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Foreword

The degree of risk 1o human health from bathing in sewage- polluted waters
consiitutes a public health problem worldwide, particularly in those countries where the sea
forms one of the major recreational amenities for both local and tourist populations. A
number of diseases, mainly affecting the gastrointestinal tract, skin, eye, ear and upper
respiratory tract, have been associated with bathing in such waters. The situation is more
sefious in tropical and subtropical countries, where climatic conditions result in a longer
bathing season and in bathers spending more time in the water, leading to longer exposure
periods.

To minimize such risks, most countries have enforced national microbiological quality
criteria and standards for recreational waters. At international level, the European Economic
Community regulates such quality through compliance by its member states with Directive
76/160/EEC of December 1975. Under the terms of Aricle 7 of the Protocol for the
protection of the Mediterranean Sea against pollution from land-based sources, the coastal
states of the region adopted environmental quality criteria for recreational waters on an
interim basis in 1985.

Practically all current criteria and standards in use are based entirely on
concentrations of bacterial indicator organisms in the affected waters as an index of
acceptability or otherwise. However, they differ widely between countries in many aspects
of their implementation. An important basis for such criteria and standards is the results of
microbiological/epidemiological studies correlating water quality and health effects on
exposed population groups. Such studies have been performed on a varying scale in several
countries during the last two decades and have produced divergent results. Recent reviews
of the situation indicate that so far, there are no good epidemiological data on which to base
the implementation of scientifically-justified quality standards for recreational waters which
wouid control for a defined level of risk.

The objectives of the present consuitation, which was convened jointly by WHO and
UNEP, in collaboration with the Athens School of Hygiene, within the framewaork of the long-
term programme of poilution monitoring and research in the Mediterranean Sea (MED POL
Phase ll}, included the following:

. to review and evaluate the resuits of microbiological/epidemiological studies
correlating recreational water quality and health effects carried out to date;

- to develop, on the basis of such evaluation, a core protocol or protocols for
future studies, taking into account general and specific adaptations which
would have to be made to conform with conditions prevailing in different
regions;

- 1o make appropriate recommendations.

1. Opening of the meeting

The mesting took place at the premises of the Coordinating Unit for the Mediterranean
Action Plan, Athens, Greece. [t was attended by 14 temporary advisers from three
Mediterranean and two non-Mediterranean countries, one representative of the United Nations
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Environment Programme (UNEP) and two representatives of the WHO Regional Office for
Europe. A list of paricipants is given in Annex 6.

Dr L.J. Saliba, Senior Scientist, Mediterranean Action Plan, WHO Regional Office for
Europe, opened the meeting and welcomed participants on behalf of the Regional Director,
Dr J.E. Asvall. He briefly outlined the background to the meeting, and the status of this and
similar health-related activities within the general framework of the MED POL programme.
He also stressed the fact that although the meeting was being convened within this
Mediterranean framework, the subject-matter was far wider from the geographical viewpoint,
and the results and recommendations would be of general, as opposed to purely regional
applicability. -

Dr L. Jeftic, Senior Marine Scientist, UNEP Coordinating Unit for the Mediterranean
Action Plan, welcomed participants on behalf of Dr Mostafa K. Tolba, Executive Director of
UNEP, and Mr Aldo G. Manos, Coordinator of the Mediterranean Action Plan. Dr Jeftic gave
a brief outline of the MED POL programme, particularly with reference to one of its main
objectives - that of providing Mediterranean Governments with the scientific data on which
concrete poliution prevention and control measures could be taken.

Dr John Pieroutsakos, General Secretary of Health in the Ministry of Health and Social
Welfare, welcomed participants on behalf of the Government of Greece. He stressed the
importance of bathing both for recreation and for therapeutic purposes, and outlined the
history of both activities, since ancient times. He considered the subject-matter of the present
meeting as extremely important, particularly for Greece, where the sea constituted a major
tourist attraction, and expressed his appreciation to WHO for organizing such a meeting, the
conclusions of which would be very useful. He augured participants a fruitful week and an
enjoyable stay in Athens.

2. Scope and purpose of the meeting

Dr Saliba outlined the scope and purpose of the meeting. As early as 1977, within
the framework of Phase | of the MED POL programme, WHO had prepared outline guidelines
for microbiological /epidemiological studies designed to correlate marine recreational water
quality with health effects. In 1985, a WHO/UNEP consultation in Follonica, Italy, had
expanded these outline guidelines inte a detailed protocol, with the design based-on the
1972-78 USEPA studies. Within the framework of the research component of Phase Il of
MED POL, a number of studies had been conducted since 1983, though only on a pilot-scale.
Since 1985, the protocol had been subject to practically continuous amendment in order to
try and eliminate or minimize a number of confounding factors.

During the last few years, the need for a further thorough review of the protocol had
become evident, particularly in view of the increasing number of epidemiological studies on
water quality /health effects association being conducted worldwide, particularly in Northern
Europe, and the importance of harmonization of such studies. Moreover, new study designs
were emerging, and it was therefore considered that the revised protocol, which would
resume its original guideline form, should be as comprehensive as possible.

Participants would be requested to consider the three reviews of studies conducted
in the United States of America, the United Kingdom and the Mediterranean respectively,
which had been prepared specifically for the present meeting. On the basis of such reviews,
the current version of the guidelines (as revised following the conclusions of the WHO /UNEP
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consultation on microbiclogical pollution of the Mediterranean Sea, held in Valletta, Malta,
from 13 to 16 December 1988) would be re-reviewed with the objective of finalizing a core
protocol or protocols which, apart from minimizing confounding factors to the fullest extent
possible, could serve as a basis for harmonization between different future studies and, at
the same time, provide the necessary latitude for adaptation to prevailing local conditions in
matters of details.

3. Election of officers
Professor J.A. Papadakis was elected Chairman, Professor R. Mujeriego Vice-

Chairman and Dr Leslie Alexander Rapporteur. Dr L.J. Saliba acted as Secretary to the
meeting.

4. Adoption of the agenda
The provisional agenda was unanimously adopted.

5. Organization of the meeting

The Chairman explained the proposed organization of the meeting, including warking
hours and other arrangements. it was agreed that the meeting would work mainly in plenary,
with the option of setting up one or more ad hoc working groups should any particular topic
or topics under such an arrangement advisable.,

6. Review of results of microbiological/epidemiological studies correlating
recreational water quality with health effects

‘Three review papers were discussed. The first, "Water quality health effects criteria
for marine and fresh recreational waters: A review of studies carried out in the United States
of America” was presented by Dr Alfred P. Dufour. The paper described the design used in
the 1972-1978 USEPA studies, the database for marine and freshwater criteria, and the
development of marine and freshwater recreational water quality criteria, together with
methods for monitoring bathing beach water quality. The full text of the paper is given in
Annex 1.

The second review paper, "A review of epidemiological studies investigating the health
risks associated with bathing in recreational waters carried out in the United Kingdom”, was
presented by Dr Leslie M. Alexander. The review covered both marine and freshwater studies
and concentrated on the results of pilot studies held in 1989 and 1990 onwards, utilizing two
methods: cohort-type studies and Randomized Control Clinical Trials. These studies
provided the basis for an expanded programme in 1991 and 1992. The full text of the paper
is given in Annex 2.

Professor Rafael Mujeriego presented the third review paper, "A review of
epidemiological studies correlating coastal marine recreational water quality with health
effects carried out in the Mediterranean region”. The review described studies carried out
in Egypt, France, Israel, Spain and Turkey, and compared water quality characterization,
epidemiological survey design, study populations, diagnosis and verification of morbidity
symptormns and resulis obtained. The full text of the paper is given in Annex 3.
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Professor Fernando Marifio outlined the final results of the epidemiological study
which had just been completed in Malaga, Spain, which was carried out within the framework
of the MED POL programme. An appraisal of aesthetic health indicators and recreational
water quality was also presented to participants by Dr Robin Philipp. A presentation on
differences in results obtained through utilization of the Membrane filtration (MF) and Most
probable number (MPN) techniques in determination of bacterial indicator concentrations in
seawater was given by professor J.A. Papadakis.

In discussing the microbiological component of the various studies, the participants
reviewed problems with the reliability of water quality data. It was agreed that this could be
greatly improved by several means, including the use of well-tested and validated methods,
increased sampling frequency and replicate sampling points, as well as split sampling,
together with pilot sampling to indicate water quality in the area. Several advances had been
made in the microbiological aspects of epidemiological studies in the areas of viability of
microorganisms, water sampling frequency, water sampling design, quality control,
interpretation of resutts and anthropogenic loading.

It was recognized that problems could arise in the clustering of water quality data
collected from the same site on different days, or from different sites where water quality
results varied. By avoiding this, it could be possible to characterize any given water more
accurately during an epidemiological investigation. It was also pointed out that the division
of water quality data for use in an epidemiological study into "low”, "medium" or *high* bands
of contamination should be based upon health-related criteria, and not on arbitrary criteria
convenient to the data in question.

Participants discussed the relative merits of bacterial indicator organisms, noting that
while faecal coliforrns are the most commonly used indicator in several international and
national recreational water quality criteria and standards, enterococci and Escherichia cofi
were found to show the highest correlation with enteric diseases among bathers. They also
discussed problems arising from the two methodologies (MF and MPN) in current use, the-
results of which were not directly comparable. However, whichever method was used,
analytical quality control and standard methodology would enhance the reliability and
comparability of results. It was reported that faecal steroids had been investigated as
potential indicators, but insufficient information on analytical techniques was available.

It was considered by a number of participants that in some countries, such as those
in the Mediterranean, elevated air temperatures would preciude the isolation of infectious
organisms from dry sand, although the lower depths of sand might be protected from such
high temperatures, therefore resulting in slower die-off rates. It was considered, however, that
this did not present a major health hazard to bathers.

Participants agreed that bathers themselves confribute to water quality. Such
contribution could be negligible in water zones where good mixing took place. However, it
was pointed out that in areas of high bather density, in the absence of strong tidal influences
or in bays where mixing was minimal or non-existent, water quality could be considerably
affected by microorganisms shed from, or excreted by, bathers.

7. Development of core protocol(s) for future studies

Participants discussed the revised draft of the guidelines for prospective
microbiological /epidemiological studies on the correlation between coastal recreational water
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guality and health efiects on exposed population groups, which incorporated the
amendments recommended by the WHO/UNEP Consultation on microbiological poliution
of the Mediterranean Sea (Valletta, 13-16 December 1989). In addition, Dr David Kay
presented a description of the Randomized Control Clinical Trials method for consideration
as an alternative approach. An outline of this method is given in Annex 4.

Participants considered that reasonable progress had been achieved in the design of
epidemiological studies of this nature over the last decade, including the choice of methods
for data analysis and the identification of confounding factors such as the pooling of
information obtained from different exposure episodes. However, it was pointed out that the
basic design of cohort studies has not varied to any considerable extent, and that it could
be worthwhile to examine different designs, such as that of the Randomized Control Clinical
Trial, and others yet to be implemented. Advances in epidemiological design included cohort
design, control of confounding factors, calculation of relative risk through logistic regression
analysis, and identification of differences in bathing behaviour. Participants also stressed the
importance of identifying variation both among and between bather and non-bather groups.

The importance of following basic guidelines and developing protocols to provide a
common foundation in epidemiological studies, and enable comparison between different
studies, was unanimously recognized by participants. However, such protocols would
possibly have to be modified or adapted according to the country of implementation, taking
local conditions and constraints into account,

Participants recognized the difficulties involved in quantifying the degree of exposure,
gither through ingestion or contact. They therefore emphasized the need to quantify as far
as possible the types of recreational activity and their duration, including multiple exposure.
The problems associated with recruiting a suitably large control group in the cohort design
were discussed, as was also the possibility of using alternative control groups (ie. other than
non-bather groups on the same beach) to the bathers. It was however stressed that, in any
case, potential differences other than exposure to water between the two groups should not
be overlooked.

Telephone follow-ups as an alternative to face-o-face interview follow-ups were
considered by patticipants to be reliabie in some Mediterranean and European countiries,
although problems could arise through selection of the former method. Participants also
discussed the merits of self-reported and clinically-obtained data and, on balance, agreed that
when it was not feasible to collect clinical data, self-reported data were acceptable as valid.
However, when relying on perceived symptoms, it was considered important to build in a
procedure to validate these, such as receipts for medication or visits to General Practitioners.

Participants agreed that data collected from different sites, or from the same site on
different days, should only be pooled when the results of microbiological analysis indicated
that water quality was not significantly different,

The importance of determining the cause of skin ailments was discussed, and
participants considered it important to collect microbiclogical samples from the surf zone and
sand, in addition to recreational water.

Participants emphasized that in any epidemiological study conducted, it was
necessary to ensure that observed health effects were attributable to pathogens in water or
in sand, and not to other agents. It was also agreed that it was no longer sufficient to simply
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report differences in symptom rates between bathers and non-bathers, or to subtract the
symptom rates of non-bathers from bathers. It was critical for statistical descriptions of the
results to be reported in terms of their potentially statistically significant differences.
Participants also felt some concern over the fact that cross-contamination might account for
some of the reported symptoms in bathers and non-bathers when in close proximity to each
other. This would have to be taken into account.

Alternatives to the most common type of cohort design on publicly accessible
beaches were discussed. These alternatives included the identification of groups such as
tourists and campers. Some participants considered that studies of these groups would
allow for better control of a number of confounding factors, including more control over the
individuals in such groups during the study period. In this context, a merit of the
Randomized Control Clinical Trial design was thought to be the possibility of achieving more
control over participating subjects.

It was also pointed out by a number of participants that other sources of health
surveillance data, such as that for notifiable and infectious diseases, could very well exist in
study locations. These data could prove useful.

On the basis of these discussions, the participants reviewed and modified the
guidelines for prospective microbiological.epidemiological studies on the association between
natural recreational water quality and health effects on exposed population groups. in
discussing the appendices, which contained detailed protocols for beach and follow-up
questionnaires and code-sheets, participants agreed that as the text, as now modified,
comtained the information it was necessary to acquire, the present appendices should be
retained within the guidelines simply as model examples utilized in particular studies. The
final version of the guidelines is given at Annex 5.

After considerable discussion, the participants could not agree on whether to
incorporate the Randomized Control Clinical Trial as an alternative design within the
framework of the guidelines. They therefore eventually decided that immediate modifications
to the existing guidelines should be timited to designs already covered, and that this design,
as well as others aimed at more specific recreational water activities (such as for groups of
scuba divers or windsurfers) should be incorporated into future expanded revisions of the
guidelines.

8. Recommendations

1. Microbiological/epidemiological studies correlating recreational water quality
with health effects on exposed population groups should be carried out by
multidisciplinary study teams, and should contain sufficient numbers of
participants.

2. The division of water quality data for use in an epidemiological study into
“low", "medium® or "high" bands of contamination should be based on health-
related criteria, and not on arbitrary criteria convenient to the data in question.

3. Epidemiological studies should utilize common indicators for determination of
recreational water quality, preferably enterococci, Escherichia coli and one
indicator of viruses.
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Whichever method (MF or MPN) is used for determination of microbiologicat
water quality, particular attention should be paid to standard technigques and
analytical guality control to enhance reliability and comparability of results.

Water quality data collected from different sites, or from the same site on
different days, should only be pooled when the results of microbiological
analysis indicate that water quality between such data sets was not
significantly different.

WHO should issue the revised version of the quidelines as early as possible,
and recommend their use in microbiological/epidemiological studies
correlating recreational water quality with health effects.

WHO should consider alternative study designs, including those covering -
specific water-based recreational activities, such as scuba diving and wind
surfing, with a view to their eventual incorporation within the guidelines.

In view of the comparatively high cost of microbiological/epidemiological
studies, and in consideration of their ingreasing importance as a result of mass
utilization of the sea for recreational purposes, WHO should continue to
actively seek the suppont of appropriate funding agencies towards the
organization and implementation of such studies on an appropriate scale.

WHO should promote further work on determination of (a) survival and die-off
rate of pathogens under difierent environmental conditions, and (b) effects of
bathers on marine water quality.
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Annex 1

WATER QUALITY HEALTH EFFECTS CRITERIA FOR MARINE AND
FRESH RECREATIONAL WATERS : A REVIEW OF STUDIES CARRIED
OUT IN THE UNITED STATES OF AMERICA

By

Dr Alfred P. Dufour

Microbiology Research Division
Environmental Monitoring Systems Laboratory
U.S. Environmental Protection Agency
Cincinnati, Ohio, U.5.A.
45268-1363

INTRODUCTION

The Environmental Protection Agency, in 1972, initiated a series of studies at marine
and fresh water bathing beaches which were designed to demonstrate the relationship
between swimming-associated health effects and the quality of bathing beach waters. One
goal of the EPA studies was to determine if swimming in sewage contarninated water carries
a health risk for bathers and, if so, to what type of illness. If a quantitative relationship
between water quality and health risk was obtained, two additional goals were to determine
which bacterial indicator is best correlated to swimming-associated health effects and if the
relationship is strong enough to provide a criterion.

STUDY DESIGN

The marine studies were conducted at bathing beaches in New York City, New York,
Boston, Massachuselts and at Lake Pontchartrain, near New Orleans, Louisiana. Two
beaches were selected at each site, one that received very little or no contamination and the
other whose 'water quality was barely acceptable with respect to local recreational water
quality standards. In the New York City and Boston Harbour studies, the "barely acceptable”
beaches were contaminated with pollution from multiple point-sources, usually treated
effluents that had been disinfected.

The freshwater studies were conducted on Lake Erie at Erie, Pennsylvania and on
Keystone Lake outside of Tulsa, Okliahoma. The "barely acceptable” beaches at both sites
were contaminated by effluents discharged from single point-sources.

The epidemiological surveys were carried out on weekend days and individuals who
swam in the midweeks before and after a survey were eliminated from the study. This
maximized the study populations, allowed the water quality measurements for a single day
to be specifically associated with the corresponding iliness rates, and permitted the grouping
of days with similar water quality levels and their corresponding study populations. The
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design of the epidemiological survey portion of the study has been described elsewhere
(Cabelii et a/., 1979; 1982). Specific steps taken to correct the deficiencies of earlier studies
were noted earlier.

in the initial phases of the overall study, multiple indicators of water quality were used
to monitor the water. This was done because it was not known which indicator of water
quality might show a quantitative relationship with swimming-associated health effects. This
unigue approach resulted in the selection of the best indicator based on the strength of the
statistical relationship between the water quality indicator and a swimming-associated health
effect.

Each participant was queried at length about any illness symptoms, their date on
onset and the duration of the symptoms. The symptoms were grouped into four general
categories: gastrointestinal, respiratory, eye, ear and nose, and “other”. Gastrointestinal
symptoms included vomiting, diarrhoea, stomachache and nausea. Sore throat, bad cough
and chest colds comprised the respiratory symptoms, and runny or stuffy nose, earache or
runny ears and red, itchy or watery eyes were considered symptomatic of eye, ear or nose
problems. Other symptoms included fever greater than 100 °F, headache for more than a
few hours or backache.

All of the symptoms were self-diagnosed and therefore subject to variable
interpretation. The potential for misinterpretation was minimized by creating a new symptom
category called highly credible gastrointestinal symptoms. This symptom category was
defined as including any one of the following unmistakable or combinations of symptoms:
(1) vomiting, (2} diarrhoea with faver or a disabling condition (remained home, remained in
bed or sought medical advice because of the symptorns), and (3) stomachache or nausea
accompanied by a fever. Individuals in this symptom category were considered to have
acute gastroenteritis.

DATABASE FOR MARINE AND FRESHWATER CRITERIA

The results of the marine bathing beach studies have been reported by Cabelli (1982)
and those of the freshwater studies have been described by Dufour (1984). In general, those
symptom categories unrelated to gastroenteritis usually did not show a significant excess of
illnesses at either of the X-paired beaches at each study location. Moreover, the significant
swimming-associated rates for gastroenteritis were always observed at the more polluted of
the paired beaches at each study location. Table 1 shows the number of occasions when
significant swimming-associated gastroenteritis was observed at barely acceptable and
relatively unpolluted beaches. The occurrence of a statistically significant excess of
swimming-associated gastroenteritis in swimmers who bathed at beaches that were, by
selected, more poliuted, is indicative that there is an increased risk of illness from swimming
in water contaminated with treated sewage, i.e. both swimming-associated and pollution
related. This finding, which was observed at both marine and freshwater locations was
important because it placed in proper perspective the relationship between water
contaminated with treated sewage and health risks for swimmers. This association was not
very well defined in the earlier USPHS studies. The only evidence that sewage-contaminated
water carried a risk for gastroenteritis in those studies was observad on the Ohio River beach
where swimmers had an excess of gastrointestinal illness when the median coliform density
in the water was 2,300 per 100 ml. This was counter to the results found at freshwater
beaches in Chicago and at marine beaches on Long iIstand Sound where swimmers had no
more gastrointestingl illness than non-swimmers, even when days of "high” or “low" coliform
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densities were selected. Therefore, other than the occasional association of an outbreak of
disease with swimming (Cabelli, 1983), the data from Cabelli (1982) and Dufour (1984} are
the first reports clearly linking sewage-contaminated water with a health risk for bathers. -

Table 1

Relationship between significant swimming-associated Gastroenteritis and the
degree of pollution at marine and freshwater bathing beaches

BEACH WATER QUALITY
Barely Acceptable Relatively Unpolluted
Number of trials 17 g
Number of trials with excess 7 0
ilness in swimmers' -
% Trials with excess swimmer 41 0
illness

.1 Difference between swimmer and non-swimmer fliness rates during a trial
period statistically significant at p <0.05 level.

Although the association of iliness in swimmers using bathing water contaminated by
treated sewage is an important aspect of the process for developing recreational water quality
criteria, it is the establishment of a quantitative relationship between the two variables that
provides a useful relationship for requlating water quality. A part of this process is the”
development of suitable methods for measuring the quality of water.

A comprehensive discussion of microbial water quality indicators is beyond the scope
of this document, even as the basis for the selection of those examined in the
epidemiological studies. The reader is referred to other studies (Cabelli, 1982; Dufour, 1984)
and to reviews on the subject (Cabelli, 1976; 1982). The examination of a number of
potential indicators, including the ones most commonly used in the United States (total
coliforms and faecal coliforms), was included in the EPA studies. Furthermore, the selection
of the best indicator was based on the strength of the relationship between the rate of
gastroenteritis and the indicator density, as measured with the Pearson Correlation
Coefficient. This coefficient varies between minus one and plus one. A value of one
indicates a perfect relationship, that is, all of the points from the paired data lie directly on the
line which defines the relationship. A value of zero means that there is no relationship. The
plus symbol indicates that the relationship is direct, one variable increases as the other does.
The minus symbol indicates the relationship is indirect, one variable decreases as the other
increases. The correlation coefficients for gastroenteritis rates as related to the various
indicators of water quality from both marine and fresh bathing water are shown in Table 2.

The date from the three years of the New York City study were analyzed in two ways.
The first was by grouping trial days with similar indicator densities from a given swimming
season and the second was by looking at each entire summer. The results from both
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analyses are shown in the table. For either type of analysis, enterococci showed the
strongest relationship to gastroenteritis. £. ¢coli was a very poor second and all of the other
indicators, including total coliforms and faecal coliforms, showed very weak correlations to
gastroenteritis. Enterococci and E. cofi were used in subsequent studies including the
freshwater trials. Faecal coliforms also were included in subsequent studies because of their
status as an accepled criterion.

Table 2

Correlation coefficients for swimming-associated Gastroenteritis rates against
mean indicator densities at marine and freshwater bathing beaches

CORRELATION COEFFICIENTS
TYPE OF INDICATOR
WATER Data by Data by
Summers Grouped Trials'
Marine? Enterococci ' 75 96
E. coli 52 56
Kiebsiella 32 .81
Enterobacter/Citrobacter 28 .64
Total Coliforms 19 .65
C. perfringens 19 01
F. aeruginosa 19 .58
Faecal Coliforms -01 .51
A, hydrophila -09 60
V. parahaemolyticus -.20 A2
Staphylococci -.23 60
Fresh® Enterococci 74
E. coli .80
Faecal Coliforms -08

1 Groups of trials (days) with similar mean indicator densities during a given summer,
Data from trials conducted at New York City beaches 1873-1975 (Reference 18).
Data from Reference 19.

The freshwater studies were analyzed only by summer. The correlation coefficiert for
E. coli was slightly greater than that for enterococci. However, statistical analysis indicated
that the two values were not significantly different. Faecal coliforms, on the other hand, had
a correlation coefficient that was very similar to that observed for faecal coliforms with the
maring data analyzed by summer. The freshwater studies confirmed the findings of the
marine studies with respect to enterococci and faecal coliforms in that the densities of the
former in bathing water showed strong correlation with swimming- associated gastroenteritis
rates, and densities of the lafter showed no comrelation at all. The similarities in the
relationships of £. coli and enterococci to swimming-associated gastroenteritis in freshwater
indicate that these two indicators are equally efficient for monitoring water quality in
freshwater, whereas in marine water environments only enterococci provided a good
correlation.  These results also are consistent with “common wisdom" and the results of
other investigations. The eticlogical agent for the acute gastroenteritis is probably viral
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(Cabelli, 1981). The ultimate source of the agent is human faecal wastes. E. cofi is the most
faecal specific of the coliform indicators (Dufour, 1976), and enterococci, another faecal
indicator, better resembles the virus than do the coliforms as regards survival in marine
waters (Fattal et a/., 1983).

CRITERIA FOR MARINE AND FRESH RECREATIONAL WATERS

Cabelli (1982) defined a recreational water quality criterion as a “quantifiable
relationship between the density of an indicator in the water and the potential human health
risks involved in the water's recreational use”. From such criterion, a guideline now can be
adopted by a regulatory agency, which establishes upper limits for densities of indicator
bacterial in waters that are associated with acceptable health risks for swimmers.

The quantitative relationships between the rates of swimming-associated heailth effects
and bacterial indicator densities were determined using regression analysis. Linear
relationships were estimated from data grouped on the basis of summers or trials with similar
indicator densities. The data for each summer were analyzed by pairing the geometric mean
. indicator density for a summer bathing season at each beach with the corresponding
swimming-associated gastrointestinal illness rate for the same summer. The swimming-
associated illness rate was determined by subtracting the gastrointestinal iliness rate in non- -
swimmers from that for swimmers. These two variables from multiple beach sites were used
to calculate a regression coefficient, y-intercept and 95% confidence intervals for the paired
data. in the marine studies, the total number of points for use in regression analysis was
increased by collecting trial days with similar indicator densities from each study location and
placing them into groups. The swimming-associated iliness rate was determined as before,
by subtracting the non-swimmer illness rate of all the individuals included in the grouped trial
days from the swimmer iliness rate during these same grouped trial days. The grouping by
trial days with similar indicator densities approach was not possible with the freshwater date
because the variation of bacterial indicator densities in freshwater samples was not large
enough to allow such an adjustment to be made. For the sattwater studies, the results of the
regression analyses of illness rates against indicator density data was very similar using the
"by summer" or "by grouped trial days” approaches. The data grouped by trial days will be
used here because of the broader range of indicator densities available for analysis. Table 3
shows the results of the marine and freshwater bathing beach studies conducted from 1973
through 1982. These data were used to define the relationships between swimming-
associated gastroenteritis and bacterial indicator densities presented below.

The health effects water quality criteria for fresh and marine recreational waters are
presented in the form of linear relationships between swimming-associated gastroenteritis
rates and the geometric mean densities of bacterial indicators of faecal contamination. These
relationships can be used to set a primary body contact guideline once an acceptabie illness
risk has been selected by a regulatory group.

The marine recreational water quality criterion using enterococci as the bacterial
indicator is described by the log linear equation:

y = 0.20 + 12.17 log x
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where x is the density of the enterococci per 100 ml. The corresponding swimming-
associated illness rate per 1,000 swimmers is given by y. Figure 1a shows the relationship
between enterococci and swimming-associated gastroenteritis, and the 96% confidence limits
about the slope of the line for marine waters. The range of the data used Is from 2
enterococci per 100 ml to 500 enterococci per 100 mi. Since both parameters are subject
to variation, if the iliness rate is used as the independent variable, the confidence limit about
the slope wili change slightly. Cabelli (1982) has shown the regression line and its
confidence limit when the illness rate is used as the independent variable and the indicator
density is the dependent variable.

fFigqure 1a

Recreational Water Criterion for Estimating Swimming-Associated Gastrointestinal lliness
Rates from the Geometric Mean Density of Enterococci per 100 mi in Marine Water Samples
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Twao criteria are given for fresh recreational waters, since enterococci and E. coli gave
equivalent results when they were examined with respect to the strength of their relationship
to swimming-associated gastroenteritis. The equation for the gastroenteritis rate on the mean
enterococci density is given by (Dufour, 1984):

y = -6.28 + 8.40 log X

where x and y are the geomatric mean indicator density per 100 ml and the gastrpenteritis
rate per 1,000 respectively. The equation based on E. coli mean densities substituted for

enterococei densities is (Dufour, 1984):

y = -11.74 + 9.40 log x
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Figures 1b and tc depict the relationship of swimming-associated gastroenteritis 1o
enterococci and E. coli, and the 95% confidence limit about the slope for each indicator. The
useful range of the data for enteracocci is between 5 and 75 enterococci per 100 ml and for
E. coli it is between 15 and 250 per 100 mi. Dufour (1984) has shown the inverse
relationships which result when the illness rates and indicator densities are used as the
independent and dependent variables respectively for calculating the regression equations.

Figure 1b

Recreational Water Criterion for Estimating Swimming-Associated lliness Rates from
the Geometric Mean Density of Enterococci per 100 mil in Fresh Water Samples
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METHODS FOR MONITORING BATHING BEACH WATER QUALITY

The methods used to enurmerate the bacterial indicator densities which showed the
best relationship to swimming-associated gastroenteritis rates were specifically developed for
the recreational water quality studies. The membrane filter procedure for enumerating
enterococci was developed by Levin et al. (Levin et al., 1975). Evaluation of the method
using fresh and marine water samples indicated that it detects mainly Streptococcus faecalis
and Streptococcus faecium. Although these two species were thought to be more human
specific than other Streptococci, they have been found in the intestinal tract of other warm
blooded animals such as cats, dogs, cows, horses and sheep.

E. coli were enumerated using the membrane filter procedure developed by
Dufour et al. (1981). Evaluation of this method with marine and freshwater samples has
shown that 92 to 95% of the colonies isolated were confirmed as E. coll,
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Fiqure 1c

Recreational Water Criterion for Estimating Swimming-Associated lliness Rates from
the Geometric Mean Density of £. coli per 100 ml in Fresh Water Samples
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Annex 2

A REVIEW OF EPIDEMIOLOGICAL STUDIES INVESTIGATING THE
HEALTH RISKS ASSOCIATED WITH BATHING IN RECREATIONAL
WATERS CARRIED QUT IN THE UNITED KINGDOM

By

Dr Leslie M. Alexander

Environmental Epidemioclogy Research Unit
Department of Geography
Lancaster University
Lancaster LA1 4YB
United Kingdom

1. INTRODUCTION

Over the tast four decades there have been several epidemiological studies conducted
in Britain, which have investigated the health risks associated with bathing in recreational
waters. These studies are reviewed below chronologically under two major headings:
seawater studies and freshwater studies. Throughout the literature, there are also scattered
case reports of discrete iliness associated with recreational water contact (Reece, 1909,
Harvey and Price, 1981; Waitkins, 1986; Galbraith et al., 1987, Wakefield, 1988, Eastcott,
1988). However, they are beyond the scope of this review,

2 SEAWATER STUDIES

2.1 The Public Health Laborato

The first investigation into the health effects of bathing in seawater was undertaken by
the Public Health Laboratory Service (1959). In this retrospective study which spanned six
years (1953-1959), "many thousands" of seawater samples, from over 40 beaches, were
collected and examined for E. coli. The health effects which were of primary interest were
enteric fever (typhoid and paratyphoid) and poliomyelitis.

With respect to poliomyelitis, no association was found between bathing and
contracting the disease.

During 1956-1958, there were four cases of paratyphoid in individuals with bathing
histories, which suggested a possible link with sea-bathing. All four cases were associated
with two beaches which were “.... extremely unsatisfactory even on aesthetic grounds, and
gave median presumptive coliforrm counts of 24,000 and 12,000 .... per 100 ml". In addition,
paratyphoid bacilli of the same phage type had been isolated from water samples at the
beaches concerned, prior to the notification of these cases. However, due 10 the very smalli
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number of cases with bathing histories which suggested a possible link between bathing and
infection (B cages between 1946 and 1958), the Commitiee thought it more likely that the four
cases resulted from "... direct contact with non-disintegrated faecal matter rather than by
swallowing contaminated seawater". The Committee concluded that * .. with the possible
exception of a few aesthetically revolting beaches around the coasts of England and Wales,
the risk to health of bathing in sewage-contaminated seawater can, for all practical purposes,
be ignored®, (Medical Research Council, 1959).

22 The Bristol City Dock Surveys

Phiipp and colieagues have carried out studies of the health risks of snorkel
swimming in untreated water at the Bristol Docks, in the Southwest of England. in May 1981,
12% (n=11) of those people who were interviewed after taking part in a snorkel race reported
illness, including gastroenteritis. During May 1982, 199 guestionnaires were sent to
participants of a subsequent snorkel race. 91% (n=181) responded and 36% of the
respondents reported illness, including headaches, sore throats, shivering and muscular
aches (11%) and gastroenteritis (25%). During this study, the water met the EC Imperative
Standards for recreational water quality for both total and faecal coliforms.

In May 1983, a small-scale prospective cohont study of the Bristol City Dock snorkel
swimmers (n=77) was carried out. A significant association was found between swimming
andillness (p<0.001), as 27% of the swimmers reported gastroenteritis as compared with 1%
of the familial controls (n=75) and 3% of the visitor controls {n=95). The water samples
taken throughout the competition (n=3) failed to meet the EC Imperative Standards for total
coliforms and two of the samples failed for Escherichia coli, with geometric means of 56,000
and 1,650 per 100 ml respectively (Philipp et af., 1985).

Philipp and colleagues went on to examine the acquisition of antibodies to Leptospira
and Hepatitis A in 22 men and 1 woman who engaged in "surface-based" events, such as
windsurfing and water skiing in the Bristol City Dock area. No causal relatIDnShlp was
established (Philipp et al., 1989).

2.3. The Greenpeace Survey

A further investigation of seawater bathing and health was carried out in 1987 by
Brown and colleagues at two unnamed resorts in the south of England. This was a cross-
sectional study and thus no follow-up questionnaire was used. A total of 1803 swimmers
were surveyed.

Swimimers who immersed their heads at the polluted resort which had a faecal
coliform geometric mean of 440/100 ml, were significantly more likely (p<0.01) to report
gastrointestinal symptoms (stomach upset, nausea or diarrhoea) than those who did not
immerse their heads, or those who bathed at the unpolluted beach, which had a faecal
coliform geometric mean of <10/100 mi} (Brown et al., 1887; Brown and Campbeit, 1987).

2.4 Department of the Environment Studies {Phase 1)

During August 1989, the Department of the Environment commissioned two pilot
studies on the health effects of sea bathing which were carried out at Langland Bay, in
Swansea, on the southwest coast of Wales. One of the aims of these studies was to assess
the feasibility of the methods tested on a large-scale basis (Pike, 1890).
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One of the methods examined was a prospective design, wherein 4045 beach users
were interviewed and information was obtained regarding health status, water activity, food
habits, bathing habits and socio-demographic characteristics. 20% (n=791) of the sample
was followed-up 7 days later by telephone interview. The composition of the follow-up
sample was largely visitors (70%) to Langland Bay who ranged in age from 5-14 years
(22.6%) to over 65 years (4.1%), with over 50% of the sample between the ages of 25 and
54 years.

During the study, water quality met the EC Imperative Standard for recreational water
and the geometric mean per 100 mi {of three sampling sites combined) for faecal coliforms,
total coliforms and faecal streptococei ranged from 111 to 331, 136 to 555 and 18 to 70,
respectively.

The reporting of illness varied by activity and surfers had higher morbidity than
waders. Ear and throat symptoms were most frequently reported (1 in 13 bathers vs 1 in 32
non-bathers). Bathers were reporied as having more sore throats than non-bathers, aithough
this did not reach significant levels. Self-medication was higher in those people exposed to
water contact. Participants 15-24 years old had the highest risk. It was concluded from this
study that a prospective design, with a telephone follow-up interview was a feasible method
for investigating the health effects of sea bathing (Pike, 19290; Balarajan, 1990).

A "healthy volunteer® design was also pioneered for the first time at Langland Bay.
In such a study design, volunteers are recruited before the study is undertaken. Interviews
with healthy volunteers, together with clinical tests on them, are carried out prior to visiting
the bathing resort. Once at the beach, volunteers are then assigned to one of two groups:
swimmers and non-swimmers. A second interview is carried out on the day of the beach
contact, and then both interviews and clinical tests are repeated on both groups following
exposure to the beach and/or water (Environment Committee, 1890). It should also be noted
that “.... ethical considerations limit the exposure to adults and to water of satisfactory
quality...." (DOE, 1990).

465 adults were initially recruited, of whom 266 actually took part in the study of
September 2, 1989. The participants were randomly split into bather and non-bather cohorts.
While significantly higher rates of sore throat, ear and eye symptoms were reported by the
bather cohort three days after the study, and diarrhoea three weeks after the study, there was
no correlation between the results of the clinical tests and the perceived symptom rates
reported. Water quality was good on the day of this study (Pike, 1990; Jones et al., 1990,
Jones et al,, 1991).

2,5 The Blackpool Beach Survey of Children

This survey was carried out on Blackpool Beach, on the northwest coast of England,
to determine whether or not there was a measurable risk of ill health associated with contact
with seawater contaminated with untreated sewage for children between the ages of 6 and
11 years old.

Beach interviews with parents of children between the ages of 6 and 11 years were
carried out over a seven week period during July, August and September 1990.
Respondents were followed up 10-14 days after the original interview by either telephone or
post. Water samples were collected on each day of the survey, from two locations which
formed the northern and southernmost boundaries of the study site.

]
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939 interviews with either parents or guardians, of whom less than 2% were residents
of Blackpool, were completed on the beach. 857 (91.9%) agreed to a follow-up interview.
The results of this study are based on 703 cases of matched data, coliected for each child
on the beach and during a follow-up interview. For purposes of analysis, children were
divided into two groups, namely no contact or contact. The latter classification was defined
as swimming, paddling or playing by the water on the day of the beach interviaw.

Both sites failed to meet the EC imperative Standards for recreational waters and the
geormnetric means for each sampling site were: for total coliforms, 1986 and 2141 per 100 mi;
for faecal coliforms, 895 and 826 per 100 ml; for faecal streptococci, 290 and 139 per 100 mi;
and for enteroviruses, 4 and 2 per 10 litres. 50% and 67% of the samples were positive for
salmonella.

The prevalence of certain symptoms increased significantly only in those children who
had been in contact with the water on the day of the beach interview. For example, 1in 13
chitdren suffered from diarrhoea (p<0.0001) in the contact group as compared with 1 in 41
in the no contact group. Other symptoms which showed a significant increase in the contact
group included vomiting (p <0.0009), itchy skin {p<0.0009}, fever (p<0.0013), lack of energy
{p <0.0007) and ioss of appetite (p«<0.0227). None of the other variables investigated could
account for the significant increase in the reported symptom experience of those children in
contact with seawater contaminated with sewage (Alexander and Heaven, 1991; Alexander,
1991).

2.6 Department of the Environment Studies {Ph 11

During August 1980, the Department of the Environment commissioned Phase il of
the two pilot studies on the health effects of sea bathing (Pike, 1991}.

The main beach at Ramsgate was the site of a prospective survey. During this study,
2010 beach users were interviewed. Foliow-up interviews were carried out by telephone
seven days after the beach interview, and by post 21 days after the beach interview. The
composition of the follow-up sample was largely visitors (80%) to Langland Bay, who ranged
in age from 5-14 years (23.0%) to over 55 years, with over 50% of the sample between the
ages of 25-54 years.

The daily (n=12) geometric means per 100 ml for total coliforms, faecal coliforms and
faecal streptococci ranged between 261.8-6462.1, 267.4-1755.1, 20.4-479.8, respectively.
Participants aged 15-24 years had the highest age-associated risk, and risk was reported not
to have differed significantly between locals and visitors. Bathers were 47% more likely to
develop gastrointestinal iilness and had an 88% greater risk of suffering from diarrhoea as
compared with non-bathers. lliness was associated with exposure and surfers and divers
were significantly more likely to suffer from respiratory and eye symptoms. The authors
concluded that the method was suitable for large-scale studies (Pike, 1991).

The "healthy volunteer® method was tested again in 1990 at Moreton Beach, in the
Merseyside area of the west coast of England. The methods employed were similar to those
previously discussed.

Over 800 adults were recruited prior to the survey and 303 participated in the study
on 4 August 1990, of which 55% were men and 45% were women and a higher proportion
of bathers were 25-34 years old. During the study, water quality met the EC Imperative
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Standards for total and faecal coliforms and the geometric mean of the latter (n=158) was
157 per 100 mil.

Clinical results of throat and ear swabs were not significantly different between bathers
and non-bathers, although there was some evidence fo suggest that the concentration of
faecal streptococci in the bathing water was related 1o the isolation of Escherichia coli from
throat swabs of the bathers. While children were excluded from the study by virtue of its
design, 131 children (<18 years old) did accompany participants to the beach and 64 went
in the water. These children did suffer significantly more stomach upsets than those who had
not bathed.

The authors concluded that the healthy volunteer, or controlled cohort method was
a feasible method for large-scale design.

3. FRESHWATER STUDIES

Jessop et al. (1985) undertook a case control investigation of cases of vomiting
and/or diarrhoea which presented themselves to General Practitioners. The study focused
on water-based recreational activity, during July and August 1984, at Lake Coniston and Lake
Windermere in the northwest of England.

Data analysis was based on 76 resident and 30 visitor cases and 90 resident and 17
visitor controls. Exposure to water in Lake Coniston and/or Windermere was determined by
telephone interview for the four week period prior to the onset of symptoms and General
Practitioner consuftation. No water quality data were given and the authors reported no
association between recreational water contact at either of these lakes and gastroenteritis in
the 106 cases investigated.
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‘Annex 3

A REVIEW OF EPIDEMIOLOGICAL STUDIES CORRELATING
COASTAL MARINE RECREATIONAL WATER QUALITY WITH HEALTH
EFFECTS CARRIED OQUT IN THE MEDITERRANEAN REGION

By
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ETS Ingenieros de Caminos
Gran Capitan, s/n
Barcelona
Spain

INTRODUCTION

The considerable population increase experienced during the summer months at
rmany resort towns in the Mediterranean coast has frequently resulted in coastal poliution
incidents due to considerable overload of the existing facilities for sewage treatment and
disposal. The aesthetic water quality deterioration and the potential public health risks
associated with those pollution incidents have led to major concern among tourist authorities,
regarding the socioeconomic and tourist future of those resort towns, and of the public health
authorities regarding the potential health hazards to bathers and other users of the
recreational areas affected.

The establishment of quidelines and criteria for the treatment and disposal of sewage
in coastal waters was one of the main objectives of the pilot Project MED POL Vit {Coastal
Water Quaity Control), conducted from 1976 to 1981. The reduction of pollution loads,
through wastewater treatment plants, the dispersion of pollutants through well designed
submarine outfalls, and the establishment of environmental quality criteria for bathing waters
were three major components of MED POL VIl and other Projects conducted during
MED POL Phase 1.

Environmental quality criteria for bathing waters are basic requirements for designing
wastewater treatment and disposal facilities as well as for monitoring the efficacy of corrective
measures carried out. From the public health point of view, the historical development of
these criteria has been based upon the common microbial indicators of fascal pollution: total
coliforms, faecal coliforms and faecal streptococci.  Since 1974, the World Health
Organization (WHQO, 1975) has taken an active part in developing environmental quality
criteria for recreational waters; from the gqualitative recommendations formulated in 1974 by
an expert meeting (WHOQO, 1975) until the detailed environmental quality criteria proposed in
1985 by the United Nations Environment Programme and the World Health Organization to
the Contracting Parties of the Barcelona Convention (UNEP, 1985) there are more than 10
years of studies and experimentation on coastal water quality controt in the Mediterranean
region.
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There is general agreement between scientists, engineers and administrators that
water quality criteria and standards for the protection of public heaith should preferably be
based on epidemiological evidence that relates water quality with selected health risks. Ithas
to be peinted out, however, that none of the water quality criteria and standards currently
used have an epidemiological basis, but are considered desirable and attainable objectives
for making coastal bathing waters safe and aesthetically satisfactory.

Although one of the objectives of both Phase | and Phase !l of the MED POL
Programme was to develop water quality criteria based on epidemioclogical evidence, only a
few and very limited studies have been carried out over the last 15 years in the Mediterranean
region. The logistic requirements for establishing the exposed and control populations, and
the considerable expenses involved in determining the microbiological quality of bathing
waters have been major obstacles for conducting large-scale epidemiological studies on the
health risks of bathing in coastal waters (Saliba and Helmer, 1920).

The results of the epidemiological studies conducted so far do not show a definite and
consistent relationship between public health risks and the microbiclogical quality of the
water, possibly because of the different methodologies adopted in each case and the
considerable number of confounding factors involved in such studies {(Jones and Kay, 1990).
The continued controversy on the validity and practical implications of criteria and standards
currently applied in the Mediterranean and in the European Community has resulted in a
renewed interest in conducting well planned and extensive epidemiological studies, as the
best way to judge the sanitary quality of many bathing areas and to design the sewage
treatment and disposal facilities required.

OBJECTIVES

The main objective of this report is to present an outline of the results obtained from
epidemiological studies conducted in the Mediterranean region on the correlation between
the microbiological quality of coastal recreational waters and the health effects observed on
bathers.

Among the specific objectives of this repor, the following can be highlighted:

1. To prepare a summary review for each of the studies available at the MED Unit
in Athens, so as to simplify the comparative evaluation of their experimental
results, their data collection and evaluation methods, and their main

- conclusions.

2. To identify practical problems caused by confounding factors and
experimental procedures, that may prevent reaching definite conclusions, or
conclusions that are applicable to coastal areas different to those where the
studies were conducted.

3. To suggest possible ways and means of minimizing such confounding factors
and experimental limitations.

STUDIES CONDUCTED IN THE MEDITERRANEAN REGION

The World Health Organization has sponsored several epidemiological studies over
the last 10 years, as well as the development of a protocol for conducting epidemiological
studies on the health risks from bathing in coastal waters.
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The Consultation held in Follonica in October 1985 (WHO, 1985), the detailed report
prepared by Dr H. Shuval on Thalassogenic diseases (UNEP, 1986), and the Consultations
held in Athens in September 1987 (WHO, 1988) and in Valletta in December 1989 (WHO,
1989) represent the main steps of the development of such protocol. The current interest to
use the protocol proposed by WHO/UNEP in coastal areas different from the Mediterranean
region, and the results that have become available in epidemiological studies conducted in
areas outside the Mediterranean, have prompted the need to adapt its contents to a more
broader context. The consultation on health risks from bathing in marine water that, jointly
convened by WHO and UNEP, will take place in Athens in May 1891 should contribute to the
development of basic guidelines for future studies that conform with conditions prevailing in
different regions.

Table 1 surmmarizes the references rmade available to the author by the WHO/EURG
Project Office in Athens concerning epidemiological studies conducted in the Mediterranean
region on the health risks from bathing in coastal waters.

Table 1

References available at the MED Unit on epidemiological
studies conducted in the Mediterranean region

Author(s) (year) Study period Country
J.J. Borrego (1989) summer 1988 Spain
G. Kocasoy (1989) Dec85-Feb88 | Turkey
B. Fattal and H. Shuval (1989) summer 1986 Israel
B. Fattal and H. Shuval (1988) summer 1983 Israel
B. Fattal and others {1986) summet 1983 lsrael
R. Baylet and F. Sinegre (1984) 1975 - 1880 France
R. Mujeriego and others (1982) -summer 1979 Spain
M.H. Wahdan summer 1978 Egypt
F. El-Sharkawi and M. Hassan (1979) summer 1976 Egypt

A surnmary review of each of the references included in Table 1 appears in Annex A
of this report.  The summary review forms include the following sections: 1) water
characterization, giving specific details of the microbiclogical parameters used to assess the
quality of bathing water, 2) epidemiological survey, describing the methodology used for
collecting and evaluating the public health risks of bathing in seawater, 3) study population,
summarizing the scope and contents of the epidemiological investigation, 4) morbidity
symptoms, presenting the main findings of the study considered, 5) conclusions,
summarizing the main conclusions of the study, and 6) review comments, indicating relevant
observations on the characterization of seawater quality and the evaluation of the public
health effects cbserved during the study.
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The three basic components of the epidemioiogical studies considered are: 1) an
evaluation of the microbiological quality of the coastal water where bathing takes place, 2)
an evaluation of the health risks among the population using the water for recreation, and 3)
a comparative analysis between those two experimental variables as to establish a statistically
significant association between the microbial quality of the water and the morbidity rates of
different symptoms among the exposed group.

The manner in which these three essential steps are approached and carried out
become determining factors of the results obtained in each case. The following sections
include a brief discussion of the methodological requirements of those essential steps and
of the extent they are fulfilled in practice by the epidemiclogical studies considered.

WATER QUALITY CHARACTERIZATION

In principle, the microbiological parameters used to characterize the quality of the
water where bathing takes place should be the most specific and reliable pathogenic
microorganism associated with the health symptoms to be studied. In practice, indicator
microorganisms are selected instead of pathogenic organisms, due to analytical and
economic considerations. However, the indicator microorganisms selected have to be
etiologically related to the type of health symptorns observed. For this reason, faecal
indicators are considered adequate quality parameters for assessing the health risks posed
by enteric infections that are transmitted by the faecal-oral route. Other indicators, such as
Staphylococci, are considered adequate for studying the health risks associated with skin,
eye, and ear infections.

Most of the studies conducted in the Mediterranean region indicate that the microbial
indicator best correlated with the health risk posed by enteric infections are Enterococci,
followed by E. cofi and, to a lesser extent, by faecal coliforms. Bacteriophages and
particularly coliphages appear to be also a promising indicator, both for their specificity and

their simple analytical determination. Staphyiococci and Pseudomonas seem to be good.

indicators of the poliution produced by bathers themselves, especially when the water mass
has a limited circulation pattern due to the presence of surf breakers,

Apart from the identity of the microbial indicator itself, the adequate assessment of
bathing water quality is one of the weakest points of all the epidemioclogical studies reviewed.
The few baseline studies conducted during the MED POL Phase | clearly revealed that the
microbial concentration in a coastal water body can vary within 3 or more orders of
magnitude during one single day and even within different sampling points at any given time.
As a result, the general practice of obtaining a single water sample per day to characterize
the water quality of a coastal area of several hundred metres long, or even the 3 water
samples collected in some cases, cannot be considered acceptable unless a baseline study
has been previously conducted to ensure that this sampling frequency and coverage is
adequate. To characterize the microbial quality of a coastal water body, it would be
preferable to establish a sampling stations grid, where samples could be collected at several
intervals during the daily bathing period.

The characterization of the microbial quality of water mass by using the mean value
of the daily concentrations observed over a period of several weeks clearly disregards the
considerable variations experimentally observed. A more adequate statistical characterization
could be obtained by evaluating the results obtained at a multiple sampiing grid during one
sampling day. R has to be pointed out that water quality characterization shouid be
preferably based on multiple results, obtained during the same day in which the health risks
among the exposed population are being assessed. The uitimate objective of the water

[4
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characterization study is to provide a precise and representative parameter to be
subsequently associated with the morbidity rate among the exposed group during the same
day, or during days when the water quality can be considered statistically similar.

The interpretation of the microbiological results appears to be another essential aspect
of any water quality evaluation. The type of statistical parameter used, the median being the
most cormnmon, the number of samples used in that evaluation, the methodology used in
deriving those statistical parameters, either numerical or graphical, and the clustering of
experimental results from different beaches, based on the similarity of the concentrations of
one microbial indicator, can introduce significant bias in the water quality assessment
process.

Evaluation of the experimental results gathered during MED POL Phase |
(UNEP/WHQ, 1983) clearly indicates the interest of performing a graphical evaluation of the
microbial results instead of the numerical method commonly used. A graphical analysis
allows for a clear detection of outliers and a subsequemnt evaluation of their possible causes
and implications.

Clustering of microbial results, based on the similar concentrations of a given
microbial indicator, and the subsequent clustering of the health effects observed among
people bathing in those waters, can introduce profound errors in an epidemiological study.
The underlying assumption that two unrelated beaches, but with similar levels of one indicator
organisms, have a similar concentration of the pathogenic microorganisms responsible for
the infections observed is something that should be carefully scrutinized before pooling the
experimental results as corresponding to similar levels of water quality.

It surmmary, not only the type of microbial indicator used to characterize bathing
water quality, but also the number and spatial distribution of water samples, the method used
1o interpret microbiological results, and the criteria used to pool them together for subsequent
comparative analyses with corresponding morbidity rates, are essential aspects of the water
characterization programme to be considered in any epidemiological study.

EPIDEMIOLOGICAL SURVEY

The methodology adopted in the studies conducted in the Mediterranean region for
gathering epidemiclogical information has generally been based on a questionnaire
compiated at the beach, usually with the assistance of a trained interviewer. A follow-up
interview conducted generally by telephone, from 3 to 10 days after the beach interview, has
served to identify the health incidents experienced by the respondents. All the studies
considered are based on the reports provided by the respondents themselves, concerning
both the type of health incident suffered and its severity.

Two important aspects of the survey strategies generally adopted have been: 1) to
concentrate on persons that had no bathing activity during both the previous week and the
subsequent week of the interview at the beach; this type of survey is commonly designated
as the week-end survey, and 2) to define the exposed group of swimmers as those persons
that during their swimming activities get their mouth and faces exposed to the water (head
immersion, splashing, swallowing seawater); the remaining persons at the beach are
classified as non-swimmers and represent the control group. Both the bathers swimming
aclivities outside the week-end of the interview and their swimming habits while in the water
are obtained by personal questioning at the beach. Some verification of swimming habits
are commonly conducted during the interview at the beach, mainly by observing the
respondents while bathing and inspecting their wet hair.
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In this context, it is necessary to point out that the structure, the contents and the
application of an epidemiological questionnaire requires the contribution of an experienced
epidemiologist, to ensure that the responses obtained are correct and free from possible
biases introduced both by the procedure foliowed by the interviewer and by the personal
perceptions of the respondent. This later aspect becomes critical when assessing health
incidents suffered during the period of study. Self-reporting questionnaires generally result
in a significant increase of the actual morbidity rates (Friedman, 1980).

Furthermore, the pattern of summer recreation in the Mediterranean can be
characterized by a holiday period of several weeks during which bathing takes place several
times a day, with occasional day-long visits to neighbouring beaches within the coastal area
of residence. Furthermore, the desire for a complete change from regular working schedules,
away from the time demands posed by appointments and telephone calls, together with the
low number of telephones available at summer apartments make it very difficult to conduct
the follow-up interview included in the week-end survey.

in summary, evaluation of the health effects actually experienced by the population
under study, the identification of their bathing habits and bathing areas, the selection of the
exposed and the control groups, the establishment of the type and severity of the
symptomatology, and the consideration of possible confounding factors, mainly related to
changes in lifestyle, living conditions and other holiday activities, become essential aspects
to be considered when evaluating the health risks involved in bathing in coastal waters.

STUDY POPULATION

The population surveyed in most of the epidemiological studies conducted in the
Mediterranean region included individuals and family groups. The strategy o include families
with at least one child below 10 years of age has been commoniy adopted in many studies
to evaluate the heafth incidence among young children, particularly since several
epidemiological studies have shown a higher incidence of enteric infections among children
than among the general population. However, it has to be pointed out that swimming
activities as well as other factors may be responsible for the high morbidity rates of enteric
symptoms observed among children in some studies.

Several of the studies conducted in the Mediterranean region clearly show the great
difficulties in selecting the non-swimmers control group, namely, people that bathe but do not
immerse their heads into the water, receive water splashes, or swallow water. The selection
has been difficult to achieve in some studies, as only 5% of the persons interviewed matched
that definition. The low number of persons included in the non-swimmer control group has
made it quite difficult to establish statistically significant differences between the morbidity
rates for swimmers and for non-swimmers.

Furthetrmore, the type of summer recreation prevailing in the Mediterranean ¢oasts,
with several bathing episodes during the day and occasional bathing in different beaches
during the holiday period, makes it very difficult to select a significant number of either
swimmers or non-swimmers when conducting a week-end study. in this regard, the use of
summer camps or similarly controlled groups of bathers offers better prospects for a large
scale epidemiclogical study in the Mediterranean region.




EUR/ICP/CEH 103
Page 31

MORBIDITY SYMPTOMS

The verification and diagnosis of the morbidity symptoms suffered by the exposed
population are two of the most critical aspects of any epidemiological study. The seli-
reporting procedures adopted by all the studies reviewed, and the criteria used to assess the
severity of the symptoms, such as visiting a doctor and absenteeism, are bound to introduce
a positive bias in the morbidity rates observed. However, the lack of an adequate evaluation
of the possible causes of the symptoms observed can be a bigger source of error when
assessing the morbidity rates of symptors associated with bathing in coastal waters.

As it has been previously mentioned, summer recreation in the Mediterranean region
constitutes a major change in lifestyle and living conditions for most visitors, and most
markedly for those coming from other latitudes. The significant change in ambient
temperature, the prolonged exposure to coastal water and to sunny weather, the previous -
immunity status of foreign visitors, the changes in eating habits, concerning both the types
and amounts of foods and beverages ingested, the frequent travels and visits, can have
altogether much greater health implications than those originally observed in the East Coast
of the United States where Cabelli (1983) conducted extensive epidemiological studies based
on week-end surveys among local or regional residents.

There are consequently a considerable number of confounding factors that should be
taken into account when evaluating the health risks from bathing in seawater in the context
of summer recreation in the Mediterranean region. In particular, the changes in lifestyle and
living habits undoubtedly offer a multiple route of infection other than the swimming activities.
The case of children offers an additional number of confounding factors, such as the natural
process of acquiring immunity to local health conditions, and also the muitiple ways of
infections they incur through their play and behaviour, even when they are away from the
beach.

The adequate evaluation of the morbidity rates observed in any epidemiological study
needs to take into account the contribution due to confounding factors, such as the immunity
status, and the quality and quantity of food and beverages consumed during the coastal
recreation period. These confounding factors could certainly account for the different
morbidity rates observed among control groups at different beaches, on a given
epidemiological study, or in different countries, on different epidemiological studies.

Furthermore, to ensure that the morbidity rates observed on the exposed groups from
different beaches are comparable, it is necessary to verily that the populations bathing at
those beaches are exposed to similar conditions other than the quality of the water they have
been swimming in. It would not be logical to conclude that similar morbidity rates among
swimmers at two different beaches represent significantly different health risks, just because
the morbidity rates for the non-swimmer control groups are quite different themselves.

in summary, the resuits of the epidemioclogical studies considered clearly indicate the
presence of several morbidity symptoms among the swimmers and non-swimmers groups.
However, the limitations experienced in characterizing the microbial quality of coastal bathing
waters, the difficulties observed in selecting a significant number of persons both in the
exposed group and the control group, and the confounding factors introduced when
evaluating the morbidity rates of different symptoms, would explain the ack of definite
conciusions or even the contradictions observed between some of the epidemiclogical
studies conducted in the Mediterranean region up to date. In paricular, the participation of
experienced epidemiologists in the planning and implementation of future studies appears
&5 a major priority.
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From the formal point of view, reponts of epidemiological studies sponsored by MED
POL should be prepared according to a common structure, such as the one considered in
this report. That would promote a better understanding of the assumptions made, the
methodology followed, and the results obtained in each case. Furthermore, it is
recommended that future reports be subjected to a critical review by experts, as to ensure
an adequate evaluation of the results, the adherence to agreed procedures, and the
completeness of the discussion and conclusion sections.

ALTERNATIVE APPROACHES

Considering the difficulties and the requirements encountered when conducting
epidemiological studies cormrelating coastal water quality with health effects, it seems
appropriate to suggest alternative or complementary approaches to promote further advance
in thie field: 1) studies on summer camps or controlied holiday groups, 2) evaluation of
pharmaceutical drugs use, especially of those products commonly recommended by
physicians for the treatment of heaith symptoms commonly observed among bathers, and
3) studies on the public opinion position concerning the quality required for bathing coastal
waters.

Summer camps and controlled groups of bathers on coastal recreation sites offer an
excellent experimental set-up for future epiderniological studies. The close medical follow-up
that can be implementad in those cases and the control of the numerous confounding factors
that can affect the exposed population are two major advantages of these type of studies.
The inclusion of a microbial quality gradient among the different coastal waters used by
different groups could provide further insight into the relationship between morbidity rates and
bathing water quality.

The control of sales and inventories conducted by pharmaceutical distribution centers
in many Mediterranean states offer an excellent experimental set-up for evaluating the pattern
and trends of pharmaceutical drugs used at recreational coastal areas. By comparing the
amounts of pharmaceutical drugs specifically used for the treatment of health effects
commonly observed among swimmers and the amounts of those products used for the
treatment of health problems unrelated to water recreation, it would be possible to further
define the trends and the incidence of the most frequent health effects on swimmers, the
possible ways of infections other than water recreation, and the possible association between
water quality and health effects. By a close coliaboration with pharmagcists and the analysis
of data from different geographical ievels, from a single pharmacy to all those located in a
given coastal area, it could be possible to address different questions of interest,

Bathing water quality is becoming an indicator of environment protection and hygienic
conditions for a growing number of visitors to Mediterranean coastal waters. Faecal pollution
of coastal waters, usually accompanied by other aesthetic and environmental unfavorable
conditions, is becorning an additional factor in the decision making process of many tour
operators, as a result of the pressure put on them by their customers. it would thus seem
reasonable to evaluate how the public at large, local, national, and foreign visitors, perceive
bathing water quality issues, and what are the desirable levels of water quality and economic
resources the public is willing to propose for achieving the desired objectives. In spite of the
clear limitations of such a study, especially concerning qualitative formulation of the desirable
objectives, it could provide an excellent reference for judging the remedial and protective
measures currently conducted, while waiting for conclusive results from more refined
epidemiological studies than those conducted until now.




EUR/ICP/CEH 103
Page 33

CONCLUSIONS AND RECOMMENDATIONS

From the results and discussion inciuded in this report, the following conclusions and

recommendations can be drawn:

1.

The three basic componenis of the epidemiological studies reviewed are: 1) an
evaluation of the microbiological quality of the coastal water where bathing takes
place, 2) an evaluation of the health risks among the population using the water for
recreation, and 3) a comparative analysis between those two experimental variables
as to establish a statistically significant association between the microbial quality of
the water and the morbidity rates of different symptoms among the exposed group.
The manner in which these three essential steps are approached and carried out
become determining factors of the results obtained in each case.

The type of microbial indicator used to characterize bathing water quality, as well as
the number and spatial distribution of the water sampies analyzed, the way microbial
analytical results are interpreted, and the way they are pooled together for subsequent
comparative analyses with corresponding morbidity rates, are essential aspects of the
water characterization programme that should be given further consideration in future
epidemiological studies.

The evaluation of the health effects actually experienced by the population under
study, the identification of their bathing habits and bathing areas, by defining the
exposed and the control groups, the establishment of the type and severity of the
symptomatology, and the consideration of possible confounding factors, mainly
related to changes in lifestyle, living conditions and other holiday activities, are
essential aspects to be considered in further detail when evaluating the health risks
involved in bathing in Mediterranean coastal waters.

The type of summer recreation prevailing in the Mediterranean coasts, with several
bathing episodes during the day and occasional bathing in different beaches during
the holiday period, makes it very difficult to select a significant number of either
swimmers or non-swimmers when conducting a week-end study. In this regard, the
use of summer camps or similarly controlled groups of bathers offers better prospects
for a large scale epidemiological study in the Mediterranean region.

The results of the epidemiological studies reviewed clearly indicate the presence of
several morbidity symptoms among the swimmers and non-swimmers groups.
However, the limitations experienced in characterizing the microbial quality of coastal
bathing waters, the difficulties observed in selecting a significant number of persons
both in the exposed group and the control group, and the confounding factors
introduced when evaluating the morbidity rates of different symptoms, would explain
the lack of definite conclusions or even the contradictions observed between some
of the epidemiological studies conducted in the Mediterranean region up to date. In
particular, the participation of experienced epidemiologists in the planning and
implementation of future studies appears as a major priority.

Reports of epidemiological studies sponsored by MED POL should be prepared
according to a common structure, such as the one considered in this review. That
would promote a better understanding of the assurptions made, the methodology
followed, and the results obtained in each case. Furthermore, it is recommended that
future reports be subjected to a critical review by experts, as to ensure an adequate
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evaluation of the reculie, the adherence to agreed procedures, and the completeness
of the discussion and conclusion sections.

7. Considering the difficulties encountered in the Mediterranean region when conducting
epidemiological studies correlating coastal water quality with health effects, it seems
appropriate to suggest alternative or complementary approaches to promote further
advance in this field: 1) studies on summer camps or controlled holiday groups, 2)
evaluation of pharmaceutical drugs use, especially of those products commonly
recommended by physicians for the treatment of health symptoms commonly
observed among bathers, and 3) studies on public opinion concerning the required
quality level for bathing coastal waters.
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APPENDIX A

SUMMARY REVIEWS OF THE EPIDEMIOLOGICAL

STUDIES INCLUDED IN THIS REPORT




Title:

Authors:

Published:
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Epidemiclagical Study on Bathers from Selected Beaches in Malaga

J.J. Borrego (Principal Investigator)

Final Report, MED POL Phase |l, WHO/UNEP, Athens, 1989.

WATER CHARACTERIZATION

Study period:

Study area:
Sampling point:
Sampling frequency:
Sampling days:
Water samples:

Water Quality
Bacterial indicators:
Interpretation:

Main parameter:
Clustering of data:

15 June - 15 September 1988

2 beaches, with 2 sampling point in each beach

along the beach, preferably in the swimming zone

1 water sample per sampling point per day of interview
6 days of interviews

24 water samples analyzed

Total coliforms, faecal coliforms, faecal streptococci,
P. geruginosa, S. aureus, C. albicans, Salmonella spp.,
bacterial phages, dermatophilic fungi

statistical, graphical

geometric mean, median (50% percentile), CFU/100 mi

by beaches, based on median daily counts.

EPIDEMIOLOGICAL SURVEY

CQuestionnaires:

Foliow-up questionnaires:

Morbidity symptoms:
Degree of morbidity:

Participant categories:

Relative risks:

STUDY POPULATION
Unit surveyed:

Beach questionnaires:

Follow-up questionnaires:

Age distribution:
Number of persons:
Swimmers:

coliected at the beach, individuals or groups. Both week-end
interviews on persons with no bathing exposure during previous
week, and epidemioiogical interviews on persons with multiple
exposures

by telephone (3-10 days later)

enteric, respiratory, urogenital and general

normal or highly credible (fever, work absence, doctor visit,
laboratory test)

bathers, swimmers (head immersion, splashing, swallowing
seawater) and non-swimmers

SWimmers versus non-swimmers morbidity rates.

individuals or groups, especially families with at least one child
below 10 years of age and with access to a telephane

435 tamilies, 1447 persons

803 persons on week-end interviews and 644 persons on
epidemiological questionnaires, by telephone

0-4 (8%), 5-10 (15%), 11-20 (20%), = 21 (57%)

1447 persons

1380 (95,4% of total).
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MORBIDITY SYMPTOMS

Enteric:

The morbidity was higher among swimmers than among non-swimmers,
especially for the 0-4 year old group. Morbidity rates for the 0-4 years old
group varies from 3.7% in the ¢lean beach to 7.1% in the polluted beach. The
same rates for the > 4 years age group varies from 1.4% in the clean beach
10 2.1% in the polluted beach,

Correction factors were estimated to reflect several confounding factors (food
and beverages, bathing during previous week, morbidity during previous week,
allergic symptoms): 0.55 for enteric symptoms and 0.6 for dermatitis.

Enteric and dermatitis symptoms were significantly swimming-associated for
the “polluted” beach whereas only ofitis, conjunctivitis and respiratory
symptoms were significantly swimming-associated for the “clean” beach.

The morbidity rates for enteric, skin and urogenital infections presented a high
positive correlation with the presence of Vibrio spp. and coliphages.

No statically significant relationship was found between the incidence of
swimming-associated enteric symptoms and faecal indicators.

Total fungi densities in sand were similar in both beaches, and no relationship
was found between dermatitis pathogens and the morbidity rates of dermatitis
symptoms associated to the sand contact while in the beach.

REVIEW COMMENTS

Characterization of seawater quality

A larger number of seawater samples should be analyzed both in the area studied and
during the hours of the days of study, to take into account the temporal and spacial variation
of bacterial ievels.

Incidence evaluation

There is a need for a more detailed diagnosis. The low number of questionnaires
does not allow to reach statistically significant relationship between morbidity and
microbiological water quality parameters. The evaluation of confounding factors shouid be
described in. detail, as well as the Principal Components Analysis. The study reveals the
difficulty in establishing a bathers control group of significant size.
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Title: The Relationship Between Coastal Tourism, Sea Pollution and Public Haalth;
A case Study from Turkey

Authors: Glnay Kocasoy

Published: The Environmentalist, Vol 9, Na. 4, pp 245-251, 1989.

WATER CHARACTERIZATION

Study period:
Study area:

Sampling point:
Sampling frequency:

Sampling days:
Water samples:

Water Quality

Bacterial indicators:
interpretation:

Main parameter:
Clustering of data:

December 1985 - February 1988

5 beaches in Bodrum and 10 beaches in Cesme, plus an
offshore reference station, with 1 sampling point in each beach
where bathers swim

3 water samples per sampling point per day, every 12-14 days
during summer period and holidays, almost every month the
rest of the time

65 in Bodrum, and 28 in Cesme

1365 in Bodrumn, and 1008 in Cesme

Total coliforms

statistical, numerical

average, CFU/100 mi

by categories, according to the susceptibility of beaches to be
polluted by wastewater discharges, and also according to the
two coastal areas studied.

EPIDEMIOLOGICAL SURVEY

Questionnaires:

Follow-up questionnaires:
Morbidity symptoms:
Degree of morbidity:
Participant categories:

Relative rigks:

STUDY POPULATION

Unit surveyed:
Beach questionnaires:

Number of persons:
Swimmers:

distributed at the beach; to be returned by the respondent
within 10 days; only persons with no bathing activity in previous
or subsequent week

returned by the respondents themselves

entetic, skin and eye

normal

swimmers (bathing and performing water contact activities) and
non-swimmers (at the beach, but no water contact)
swimmers versus non-swimmers morbidity rates.

only visitors, no local people

8399 guestionnaires distributed

4068 {48% of total) questionnaires returned
3407 (41% of total) valid questionnaires
3240 (95% of valid questionnaires).
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MORBIDITY SYMPTOMS

Enteric:

Skin and eye:

CONCLUSIONS

Morbidity rates of gastro-intestinal diseases in the test group
(swimmerg) ranged between 7.2 and 9.5%, while the same rates in the
control group (non-swimmers) ranged between 2.9 and 3.1%. Between
67 and 71% of the persons affected were foreigners. Between 66 and
71% of the persons affected were children younger than 12 years old

very low morbidity rates. Evenly distributed between the swimmers
group and the non-swimmers group. No correlation could be
established between these incidences and bathing habits.

A direct relationship was found between swimming in polluted waters and the
incidence of gastro-intestinal diseases. A morbidity rate of 9,5% was observed at the more
poliuted beaches, while the morbidity rate at the least polluted beaches was 7,2%. Morbidity
rates among the non-swimmer groups were almost the same (3,1 and 2,9%) in both beach
types, respectively. Foreign tourists and children are usually more susceptible {0 disease

than local people.

-

Any tourist developrment without the necessary poliution control infrastructure -
especially wastewater coliection systerns and treatrent plants - is bound to result in pollution
of the sea and adverse effects on human health.

REVIEW COMMENTS

Characterization of seawater quality

Total coliforms are generally considered as non-specific indicators of wastewater
discharges. The inclusion of faecal coliforms, E. coli and Enterococci should provide a more
adequate evaluation of bathing water quality.

incidence evaluation

Questionnaires were completed by interested persons without the intervention of an
interviewer. There is no evaluation of the statistical significance between the morbidity rates
of gastro-intestinal diseases among swimmers and non-swimmers.
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Title: Epidemiological Research on the Relationship between Microbial Quality
of Coastal Seawater and Rotavirus Induced Gastroenteritis Among Bathers on
the Mediterranean Israeli Beaches

Authors: B. Fattal and H. Shuval

Published: Research Project No. ICP/CEH 039-1SR 16 (D) submitted to World Health
Organization Regional Office for Europe, Mediterranean Action Plan, Athens,

1989.

WATER CHARACTERIZATION

Study period:

Study area:
Sampling point:
Sampling frequency:
Sampling days:
Water samples:

Water Quality

Bacterial indicators:
interpretation:

Main parameter:
Clustering of data:

July-October 1986, Sundays, Mondays and Tuesdays

4 beaches, with 1 sampling point in each beach

along the beach, where most bathers swim

2 water samples per sampling point per day of interview
21 days of interviews

42 water samples analyzed

Faecal coliformsg, Enterococci

statistical, numerical

geometric mean, median (50% percentile), CFU/100 mi

by categories (high and low microbial concentrations) based on
median daily counts.

EPIDEMIOLOGICAIL. SURVEY

Questionnaires:
Follow-up questionnaires:
Morbidity symptoms:
Degree of morbidity:
Participant categories:
Relative risks:

Blood Analysis
Samples planned:

Samples obtained:

Analyses conducted:

collected at the beach, only families with no bathing activity
during previous week

by telephone (3-4 days later)

enteric, respiratory and general

normal or highly cradible (fever, work absence, doctor visit,
laboratory test)

bathers, swimmers (head immersion, splashing, swallowing
seawater) and non-swimmers

swimmers versus non-swimmers morbidity rates

300 blood samples initially planned; 2 blood samples per
person: one 3 days after phone call, and another 1 month later
very low response; only 40 persons: 24 persons offered two
blood samples, and 16 persons one blood sample

antibodies of rotavirus, antibodies of Norwalk-iike viruses.




" EUR/ICP/CEH 103
Page 42

STUDY POPULATION

Unit surveyed:

families with at least one child below 10 years of age and with
access to a telephone; willing to donate blood samples; the
mother being the respondent

Beach questionnaires: 233 families, with 814 persons
Follow-up questionnaires: 226 families (97% of beach questionnaires), by telephone

Age distribution:

Number of persons:

Swimmers:

0-4 (23%), 5-9 (26%), 10-18 (15%), = 18 (36%)
784 persons, of them 180 (23%) in the 0-4 age group
513 (85% of total) of them 99 (19%) of 0-4 age group.

MORBIDITY SYMPTOMS

Enteric:

Highly credible:

Respiratory:

The swimming associated incidence rates for total enteric symptoms
were positive for the clean and very clean beaches, while those same
incidence rates were negative for the beach with higher level of
bacterial indicators, both when considering the 0-4 years old group and
the whole group of bathers

no difference in enteric symptoms was observed between beaches with
high, medium and low concentrations of bacterial indicators

the incidence rates of enteric symptoms at beaches with high
enterococci concentrations were higher among swimmer than among
non-swimmers, but only when consgidering the whole group of
participants.

the incidence rates were higher at the clean beach than at the beach
with higher levels of bacterial indicators

no difference in highly credible enteric symptoms was observed
between beaches with high, medium and low concentrations of
bacterial indicators

the incidence rates of highly credible enteric symptoms at beaches
with high enterococci concentrations were higher among swimmers
than among non-swimmers, but only when considering the whole
group of participants.

the swimming associated rates for respiratory and HC respiratory were
positive for all beaches for the 0-4 years old group

there was no difference between the incidence rates of highly credible
respiratory symptoms among swimmers and non-swimmets.
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Blood Analyses: the 24 double blood samples, from 14 swimmers and 10 non-
swimmers, were positive for rotavirus. Two of the blood donors had
symptoms. Of the 16 single blood samples collected, 15 were positive
for rotavirus.

CONCLUSIONS

The bathers themselves can be an important source of the agents responsible for
swimming-associated illness at marine beaches under conditions of heavy beach usage and
poor water exchange.

New and low microbial standards indicators should be applied in beaches of poor '
water exchange (due to surf breakers), as compared to open beaches of high water
exchange (no surf breakers).

None of the criteria developed in other countries are paricularly appropriate for the
discharger-user conditions in Israel. New studies are needed to establish an appropriate
criterion for lsrael. :

An urgent need remains for the conduct of such studies with tourists from one country
(preferably one with a high degree of environmental sanitation) swimming at beaches in
another country (preferably one in which environmental sanitation is less developed).

Establishing aetiology in the course of prospective bathing beach epidemiological
studies will be fruitless unless heroic and costly measures are used to obtain the cooperation
of the participants.

REVIEW COMMENTS
Characterization of seawater quality

A Iarger number of seawater samples should be analyzed both in the area studied and
during the hours of the days of study, to take into account the temporal and spacial variation
of bacterial levels.

incidence evaluation

The report does not include results or discussion of the implications of bathers
themselves as a source of seawater poliution. The report does not include any evidence to
substantiate the hypothesis that bathers themselves can be a significant source of swimming-
associated illness when there is heavy beach usage and limited water exchange in the
bathing area.

The report suggesis several alternatives to increase the number of blood sample
donors for future studies, but indicates that, even with all those incentives, it may not be
possible to obtain the number of samples needed 1o clearly establish the aeticlogy of the
swimming associated illness reported.
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There is a need for more detailed diagnosis, particularly of the very high diarthoea
rates (up to 20%) among the 0-4 year age group. Those rates could be due to endemic
conditions, immunity development in the areas studied, or even causes non directly related
to swimming activities.
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Epidemiological Studies Related to Environmental Quality Criteria for
Bathing Waters, Shellfish Growing Waters and Edible Marine Organisms
(Activity D)

Final Report on Project on Relationship Between Microbial Quality of Coastal
Seawater and Health Effects (1983-86)

Authors: B. Fattal and H. Shuval

Published: MAP Technical Report Series No. 20, UNEF, Athens, 1888.

REVIEW COMMENTS

This report covers the results obtained on a prospective epidemiological study
conducted on three Mediterranean beaches of israel. Although the study included water
samples taken during 1983 and 1984, due to the small population size interviewed in 1984,
the results of this report are based on the 1983 bathing season only.

The report includes essentially the same results and discussion included in the paper
published by B. Fattal, E. Peleg-Otevsky, Y. Yoshpe-Purer and H. Shuval (1986). The
summary of that paper appears in the following pages of this Annex,

The report includes a final conclusion that deserves to be highlighted in the context
of current efforts to conduct epidemiological studies on bathing waters:

“It is not possible 1o conclude at this time as to the indicator organism whose levels
in bathing water is best correlated with the rate of swimmiing-associated enteric disease, since
different analytic approaches toward the examination of the data produced different
conclusions. This was not unexpected because of the limited size of the study population
and the limited quantity of microbiological measurements necessitated by funding restrictions
for this relatively smalil-scale study".




EUR/ICP/CEH 103
Page 46

Title:
Seawater

Authors:

Published:

The Association Between Morbidity Among Bathers and Microbial Quality of

B. Fattal, E. Peleg-Olevsky, Y. Yoshpe-Purer and H. Shuval

Water Science and Technology, Vol 18, No. 11, pp 59-69, 1986.

WATER CHARACTERIZATION

Study period:

Study area:
Sampling point:
Sampling frequency:
Sampling days:
Water samples:

Water Quality
Bacterial indicators:
Interpretation:

Main parameter:
Ciustering of data:

May-August 1983

3 beaches, with 1 sampling point in each beach

along the beach, where bathers swim

2 water samples per sampling point per day of interview
39 days of interviews

78 water samples analyzed

Faecal coliforms, E. coli, faecal streptococci, enterococc,
F. acruginosa, 5. aureus

statistical, numerical

geometric mean, median (50% percentile), CFU/100 mi

by categories (high and low micrabial concentrations) based on
median daily counts.

EPIDEMIOCLOGICAL SURVEY

Questionnaires:

Follow-up questionnaires:

Morbidity symptoms:
Degree of morbidity:

Participant categories:

Relative rigks:

STUDY POPULATION
Unit surveyed:

Beach questionnaires:

Follow-up guestionnaires:

Age distribution:
Number of persons:
Swimmers:

collected at the beach, only families with no bathing activity
during previous week

by telephone (3-4 days later)

enteric, respiratory and general

normal or highly credible (fever, work absence, doctor visit,
laboratory test)

bathers, swimmers {head immersion, splashing, swallowing
seawater) and non-swimmers

swimmers versus non-swimmers maorbidity rates.

farmilies with at least one child below 10 years of age and with
access to a telephone; the mother being the respondent

615 families

609 families (69% of beach questionnaires), by telephone

0-4 (23%), 5-9 (24%), 10-17 (10%) = 18 (43%)

2231 persons, of them 524 (23%) in the 0-4 age group

1148 (65% of total), of them 325 (62%) in the 0-4 age group.
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MORBIDITY SYMPTOMS

Enteric:

Highly credible:

Respiratory:

Skin:

Ear infections:

Sick:

significant differences among swimmers of all ages at “high" versus
low” levels of faecal coliforms and staphylococei.  Significant
differences between swimmers versus non-swimmers at *high" levels
of enterococci, E. coli, and staphylococc

no significant difference between swimmers and non-swimmers of any
age group at "high" and "low* bacterial densities

higher among swimmers than among non-swimmers, regardless of
bacterial levels '

no significant difference between swimmers and non-swimmers at
"high” bacterial levels

significant differences between swimmers and non-swimmers of all
ages at "high" levels of faecal coliforms, E. coli, and enterococci; and
also between swimmers and non-swimmers of the 0-4 age group at
*high” levels of faecal coliforms and E. coli

generally higher among swimmers than among hon-swimmers, but did
not correlate with the bacterial indicator levels in seawater.

REVIEW COMMENTS

Characterization of seawater quality

A larger number of seawater samples should be analyzed both in the area studied and
during the hours of the days of study, 1o take into account the temporal and spacial variation

of bacterial levels.

Incidence evaluation

There is a need for more detailed diagnosis, particularly of the very high diarrhoea
rates (up to 20%) among the 0-4 age group. Those rates could be due to endemic
conditions, immunity development in the areas studied, or even causes not directly related
o swimming activities.
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Title: Réle des Baignades en Mer dans I'Epidémiologie des Maladies
Infectieuses en Zone Littorale Méditerranéenne

Authors: R. Baylet and F. Sinegre

Published: Techniques et Sciences Municipales - L'Eau, 79 année, No. 2, 1984

The paper presents the concern caused by the increased morbidity of infectious
diseases occurring during the summer period and the possible role that bathing in seawater
may play on that occurrence. Bathing water quality is being monitored in France since 1971,
in line with the current EEC Directive. Statistical information is also available on the incidence
of infectious disease; however, those results only reflect declared cases and not ali the
registered cases. '

Coastal water quality studies

The difficulty to establish a cause-effect relationship between the infection risk and the
presence of faecal microorganisms brings the need for epidemiological studies. Two main
approaches can be adopted: 1) the epidemiological approach, by which the observed
morbidity is correlated with the water quality monitored, and 2) the bacteriological approach,
by which the microbial pathogens responsible for the different diseases are traced back in
the water suspected of causing infection.

Morbidity among bathers

Establishing morbidity becomes one of the difficult elements on any epidemiological
study. medical doctor reporting, and voluntary reporting usually underrate the real morbidity
rate, particularly of minor infections and during holidays and vacation petiods. The regular
and systernatic surveillance provided at summer camps allows for a more detailed follow-up
of a children group during the stay at the camp; considering that children undergo a detailed
medical examination before admission to the camp and that they are daily surveyed by health
workers during their stay at the camp, the summer camp provides an excellent framework
for a preliminary epidemioclogical investigation on the health effects associated with bathing
in seawater.

A prospective epidemiological study was conducted in 3 summer ¢camps during the
summer of 1875, including 77, 95 and 87 children during 21 days. The study concluded that
the most prevalent morbidity rates were associated with small open wounds and ear, nose
and throat infections. A retrospective study conducted in 3 summer camps during the
summers of 1970 to 1975, including 1500 children in 17 camp sessions of 21 days each,
revealed again that the prevalent morbidity rates were those associated with ear, nose and
throat infections, skin infections and small open wounds.

Bathing Water Quality

Bathing water quality evaluation can be carried out by either determining the levels of
bacterial indicators or by analyzing for the pathogens responsible for infection. This latter
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type of study is difficult and expensive to conduct and, consequently, it is not possible to
obtain statistically significant results.

Morbidity associated with bathing in seawater

Any attempt to correlate morbidity rates among swimmers and bathing water quality
requires the inclusion of bathing waters with different quality levels as well as a considerable
number of personal questionnaires. There is ample evidence that high faecal contamination
does not necessarily result in high morbidity rates.

A study was carried out between 1978 and 1979 in a day care center and a surnmer
camp at a coastal area to determine the simultaneous presence in the environment of the
pathogens causing disease among children. The results obtained do not indicate the
simultaneous presence of the pathogenic microorganisms in the faeces and skin of children
and in the natural environment. As a result, although it is possible to collect information on
the morbidity levels and poliution levels in the environment, the comparisan of both results
do not provide a suitable response in establishing water quality criteria.

Mountain recreation versus sea coast recreation

A study was conducted in 1980 covering 29 summer camps with a total population
of 1412 children at the sea coast and 1169 children at mountain sites, bringing the total
populations studied to 2581 children. Living conditions at both types of summer camps were
essentially identical, with the exception of the geographical location, and all had acceptable
hygienic conditions.

Morbidity results were collected by health workers by registering over a 4 day period
the complains of the 10 children under each worker’s responsibility, The results obtained are
apparently paradoxical and certainly unexpected: the morbidity risks are generally higher
among children at mountain summer camps than among children in coastal summer camps.
Skin infection, ear, nose and throat infections and gastrointestinal symptoms are the prevalent
morbidities among children at coastal summer camps, but at morbidity rates fifty percent
lower than those observed among children at mountain summer camps.

Conclusions

Epidemiological studies require a considerable number of persons surveyed, in groups
exposed to different risks levels and a considerable number of microbiological results both
in the bathing waters and among the exposed population. These two types of studies have
logistic and technical requirements of considerable magnitude and cost. The epidemiological
approach adopted in the present study, although it may be criticized, provides useful
information through very simple means and in a short period of time.

REVIEW COMMENTS

The paper highlights the methodological requirements posed by epidemiological
studies on health risks from bathing in coastal waters. Furthermore, the paper discusses the
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interest of children summer camps as an excellent experimental set-up for conducting such
type of epidemiological studies.

The comparative evaluation conducted by the authors between the health risks
observed at mountain summer camps and coastal summer camps provides new insight into
the difficulties of establishing a health risk assessment of bathing in coastal areas.
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Title: Recreation in Coastal Waters: Public Health Implications

Authors: R. Mujeriego, J.M. Bravo, and M.T. Felil

Published: Vies Journdes Etudes FPollutions, Cannes, CIESM, 1982

WATER CHARACTERIZATION

Study period:

Sludy area:
Sampling point:
Sampling frequency:
Sampling days:
Water samples:

Water Quality
Bacterial indicators:
Interpretation;

Main parameter:
Clustering of data:

June - September 1979

24 beaches, with 1 sampling point in each beach
where most bathers swim

1 water sample per sampling point per week

12 days

288 water samples analyzed

Total coliforms, faecal coliforrms, and faecal streptococci
{m-Enterococcus agar)

statistical, graphical

median (50% percentile}, CFU/100 mi

by beach, based on median bacterial concentration.

EPIDEMIOLOGICAL SURVEY

Quuestionnaires:

Follow-up questionnaires:
Morbidity symptoms:
Degree of morbidity:
Participant categories:

Relative risks:

STUDY POPULATION
Unit surveyed:

Beach questionnaires:
Age distribution:
Nurnber of persons:
Swimmers:

collected at the beach, covering one or several bathing
experiences, Persons interviewed only once during the
summer period

no foliow-up .

enteric, respiratory, skin, open mucosas and others
self-reporting symptoms and consultation with physician
bathers. No control group. Information was collected on
whether bathers practiced head immersion in seawater
bathers morbidity rates. Relative difference due to the habit of
immersing the head while bathing.

persons bathing at the beach once or several times at the
beach considered

20918 persons

3-15 (11%), 16-25 (35%), 26-45 (39%), = 45 (15%)

20918 persons, of them 2318 in the 3-15 age group

100% bathers, but different proportions practicing head
immersion during bathing in seawater.
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MORBIDITY SYMPTOMS

Enteric: morbidity rates were close to 1%, lower than those for skin rashes and
fungal infections, even at beaches with mean faecal streptococci
concentrations of 1000 FC/100 ml

Skin infections: skin rashes and fungal infections were the most frequently reported
among bathers, with morbidity rates close to 2%.

CONGCLUSIONS

The habit of immersing the head was significantly associated with infections of the
open mucosas, particularly ears and eyes. Ear infections seem to be the first health risk
associated with this habit, foliowed by eyes infections as the bacterial water quality
deteriorates.

There appears to be areal public health risk associated with bathing in coastal watars
of unsatisfactory microbial quality. The morbidity rates for skin, ear, eye and enteric
symptoms increase significantly as the microbial quality of the seawater deteriorates,

- The best correlation between morbidity rates and water quality was observed when
using faecal streptococci. Faecal coliforms showed a lower indicator capacity for most
symptoms in all the beaches surveyed.

A median faecal streptococci limit of 100 FS/100 ml was suggested, based on the
acceptable rating given by bathers to the aesthetic water quality and on the average ear
infection morbidity rate observed in the beaches surveyed.

REVIEW COMMENTS -
Characterization of seawater quality

The faecal streptococci concentrations reported should be better considered as an
estimation of the enterococci concentration, because the culture medium used was
m-Enterococcus agar.

Incidence evaluation

This was a descriptive epidemiologic study 1o provide an evaluation of the most
frequent disease symptoms among bathers. The inclusion of a control group was found
practically impossible. Follow-up questionnaires were not considered given the low telephone
availability at the time and the prevalent pattern of recreation in the beaches surveyed,
namely, multiple bathing experiences during one day, and visits to different beaches during
the vacation period.




Title:

Authors:
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Recreational Water-Route Alexandria-Egypt Study

WATER CHARACTERIZATION

Study period:
Study area:

Water Quality
Bacterial indicators:

Clustering of data:

Summer 1978
3 beaches

Faecal coliforms and faecal streptococei. Coupled with para-
sitological examination

by beaches, one considered ‘relatively unpolluted”, other
"polluted” and other of "intermediate poliution levet!".

EPIDEMIOLOGICAL SURVEY

Questionnaires:

Follow-up questionnaires:

Morbidity symptoms:
Degree of morbidity:

Participant categories:

Relative risks:

STUDY POPULATION

Urit surveyed:
Beach questionnaires:

Follow-up questionnaires:

Number of persons:

Swimmers:

groups of families: Alexandria residents (week-end exposure)
and Cairo residents (prolonged exposure of several weeks)
collected at the beach, with health status previous to arrival to
Alexandria and swimming activities (number of times, length of
time and visits to other beaches)

home visit (1 week later) for Alexandria group, weekly visits
while in Alexandria, and 2 weeks after return to Cairo

enteric, respiratory and general

normal; medical examination and laboratory examination when
indicated

bathers, swimmers (significant exposure of the upper body
orifices to the water) and non-swimmers

swimmers minus non-swimmers morbidity rates.

families

2262 families

2262 families

nearly 12000 persons, almost equally distributed between Cairo
and Alexandria, and between the three beaches (350-400
families with nearly 2000 persons each)

3702 persons (63% of 5861 persons in Alexandria group).
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MORBIDITY SYMPTOMS

All syrmptoms: Alexandria group: at the time of inclusion into the study, there were
slight differences in symptoms rate between bathers and non-bathers
at all beaches as well as in-between beaches, with a total symptoms
rate ranging from 2.6 to 3.6%. These differences were not statistically
significant. However, at follow-up, there were evident differences in
symptoms rates between bathers and non-bathers (diarrhoea
increased by 1.3%, upper respiratory track symptoms increased by
1.7%), and also in between bathers at different beaches.

Cairo group: the overall symptoms rate during the week that preceded
arrival to Alexandria were lower among one beach group, especially in
diarrhoea, vomiting and skin infections. Differences in symptoms rate
between bathers and non-bathers became evident at the follow-ups in
the clean beach (diarrhoea 2.6%, upper respiratory track infections
3.3%, skin infections 2.9%). There were evident differences among
bathers at different beaches with some symptoms rate being much
higher at the highly polluted beach.

REVIEW COMMENTS
Characterization of seawater quality

The paper covers only the epidemiological aspects of the study.
Incidence evaluation

Only diarrhoea and vomiting seems to increase with quality degradation of bathing
water among the Alexandria group; other symptoms either remain at similar levels or
decrease markedly.

While morbidity rates are higher among bathers than among non-bathers in practically

all symptoms in the Cairo group, these rates do not increase with time of subseguent follow-
ups. The rates do not increase with higher pollution levels of the seawater.
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The Relation Between the State of Pollution in Alexandria Swimming

Beaches and the Occurrence of Typhoid Among Bathers

Authors:

Published:

F. El-Sharkawi and M.N.E.R. Hassan

Bulletin of the High Institute of Public Health of Alexandria, Vol IX, pp 337-
351, 1979.

WATER CHARACTERIZATION

Study period:
Stugdy area:

Water Quality

Bacterial indicators:
Interpretation:

Main parameter:
Clustering of data:

June 1976 - September 1976
13 beaches

Faecal coliforms

statistical, numerical

geometric mean, CFU/100 mi

by categories, polluted and relatively non-poliuted beaches,
based on a mean concentration limit of 3000 FC/100 mi

EPIDEMIOLOGICAL SURVEY

Cluestionnaires:

Morbidity symptoms:
Degree of morbidity:
Participant categories:

Relative risks:

STUDY POPULATION

Unit surveyed:
Beach questionnaires:
Age distribution:

Number of persons;
Swimmers:

retrospective study on Alexandria communicable diseases
hospital in-patients; history of bathing within 2-3 weeks before
the onset of the disease

typhoid fever

clinically and microbiologically diagnosed

bathers, swimmers or complete bathers (swallowing seawater)
and non-swimmers

swimmers versus non-swimmers morbidity rates.

Alexandria communicable diseases hospital inpatients

775 cases of typhoid fever

0-9 (28%), 10-19 (41%), 20-29 (22%), 30-39 (6%), 40-49 (3%),
= 50 (0.6%)

775 persons

339 (44% of total). Of the 217 cases in the 1-9 age group, 70
(33%) were complete bathers.
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MORBIDITY SYMPTOMS

Typhoid fever: clinically and microbiologically diagnosed at the Alexandria
communicable diseases hospital

the risk of contracting typhoid was 3-5 times higher among bathers in
polluted beaches than bathers in non-polluted beaches, irrespective of
the degree of endemicity of the place where they live. Most of the
cases were among young ages, especially maies, who usually stay
longer in water and have more changes of swallowing seawater. Also,
they are more susceptible to infection than older ages who have
already higher level of resistance against infection. The number of
cases are higher near the outfalls; this can be aftributed to the close
contact between the swimmers and the fagcal matter since these
outfalls are very short and they discharge only a few metres from the
shore.

REVIEW COMMENTS
Characterization of seawater quality

There is no indication of the number and frequency of the seawater samples analyzed.
Incidence evaluation

The study was based on comparing the risk of occurrence of typhoid in bathers in
poliuted and non-poliuted beaches. There was no control group. The risk was calculated

as number of typhoid cases per 100,000 chances of exposure 1o infection by going to the
beach and bathing.
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Annex 4

OUTLINE OF THE RANDOMIZED CONTROL CLINICAL
TRIAL DESIGN

GENERAL DESIGN

This design allows the random division of the volunteer group into those who do and
do not bathe (WHO, 1977) as well as (i) close control and observation of the activities of both
the bathing and non-bathing groups, (i) the opportunity of managing the food intake of all
volunteers on the trial day by the provision of packed lunches, and (i) close observation by
clinicians and microbiologists of the volunteer group in the period before the trial and in the
subsequent period. The single exposure event can be coordinated with very intensive water
quality sampling. The exact locations of closely supervised exposure are recorded for each
participant and this allows precise definition of the microbiological concentrations experienced
by every subject.

1. Duration of the study

‘Each volunteer cohort study takes approximately six months from planning to
execution and reporting.

2. Phasing of the study

Pre-exposure water quality tests should be used to define appropriate dilutions and
sampling volumes for the intensive sampling during the exposure day. This testing should
be conducted under similar tidal conditions to that predicted for the test day. The site should
be surveyed to establish the availability of facilities for the volunteers. This method requires
extensive support from the local civil and public health administrations who can assist with
the provision of interview space, recruitment facilities and media lizison.

3. Test beaches and study populations

The beaches should be within the national standards in force.

4. Sampling beaches

Intensive sampling is essential. An example of such a regime is 100 m of beach with
possibly six sampling locations and three depths. Replicate enumerations can further help
in reducing the confidence intervals on bacterial enumerations.

Sampling locations during the exposure day should be clearly marked so that the
bather supervisors can locate volunteers adjacent to sampling points.







