals) is
possible, Extrapolation from laboratory results to natural environments is somewhat
hazardous; discrepancies observed between in sity and in vifro studies arise from the high
complexity of natural conditions,

2-18. Furthermore, both in situ experiments and laboratory studies have shown the
antagonistic activity of marine organisms on microbial pathogens. Sewage contains
bacteriophages (bacterial viruses) of different microorganisms, which are also detected in
seawater where the waste is discharged. Phages are strict parasites and usually kil bacterial
cells, producing lysis plagques when the optimum conditions necessary for the growth of these
bacteria occur. Because of these conditions, it is difficult to specify the degree of influence
that phages exert on the process of seawater purification (Borrego, 1982). Another predator
of bacteria, Bdellovibrio bacteriovorus, is widely distributed in soil, freshwater, seawater and
sewage. However, itis difficult to determine its true ecological role (Starr and Seidler, 1971).
Myxobacteria have the ability to hydrolyze insoluble molecules, or to lyse bacterial cells and
use them as a substrate. The purifying action of these bacteria, which act mainly on dead
bacterial cells, is well established (Verstraee and Voets, 1976). Protozoa play an efficient
part, directly or indirectly, in the purification process, eliminating the organic matter and also
the bacteria in the environment (Mitchell, 1971; McCambridge and McMeekin, 1980, 1981;
Mallory ef al, 1983). Naturally-occurring marine bacteria are generally better adapted than
allochtonous microorganisms to the concentrations of nutrients found in their environment
(Sinclair and Alexander, 1984). Thus, a competitive phenomenon for nutrients may occur in
arsas where the incidence of autochthonous flora is significant.

2-19. Several authors have indicated the importance of antibiotic substances in the water
as inactivating agents of polluting microorganisms in the marine environment (Aubert and
Aubert, 1969; Paoletti, 1870), Different microorganisms, such as Actinomyces species,
Streptomyces species, Bacillus species and other algae, show the ability to synthesize
antibiotic substances. A negative effect of these antibiotic substances on sewage flora has
been observed in laboratory experiments, but its role in situ is of little importance, as the
production of antibiotics is conditioned by the growth of the microorganisms in very rich media,
conditions which are only produced with difficulty in the sea (Mitchell, 1971).

2-20. The mechanisms responsible for the evelution and disappearance of allochtonous
microbial pathogens also appears to be different in other components of the marine
environment, such as sediments or animal intestinal tracts. All the experiments performed in
marine sediments have led to the conclusion that terrestrial bacteria can survive much longer
(weeks, sometimes months) in such deposits than in the water column. This important
increase in survival ability was initially attributed to the absence of light and to the presence
of organic nutrients, although sediments confain many micro-and macropredators and
antibiotic-producing microorganisms. Recent findings have emphasized the fact that marine
sediments contain osmolytes, enabling enteric bacterial cells to requlate their turgor pressure
and to restore a normal metabolism under marine conditions (WHQ, 1991).

2-21. This requlztory activity can be considered an adaptive process that would help the
human pathogens to survive in the marine environment. Qrganic osmolytes have been
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detected in marine deposits, sometimes at rather high concentrations. In addition, enteric
hacteria are able to take up and use these osmolytes under marine conditions. Therefore,
marine sediments could favour the maintenance (and probably growth) of enteric bacterial
pathogens in a virulent state and thus act as a reservoir for such allochtonous contaminants,
Furthermore, some eutrophicated waters could act in the same way, the overall survival
capability of pathogens then depending, at least partly, on the balance between the
antagonistic activity (antibiotics) and the protective action (osmolytes) of the algal population.
More specifically, it is considered that some marine eutrophicated waters and sediments
could be considered as "high risk areas”, as they could act as reservoirs yielding "adapted”
resistant cells of enteric pathogens retaining their entire virulence. In such areas, it is
assumed that "survival" would result from the balance between the antagonistic activity of
several inhibitory factors (such as light, toxins and antibiotics) and the protective effect of
organic matter (nutrition and osmoregulation) which would largely depend on the composition
of algal and invertebrate populations (WHO, 1991). The prospective influence of marine
sediments should, however, be emphasized since they prevent solar irradiation, they contain
organic nutrients favouring bacterial growth, and they contain many quaternary amines and
possibly osmolytes produced by microorganisms, plants and animals which could be
transported through specific systems and increase osmoprotection (Gauthier ef al, 1991).
Enhanced survival of Escherichia coli and Salmonella have, in fact, been demonstrated in
bottom sediments (Geldreich, 1985).

2-22. The behaviour of microbial pathogens in aquatic animal intestinal tracts and tissues
is far less well known. Once taken up in fish or moilusces, they could behave differently than
they do in the water, However, additional data are needed to confirm such differences and
to elucidate the processes responsible for a special in vivo adaptation of terrestrial bacteria
(WHO, 1881). .

2-23. Besides these "classical" considerations, account should also be taken of recent
metabolic and molecular studies of the reactions of bacteria to starvation and other
environmental stresses. The ultraviolet component (wavelengths 300-400 nm) of bright
sunshine is actively lethal to vegetative bacterial cells, and acts by the damaging (thymine
dimerisation) of deoxyribonucleic acid (DNA). Unless this is reparable, the cell is unable to
replicate. If Gram-negative bacteria are stored in suspension in water, they progressively lose
the ability to be cultured. One of the first stages of starvation is an internal reorganization
resulting in rapid degradation of cell protein, followed by resynthesis of new proteins, mediated
by genes induced by carbon starvation and other genes, responsible for conferring resistance
to stress. Mutations occur at an accelerated rate in an attempt to confer selective advantage.
If the bacterial concentration is high, then metabolic products may be sufficient to maintain a
small culturable population. The use of standardized studies on survival by Colwell and
co-workers at the University of Maryland have suggested that bacterial pathogens can evolve
toward a viable (i.e. a metabolically responsive) but non-cultivable state in seawater in which
they could retain infectivity and virulence Colwell et al, 1985). This observation results from
experiments in which large numbers of non-culturable but viable cells were injected into
ligated rabbit ileum, resulting in an enterotoxigenic reaction and production of isolable cells,
Other attempts to demonstrate retention of virulence in non-culturable gram-negative
pathogens have been less successful. Itis likely that the non-culturable state is a transient
phase in bacterial decline in the environment. It has no significance at all for viruses, which
can only multiply in their hosts.

2-24. Apart from this, any modification of environmental conditions could significantly modify
the survival and evolution of microbial pathogens in the sea. The proliferation of mucilaginous
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algae in the Adriatic Sea in 1988 and 1989 has suggested the possibility that, under such new
conditions, opportunistic pathogens may exceptionally resist or multiply. Recent studies
dealing with the presence and evolution of bacterial indicators or pathogens during “mucilage”
episodes have shown that the coloured tides observed along the Adriatic coast correspond
to a generalized reduction of enteric microbial titres of these waters for the periods in
question. However, samples containing mucilage appeared particularly enriched in marine
halophilic organisms, such as Vibrio, Aeromonas and Pseudomonas species, indicating that
opportunist autochthonous pathogens may be present in seawater and may overgrow under
such abnormal conditions (WHO, 1991).

Comparative survival

2-25. Results from field studies carried out during the Coastal Water Quality Control pilot
project MED VII) between 1976 and 1980 within the framework of the MED POL Phase |
Programme and elsewhere pointed out the different survival patterns of the three bacterial
indicator organisms utilized for assessment of the microbiological quality of seawater. While
total coliforms and faecal coliforms appear to be inactivated in seawater rather rapidly and
progressively under natural conditions, faecal streptococci show a lower inactivation rate, as
well as a smaller long-term percentage reduction (WHO/UNEP, 1981).

2-26. \Volterra & Aulicino (1981) and Velescu (1983) have also recorded that, as is the case
in circutating seawater, faecal streptococci are able to survive in sediments for longer periods
than faecal coliforms, in some instances to the paint of the former outnumbering the latter
which is the reverse of the normal ratio observed in wastewater effluents themselves.
However, the sea-bottom not being the natural environment for most of the microorganisms
discharged in wastewater effluents, it can be expected that termination of the discharge or
improvement in its quality, with subsequent depletion of organic substrates, the survival of
these microorganisms would be highly impaired.

2-27. Considerable work on the comparative survival of pathogenic and indicator bacteria
under Mediterranean conditions has been performed within the framework of the research
component of MED POL Phase [l. The effects of organic matter, temperature and light
intensity on the survival of three Salmonella strains (Salmonella enteritidis, Salmonella
typhimurium and Salmonelia flexnen), Shigella sonnei and Escherichia coff were studied (Fuks
1991), both in the marine environment and in laboratory experiments with natural seawater.
The survival of all Salmonella and Shigelfa strains tested, as well as of faecal coliforms, was
higher than that of Escherichia coli Results also showed that sea temperature may exert an
important influence on the magnitude of decay rates in all organisms studied. However, in situ
experiments revealed that a large amount of organic matter may overcome the bactericidal
effects of sea temperature and light. |t was also concluded that although the die-off rate of
Escherichia coli did not differ significantly from that of Salmonelila typhimurium in some
experiments, their different tolerances to light and temperature should be taken into account,
particularly when utilizing Escherichia coli as an indicator of the presence of Salmonella
typhimurium in seawater.

2-28. A similar study was conducted to determine the comparative effects of temperature,
salinity and light on the rate of die-off of Salmonella typhi, Salmonella wien, Shigella flexneri
and Escherichia coli (El-Sharkawi ef al, 1991), which were tested in natural seawater,
sterilized seawater, tap water and normal saline. No great differences were found between
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the survival imes of all test organisms at 25-35°C, and all dies off more rapidly at 40°C. The
salinity of seawater did not appear to affect the survival time of the two Salmonella species
and of Shigella flexneri, but Escherichia coli survived longer in fresh water than in seawater
at temperatures between 30 and 35°C. Sunlight had a lethal effect on all test organisms,
Salmonella and Shigella could only be isolated from the sewage boil, and could not be found
more than 100 metres from the boil during daylight. At night, Salmonella could only be
isolated within 400 metres, and Shigella within 200 metres, of the périphery of the boil,

2.29, A comprehensive study on the comparative survival of various strains of Saimonella
paratyphi, Salmonella thompson, Pseudomonas aeruginosa, Staphylococcus aureus,
Streptococcus faecalis, Streptococcus faecium, Candida albicans and Escherichia cof,
utilizing both strains isolated from seawater and reference strains, was performed in Malaga,
Spain (Romero and Borrego, 1991), including both in situ and Iaboratory tests. In one series
of tests, the results, graphically obtained from the kinetics of inactivation, showed Escherichia
coli as having the greatest survival rate, followed in descending order by Salmonella species,
Pseudomonas aeruginosa, faecal streptococci, Staphylococcus aureus and Candida
albicans. In other tests, the T,, values observed for Candida albicans and Staphylococcus
aureus were superior to those of the indicators, thereby supposing that these pathogens can
create a potential public health risk in waters in which the concentrations of indicator
organisms are within normal acceptable values. A gradual process of cellular damage was
observed in alt the microorganisms tested. This increased in proportion to the time they were
exposed to the sea. Metabolic damage was very important in the case of the enterococci and
Staphylococcus aureus. Escherichia coli, Candida albicans and Salmonella species showed
a significant recuperation of damaged cells with respect to initial percentages. in general
terms, a more prolonged survival time of the microorganisms was found in laboratory
experiments than in those tests carried out in situ. This has been explained as basically due
to environmental factors, principally physical, which diminish concentrations in the sea while
having no inactivating effects.

Survival mechanisms

2-30. The various strains of Escherichia colf have been the subject of a number of survival
and adaptation studies, aimed at analyzing somatic, metabolic and genetic modifications of
enteric bacteria placed in natural marine conditions. The structural and metabolic changes
observed in thirteen strains of Escherichia coli cells during different periods of starvation in
seawater have been described (Papapetropoulou ef al, 1993), the conclusions of the study
being that clinical Escherichia coli strains entering starvation in seawater face an altered
physiological situation leading to different changes in the cells. The changes referred to are
modification of enzymatic activity (biotyping changes), alteration of protein synthesis, loss of
some factors contributing to virulence, and changes in sensitivity patterns. A number of
studies have demonstrated that certain strains of Escherichia coli can adapt to various extents
to marine conditions, thus prolonging their survival therein. In a comparative study of strains
isolated from terrestrial wastewaters and those from merino samples, it was concluded that
the former were more resistant to three antibiotics (novobiocin, tetracyclin and erythromycin),
while the latter showed a greater tolerance to the salinity of their growth-medium, a greater
resistance to certain antibiotics (cephaloridin, aminosides, nalidixic acid) and, in some cases,
a greater overall resistance to antibiotics, and less tendency towards haemolysis and
haemagglutination. In the case of species isolated from marine sediments, an increased
sensitivity to high temperatures was recorded (Gauthier ef af, 1991). The results suggested
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that the sojourn of Escherichia coli cells in the marine environment for a period not yet
precisely defined could lead to an augmentation of their capacity to develop in saline media.
In other studies, it was concluded, infer alia, that the survival of Escherichia coli cells (as well
as that of other enteric bacteria such as Salmonella paratyphi B, Shigella dysenteriae and
Kiebsiella pneumoniae)in the sea depends, at least in part, on the events preceding their entry
into seawater, that such survival closely depends on the possibility of the cells compensating
for the osmotic shock they receive on entry into the sea as a result of the osmoprotective
mechanisms at their disposal, and that cells from sediments acquire a considerable resistance
to seawater and, when replaced in suspension in oligotrophic water, can survive for a
comparatively long period (Gauthier, 1992a, 1992b).

2-31. The latter of the above-mentioned studies, on the influence of osmoregulatory
mechanisms on the survival and adaptation of enteric bacteria, as exemplified by Escherichia
coli, in the marine environment (Gauthier, 1992b) describes the genes responsible for the
intraceliular synthesis, or acquisition from the extemal environment, of arganic osmolytes such
as betaines. Such acquisition or transport of some betaines by Escherichia cofi is very
efficient in marine sediments, which contain a considerable quantity of assimilable organic
materials. This observation is considered to confer considerable sanitary importance to
certain marine sediments, in the sense that, as already stated earlier in this section, these
could play the role of reservoirs of enteric bacteria, and eventually pathogens, where such
bacteria can develop an acquired resistance to marine conditions. It is concluded that it
appears clear that enteric bacteria can survive in the marine environment according to the
degree of possession of, or possibility of expressing, a certain number of genes which are
directly implicated in the maintenance of homeostasis under high osmotic conditions. In this
connection, the presence of nutritive organic substrates appears to play a determining role.

Experimental studies on the mechanism of gene plasmid transfer in enteric bacteria
{Escherichia cofi) in seawater, sediments and the digestive tract of marine invertebrates have
been described (Gauthier, 1992¢; Gauthier ef af, 1992).

Survival of viruses

2-32. lrespective of the source of the antagonistic processes occurring in the marine
environment mentioned earlier in this chapter, both pathogenic viruses (enteric viruses, polio
virus, Hepatitis virus A) and fungi (Candida albicans) survive for longer periods of time in
seawater than bacteria (UNEP/WHO, 1991). Viruses are able to survive for extended periods
of ime outside an animal host (Akin ef al, 1975) and can remain infectious for several weeks
or longer after discharge into receiving waters. Enteric viruses can survive from a few days
to over 130 days in marine water, survival being dependent on temperature, salinity, type of
virus, bacterial antagonism, suspended solids and pollution. Factors affecting viral survival
have been discussed by Gerba and Goyal (1978). Temperature appears to be the prime
determining factor in viral survival in seawater, with increased inactivation in warmer waters.
Little inactivation of Poliovirus 1 and Hepatitis A virus was observed at 5°C after 30 days, and
at 25°C, Hepatitis A virus persisted significantly longer than Poliovirus (Bosch et al, 1993).
In the same study, Poliovirus 1, Coxsackie virus B5, Echovirus 1 and Hepatitis A virus were
shown 1o survive much longer in autoclaved as compared with natural seawater.

2-33. Several authors have suggested that particle association significantly extends the
survival capacity of viruses, and increases their potentiai for interaction with local marine
organisms (Shumway and Hurst, 1991). The results of a comparative study showed that the
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presence of marine sediment enhanced virus survival in seawater at 25°C, and the protective
action of solids was particularly significant for Poliovirus after 30 days in marine waters (Bosch
et al, 1993). Retention of viruses by gill structures is enhanced by adsorption of viruses to
fine particulate matter, and this may have special significance for mussels, which are known
to feed heavily on re-suspended organic matter. Solids-associated viruses transported to
bathing beaches and shellfish-growing waters may therefore result in virus transmission to
humans (Rao ef al, 1986). In the 1972-1978 US Environmental Protection Agency's study on
water quality and gastro-intestinal symptoms, the association between ilinesses recorded and
the presence of very few indicator bacteria (10 Escherichia coli per 100 ml) suggested that
the agents responsible for the illness were highly infectious, were present in sewage in large
numbers, and survived much longer than Escherichia coli in the marine environment, These
characteristics, along with the clinical aspects of the illness, suggested a viral aetiology
(Cabelli et al, 1982). Recent experiments carried out in the Adriatic Sea indicate that some
algal species adsorb viruses and reduce their detectable infectivity, (Patti et a/, 1990). The
adsorbed viruses, however, may be infectious as free viruses, and it is considered that
unicellular algae, particularly during bloom episodes, may be a vehicle for transporting viruses
to recreational and shellfish areas.

2-34, Uptake of viruses by shellfish has been clearly demonstrated (Metcalf and Stiles,
1965) and numerous studies have similarly demonstrated that shellfish ¢an concentrate
viruses in their tissues at densities that are much greater than those in the overlying waters
(Geldreich, 1985). Like bacteria, the majority of viruses are concentrated in the digestive
system of the host and, once inside a shelifish, the survival of viruses appears to be further
proionged (Metcalf and Stiles, 1965). Virus retention in shellfish appears to be even longer
than that of bacterial pathogens (Geldreich, 1985). As an example, virus carriage for Hepatitis
A in oysters has been reported to range from six to eight weeks (Portnoy et al, 1975;
Macowiak ef al, 1976). Carriage of enteric viruses in oysters for a period of five months with
little reduction in numbers and no loss of infectious state has been reported as possible during
the winter months when shelifish metabolism declined to a minimal level {(Metcalf, 1982).
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PART 3

PATHOGENIC MICROORGANISMS IN THE
MEDITERRANEAN MARINE ENVIRONMENT

31 GENERAL CONSIDERATIONS

3-1.  With very few exceptions, as is the case in other regions. monitoring programmes in
the Maditerranean aimed at the estimation of the state of pollution of marine recreational and
shellfish waters continue to rely largely on concentrations of one or more bacterial indicator
organisms as an index of sanitary acceptability or otherwise, while the main risks to human
health through bathing or seafood consumption depend on the presence and density of
pathogenic microorganisms which are the real agents of disease. Among the exceptions are
those Mediterranean EC Member States which apply the Community's 1975 Directive on
bathing water Quality (European Community, 1976). This has a zero tolerance for Salmonella
and enteroviruses, but limits sampling frequency to the discretion of national authorities by
stipulating that concentrations should be checked by them when an inspection of the bathing
area shows that the substance may be present or that the quality of the water has
deteriorated. In the recent proposal for a new Council Directive on bathing waters (EC,
1894), the zero tolerance for enteroviruses have been retained, under conditions described
in Part 4 of this document, but 5almonelfz has been removed as a2 monitoring parameter.

3-2.  Since bacterial indicator concentrations provide a measure of the degree of faecal
pollution based on total population figures, while the presence and concentration of pathogens
in wastewaters depend on the incidence and amount of clinical or subciinical cases excreting
the specific organisms in question, expected concentrations of pathogens in seawater orin
shellfish would be much lower than those of indicators. Routine examination of wastewater
or seawater for pathogenic microorganisms is rendered impracticable in most countries by the
facts that:

(a) the procedures involved in isolation and identification vary with each different
pathogens;

(b) even in the case of what is probably the most ubiquitous organism, Salmonella,
isolation techniques involve relatively complicated procedures that exceed the
routine capabilities of a number of laboratories;

(c) negative findings for specific pathogens could only be considered provisionat
because state- of-the-act methodology is not sufficiently sensitive to detect a
level of one pathogen in the volumes of seawater (100 ml) normally used for
indicators, though this could be partially offset by the use of larger samples;

(d) fn this case of viruses, the procedures involved can only be carried out in
laboratories specifically equipped for such work and, more often than not, are
performed as part of special research projects and other related studies.

3-3.  Asaresult of this, data on the presence and density of pathogenic microorganisms in
seawater and shellfish is sparse in relation to that available for the commonly-used indicators
of faecal poliution of the sea by sewage. Diarrhoeal diseases are prevalent throughout the
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Mediterranean region, and the agents concerned, usually a wide variety of enteropathogenic
microorganisms, are discharged into the coastal marine environment in sewage containing
the faeces of diseased individuals or carriers. The incidence of such diseases, and the
isolation of the pathogens concerned, in a coastal community will therefore provide a
qualitative indication of the microbiological state of the sewage being discharged into the sea
from that community, and the potential concentration of any particular microorganism in
sewage will depend on its prevalence in each individual locality.

3-4. Correlation between concentrations of the more common bacterial indicators (which are
found in normal human faeces) on the one hand and pathogens on the other is not possible
on & general scale, as the former are determined by population density, while the latter are
determined by the morbidity pattern of the pathogen in question. Studies on such correlation
have been conducted in the Mediterranean (WHQ/UNEP, 1995), but, as expected, results
have varied considerably according to the locality in which they have been carried out.

3-5.  Pathogenic microorganisms encountered in the Mediterrangan marine environment
include bacteria, viruses, fungi, other microparasites (mainly protozoa) and toxic algae. The
more important species, are classified and described below. The data on incidence of the
various microorganisms in specific areas should be taken only as examples, as it would not
be possible to include all of the vast literature available on record. The information available
as a whole, however, shows a geographical imbalance, and a large proportion of records are
from the Northemn part of the region. Information from the Southern and Eastern parts, where
one would expect to find more pathogens in coastal seawater, are relatively sparse.

3.2 BACTERIA
Salmonella

3-6. Salmonella species, which are the agents for typhoid and paratyphoid fevers, food
poisoning and gastroenteritis, have a worldwide distribution, and are abundantly represented
in the Mediterranean. They are found in both untreated and treated sewage, and It has been
stated (Abdussalam, 1990) that even the most effective sewage treatment only brings about
reduction, rather than elimination. Qver 2,200 serotypes are known though, at any given time,
only a few (about 10 to 12) are prevalent in a given area or country (Abdussalam, 1990). it
is considerad (Brisou, 1876) that all the countries of the Mediterranean seaboard are, in
general, major reservoirs of Salmonella.  While major attention has been paid to Salmonella
typhi, Salmonella paratyphi A and Salmonella paratyphi B, a large number of other serotypes
have been isolated in the region. A total of 29 serotypes were isolated in Greece during the
course of one study (Vassiliadis ef a/, (1987), 24 of these from sewage-polluted river water.
Several different serotypes have also been isolated from France, Israel, ltaly, Spain and
Former Yugoslavia (Brisou, 1976). In a 3-year survey of Salmonella pollution of coastal
seawater in the Gulf of Trieste, Majori ef al, 1978), 401 of 1059 samples (37.8%) were
positive for Sa/monelfla strains, which were distributed among 2 wide range of serotypes. A
total of 220 strains of Salmonelia have been isolated from sewage effluents in Alexandria (El-
Sharkawi ef al, 1982b). 16 serotypes were isolated from coastal seawater samples from
locations near a river mouth in the vicinity of Malaga, Spain, using different enrichment media
(Borrego and MoriZigo, 1994).
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3-7. Salmonella species do not survive long in seawater, and direct infection as a result of
bathing or other recreational activity is not likely to occur due to the relatively high infective
dose required in the case of most serotypes. On the other hand, the infective dose for S.
typhi and S. papatyphi A and B is considerably lower. Consumption of seafood is a different
problem, as the bacteria are concentrated either by filter-feeding shellfish or on fish gills. In
sheliiish, the bacterial concentration may be 50 times that in water (UNEP/WHO/IAEA, 1988).

Vibrio

3-8, Cholera is one of the major diseases associated with the consumption of sewage-
contaminated shelifish, and the causative agent, Vibrio cholerae, was discovered by Koch in
Egypt during the 1883-1884 epidemic. The seventh pandemic wave of cholera, due to Vibrio
El Tor, which originated in 1961 in Indonesia and is still active, spread to the Mediterranean
region in the early 1970s. Cases have been reported in various parts of the region, including
Algeria, France, Morocco and Spain (Brisou, 1976) and a major outbreak, in which mussels
were identified as the carriers, occurred in ltaly in 1973, where it caused 277 cases.and 24
deaths (Baine ef al, 1974). Brisou ef af (1962) isclated 44 strains of Vibrio from the Algerian
coast, Although only some of these can be considered pathogenic, there is clear evidence
that some strains of naturally-resident aquatic bacteria are capable of causing gastroenteritis,
systemic infections and intoxications in humans (Shumway and Hurst, 19291). An
investigation in Morocco of the process and efficiency of sewage treatment by stabilization
ponds under an arid Mediterranean climate showed that this treatment process appeared to
be ineffective in eliminating Vibrio choferae non-01, no bacterial reduction occurring during
the season, and no significant reduction during the cold season.

3-9. NAG (non-aggiutinable) vibrios, which cause gastroenteritis, are also frequently found
in shelifish in the region.  As in the case of Vibrio cholerae, NAG-vibrios are also discharged
through sewage effluents, and infection is most likely to occur through consumption of
contaminated shelifish. A total of 214 Vibrio serotypes were analyzed and identified during
a relatively recent study in Toulon, (Martin and Bonnefont, 1990), comprising effluent,
seawater and mussel samples. The Vibrio population in the effluent was the most diverse,
including several species of public health interest, such as Vibrio fluvialis, Vibrio cholerae
(non-01} and Vibrio Matschnikovii these three species, however, were not found in seawater
or musseis.

3-10. Two other Vibrio species widespread in the Mediterranean are natural to the marine
environment, and no correlation exists between their presence and pollution of the sea by
saewage. In the case of Vibrio parahasmolyticus, the main cause of infection is again
shelifish (UNERP/WHO/IAEA, 1988), though wound infection by contact with seawater is
another route of transmission (WHQ, 1882)  Vibrio alginolyticus, which causes ofitis, sore
throat and wound infections, occurs in coastal marine areas, and its main route of
transmission in man is through contact with seawater and sediments. 1solations of Vibrio
parahaemaolyticus and, to a lesser extent, Vibrio alginolyticus, have been reported from a
large number of Mediterranean countries (Boccia ef al, 1978), the samples examined including
seawater, mussels, benthic molluscs and sediments.  In a study of various mollusc beds
located along the Tyrrhenian coast, concentrations of Vibrio parahaemolyticus recorded were
10° in mussels (Mytilus galloprovincialis), 10 in Ensis siligua minor, and 0 in Chamelea
gallina, as compared to 10" in seawater (Volterra, 1991),
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3-11. In atotal of 165 samples collected in the neighbourhood of Alexandria in 1979-1980,
average counts of Vibrio parahaemolyticus per 100 ml or 100 g were 36 for seawater, 345 for
the sea urchin Echinus, 436 for sediments, and 534 and 1872 for the molluscs Tapes and
Donax trunculus respectively. Samples collected duning summer containad higher levels than
those collected during winter (El-Sahn ef a/, 1982). Vibrio parahaemolyticus and Vibrio
alginolyticus were also isolated from samples of seawater in North Adriatic bathing areas in
1989 (Maini ef al, 1980), and the latter species was found to be the prévalent one in seawater
and mussels during the Toulon survey (Martin and Bonnefont, 1980). Levels of Vibrio
species recorded in seawater during an epidemiological study conducted on two beaches in
Spain between 1988 and 1989 ranged from 100 to 2800 per 100 mi in the less polluted beach
and from 250 to 12000 in the more polluted one (Borrego et al, 1991).  No distinction between
species was made.

3-12. Recent studies indicate that the old concept of considering Vibrio cholerae as a
pathogenic microorganism found mainly in countries with no sanitary facilities, and that
survival of this type of Vibrio outside the human intestine is limited, has to be radically revised.

Vibrio cholerae and a number of other Vibrio spécies are commonly found as natural
residents of aquatic environments in cholera-free areas, and their presence is not necessarily
associated with faecal contamination (West, 1989).

3-13. In the last 25 years, the increasing number of epidemiclogical and ecological
observations in many countries indicate that many environmental strains of Vibrio species are
human pathogens. OQut of 11 Vibrio species considered as causing illness in man (West,
1989), Vibrio cholerae 0. Vibrio cholerae non-01, Vibrio parahaemolyticus, Vibrio vulnificus,
Vibrio mimicae (previously known as Vibrio cholerae) and Vibrio alginolyticus have been found
increasingly often associated with human iliness, either through seafood consumption or
through water contact and abrasion. More attention is being paid to Vibrio vulnificus, which
cab cause fatal septicaemia and gastroenteritis, as well as wound infections. However, the
presence of vibrionaceous organisms, particularly Vibrio vuinificus, in seawater and shellfish
depends on temperature and salinity, and the species appears seasonally in the records
(Kelly and Stroh, 1988; Q' Neil ef al, 1992; Kaspar and Tamplin, 1993; Cook, 1994).

Shigella

3-14. Shigella species, which are the agents of bacillary dysentery, are also, like Salmonella,
widely distributed throughout the world, and enter into the marine environment in sewage
effluents. The proportion of cases diarrhoea due to Shigelia species varies in different parts
of the world, but they are among the first five agents in many studies. Shigellae cannot be
considered a s one single entity, as the four main species known, Shigella dysenteriae,
Shigella flexneri, Shigelia boydii and Shigella sonnei, are different in their pathogenicity, means
of spreading and resistance to environment. Epidemiological data available indicate that the
incidence of Shigella infection has not decreased much during the last decade or so in
developed countries, where Shigella sonnei and, to a certain extent, Shigella flexneri, are
predominant. In developing countries, the other two species, Shigella dysenterize and
Shigella boydii, are also frequent. " (Dardanoni and Nastasi, 1890). Multiresistant Shigelia
dysenteriae and Shigella flexneri infections show a high case-fatality rate, since both ora
rehydration and antibiotic treatment may be ineffective. The importation of multiresistant
Shigefta strains carrying transmissible plasmids may be the source of spread to other enteric
bacteria and to indigenous Shigella strains (Dardanoni and Nastasi, 1980).
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3-15. Shigela is endemic on the eastern and southern shores of the Mediterranean (Brisou,
1976). All four species have beeri recorded in France and (with the exception of Shigelta
dysenteriae) in aly (Dardanoni and Nastasi, 1890). Isolations have also been made in Egypt
(El-Sharkawi ef al, 1991) and along the Fastern Adriatic coast (Fuks, 1991). In the 1991
assessment of the state of pollution of the Mediterranean Sea by pathogenic microorganisms
(UNEPAWHOQ, 1991), it was noted that cases of dysentery reported from the region called for
a more comprehensive assessment of the situation than had hitherto been undertaken, and
that statistics on the occurrence of Shigella species in sewage should be the first step in
correlating this with cases of dysentery. This statement still holds good.

Staphylococcus

3-18. Staphylococcus aureys and related species, particularly Staphylococcus epidermidis,
are potential pathogens associated with skin, skin glands and mucous membranes of warm-
blooded animals, including man. They are found in swimming pools and natural bathing
waters, and coagulase-positive strains cause a wide range of infections and intoxications,
including boils, abscesses, meningitis, furunculosis, pyaemia, osteomyelitis, otitis, suppuration
of wounds and food poisoning. Staphylococcus aureus is salt-tolerant, and can survive in
the marine environment (UNEP/WHO/AEA, 1988). Ear infections due to Staphylococcus
aureus, as well as other infections affecting the skin and naso-pharyngeal tract, are suspected
of being transmitted through bathing water (WHQO, 1882). The origin of the pathogen in
seawater is attributed to human activity, as all strains have been found to be shed by bathers
under all conditions of swimming (Robinton and Mood, 1966).

3-17. In 628 samples of coastal water monitored in Israel, 60.7% contained Staphylococcus
aureus, including 33 samples (5.3%) with one cell per 100 ml, ranging from 42.5% in less
populated beaches to 81% in beaches sampled during the highest bathing load (Yoshpe-
Purer and Golderman, 1991). In a later study in the same general area, varying counts of
Staphylococcus aureus were recorded in both seawater and sand (Ghinsberg ef al, 1994).
A comparison between concentrations of Staphylococcus aureus in seawater and sand of
heavily-populated and slightly-populated beaches in Greece (Papadakis ef a/, 1992) showed
positive readings in all samples. While concentrations of Staphylococcus aureus in seawater
were not significantly different between the various beaches, considerably higher
concentrations were found in the sand of highly-populated beaches. Staphylococcus aureus
was not isolated from seawater and sand in the 1988-1989 study conducted in Malaga
(Borrego et al, 1991), but the authors confirm its presence in previous surveys. Out of 265
samples of coastal seawater from bathing beaches in Greece, 6.8% were found to contain
Staphylococcus aureus, three of the 18 positive samples having between 101 and 500 CFU
per 100 ml, and the remaining 15 between 11 and 100 CFU per 100 ml (Papapetropoutou and
Rodopoulou, 1994). in another study in Greece, Staphylococcus aureus was recorded in
various concentrations from both seawater and sand samples, and a significant correlation
was found between bacterial counts in both media and the number of swimmers at the beach,
the correlation being clearer in a high population density beach (Papadakis, 1994).

3-18. Although Staphylococcus aureus is linked with food-paisoning in general, records of
transmission through shellfish are relatively sparse. In Egypt, shelifish taken from highly-
poliuted water have been considered unacceptable in quality due to the presence of
pathogenic microorganisms, including Staphylococcus aureus (El-Sharkawi ef al, 1982a).
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Pseudomonas

3-19. Pseudomonas aeruginosa causes ear, eye, wound, burn and urinary tract infections,
as well as enteritis. The route of transmission to man was previously considered to be mainly
infected swimming pools (WHO, 1982). but the organism is becoming increasingly implicated
in ear. throat and skin infections through bathing in contaminated seawater
(UNEP/WHO/AEA, 1988). Numerous cases of folliculitis, dermatitis, ear and urinary tract
infections due to Pseudomonas aeruginosa that were acquired by bathing in contaminated
water (mainly swimming pools, but including seawater) have been reported (Yoshpe-Purer
and Golderman, 1991).

3-20. Pseudomonas aeruginosa can be recavered from about 10% of normal human stools,
and is consequently frequently found in sewage, where concentrations may reach 10° per 100
ml (Rhame, 1879). Counts in excess of 1600 per 100 ml have been recorded in Spainin a
poliuted river near its outlet to the sea (Alonso Molina ef a/, 1984), and lower counts in
seawater, also in Spain, ranging from 0 to 210 (Borrego et af, 1991). In Israel, out of 652
samples of seawater from various beaches collected between 1883 and 1984, nearly 50%
contained Pseudomonas aeruginosa. In a small number of these samples, the normal
indicators of faecal pollution - (Faecal coliforms and Escherichia coli) were either low in
concentration, or absent (Yoshpe-Purer and Golderman, 1991). In a later study in the same
area, both seawater and sand in a number of beaches contained various levels of
Pseudomonas aeruginosa (Ghinsberg ef al, 1994) Qut of 265 samples of coastal seawater
from bathing beaches in Greece, 12.4% were found to contain Pseudomonas aeruginosa,
counts varying from below 2 to between 101 and 500 cfu per 100 ml {Papapetropoulou and
Rodopoulou, 1994). In water samples collected from several aguatic environments in
Malaga, Spain, Pseudomonas aeruginosa counts and isolation frequencies were clearly
associated with the degree of faecal pollution, the results confirming that sewage, from which
it was isolated at densities of 10° cfu per 100 ml, was the major source (de Vicente ef al,
1991).

3-21. High concentrations of Pseudomonas species have been recorded in shellfish,
Concentrations as high as 110,000 per 100 ml in Mytilus galloprovincialis, 460,000 per 100
mi in Donax trunculus, 420,000 per 100 mlin Ensis siiqua and 34,000 per 100 ml in Chamelea
gaflina have been reported, these concentrations varying from one to four orders of magnitude
greater than that of the surrounding waters (Volterra, 1991).

Campylobacter

3-22. Campylobacter (Helicobacter) became recognised as an important bacterial pathogen
of humans about a decade ago (Geldreich, 1985), The occurrence of campylobacters in
natural water is extremely variable, and it is not yet exactly known how many of the organisms
isolated are pathogenic to humans (APHA, 1985). Thermophilic campylobacters have
received considerable attention in recent years as a major cause of bacterial enteritis in man
(Jones ef al, 1984; Fricker, 1987; Skirrow, 1987). Two species, Campylobacter jejuni and
Campylobacter coli cause diarrhoea and fever, and can both be transmitied through seafood
consumption or ingestion of water. Campylobacter jejuni can be found worldwide and, in
developed countries, is now recognised as one of the most common causes of bacterial
diarrhoea (Skimow, 1887). To a lesser extent, enteritis is also associated with Campylobacter
coli. Enteritis is also produced by Nalidixic Acid Resistarit Thermophilic Campylobacter
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(NARTC), formally described as a new species with the proposed name of Campylobacter
faridis (Benjamin ef a/, 1983) and by a fourth thermophilic species, Campylobacter upsaliensis
(Sandstedt and Ursing, 1886). Thermophilic campylobacters are common gastrointestinal
pathogens, and they may cause more enteritis than salmonellas do (Svedhem and Kaijser,
1980: Blaser ef al, 1983). Enteritis produced by Campylobacter is usually a mild to moderate
self-limited iliness; however, patients with severe, prolonged or relapsing enteritis should
receive treatment (Lariviere et al, 1988).

3-23. Campylobacter jejuni, Campylobacter coli and Campylobacter faecalis, have been
isolated from sewage outfalls and poliuted seawater in various parts of the Mediterranean
(UNEP/WHO, 1991). In Greece, isolations from such matrices of Campylobacter jejuni and,
io a lesser extent, Campylobacter faecalis, have been reported as occurring fairly regularly,
particularly during July and August (Papadakis, 1987). A total of 21 Campylobacter strains
were subtyped during a study in Spain {(Alonso Molina ef af, 1993). These include strains of
Campylobacter jejuni, Campylobacter coli, and a number of unidentified species. Low levels
of Campylobacter jejuni were recorded in both coastal seawater and sand (mainly in the latter
matrix) in a number of israeli beaches. Its presence in sand indicated that it may be
considered a possible hazard factor for enteritis in the population bathing in the beaches in
question (Ghinsberg ef al, 1994).

Aeromonas

3-24. One of the not wholly enteric bacterial pathogens in the Mediterranean is Aeromonas
hydrophila, which causes septicaemia in immunosuppressed hosts, diarrhoea, pneumonia,
abscesses and wound infections (UNEP/WHOQO, 1991}). It can be transmitted through contact
with, or ingestion of, water or through consumption of contaminated seafood. Aeromonas
species are known for their importance as pathogens in fish, reptiles and warm-blooded
animals (Janda and Duffey, 1988). Qver a decade ago,, the significance of Aeromonas
species as human pathogens started to receive increasing attention (Burke ef al, 1983,
1984). They are considerad to be of public health significance when found in the environment
in farge numbers (Kaper ef af, 1981). The aquatic environment is considered to be the major
source of infection (Joseph et al, 1979; Burke ef al, 1984). Reports from many parts of the
world suggest that Aeromonas species cause an acute self-limiting diarrhoeal iliness in man
(Barer ef al 1986; Mascher ef al, 1989). Aeromonas hydrophita and Aeromonas sobria have
been more frequently associated with human infections (Daily et af, 1981; Diaz and Velasco,
1987), whereas Aeromonas caviae is less invasive (Watson ef al, 1985). Aeromonas
species may possess virulence factors such as proteases, enterotoxins, haemolysins.
endotoxins and cytotoxins (Turnbull ef a/, 1984; Watson et a/, 1985; Burke ef al, 1986;
Steima et al, 1986; Barer ef al, 1986).

3-25. The Mediterranean appears to be an ideal environment for the proliferation of
Aeromonas species, since the climate is temperate throughout the year, the rivers have little
flow and a high load of organic matter, and many of the beaches affected by these rivers
serve as bathing areas for thousands of people (Araujo ef al, 1988). Levels of Aeromonas
hydrophila recorded in seawater during an epidemiological study in Malaga, Spain, varied
between 0 and 50 per 100 ml in non-polluted beach waters to between 80 and 11,800 in
polluted beaches (Borrego ef a/, 1991). High counts of total motile aeromonads were
recorded in seawater at various beaches in Valencia, Spain, levels varying considerably, but
exceeding 10° cfu per 100 ml in many instances. Biochemical reactions were recorded for
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759 motile aeromonad strains. Biotyping distinguished three species, the most frequent being
Aeromonas caviae (78.8%, followed by Aerormonas hydrophila (14.9%) and Aeromonas sobria
- (5,3%) (Alonso Molina ef al, 1993). Qut of 265 samples of coastal seawater from bathing
beaches in Greece, 5.6% were found to contain Aeromonas hydrophila, counts varying from
between 2 and 10 to between 101 and 500 cfu per 100 ml (Papapetropoulou and
Rodopoulou, 1994). Levels recorded in shellfish include 38,000 per 100 ml in Mytilus
galloprovincialis, 740,000 per 100 ml in Donax truncuius, and 22,000 per 100 ml in Ensis
siliqua (Volterra, 1981).

Escherichia coli

3-26. Escherichia coli, which falls within the faecal coliform group, is a normal inhabitant of
the human alimentary tract.  Some straing cause diarrhoea. Those which do can be grouped
into five categories: Enterotoxigenic Escherichia coli (ETEC), which causes travellers'
diarrhoea and childhood diarrhoea in developing countries, Enteroinvasive Escherichia coli
(EIEC), which causes a dysentery-like illness more commonly reported from developing
countries, Enteropathogenic Escherichia coli (EPEC), which causes infantile diarrhoea in
epidemic and sporadic form in children below two years of age, Enterohasmorrhagic
Escherichia coli (EHEC), which causes haemorrhagic coliis and haemolytic uraemic
syndrome, and Enteroadherent Escherichia coli (EAEC), which causes diarrhoea in travellers,
and possibly in others (Barua, 1990).

Other bacterial pathogens and indicators

3-27. Members of the Lancefield's Group D of streptococci (Streptococcus faecalis,
Streptococeus faecium, Streptococcus bovis and  Streptococcus equinum) have been
incriminated in a number of outbreaks of food-borne diseases associated with mainly non-
maring sources. Cases involving shellfish are less documented (WHOQ/UNEP, 1995).
Haemolytic streptococci (Lancefield's Group A and C) have been recorded from bathing
waters (WHQ, 1982), and their transmission to humans by this route is suspected.

3.28. Clostridium perfringens is discharged in significant amounts in sewage, where it is
mainly of human origin. I is more resistant than other indicators, but its detection in seawater
is difficult. 1t does not multiply in sediments, but survives longer in the marine environment
than Escherichia col, and the two organisms can therefore be considered as complementary.

In a study in the Barcelona area, Spain, levels of Clostridum perfringens were higher in
naturally-occurring mussels than those of faecal coliforms and faecal streptococei (Jofre et
al, 1994). As there are significant differences in Clostridium perfringens counts near to and
far from sewage discharge points, interpretation of the counts appears to be feasible, The use
of this species as a monitoring parameter, however, is still a matter for discussion.

3-29. Yersinia has been recognized as an important type of bacterium in terms of
epidemiology and zoonoses (WHO/UNEP, 1995). It has been demonstrated as present in
seawater, as well as in other media, and pigs and rodents are considered to be the main
natural reservoirs. lts status can be considered to be similar to that of Shigella in that more
information is required, the examination of sewage being the necessary initial step.
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3.30. The sanitary significance of Klebsiella pneumoniae and other non-Escherichia coli
strains within the coliform group in shellfish waters has been the subject of some controversy
(Geldreich, 1985). The problem appears to be restricted to estuarine waters receiving an
overlay of pulp and paper mill effluents, sugar cane processing wastes and textile
manufacturing wastes. In these discharges, environmental strains of Kiebsiella pneumoniae
are the predominant coliform, representing S0 to 90% of the total coliform population, and
often undergo multiplication within the warm process waters. Coliform densities may range
from 10* to 10° per 100 ml upon release into the receiving waters. While these Kfebsiefla
strains are.not of sanitary significance, their occurrence indicates the presence of organic
wastes which could seriously reduce or destroy shellfish productivity in the affected estuarine
environment (Presnelt and Brown, 1877).  Other Klebsiella occurrences are of sanitary
significance, as 30 to 40% of humans carry this coliform in their intestinal tract and the
Kiebsiella density may range from 10° to 10° organisms per gram of faeces (Geldreich, 1985).

3.3 VIRUSES

3-31. More than 140 different viruses are known to be excreted in human faeces by infected
persons, whether or not they manifest iliness (Rao et al, 1986). These viruses belong to
various families, including enteroviruses (polioviruses, coxsackieviruses and echoviruses),
the new genus Hepatovirus, of the family Picornaviridae (Hepatitis A virus), reoviruses,
adenoviruses, parvoviruses (adeno-associated viruses), and the family Calciviridae (Norwalk
virus) (Schwartzbrod and Deloince, 1995). These groups, with the number of types, and the
diseases caused, are oullined in Table 3.3.1

3-32. The frequency of isolation and the guantity of virus recovered from sewage depend
not only on the infections caused by naturally-occurring viruses and those induced by oral
poliovirus vaccine, but also on the efficiency of the recovery procedures. According to
Sellwood et al (1981), the serotypes that can be detected at any specific time in sewage,
except for polioviruses, reflect to a greater or lesser extent those viruses circulating within the
community with the highest frequency. However, in countries using the Sabin vaccine to
immunize against poliomyelitis, it is expected that all three strains of polioviruses would be
present in urban sewage. in more than one Mediterranean country, polioviruses are detected
in every sewage sample tested (Krikelis ef al, 1985a).

Viruses in the Mediterranean Sea

3-33. Enteroviruses have been recorded in sewage effluents and various matrices
Seawater, sediments and/or mussels) of the Mediterranean marine environment. There is a
geographical imbalance in the records, all of those apparently available coming from only four
countries - France, Greece, ltaly and Spain.  According to available literature, isolates include
all three serotypes of polioviruses, thirteen serotypes (1,2,3,4,5,6,11, 15,19,20,21,23,30) of
echovirus, four serotypes (7,16,18,21) of Coxsackie virus A, six serotypes (1,2,3,4,0.6) of
Coxsackie virus B, Hepatitis A virus, and a large number of unspecified serotypes (Crovari
ef al, 1974; De Flora ef af, 1975; Hugues, 1994; Hugues et al, 1993, Krikelis, 1887, Krikelis
et al, 1985a, 1985b, 1986; Maini ef al, 1990). Records are summarized in Table 3.32.
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3-34. As even a few plaque-forming units (PFU) or, as altermnatively termed, cytopathogenic
units (CPU) of virus may lead to infection when swallowed, provided they reach target cells
in the organism, the presence of human viruses in seawater has to be taken seriously, and
the danger of infection as a resuit of bathing in polluted waters is therefore not imaginary
(Katzenelson, 1877). Although epidemiological studies have not, so far, shown any clear
correlation between swimming in polluted water and viral epidemics, sporadic cases of
infection cannot be ruled out. Fattal and Shuval (1991) attempted to estabilish the aetiology
of swimming-associated gastroenteritis observed in earlier epidemiological studies. correlating
bathing water quality with observed health effects on exposed population groups. The
response of the study population to blood donation was poor, forty individuals (4.9%) donating
at least one blood sample, of which only 24 (2.9%) donated both acute and convalescent
blood samples. All blood sera were positive for rotavirus in both samples, and no
seroconversion was detected. '

3-35. Most research work performed in the Mediterranean on viruses in sewage effluents
or seawater have been qualitative as distinct from quantitative. Among the results in the
latter category, enterovirus concentrations recorded in sewage effluents in the Eastern
Mediterranean have ranged from 10 to 80 PFU per litre, and adenovirus concentrations from
7010 3200 PFU perlitre. In coastal waters, a total virus range of 5 to 145 PFU per litre has
been recorded (Krikelis ef al, 19852, 1987). In the Tyrrhenian Sea, the concentration of
enteroviruses in coastal waters ranged between 2 and 160 TCD,, per litre (Crovari ef a,
1974).. In inshore shallow waters(0.5 to 12 metres deep), enteroviruses were shown to
accumuiate in clastic sediments, with concentrations ranging between 0.8 and 40.2 TCD,, per
100 ml sediment eluate. Viruses were easily released into water by means of mechanical
shaking and simulation of wave motion and bottom currents (De Flora ef a/, 1975).  Among
other records for the Western Mediterranean, mean values for total enteroviruses are 258 PFU
per 10 litres in raw sewage, and 1.35 to 2.1 PFU per kg in marine sediments (Jofre, 1987). In
another series of experiments, mean values for recovery of enteroviruses from 24 sediment
samples varied between 200 PFU enteroviruses and 57 FF rotaviruses per kg, and 130 PFU .
enteroviruses and 140 FF rotaviruses per kg, depending on the specific elution procedure used
(Jofre et al, 1989). During the years 1990 and 1991, in biologically-treated sewage effluents in
the central Mediterranean (the French coast), the quantity of virus ranged from <1 to 250
MPNCU per litre (Hugues ef af, 1993). ‘
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HUMAN VIRUSES THAT MAY BE PRESENT IN POLLUTED WATER

(after Schwartzbrod and Deloince, 19985)

Family Genus Virus Serotypes Disease caused
Picornaviridae Enterovirus Poliovirus 3 Paralysis, meningitis, fever,
poliomyelitis
Coxsackie A virus 23 Herpangina, respiratory
disease, meningitis, fever
Coxsackie B virus g Myocardia, congenital heart
anomalies, rash, fever,
meningitis, respiratory
disease, pleurodynia.
Meningitis, respiratory
Echovirus 3z dizease, rash, diarrhoea, fever
Meningitis, encephalitis,
respiratory disease, acute
Enterovirus 68 to 71 4 haemorrhagic conjunctivitis,
fever
Vira! hepatitis A
Hepafovirus Hepatitis A virus 1
Reoviridae Reavirus Human Reovirus 3 Mot clearly established
Rotavirus Human Rotavirus 5] Gastroenteritis
Calciviridae Calcivirus Human Calcivirus 3(5) Gastroenteritis
Norwalk virus 1 Gastroenteritis
Small round virus 13 Gastroenteritis
Hepatitis E virus 1 Infectious hepatitis
Astrovirus Human Astrovirus E Gastroenteritis
Parvovirus-like virus 1 Gastroenteritis
(H.F.P.LV.)
Coronaviridae Coronavirus Human Coronavirus 1 Enterocolitis
Toroviridae Coronavirus-like virus Gastroenteritis
Adenoviridae Mastadeno- | Human Adenovirus 41 Respiratory diseases, eye
virus infections, gastroentantis
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TABLE 3.3.2
VIRUSES ISOLATED IN THE MEDITERRANEAN MARINE ENVIRONMENT

(from WHO/UNEP, 1995)

Virus Type Location

Enteroviruses

Poliovirus

Echovirus

Coxsackie virus A

Coxsackie virus B

Hepatitis A virus

unspecified, non-
polio

unspecified

Dther.viruses

Adenoviruses

Rotavirus

2 (vaccine-like
1,2,3 (vaccine-like)
12,3

9,11
1,3,7,15,19,21,23,30
5723

6, unspecified
511,20
46,11,12,19

7
7,16,21

1.2,3,5
1.2,3,4,56
1,9,6

45

24,56

1,6

1,2.3,4,5715
1, unspecified
unspecified
unspecified

unspecified

ftaly
ftaly
Greece

Italy, France
Greece
Greece
France
France
France

France
France

ltaly, France
Greece
France
France
Greece
France

Spain

France
Italy

Greece
Italy

Greece

France

France
ltaly

Spain

sediments
seawater
wastewater, seawater

seawater
wastewater
seawater
seawater
seawater
wastewaler

seawater
wastewater

seawater
wastewater
wastewater
seawater
seawater
seawater

wastewaler

seawater
sediments

wastewater, seawater
wastewater, seawater

wastewater
wastewater
wastewater
seawater

wastewater
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Viruses in Mediterranean shellfish

3-36. The role of shellfish as vectors in human enterovirus diseases is well-documented.
Viruses which have been shown epidemiologically to be transmitted by shellfish are Hepatitis
A and E (the fatter of which, however, is not endemic to the Mediterranean region), Norwalk,
Snow Mount agent, astroviruses, Coxsackie viruses and small round viruses. Of these,
Hepatitis A and Norwalk viruses appear to be of ¢chief concern to public health officials
(Shumway and Hurst, 1991). There are a number of reports worldwide of gastrointestina!
disease due to eating shellfish for which no causative agent has been identified, and many
of these cases were believed to involve an unidentifiable viral agent, rather than a bacterial
pathogen (Geldreich, 1985).

3-37. Anumber of epidemics of Hepatitis A have occurred in Eurcpe, as well as worldwide,
over the last 30 years, in addition to the endemic background of sporadic cases that may total
several hundred per year (Shuval, 1986). It has been indicated (Stille ef al, 1972) that
consumption of contaminated molluscs accounted for an estimated 19% of the cases of
Hepatitis A in Frankfurt, and that German cases were mainly attributable to consumption of
oysters and mussels on the Mediterranean littoral. Poliovirus, Coxsackie virus A 18 and
Echovirus 3,5,6,8,9,12 and 13 have been variously reported from France and ltaly, while in
(GGreece, Hepatitis A virus and Hepatitis A antigen have been recorded in shellfish from
poliuted waters (Crovari ef a/, 1974; Hugues, 1994; Hugues ef &/, 1993; Maini ef al, 1990;
Papaevangelou et al, 1890). Records are summarized in Table 3.3.3.

TABLE 3.3.3
VIRUSES [SOLATED FROM MEDITERRANEAN SHELLFISH

(from WHO/MUNEP, 1995)

Virus Type Location Matrix

Enteroviruses

Poliovirus 3 ltaly mussels
Echovirus 356891213 ltaly, France mussels
Coxsackie virus A 18 taly mussels

18 France mussels
Hepatitis A virus Greece mussels

France mussels
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3-38. It should be noted that clinical diagnosis of viral diseases depends on isolation of the
virus and/or a specific seroconversion. The relative unavailability of the necessary
specialized diagnostic facilities on a routine basis in many Mediterranean countries indicates
that the extent of viral disease, particularly on an individual case basis, is still largely unknown
(WHO/UNEP. 1985).

3.4 - OTHER MICROPARASITES

3-39. Relatively little information is available on risks to human health arising from the
presence of animal parasites in the marine environment. The eggs of Ascaris, Toxoplasma,
Oxyuris and Trichurus are able to survive for months in the marine environment, and ingestion
of a single egg is sufficient to cause infection (UNEPWHO/AEA, 1988). All the four
nematode species mentioned above are prevalent in the Mediterranean region. The eggs are
discharged in faeces by affected individuals, and transmission by swimming in poliuted water
is a possibility (WHO, 1982).

3-40. Protozoan parasites of either worldwide distribution or present in the Mediterranean
region include Entamoeba histolytica, Giardia lamblia, Balantidium coli and Naegleria species
among those present in sewage and constituting a potential health hazard. It has been
recommended that particular attention should be devoted to these and to nematode eggs
when monitoring shellfish harvested in the vicinity of sewage outfalls WHO/UNEP. 1995).

3-41, Interest in Giardia lambfia has increased considerably in recent years, partly with
recognition of its enteropathogenicity, and partly with the publication of many reports of
episodes of giardiasis both among indigenous populations and travellers to many localities.
It is now recognised as the most common intestinal parasite in developed countries which
affects all ages and all socio-economic classes (Barua, 1990). Transmission of Giardia
lamblia is mainly by contaminated water, as the cysts survive in cold waters for about two
months. In the case of drinking water, the usual chlorine concentration used for treatment
cannot kill the protozoal cyst.

3.6 FUNGI

3-42. A number of fungal species are pathogenic to man, causing superficial, sub-cutaneous
or deep mycoses according to the eventual location of the pathogen within the host after
infection. The most common one associated with infection through contact with beach sand
and, to a lesser extent, seawater is Candida albicans, a yeast considered responsible for a
number of superficial and deep mycoses. A number of other genera are also considered
important, again mainly from the point of view of infection via beach sand.

3-43, Candida albicans, together with other Candida species, has been isolated from a
number of sandy beaches in the Mediterranean. , including the south of France (Bernard,
1985), Greece (Papadakis, 1987, Papapetropoulou and Sotiracopoulou, 1995) and Israel
(Ghinsberg ef al, 1990, 1994). In Greece, its presence in seawater has been associated with
sewage pollution, as evidenced by bacterial indicator counts (Papadakis, 1987). Low counts
of Candida albicans in seawater have been recorded on some beaches in |srael (Ghinsberg
et al, 1994).
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3-44. Work performed in the region on the identification of other fungi has included two
comprehensive studies. The first, carried out along the Northern Mediterranean coast of
Spain between 1983 and 1985, resulted in over 16 species of fungi isolated in both beach
sand and seawater (1zquierdo et al, 1986). 80% of the total isolations consisted of Penicillium,
Aspergillus and Cladosporium, the latter two of which genera contain pathogenic species. The
second study, carried out on beach sand along the French Mediterranean coast between
1686 and 1587, did not result in the isolation of any pathogenic species. Eight keratinophilic
and eleven non-keratinophilic species, all of which exhibit only weak pathogenic activity, were
isolated (Bernard ef al, 1988). Another study on the microbiological content of beach sand
and seawater in Israel has so far revealed a considerable fungal flora, which still awaits
identification (Ghinsberg ef a/, 1994). Records from Greece (Papadakis ef a/, 1990) include
isolations of Aspergillus niger, other Aspergillus species, and Mucor, Fusarium and Rhizopus
species in seawater. All of these are opportunistic pathogens, but attention is drawn to
Fusarium, which is toxinogenic and one of the major causes of eye infections.

3.6 TOXIC ALGAE

3-45. Blooms of toxic algal species are common occurrences in shellfish-growing areas
worldwide, the algal species involved, which produce potent toxins, mainly belonging to the
dinoflagellate group. The shellfish accumulate the toxic cells during filter feeding, becoming
vectors in various forms of shellfish poisoning (Shumway and Rurst, 1991). Of all shellfish
consumed, mussels probably pose the greatest threat with regard to shellfish poisoning.
Diseases (WHOQO, 1984; UNEP/FAQ/MHO, 1995) include:

Paralytic shellfish poisoning {PSP), which is caused by a number of toxic
components falling into three into three chemical groups, of which the carbamate
toxins - Saxitoxin, neosaxitoxin and gonyautoxin - are the dominant component in
shellfish, saxitoxin being the first component identified. They are produced by a
well-defined dinoflageliate group, mainly Gonyaulax (also known as Alexandriurn) and
Gymnodinium species, occurring in both tropical and temperate sea. The toxins
usually have little effect on shellfish, but are potent neurotoxins to vertebrates,
including man, causing respiratory paralysis and death by asphyxia .

Neurotoxic shellfish poisoning (NSP), which is caused by Gymnodinium breve, with
symptoms similar to, but milder than, PSP. The motile form of the dinoflagellate
produces several neurotoxing, collectively called brevetoxins.

Diarrheic shellfish poisoning (DSP), which is caused by a number of toxic
components isolated from shellfish associated with human symptoms characterized
by diarrhoea, nausea, vomiting and abdominal pain. The algae responsible are
considered to be Dinophysis, Prorocentrum and related species.

Venerupin peisoning, which is a non-paralytic human intoxication different from DSP,
i& caused by consumption of oysters and clams which feed on taxic dinoflagellates of
the genus Prorocentrum, mainly Prorocentrum minimum. The heat-stable toxin
induces the rapid onset of nausea, vomiting, diarrhoea, headache and nervousness.
In fatal poisoning, acute yellow atrophy of the liver, extreme excitation, delirium and
coma QCeur.
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Amnesic shellfish poisoning (ASP), which is caused by a toxin {Domoic acid)
produced by the diatom Nifzschia pungens. This toxin is a mild neurological poison
compared to PSP, causing gastrointestinal distress with abdominal cramps, nausea,
vomiting and diarrhoea, as well as neurological symptoms involving memory loss and
disorientation which can persist in severely-affected cases.
3-46. In addition to dinoflagellates, a number of chlorophytes (green algae) and rhodophytes
(red algae) can also be responsible for human intoxications, pathological phenomena being
present in the respiratory tract in association with neurotoxic shellfish poisoning. Other
biotoxins produced by cyanophytes (blue-green algae), also called cyanobacteria, cause
contact dermatitis and respiratory irritation has alse been described. Comprehensive reviews
of aquatic biotoxins have been compiled (WHO, 1884; UNEP/FAOMWHO, 1995). .A summary
of toxic and noxious algal blooms and their effects on shellfish has also been compiled
(Shumway, 1990).

Algae causing PSP

3-47. Blooms of dinoflagellates producing PSP group toxins have been reported from
various parts of the Mediterranean. 26 cases of algal blooms along the French Mediterranean
coast in which Gonyaulax and Gymnodinium species were present have been described
(Belin et al, 1989). Gymnodinium catenatum was present along the Andalusian coast of Spain
in concentrations in excess of 3 x 10° cells per litre in early 1989 (Bravo ef a/, 1990), resuiting
in the presence of toxins in the marine bivalves Venus verrucosa and Cytherea, This was
the first record in Spain's Mediterranean coast. The same species was recorded at
concentrations of up to 11 x 10° cells per litre in the Bay of Volos, Greece, in July 1987
(Gotsis-Skretas, 1988) and up to 6 x 10° cells per litre in the lagoon of Fusaro, near Naples
in 1988 (Carrada ef al, 1988). Gymnodinium species have also been recorded from the
Northwestern Adriatic practically every year between 1976 and 1985 at maximum
concentrations of 230 x 10° cells per litre (Mancini et a/, 1988), in the Bay of Puia (Degobbis,
1990), and from Lake El-Mellah, in Eastern Algeria (Samson Kachacha and Touahria, 1992),

3-48. Gonyaulax polyhedra blooms have been recorded several imes between 1977 and
1985 in the Northwestern Adriatic (Mancini et a/, 1986) and in the Gulf of Trieste since 1977
(Fonda Umani, 1985). Algae responsible for red tides in the Emilia-Romagna region of the
Adriatic in 1984 were identified as Gonyaulax polyhedra, but analysis of both algae and
shellfish failed {0 reveal measurable quantities of saxitoxin, as compared to those contained
in laboratory stock cultures of Gonyauwlax tamarensis from Canada (Fortuna et al, 1985).
Records of blooms of the same species in the Eastern Adriatic include Pula Bay (Degobbis,
1990), Sibenik Bay (Legovic ef &/, 1991a, 1991b) and Kastela Bay, near Split, in which last-
named locality, blooms are stated to have occurred for the last 20 years (Marasovic, 1990).
Records of Gonyaulax polyhedra blooms from other Mediterranean areas include the Gulf
of Kavala, Greece in August 1986 at concentrations of up to 10 x 10° cells per litre, and
regularly between April and June along the Westem coast of Turkey at up to 50 x 10? cells per
litre, during May and June the blooms also containing Gonyaulax spinifera at up to 20 x 10°
cells per litre (Koray, 1990; Koray et al, 1992), Gonyaulax polyhedra has also been recorded
along the coast of Lebanon where, however, concentrations are low and no health problems
are involved (Lakkis, 1991). Bloorns containing Gonyaulax species have been recorded from
Lake El-Mellah, in Eastern Algeria Samson Kachacha and Tousahria, 1992). PSP toxins
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caused by Gonyaulax tamarensis in mussels have also been reported from Spain (Shumway,
1990). From a total of 128 samples of seawater in shellfish culture areas in Greece,
Gonyaulax and Gymnodinium species were only found in 12 and 18 samples respectively, the
former in low and the latter in relatively high numbers. Concentrations of Saxitoxin both in
these samples and in shelifish coliected from the market were below detection limits
(Papadakis, 1991).

3-49. Alexandrium minutum in mussels is reported as causing the first recorded case of PSP
in France in 1989 (Shumway, 1990). The same species has been observed as a large bloom
(28 x 10° cells per litre) in the harbour of San Carlos de la Rapita, south of the Ebro delta in
Spain in May 1989, PSP being recorded from mussels in both this and neighbouring harbours
{Delgado et al, 1990). Alexandrium minutum was present in red tides inside the Eastern
harbour of Alexandria, Egypt (Zaghtoud and Halim, 1992), and along the Western coast of
Turkey in May 1983 Koray and Buyukisik, 1988). Recurrent blooms in the last-named area
are stated to contain the species between March and June (Koray, 1990; Koray et a/, 1992),
Alexandrium minutum has aiso been recorded along the coast of Lebanon where, howeaver,
concentrations are low and no health problems are involved (Lakkis, 1991).

Algae causing NSP

3-50.  Apart from Gymnodinium blooms in which individual species were not identified (vide
para 3-47 above), blooms containing the species responsible for causing NSP, Gymnodinium
breve, are also mentioned as having been recorded in the North of Spain and in the Eastern
Mediterranean (Steidinger, 1983; Berland and Bellan, 1990; Pagou and Ignatiades, 1990).
Records of blooms in specific Mediterranean localities containing Gymmnodinium breve include
the Gulf of Saronikos, Greece, where the species was present at a concentration of 10 x 108
cells per litre in November 1977, and in Alimos Beach, in the same locality near the sewage
outfall, where its concentration was 12 to 27 x 10° cells per litre (Pagou, 1990).

Algae causing DSP and Venerupin Poisoning

3-51. Dinophysis sacculus toxins (responsible for DSP) in shellfish were the cause of a ban
on marketing affected seafood in France between 1987 and 1989 (Shumway, 1990). The
species is reported as present along the southern coast of France since 1987 (Leveau et af,
1989; Lassus ef al, 1991). The same species has also been recorded at a concentration of
40 x 10° cells per litre in brine lakes near Messina in Sicily (Magazzj, 1982, Magazzj ef al,
1981), and as widespread at above 2 x 10° cells per litre in coastal waters off Syracuse, also
in Sicily (Giacobbe and Maimone, 1991). DSP is reported as widespread in the Adriatic
(Shumway, 1990), and Dinophysis species have been recorded in both the Northern and
Central Adriatic, DSP intoxication being recorded in the former sub-region (Boni et al, 1892),

A number of Dinophysis species are present in the Tyrrhenian Sea, but DSP was never
detected in local shellfish (Innamorati ef a/, 1989b).

3-52.  Prorocentrum lima, the species within the genus Prorocentrum responsible for DSP,
has been recorded from the Northwestern Adriatic (Moro and Andreoli, 1991), the Gulf of
Trieste (Boni et al, 1992) and the Tyrrhenian Sea (Innamorati ef al, 1989a, 1989b).

Frorocentrum minimum, responsible for Venerupin Poisoning, is described as recently
increasing in occurrence in the Eastern Adriatic (Marasovic, 1986), There are numerous
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records of the species from other parts of the Adriatic (UNEP/FAQ/WHO, 1995). It has also
been recorded from lagoons aleng the French Mediterranean coast (Leveau ef a/, 1989).

Algae causing ASP

3-53. Nitzschia species, including Nitzschia pungens, responsible for ASP, occurs in
mucilaginous aggregates from diatoms (Viviani ef al, 1992). This mucilage phenomenon in
the Adriatic has given rise to womies over health on both sides of this Sea. The presence of
domoic acid, however, was not recorded during monitoring programmes (Viviani ef al, 1982),

Cyanophyta {Cyanobacteria)

3-54. About 25 species of cyanophyta (blue-green algae), also cailed cyanobacteria, have
been implicated in poisoning incidents worldwide, and about 75% of blooms tested have been
found to produce toxins (Phitipp, 1991). Ingestion of cyanophyta or body-immersion in scum-
containing water have been associated with dizziness, headaches, muscle cramps, nausea,
vomiting, gastroenteritis, liver damage and pneumonia (Codd ef al, 1989; Turner ef al, 1880).
Most species are freshwater, but a number are marine. Of these latter, a filamentous species,
Lyngbya majuscula has been identified as the causative agent of a severe contact dermatitis
affecting bathers in the Pacific and Caribbean (Grauer, 1959; Moore, 1984). Seven species
of Lyngbya have been recorded in the Mediterranean and although these do not include
Lyngbya majuscula, another filamentous species, Lyngbya confervoides, has been identified
(UNEP/FAO/WHQ, 1995). Cyanophyte blooms have been observed in the Lake of Tunis
(Kelly and Naguib, 1984), the Nile Estuary (Halim, 1989) and in the North Adriatic (Kaltenbéck
and Hemdl, 1992). However, no effects on human health have been described.







