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PREFACE 

With the growing concern for the quality of the marine enviromient the diseases associated 
with bathing attracted the justified attention of holidaymakers and public health officials. 
While avoiding bathing in waters polluted by 111.1nicipal and industrial effluents made undisputabl~ 
comnon sense, the public health officials were confronted with the difficult task to define ldhdt 
should be considered as "safe" or "acceptable" quality of bathing waters. Aside from the 
aesthetic quality of a beach, the health risk associated with bathing was obviously the most 
illl)Ortant criterion, but it proved to be difficult to obtain statistically significant data 
linking the quality of bathing waters with the incidence of illnesses which could be directly 
related to that quality. This led to the variety of national regulations and standards, which 
were often based more on bellefs and feelings of those who originated them, than on hard 
scientific evidence. 

The Regional Seas Programne of the United Nations Enviromient Progranme (UNEP)Y was 
confronted with the need to provide the Contracting Parties to the mnerous regional conventions 
developed in the framework of that Programne, with a sound, scientifically based advice on 
cmmonly acceptable enviromiental quality criteria which could be translated into national 
regulations. The definition of criteria for acceptable quality of bathing beaches was among the 
first priorities. 

The review prepared by Professor H.J. Shuval was comnissioned by UNEP as a contribution to 
clarify our present understanding of the problem. 

Y The Regional Seas Progranme at present covers ten regions (l'led'lterranean, Kuwait Action Plan 
Region, Caribbean, West and Central Africa, Red Sea and Gulf of Aden, South Asian Seas, Eastern 
Africa, fast Asian Seas, South Pacific and South-East Pacific) with more than one hundred and 
twenty participating coastal States. 
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INTRODUCTION 

This review shall deal only with those fonns of thalassogenic infectlonsll associated with 
microbial contamination of the sea resulting frmi the disposal of wastewater into the sea and/or 
microbial contamination directly from the bodies of bathers in restricted coastal bathing areas. 
Such exposure to contaminated sea water, containing human pathogens, may lead to infection and 
disease among bathers who ingest some sea water while bathing. Fish or seafood, particularly 
bivalves (mullosks) which are found in such water may become contaminated and cause infection in 
humans who consume such sea products raw, partially cooked, or processed in a way which 
inadequately inactivates the pathogens. Greater detail of specific thalassogenic infections 
resulting from the above routes of infection will be presented in later sections. 

However, other fonns of infection and disease are associated with sea-contact and can cause 
confusion with the above sources of infections. These can include the following: certain human 
infections, associated with the cons1.111ption of raw or partially cooked fish and seafood are caused 
by pathogenic microorganisms, such as Vibrio parahaemolyticus and ClostridilJI! botulin11n (type E), 
whose native habitat is the sea (WHO, 1974). Others, less conmon, are associated with - nematodes 
such as Anisakis and Angiostrongylus cantonensis, whose normal hosts are apparently fish-eating 
manmals, birds and possibly preditory fish. These pathogens can cause disease in man from 
consuming infected fish or seafood served raw, undercooked, pickeled or smoked (WHO, 1974). 

Another category of infections often associated with bathing, may be caused by microorganisms 
such as Staphylococcu~ aureas, Clostridium welchi, Pseudomonas aeraginos and Candid(! Albi_!:an~ 
which are often present in man, but may give rise to disease when, the resistance of the 
individual who harbors them is lowered, as might occur in the case of extended periods of bathing 
in cold water (Mood and Moore, 1976). These same organisms may also cause infection as a result 
of being forced into breaks or tears in delicate ment>ranes in the ear or nose resulting from the 
trauma associated with diving into water. While all the above four species of bacteria may also 
be found in polluted water, Mood and Moore (1976) caution that the suggestion that a bather 
suffering from infection with one of these organisms has acquired it from polluted water, "must be 
treated with reserve, unless there is strong supporting evidence to the contrary". 

Other risks to health (although not infections), associated with recreational contact with the 
sea may be quite serious and include, injury from striking submerged rocks while diving, drowning, 
and in some areas even fatal attacks by sharks. On the shore-contact side, there is always the 
danger of severe sunburn and food poisoning from poor food sanitation at beach-side eating 
establislvnents and vendors. Another exi1111>1e of a potential danger to swinmers health is the 
report of erosion of dental enamel among competitive swinmers in a chlorinated pool in Virginia 
(f'lf'IWR, 1983). In this study, 15 per cent of 452 frequent pool swinmers reported syq>toms of 
enamel erosion compared to 3 per cent among 295 infrequent and non-swinmers. The investigators 
attributed this pathology to extended exposure to extremely low pH of 2.7 in the swimning pool 
which was chlorinated. Proper procedures to neutralize the acid effects of the gas chlorination 
were not followed. 

1/ Definition of thalassogenic infections: Thalassogenic infections have been defined by Mosley 
(1974) as human infections whose source is the sea (Greek: thalass = the sea + genesis = 
source). 
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GOALS OF REVIEW 

The goal of this paper is to present a critical review of the epidemiological studies 
correlating thalassogenic infections - with the microbial quality of marine bathing waters. 
shellfish growing waters and shellfish. Such studies are essential to provide an epidemiological 
basis for establishing a criterion for health risks associated with bathing in marine waters of 
varying microbial qualities or of eating shellfish grown in marine waters of varying microbial 
quality. Health effects, recreational water criteria, guidelines, and standards will be discussed 
in detail later. 

Many, if not most coastal beaches. recreational and fishing areas are in the vicinity of urban 
areas. The disposal of urban wastewater, laden with pathogenic microorganisms, into the sea. in 
the vicinity of such beaches and fishing areas, has always been of some concern to public health 
authorities as a possible route of infection, either by exposure of bathers to pathogens of 
wastewater origin at bathing beaches, or exposure of fish and shellfish to those same pathogens in 
fishing and shellfish growing areas. Attempts to control or regulate such risks may be by 
reducing or removing sources of pollution and by treatment of wastewater prior to sea disposal. 
Such engineering control measures usually require sane sort of environmental achievement guideline 
or standard to enable designers to aim for a defined goal in reducing pollution. As a result, 
marine water quality standards have been developed. 

Such standards have at times been based on pragmatic engineering and economic considerations, 
such as technical feasibility or attainability, or on visual esthetic considerations. However. it 
is the purpose of this review to evaluate the epidemiological basis for establishing quantitative 
microbial guidelines and standards for marine waters. 

CRITERIA, GUIDELINES AND STANDARDS 

Definition of terms 

There are varying definitions of the terms criteria, guidelines and standards as applied to 
envirormental quality management. The Webster Dictionary definition for criterion "a standard for 
CCJ!llarison or judgement" and that given for standard - "a basis of C<Jll)arison; a criterion; 
measure-, while providing little differentiation between the two tenns, presents the usual lay 
understanding of these words. 

Definitions of the European CCllllllnities 

The Official Journal of the European CCllllllnities (E.C .• 1973) provides a detailed definition 
of "Envirormental Protection Terminology" as follows: 

Criteria 

l. The term "criterion" signifies the relationship between the exposure of a target to pollution 
or nuisance, and the risk and/or the magnitude of the adverse or undesirable effect resulting 
fran the exposure in given circumstances. 

2. "TargetN means man or any CCJlllOnent of the environment actually or potentially exposed to 
pollution or nuisance. 

3. The Nexposure" of a target. envisaged in this relationship. should be expressed as numerical 
values of concentration, intensity. duration or frequency. 
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4. "Risk" is the probability of occurence of adverse or undesirable effects ar1s1ng frcm a given 
exposure to one or more pollutants or nuisances considered alone or in cooi>ination with others. 

5. The "adverse or undesirable effect" envisaged in this relationship may be a direct or 
indirect, inmediate or delayed, simple or cootlined action on the target. The risk and the 
magnitude of this effect should be expressed, whenever possible, in quantitative tenns. 

6. The methods of evaluating the parameters describing exposure and adverse or undesirable 
effects should be hannonized to ensure compatability of the results from studies and research 
on criteria. 

Quality objectives 

l. The "quality objective" of an environment refers to the set of requirements which lll.lst be 
fulfilled at a given time, now or in the future, by a given environment or particular part 
thereof. 

2. In setting this objective, the following are taken into account: 

a)· a "basic protection level" so that man or another target is not exposed to any 
unacceptable risk. 

b) a "no-effect level" so that no identifiable effect will be caused to the target. 

These two levels are detennined on the basis of the criteria described above. Due allowance 
is also made for the specific regional conditions, the possible effects on neighboring regions, 
and the intended use. 

Environmental protection standards 

"Standards" are es tab 11 shed in order to 1 imit or prevent the exposure of targets and can thus 
be a means of achieving or approaching quality objectives. The standards are directly or 
indirectly addressed to the responsible individuals or bodies; they establish limits for pollution 
or nuisance that lll.lst not be exceeded in an environment, target, product, etc. They may be 
established by means of laws, regulations or amiinistrative procedures or by lll.ltual agreement or 
voluntary acceptance. 

These standards include "Environmental quality standards" which, with legally binding force, 
prescribe the levels of pollution or nuisance not to be exceeded in a given environment or part 
thereof. 

~ definitions 

For the purpose of completeness, we shall note the specific definitions relating to 
recreational water quality suggested by WHO, which are quite close to those of the EEC. 

Health effects water quality indicator 

Any microbial (including parasitic 
pollution-associated hazards of infectious 
microorganisms) coinciding with recreational 
other hand, should be expected to index only 
wastes of man and other wa~blooded animals. 

worms) or chemical systens used to index 
disease (as well as biotoxemia or allergy to 
use of marine waters. Faecal indicators, on the 
those risks associated with pathogens in the faecal 
Pathogens may be water quality indicators. 
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Water quality criterion 

A set of facts or data concerning health hazards associated with pollution upon which a 
decision or judgement may be based. Ideally, it is a relationship of illness or disease among 
swinmers to some measures of quality of the bathing water. 

Water quality guidelines 

Suggestions, based upon water quality criteria, by which policy measures may be fonnulated, 
il1')1ernented or translated into action for the attai1J11ent of one or more health objectives or 
goals. Guidelines should be based upon prevailing technical, econanic, social cultural and 
political conditions for that time and should be reviewed and revised periodically. 

Water quality standards: Guidelines fixed in law. 

Evolution of health effects water quality guidelines 

The early water quality indicators were generally related to chemical characteristics such as 
tubidity, chlorides and the presence of nitrogenous compounds based on the ass~tion that 
abnonnal appearance of these parameters in water indicated the presence of human body wastes. 

Escherich in 1885 had found that f. coli was a nonnal non-pathogenic habitant of the human and 
manmalian intestine and the more broad spectrllll colifonn test, but less specHic, developed by 
Theobold Smith in 1893 was adopted as a convenient and sensitive method for indicating what was 
felt to be the degree of faecal contamination in water, because it was both quantitative and 
c0!1')aratively easy (Kabler, 1961). Official interest in the use of the bacterial indicator ~­
coli was shown as early as 1895 in the l'lllerican Public Health Association report on pollution of 
water supplies (APHA, 1895). However, apparently the first official use of the colifonn organism 
as a legally binding standard in the United States was not until 1941, with the publication of the 
first U.S.P.H.S. Drinking Water Standards. 

In 1918, the l'lllerican Public Health Association organized a Coomittee on Bathing Places which 
carried out a questionnaire survey sent to State Health officers and practicing physicians on the 
prevalence of infections associated with bathing places. This study led to a tentative proposal 
that total bacterial counts and colifonn counts be used as water quality indicators in the health 
evaluation of bathing places (Simons et al., 1922). The APHA then formally recoomended the 
establisllnent of total bacterial counts and colHonn counts as water quality guidelines for the 
operation of swimning pools and entertained the recoomendation of applying them to natural bathing 
places. However, a nunber of years later the same coomittee reported that there is "dearth of 
epidemiological infonnation" on the subject and that it was "unconvinced that bathing places are a 
major health problem", however, it nonetheless proposed a classification scheme based on the 
average colifonn count for rating bathing waters (APHA, 1936). 

Many of bathing water quality guidelines and standards that have meanwhile been pnllllllgated in 
the United States were apparently based on a study by W.J. Scott (1932) of Connecticut shore 
beaches, in whlch he correlated the results of bacteriological analysis for colifonns with the 
finding of a sanitary survey. His recoomendations, based on feasibility or attainability, are 
presented in Table 1 and helped establish the total colifonn count as the most widely accepted 
health effects water quality indicator for bathing places despite the fact that they made no claim 
to a direct relationship to health effects. 
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Table 1: Recarmended bacteriological water quality guidelines for bathing waters as 
established by Scott (1932) 

Uill Colifonns/100 ml Sanitary Description 

A+ 0 - 10 Excellent 
A- 11 - 50 Good 
B Sl - soo Fair 
C 501 - 1000 Satisfactory 
D over 1000 Unsatisfactory 

The first definitive Federal bathing water quality guideline pranulgated in the United States 
was published in 1968 by .the Federal Water Pollution Control Agency. U.S. Department of Interior 
(1968). A geanetric {log) mean of 200 faecal colifonn organisms per 100 ml was recorrmended as a 
limiting value that under nonnal circllllStances should not be exceeded in water intended for 
bathing and swinming. This guideline also requires that no more than 10 per cent of the saq,les 
in a given month shall exceed 400 faecal colifonns/100 ml. This guideline was adopted by the U.S. 
EPA and most of the states. This guideline was based on a ntlllber of studies which indicated that 
tests using faecal colifonns were more specific indicators of the possible presence of enteric 
pathogenic microorganisms fran human sources or other wann blooded animals than the colifonn group 
of organism. These studies also indicated that a geanetric mean of 200 faecal colifonns was 
approximately equivalent to a total colifonn count of 2400/100 ml. 

However. in the E.P.A. Water Quality Criteria (EPA, 1973) the faecal colifonn guideline was 
dropped. The conclusion published stated "no specific recannendation is made concerning the 
presence or concentration of micnH>rganisms in bathing water because of the paucity of valid 
epidemiological data•. In justifying this conclusion, the report stated •there may be sane merit 
to the faecal colifonn index as an adjunct in detennining the acceptability of water intended for 
bathing and swinming, but caution should be exercised in using it .... The index is a measure of 
the •sanitary cleanliness• of the water and may denote the possible presence of untreated or 
inadequately treated human wastes. To use the faecal colifonn index as the sole measure of 
"sanitary cleanliness•, it would be necessary to know the maximum "acceptable• concentration of 
organism; but there is no agreed-upon value that divides •acceptability" from •unacceptability•. 

Nonetheless, the report does state in a footnote that if an arbitrary value for faecal 
colifonn index is desired, consideration may be given to a density value expressed as a geanetric 
mean of saq,Jes collected during a given period. A maximum faecal colifonn value of 1000/100 ml 
is suggested for possible consideration. However, in 1976, the EPA reestablished the 1968 
guidelines of 200 faecal colifonns mentioned above (USEPA, 1976). 

Current microbial guidelines and standards 

lllicrobial standards or guidelines for bathing beaches, sheJlfish growing areas and for 
shellfish fish have been established by a nllli>er of countries, by the E.E.C., and by the WHO/UNEP 
PIED-POL progranme under the llledi terranean Action Plan. Whether or not such current standards and 
guidelines are based on sufficient epidemiological evidence or are needed at all has been widely 
debated (Ploore, 1974; Shuval, 1974; tabelli, 1983). 

Within the f'editerranean basin alone microbial standards for recreational waters vary greatly 
fran the strictest requirement in Italy, that bathing water quality is considered satisfactory 
only if 80 per cent of the saq,les are equal to or less than 100 L. coli/100 ml, to the most 
liberal in Yugoslavia which requires that 100 per cent of the saq,les be equal to or less than 



- . . . . -- ·- ·-· -------

- 6 -

20,000 total colifonns/100 ml. f'lany of the f'lediterranean states have upper limits of 1000 E. 
coli/100 ml (UNEP, 1983). The European Economic COllllllnity (EEC, 1976) has reccmnended that 80 per 
cent of the saq,les be equal to or less than 10,000 faecal colifonns/100 ml. A guideline of no 
more . than 100 faecal streptoccoci is also reconmended. Thus, in the ll!editerranean basin three 
different indicator organisms with a wide range of mnerkal limits and varying fonns of 
statistical interpretation are currently in use with little consensus as to the most appropriate 
indicator organism or the required numerical limits. 

l'lost existing recreational water guidelines are maxinun allowable upper limits for the density 
of the selected indicator organisms in seawater or shellfish meat which at best may relate to some 
known detectable health risk. Other standards, as mentioned above, have been frankly based on 
technological feasible or attainable water quality levels which do not necessarily correlate with 
known negative health effects. 

Cabelli (1983) has recOlllllended that the proper way of setting such upper limits should be 
first to establish a criterion defined as •a quantifiable relationship between the density of the 
most appropriate microbial indicator organism in the seawater and the potential human health 
effects involved in the water's use for recreational purposes•. Such a criterion is a set of 
facts or a relationship upon which a judgement can be made. The criterion is established by 
extensive epidemiological studies. 

According to Cabelli (1983) a water quality guideline {or standard) derived from the criterion 
is a suggested upper limit for the density of the selected indicator organism which is associated 
with unacceptable health risks. The concept of acceptability implies that there are social, 
cultural, economic, and political as well as medical considerations in establishing such a level. 

Cabelli's (1983) conceptual graphic presentation of the type of epidemiological data 
correlating water quality indicator density (on the absicca) to swinming associated illness rate 
(on the ordinate) that should be used to establish a criterion is shown in Fig. 1. 
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Figure 1. Graphic representation of the desired recreational water quality criteria. It 
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{Fran cabelli, 1983) 
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If such a criterion is available, the derivation of a guideline or maxinun allowable standard 
requires a decision as to the level of health risk which is econanically and socially acceptable. 
In the exan.,le shown, there is sane detectable mild swinming associated illness even at the 
guideline level indicated, as well as at density levels below that, however, there would be no 
severe health effects. 

Indicative of the differing views concerning the concept of •acceptable risk•. Plood and l"loore 
(1976) argue that •with regard to the real or postulated risks to good health and well-being which 
may be encountered in coastal areas. it should be acknowledged that with nost recreational 
activities. such as mountain cliiming. skiing, horse-back riding, etc .• there are risks to good 
health which the holiday maker or vacationer will encounter. These may be considered to be 
calculated risks which are taken as a matter of course. Unless the risk to good health is 
significant, it may not be in the best interest to health and well being to deny people the use of 
coastal areas as places of recreation•. 

On the other hand. it can be argued, that while there are indeed certain unavoidable risks 
associated with alJ fonns of sports and recreation, people have a right to expect that publicly 
operated and supervised recreational areas. particularly those recognized as tourist resorts, be 
provided with amenities, controls, and proper supervision so as to reduce, avoidable risks to a 
reasonable mininun. For instance, at ski resorts the public has every right to expect that ski 
lift equipment is regularly inspected and meets all safety requirements. Thus, health risks 
associated with iq>roper disposal of wastewater into the sea in the vicinity of recreational areas 
should not be viewed as part of the normal risks to health that sportmen and vacationers should 
accept as a matter of course. 

SOURCES OF EVIDENCE ON THE ROUTE OF lRANSl"IISSION THALASSOGENIC INFECTIONS 

Information on thalassogenic infections and/or disease in relation to microbial contamination 
of the sea can be obtained fran two primary sources: a) reports of investigations of disease 
outbreaks associated with microbial contamination of the seas or fresh water bathing places and, 
b) retrospective or prospective epidemiological investigations whose specific aim is to determine 
the relationship between thalassogenic infections and/or disease and microbial quality of seawater 
or shellfish. 

A third possible route to provide information as to the risks of thalassogenic infection 
associated with microbial contamination of the sea has been through the use of deductive reasoning 
based on minimal infectious dose, aroount of sea water ingested, i111111ne status and other possible 
environmental and host variables (Streeter, 1951; Shuval, 1974). 

He shall first present a review of the known reported outbreaks of thalassogenic disease 
associated with bathing at wastewater contaminated beaches or with conslllling seafood fran 
contaminated waters. Iq>artant information is also provided from studies on fresh-water bathing 
areas and shall be included in this review for the sake of c~leteness. 

outbreaks associated with bathing in contaminated water 

Typhoid Fever 

Apparently, the earliest recorded outbreak of a thalassogenic infection associated with 
microbial contamination of bathing water was published by Pfuhl, in 1888. He reported an outbreak 
of 49 cases of typhoid fever associated with swi11111ing in the sewage polluted Elbe River in 
Germany. Reece (1909) described an outbreak of typhoid fever at a royal Plarine C..,., at Walmer on 
the coast of Kent in southeast England. The outbreak was traced to swinming in an enclosed heated 
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swinming pool which was filled periodically with seawater on a r1smg tide through an inflow 
pipe. The pool was subject to gross pollution with sewage carried by sea currents fran two 
adjacent sewer outfalls, one of which received the untreated sewage of a cam1.micable disease 
isolation hospital. 

An outbreak of typhoid fever at a boys caq, near New Haven, Connecticut in the U.S.A. was 
traced by Caqiolini, in 1921, to bathing in sewage polluted seawater. 

In 1929, Winslow and Ploxon reported on suspected 
bathed in the polluted waters of New Haven Harbor. 
transmission by bathing in polluted areas of New York 
Dept. of Health). l'lood and l'loore express one opinion 
documented". 

transmission of typhoid among those who 
A similar report on suspected typhoid 

Harbor was published in 1932 (N. Y. city 
that both of these reports were •poorly 

A typhoid fever outbreak involving 10 cases in western Australia associated with bathing in a 
wastewater polluted coastal area near a broken outfall sewer was reported by Snow (1959). A 
number of persons in Alabama, U.S.A. became sick with typhoid fever as a result of swinming in a 
heavily sewage contaminated drainage ditch with a faecal coliform concentration of 10/100 ml 
(C.O.C., 1972). In Louisiana, a typhoid fever outbreak at Covington State Park was associated 
with swinming in heavily polluted river water down-stream fran the flow of a broken sewer line 
(C.O.C., 1963). Cabelli (1983) reported that four cases of typhoid fever detected in Alexandria, 
Egypt were all associated with swinming at a heavily polluted beach inmediately iq,acted with raw 
sewage. The District Medical Officer of Health in Tel Aviv, Israel, attributed a nuni>er of cases 
of typhoid fever among children to the contact of faecal material on a heavily contaminated 
stretch of beach adjacent to a raw wastewater outfall sewer (Shuval, 1972). The beach itself was 
posted as an area where bathing was prohibited. 

Virus disease 

Concerning the transmission of virus disease by bathing in polluted water the evidence is 
mixed. The possible transmission of poli~elitis by bathing in wastewater contaminated water was 
investigated intensively when that disease was still a major problem in the United States. Plosley 
(1974) states that the few published studies alleging such a relationship have been inconclusive. 
Moore (1954) in the U.K. did not find evidence of higher rates of poli~elitis among bathers than 
among non-bather controls. 

A number of reports have dealt with the isolation of specific enteroviruses fran different 
types of recreational waters in association with h1111c1n infections. The earliest report involves 
an outbreak of disease of Coxsackievirus Bl etiology, an agent which had been undetected in the 
study area for the previous 14 years (l"lclean tl_~., 1964). This virus was concomitantly 
recovered fran a city wading pool. A similar situation was described in Berlin in which virologic 
surveillance of the city swinming pool during one Sllllller resulted in the recovery of 
Coxsackievirus 83 from 20 per cent of the water saq,les. This virus was also the predominant 
agent recovered fran clinical specimens obtained fran children primarily manifesting meningitis or 
encephalitis (Liebscher, 1969). A report dealing with swinming pools indicated that 
Coxsackievirus Bl was recovered fran the children's section of two l"loscow swinming pools during a 
period of two months with concomitantly proven hlllliln infections with this agent during the same 
period (Osherovich and Chasovnikova, 1969). 

A small outbreak of Coxsackievirus A16 illness in five children occurred sane days after they 
had been bathing in a lake (Denis et al., 1974). Coxsackievirus A16 was isolated fran a 10--liter 
s~le of lake water and fran rectal swabs of two patients. A sanewhat larger outbreak with 
acc~nying isolation of the etiologic agent fran a lake was reported by Hawley et al., in 1973. 
This outbreak involved 21 identified cases of acute viral illnesses in children at a s111111er c~ 
located on the shores of Lake C~lain. Coxsackievirus 85 was isolated fran 62 per cent of the 
clinical cases and 17 per cent of s~led asyq,tanatic individuals. The same virus was also 
recovered fran the water of the beach along the lakeshore which the c~ used for its swinming 
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activity. However, epidemiologic analysis of the outbreak fairly conclusively indicated that the 
principal mode of transmission was person-to-person, in that all but four cases were clustered in 
one cabin. 

The lack of evidence of waterborne transmission in the Lake C~lain outbreak is similar to 
the findings of a stmner camp study where virologic surveillance of the c~rs and envirorment 
was considerably more systematic (Paffenbarger et al., 1959). Over the course of the stmner, 37 
of 681 participating Cafl1)ers had virus isolates. None of the environmental samples, including 
those taken frcm the Caffil swinming pool on a weekly basis, resulted in the isolation of a virus. 
As in the Lake Champlain study, virus spread was shown to be primarily or solely by direct 
transmission, in that specific viruses tended to concentrate in groups of boys living in the same 
cabins. There was no apparent transmission of illnesses by swinming or by any other environmental 
exposures. 

It is clear that recreational waters not receiving sewage effluent can be contaminated with 
enteroviruses and that the serotype found in the water is likely to be the same one predcminating 
in conccmitant human infections. Thus, bathing waters so contaminated, by the bathers themselves, 
may at times serve as an effective route of transmission of some viral diseases. As an 
illustration of the inadequacies of many such investigations, Mosley (1974) points to the 
investigation of the epidemic of Coxsackie 85 virus at a boys stmner camp, previously mentioned, 
which was reported to have been associated with swinming in a contaminated bathing area (Hawley et 
al., 1973). While the virus was detected in one of two water samples from the bathing area, the 
samples were taken ~fter the epidemic was in progress and may have been excreted by the cases 
themselves and no bacteriological samples were taken. No investigations were made as to possible 
routes of sewage contamination of the bathing area. Mosley concludes that "such incarplete 
investigations are of little help". 

As mentioned above, Denis ~1-21-, (1974) reported on an outbreak of Coxsackie Al6 infection 
presumably associated with bathing in contaminated lake water and Bryan ~~!-, (1974) also 
suggested that the evidence indicated that an outbreak of Hepatitis A was associated with swirrming 
in a polluted lake. Cabelli, 1983 states that the evidence for the above two outbreaks as well as 
the Coxsackie 85 outbreaks mentioned above (Hawley et al., 1973) is questionable. 

The largest reported bathing associated outbreak occurred, in 1979, when during a three day 
period, in July, 187 individuals developed gastroenteris within three days from swinming at two 
lakes within a park in Michigan (C.D.C., 1979). Although the etiological agent was not at first 
identified, the short incubation period, the relatively mild gastroenteritis with short duration 
was suggestive of the human rotavirus, Norwalk agent and/or parvolike viruses. The CDC (1983) has 
recently reported on two additional outbreaks of swinming associated disease, definitely caused by 
Norwalk agent in Minnesota Parks. Cabelli (1983) feels strongly that the findings of his own 
studies suggest this fact. 

D'Alessio ~~-, (1980) carried out a study of virus transmission in swinming waters at 
beaches, at fresh water lakes and swinming pools in Madison, Wisconsin. The retrospective study 
consisted of a surveillance of recent swinming activities and clinical histories of 3,774 children 
who visited a pediatric clinic. Children, with clinically apparent acute viral infections, were 
tested for virus infection in the laboratory. The unique feature of this study was that its aim 
was supposedly to test the hypothesis that recreational waters that are not exposed to 
contamination by sewage effluent can serve as a medium for transmission of virus diseases, 
particularly enteroviruses. According to the report, no sewage effluent is discharged into the 
lake in the vicinity of the bathing areas. 

The researchers conclusions are as follows: 

1. That children who visited swinming sites consistently reported more illness of apparent viral 
etiology, both respiratory and gastrointestinal, than those who refrained from those 
activities, i.e. a statistically significant association between swinming activities and 
entroviral illness was demonstrated. 
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2. There was no apparent association between the frequency of visHs to si,s'i11m'iog s'ites_ and 
illness. 

3. The data suggests that water served as the enterovirus tran'Slnission medium, although this 
study does not provide direct evidence on this point. 

4. The results suggest, although less strongly, that the risk of acquiring enteroviral illness 
may be greater at beaches, than at swirrming pools. 

It IIM.lst be noted that at these so called pollution free beaches, the mean faecal coliform 
counts for 1976 were 24/100 ml, and for 1977, 39/100 ml with n11nerous counts over 1000. There 
were even a few 'indiv'idual enterococci and L_ coll counts over 10,000/100 ml. The report states 
that "the origin of the faecal coliforms and enterococci, which repeatedly has lead to the closing 
of the individual beaches for short periods, is not clear despite considerable invest'igation". 
Suspicion that some of the bathing waters were indeed exposed to external sources of sewage 
pollution does make it difficult to accept the authors asslJR1)tion that the only source of viruses 
was from the bathers' bodies. Considering these serious limltations in the study design, it is 
difficult to evaluate the findings of this study. 

The researchers hypothesize that s i nee the enterovi ruses that caused the excess infection 
a100ng swirrmers were not introduced into the water by external sources of sewage flows, that virus 
excreted by the bathers themselves from the respiratory tract or intestinal tract were the source 
of the contaminatlon of the water. The authors also consider the possibility that the virus 
diseases were transmitted by person-to-person contact at the swinming site rather than through the 
medium of the bathing water. 

This study suffers from two cardinal we2knesses both recognized by the researchers 
themselYes. Firstly, the actual swinming activities of the subjects were not known. It was only 
known if the subjects "visited" the bathing snes. Secondly, the microbiological quality of the 
water was not monitored by the researchers but by the City of Madison on a weekly basis. The 
quality of the bathing ~iaters as detennined by tests for faecal colifonns and enterococci varied 
widely during the study period. The geometric mean for enterococci for all beaches during the 
study was 71/100 ml in 1976 and 108 in 1977, with numerous individual tests above 1000/100 ml. 
Thus, transmission of virus disease by bathing in sewage contaminated water or water contaminated 
directly by other bathers is a decided possibility. 

Ear, eye, nose and respiratory disease 

One of the first systematic att~ts to collect information on conmunicable disease in 
relation to bathing was made in 1921 when a coomittee of the American Public Health Association 
(Simons~~-. 1922), sent out 2,000 questionnaires to specialists in eye, ear, nose and throat 
disease and to health officers, asking for opinions and information on bathing as a factor in the 
transmission of disease. From 571 responses in which at least one question was answered, the 
ccmnittee concluded that certain outbreaks could reasonably be ascribed to swillllling, including 7 
outbreaks of conjunctivitis, 2 of middle ear infection, 2 of pharyngitis and tonsillitis and l of 
sinusitis. 

It was apparently assumed from the above findings, that certain upper respiratory, ear and eye 
infections are caused by organisms from wastewater polluted bathing water. According to Plood and 
Moore (1976) no evidence for this conclusion can be found in the literature. They conclude that 
"In man, middle ear sinus infections are usually caused by organisms fr001 the pat'ients 
nasopharyns, which may be mechanically introduced into the paranasal cavities in the course of 
swillllling and divingN. 

In 1955, Bell et!!!_., published the first epidemiological study of pharyngoconjunctival fever, 
a then recently recognized disease entity caused by what are now known as adenoviruses. This was 
a highly infectious acute disease characterized by high fever, pharyngitis and conjunctivitis. 
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Spread was most rapid from person-to-person in affected households, but the pattern of spread in 
caq>s suggested that contaminated swinming pool water might have been "a possible source of 
infection accessory to a person-to-person mode of spread". Later work has shown that the 
conjunctival route is a very efficient one of the transmission of adenovirus infection. 
Swinming-pool outbreaks have also been described as occurring during periods of defective 
chlorination (Foy et al., 1968). Adenoviruses are readily destroyed by chlorine. A higher 
incidence of pharyngoconjunctival fever in bathers when chlorination was ineffective, suggestive 
of a graded dose-response relationship, would, therefore, support the view that bathing caused the 
disease (Mood and Moore, 1976). 

Mood and Moore (1974) are of the opinion that whatever the relative irrportance of 
person-to-person spread and swinming pool water transmission in this disease is, it is quite clear 
that pharyngoconjunctival fever is an upper respiratory tract infection, the incidence of which 
bears no logical relationship to sewage pollution of bathing water. However, it is a disease 
which may be transmitted by bathing, the route of the infectious agent being bather-water-bather. 

In 1981, Calderon and Mood published a report of two studies of otitis externa among 
swimners. Otitis externa is an inflamnation of the outer ear canal, characterized by pain, 
swelling, drainage and occasional fever. This disease is sometimes known as swimners ear. One, 
was a prospective study conducted in the sunmer of 1979 CCJll>aring boy scouts at camp who swam in a 
fresh water lake with boy scouts at another calll) who swam in a chlorinated swinming pool. The 
other was a retrospective study conducted at Yale University during the SlllJller of 1980. In the 
prospective study, 3 per cent of the children reported ear c~laints in the week following camp, 
but none had otitis externa confinned by a physician: the retrospective study CCJll>ared 29 cases 
with 29 controls which were matched by age and sex. 

ln the prospective study a higher relative humidity at the Calll) where the boy scouts swam in a 
chlorinated pool was associated with a greater degree of abnormal flora colonization of the ear 
(Gram-negative bacteria and ~- aureus). In the retrospective study, positive association was 
demonstrated with cases of otitis externa for armient air temperatures, water temperature, less 
than 18 years of age, being female, swimning, and length of time spent swinming. There was no 
association bet~ cases of otitis externa and water quality as measured by faecal colifonns, 
enterococci and ~ aeruginosa or between abnormal flora colonization of the ear and bacterial 
indices of water quality. 

The authors drew the following conclusions from these two studies: 

l. Ot'itis externa appears to be a disease associated primarily with people under 18 years of 
age. Otitis externa in adults does occur, but was not found in these studies. 

2. Hot and humid air appears to be associated with otitis externa. This association may be 
indirect rather than direct. Hot and humid air may affect a person's swinming habits during 
such periods of extreme weather. 

3. Swinming appears to be associated with otitis externa but, more irrportantly, it seems to be 
associated with the amount of time spent actually swinming. 

4. Otitis externa does not appear to be associated with bacterial indicators of recreational 
water quality, such as faecal coli forms, enterococci, or ~ aeruginosa. Th'is suggests that 
bacterial indices involving these organisms as measures of recreational water quality may be 
of little use in evaluating the potential risk of acquiring otitis externa in swinmers bathing 
in these waters. 

5. While ~ aeruginosa may be the most coornonly isolated organism from cases of otitis extema, 
the role of other organisms as etiological agent, such as Acinetobacter, Klebsiella, 
Enterobacter and Staphylococcus, should not be excluded when studying otitis externa. 
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One of the limitations of this study is that the researchers apparently did not collect 
infonnation on swirrming intensity and, in particular, on diving which, as we shall see, is a 
crucial intervening variable in ear infections. 

Another recent study, on the association of ear infections and bathing in swirrming pools of 
various water qualities, was carried out by Simchen et al., (1984) among young children in 
Kibbutzim (conmunal settlements) in Israel. This study concentrated on the detection of oti tis 
externa among 346 children, aged 3-6, at swinming pools in 11 different kibbutzim. The children 
bathed alroost every day for the slllliler roonths and were followed up clinically by the local medical 
personnel. They were closely observed, as to whether they dived or not, by their teachers who 
accompanied them every day. 

A limited nurrber of microbiological tests for total colifonn, faecal colifonns and total 
bacterial count, and chlorine residual were carried out during the course of the study. Thus, 
only very limited infonnation was available as to the actual microbial quality of the water in 
which the children swam prior to the detection of ·illness. 

The results indicated that while otitis externa was quite coomon among swinmers there appeared 
to be a positive association with the concentration of total coliforms, faecal colifonns and total 
bacterial counts. 

However, controlling for diving activity, a stronger statistically significant excess of 
otitis externa was found among children who swam in the pools of poor microbial quality. However, 
among divers the rate of otitis externa was high regardless of water quality. 

This study confirms the earlier findings that ear infections are swirrrning associated. 
However, they provide firm evidence that they are exacerbated by diving. This study does provide 
scme evidence, when control] ing for diving, that pools showing high colifonn counts present a 
higher risk of ear infection. Presumably no sewage pollution in such swirrrning pools occurred and 
the increase in coliform counts is indicative, in a general way, of increased microbial flora from 
body contact including increases in the density of possible causative microbial agents of the ear 
infections. This study suffered from the fact that only colifonns were used as microbial 
indicators rather than other microorganisms that might represent roouth, nose, ear or eye 
excretions and body contact contamination. Also, the nurrber and frequency of bacteriological 
tests were insufficient to obtain a proper evaluation of the water quality. 

Shi ge llosi s 

One of the best investigated outbreaks which provides valuable infonnation on the transmission 
of enteric disease (Shigellosis) to persons bathing in sewage contaminated water occurred in 1976 
on an 8 km stretch of the Mississippi River below Dubuque, Iowa (Rosenberg et al., 1976). Of 45 
culture-positive cases studied, 43 (96%) of the individuals consulted a physician and 18 (4%) were 
hospitalized. Twenty-three individuals had a history of swinming in the area within three days of 
the onset of symptcms. Thirteen of them were swinming at a park area .,hich, when ScVf4lled 
pedodically during the roonth following the end of the outbreak, had a mean faecal coliform 
density of 17,500/100 ml. Shigella sonnei, the same antibiogram and colicin type as the isolates 
from seven swiJlillers, al so was recovered from these waters. A case-control analysis and a 
retrospective, cohort analysis of an additional 262 individuals revealed a statistically 
significant association of gastrointesbnal illness with swirrming (p .001} but not with ddnking 
well-water or with food cons~tion. The illness was defined as diarrhea with fever and cramps 
occurring within three days. The rate among swimners at the park was 12 per cent. Of the 
swinmers, the highest attack rate and the best correlation to illness was among individuals who 
took water in their mouths while swinming and among children and adolescents (less than 20 years 
of age). 
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Outbreaks associated with consunption of shellfish 

In case of direct hwnan exposure to pathogens in seawater during bathing limited ingestion, 
dilution and die-away of the pathogens are major protective mechanisms. This is llllch less the 
case as far as edible bivalves. such as oysters. clams. n.1ssels 0 and cockles are concerned. They. 
as filter feeders, punq> large volumes of seawater through their systems and filter out, 
concentrate and protect the microplankton. together with attached or suspended particles including 
the pathogens in the sea. These types of shellfish are usually consumed raw or partially cooked. 

Typhoid fever 

According to Mosley (1974), although one epidemic of oyster-associated typhoid fever was 
reported from France as early as 1816, it was not until the 1890's and early 1900's that the 
ill1)0rtance of this mechanism was recognized. The large proportion of cases in some parts of 
Britain at that time was found to be due to conslJl1)tion of contaminated oysters, mussels, and 
cockles. Epidemics of shellfish-associated typhoid were also described at the turn of the century 
in the United States (Soper, 1905 and Stiles, 1912), although they do not appear to have been so 
n~rous or extensive as in Britain because shellfish were less widely consumed. The recognition 
of shellfish as a vehicle for enteric agents resulted in some modifications of sewage disposal, 
with lessening of marine pollution, and there was an inception of shellfish sanitation as a public 
health activity. The presumed i~ct of relatively si111>le measures upon the incidence of typhoid 
in Brighton between 1895 and 1907 is illustrated in fig. 2 (from Mosley, 1974). 
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figure 2: Incidence of typhoid fever in Brighton. England, between 1895 and 1907 (prepared 
by Nash in 1909) showing iq,act of various shellfish sanitation measures. 

It is questionable whether the contention that the reduction in typhoid fever rates in 
Brighton, between 1895 and 1907. was exclusively brought about by il1')roved sanitary conditions in 
the shellfish growing areas is fully justified, since typhoid fever was also on the decline in 
many inland cities as a result of 1q,roved water supplies and generally i111>roved hygienic 
conditions. In the 1920's. a nllrber of Njor typhoid fever epidemics were traced to contaminated 
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shellfish in the United States. Brooks (1916). reported on an outbreak of typhoid attributed to 
infected oysters, Lundsen et al.. (1924) described a typhoid fever epidemic in 1924 caused by 
oyster borne infection. There also was a major typhoid epidemic in Chicago in 1925 apparently due 
to oysters (Bundesen. 1925). 

The clear risk of transmission of typhoid fever by bivalves growing in sewage contaminated 
water was well established during the early years of this century and served as the basis for the 
establishment of shellfish sanitation programs in the U.K. and in the United States based on 
approved, clean harvesting areas and programs of shellfish self-purification in clean-water 
holding tanks called •depuration• by the llmericans. The disappearance of epidemics of typhoid 
fever transmittted by shellfish may partially be a result of the success of the programs. but may 
also be explained by the general reduction in typhoid fever during the period 1920 to 1940 as a 
result of iq>rovements in water treatment. general sanitation, surveillance of food handlers and 
supervision of known typhoid carriers (l'losley. 1974). 

The fact that since then, nllllerous major outbreaks of infectious hepatitis type A (IHA) were 
clearly identified as being transmitted by mollusks grown in wastewater contaminated beds 
indicates that the siq>le sanitary iq,rovements of the early years of the century did not 
COOl)letely block this route of transmission of thalassogenic disease. 

Infectious hepatitis and other virus diseases 

l'losley (1974) has reviewed the epidemiological aspects of transmission of infectious hepatitis 
(IHA) and other virus diseases by shellfish. the main findings of which are presented below. 

The Swedish oyster-associated IHA epidemic of 1955-56 (Roos. 1956) was regarded in the United 
States as an epidemiologic curiosity until 1962. In that year. an oyster-associated IHA outbreak 
in the southern United States in Mississippi and Alabama involving 84 cases (Mason and Lean. 1962) 
and a clam-associated epidemic centered in New Jersey involving 459 cases (Doughtery and Attman. 
1962) made it evident that the absence of shellfish-associated typhoid fever was not synonymous 
with absence of contamination by sewage. Two additional clam-associated epidemics. involving 
hundreds of cases followed in 1964 (Ruddy. et al .• 1969; Hepatitis Surveillance Unit. 1964). and 
an outbreak of major proportion was reported in 1973 (C.O.C .• 1973). In addition. there is an 
•endemic" background of sporadic cases that may total as many as several hundreds each year. 

Outside the United States. there has been little interest in mollusk-associated type A 
hepatitis. Since the Swedish report in 1965, only one investigation has been reported in the 
literature. Stille and co-workers (1972) indicated that const111Ption of contaminated mollusks 
accounted for an estimated 19 per cent of type A hepatitis in Frankfurt. The Gennan cases were 
mainly attributable to eating oysters and 1111ssels on the Mediterranean littoral, especially 
southern France and Italy. 

The occurrence of shellfish-associated hepatitis is not confined to mollusks eaten raw. 
because steaming as usually practiced fails to raise the internal ten1)erature sufficiently to 
inactivate the viral agent (Koff and Sears. 1967). 

A recent question is that of transmission of type B hepatitis by accU1111lation of hepatitis B 
virus (IHB) in oysters and clams (Mahonly et al.. 1974). The only demonstration of mollusk 
contamination. however. was in saq>les taken from a bed adjacent to a hospital's sewage outfall. 
lllany other saq>les along the coast were negative for IHB. l'losley feels that seafood is not a 
significant route of transmission of type 8 hepatitis (IHB). since occurrence of the agent in 
faeces is doubtful, and oral infection of sert111 is low. l'losley (1974) argues that disposal by 
pouring down a sink of one or several units of IHB contaminated blood at a hospital. however. 
could conceivably result in an occasional infection. However, Mosley neglects to mention that 
blood from menstruation nonnally reaches the sewage systems, providing a continuous source of 
contaminated IHB virus. 
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l'letcalf and Stiles (1967) demonstrated enteroviruses in oysters harvested from contaminated 
waters closed to harvesting and Denis (1973) reported recovery of Coxsackie A viruses in market 
sarrples taken in France. 

The designation •shellfish" includes not only mollusks but also crustaceans. l"lollusks are 
frequently eaten raw and the entire animal is constllled including the gastrointestinal tract. This 
fact. in addition to their ability to concentrate particulate matter. is very relevant to their 
frequent il!'11ication as vehicles of enteric infection. Crustaceans, on the other hand, are 
coomonly eaten after removal of the gastrointestinal tract and other viscera, and cooked to a 
degree that would seem adequate to kill any organisms that might be present. Crustaceans also do 
not have the same efficiency of concentrating small organic particles fran seawater as do 
mollusks. Recently, however, DiGirolamo and co-workers (1972a) have demonstrated that West Coast 
(United States) shore crabs acc001Jlated polio-virus both in artificially contaminated seawater and 
when allowed to feed on virus-contaminated mussels. In another experiment, they demonstrated 
phage uptake into the edible flesh of the crab and its persistence after cooking in boiling water 
for as long as 20 minutes. 

A later review of transmission of virus disease by shellfish was published by Goldfield (1976) 
in which he lists 13 published reports of coomon source outbreaks of hepatitis A, associated with 
shellfish ingestion (see Table 2). He concludes that the 1,612 cases of shellfish-associated IHA 
recognized in the 13 outbreaks represent but a small proportion of those that actually occurred. 
Koff ~tl-, (1967) have provided evidence suggesting that ingestion of raw clams and oysters may 
also account for a small but significant fraction of sporadic cases of IHA during non-epidemic 
periods. Mosley (1974) shares this view. 

Table 2: Coomon source outbreaks of hepatitis associated with shellfish ingestion 

No.of 

Year Source Place cases 

1953 Oysters Oregon 30 

1955 Oysters Sweden 62918.IU 

1961 Oysters Mississippi & Alabama 3420 

1961 Clams New Jersey 45921 

1961 Clams Connecticut 15 

1962 Clams New York 3 

1963-4 Clams New Jersey & Pennsylvania 252 

1963-4 Clams Connecticut 12322 

1964 Oysters North Carolina 3 

1964 Oysters British Columbia 2 

1966 Clams Massachusetts 423 

1967 Clams & Oysters Texas 3 

1971 Clams Massachusetts 5 

(Fran Goldfield, 1976) 

Goldfield (1976) also reports on five outbreaks of gastroenteritis of unknown etiology in 
which shellfish including clams and oysters were iq,licated. He suggested that sane of these 
outbreaks of •non-bacterial• etiology may have been caused by parvoviruses. The first clear-cut 
shellfish-associated epidemic caused by the norwalk-like virus was a massive gastroenteritis 
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outbreak in all areas of Australia 1n which some 2,999 cases were reported. This outbreak was 
associated with the cons..-..,tion of raw shellfish harvested from wastewater contaminated areas 
(Pturphy et al., 1979). One estimate suggests that possibly 10 to 20 times that nmt>er of people 
were actually infected in the outbreak. 

There is now ~le evidence that shellfish, particularly mllusks grown in sewage polluted 
water are very effective carriers (and concentrators) of IHA virus and norwalk-virus, and have on 
nmierous occasions caused infection in h1111ans. 

Cholera 

There had been only limited opportunity to study the possibility of Vibrio cholerae 
transmission by mollusks until that disease became pandemic in 1970 and shellfish growing areas in 
Europe were exposed to wastewater carrying h cholerae organisms from cases or carriers of the 
relatively mild El Tor form of the disease. 

In 1973, it became ~ly clear as a result of a major cholera epidemic in Italy that 
contaminated mllusks can be a very effective vector of the disease (Baine et al., 1974). 

Whether the cholera vibro laden wastewater was derived from ships in the harbor carrying 
hidden cases of the disease as hypothesized by sane of the investigators or from recently arrived 
subclinical cases using the city sewerage system, which discharges raw wastewater directly into 
the harbour, is inmaterial. 

The fact remains that the mollusks were grown and harvested in sewage contaminated water 
containing cholera vibrios and successfully concentrated the vibrios, which survived long enough 
and in high enough concentrations to result in a massive epidemic. 

Studies indicate that the mini11U11 infective dose for cholera is around 1,000 organisms. The 
cholera epidemic in Naples, the coastal regions of C~ania and Puglia and in Sardinia, resulted 
in grave health effects with 278 confirmed cases, probably many more non-laboratory confirmed 
cases, and 25 fatalities. There were, as well, staggering econ001ic losses due to the loss of 
tourism and trade which resulted frOOI the compulsory international quarantine notification of the 
outbreak to all countries of the world. 

It should be noted, that prior to the llllCh publicized Naples outbreak, there was an explosive 
outbreak of cholera in the Philipines in 1961, in which Joseph et ctl_., (1965) identified the 
cons~tion of raw shri~s as the main IIOde of transmission. Laboratory studies have indicated 
that h cholera persists in fish and shellfish at room temperatures for 2-5 days and under 
refrigerated conditions for l-2 weeks (Ardoz, 1970). 

With El Tor cholera pandemic and the possibility of tourists or crew meni>ers suffering frcm 
subclinical cases flying in frOOI an epidemic zone to a country free of cholera in a matter of 
hours, the case of Naples could reoccur almost anywhere, particularly in areas where shellfish 
growing areas are exposed to raw wastewater flow frOOI adjacent cities. It can be estimated that 
one single person infected with cholera may excrete as many as 1013 vibrios in one day, which is 
sufficient to contaminate a shellfish bed near a small raw sewage outfall. Since the Naples 
outbreak, other shellfish borne outbreaks of cholera have been reported. 

PREDICTIVE MODELS BASED ON INDUCTIVE REASONING 

Due to the paucity of quantitative epidemiological data relating health risks of bathing in 
contaminated seawater to the concentration of microbial indicator organisms, a ntl'llber of efforts 
have been made to develop predictive mathematical models based on inductive reasoning. These 
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models have used as input experimental and field data on such factors as: minimal infective dose; 
ratio of pathogens to indicator organisms; expected amount of water ingested by a swinmer; and 
levels of imrunity. 

The Streeter model 

The first such effort was ma(le by Streeter in 1951 basing his calculations on the anticipated 
risk of ingesting a typhoid bacteri1n (Salmonella !1ehl_) on the earller studies of Kehr and 
Butterfield (1943). In that study they developed an estimated ratio of total colifonns to typhoid 
bacteria in sewage and surface waters as a function of the typhoid fever morbidity rate in the 
coommity. 

For exaq,le, according to their estimates, if the typhoid morbidity rate is 10 cases/10,000 
then the Salmonella ~_i: total colifonn ratio would be 8:lo6. They assumed that the coliform 
concentration in a COlfflllnity wastewater remains more or less constant, but that the pathogen 
concentration is a function of the morbidity rate, i.e. the relative nllli>er of persons excreting 
the pathogen. The total colifonn standard of 1,000/100 ml adopted by many authorities in the 
United States in the 1950's was based partially on Streeter's analysis and partially on the 
"attainability" concept of Scott (1951). 

Cabelli (1983) has criticized such models as unproductive, in general, and the Streeter 
analysis in particular, since it was based on the asslfll)tion of a minimal infective dose of one 
salmonella organism for typhoid fever. This is several orders of magnitude less than the dose 
obtained from human volunteer studies (Hornick et al., 1970). In any event, today with the almost 
total disappearance of typhoid fever in most developed countries, there is little point in 
atteqiting to evaluate the health risks of bathing in contaminated seawater in connection with 
that disease. 

The Shuval model 

We have made our own atteq>t by deductive reasoning of arriving at an evaluation of the risk 
to health, based on bathing in contaminated marine water (Shuval, 1974). Sane of the variables 
that must be considered in this approach and our conclusions are presented in the following 
paragraphs: 

Mininun infective dose 

A number of studies have indicated that for certain enteric viruses the minifflln inf~ctive dose 
for humans is as low as one tissue cultural infective dose (Plotkin and Katz, 1967; Kowal~!-.!!-, 
1982; Shiff et al., 1984). Cabelli (1983) has concluded that the most probable etiological agents 
of the gastrointestinal infections associated with bathing detected in his studies were human 
rotavirus and/or the Norwalk agent viruses. Although no definitive studies are available, it is 
assumed that these agents excreted in very high concentrations are highly virulent and have a low 
minimal infective dose. In our initial estimate, we assumed that only 1 person in 10 who ingests 
a single virion will becane infected and of those only 1 in 10 will develop a clinically 
detectable fonn of disease. Thus, we assumed that only 1 per cent of those who ingest a minimal 
infective dose will actually develop disease. With a virulent pathogenic virus and for the highly 
susceptible younger age group (10 years) this may be an overly conservative asslJl¥)tion. Thus, it 
is not unreasonable to assune that 1 in 10 who ingest a minimal infective becanes ill. 

Ratio of pathogens to indicator organisms 

The pathogen concentration in the wastewater stream is a function of the nllli>er of ill or 
subclinical cases excreting the specific pathogenic organism. In the case of diseases that appear 
in CClllll.lnities infrequently, in epidemic cycles, there can be considerable variation in the ratio 
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of pathogens to indicator. However, in the case of more cannon endemic virus diseases such as 
those caused by some enteroviruses, Norwalk agent and htman rotavirus in larger camatnities, it is 
not unreasonable to asstJne that the shedding rate of the specific pathogens is more or less 
constant during the bathing season year after year. It is asslllled that the ideal indicator 
organism has nnre or less a constant concentration in the original wastewater stream and has a 
die-away pattern parallel to the pathogens. We, however, have shown that total colifonns have a 
lll!Ch more rapid die-away rate in seawater than do enteroviruses. Thus, if the initial enterovirus 
to total colifonn ratio in the raw sewage was 1:100,000, or 1:10,000, it could be increased to 
1:1,000 or less at a beach 1.5 km down current from a marine outfall sewer (Fattal ~t al., 1983; 
Shuval, 1970) due to the more rapid differential die-away rate of the colifonns. In our original 
estimate, we asslllled a ratio of the specific virus etiological agents of bathing associated 
illness to total colifonns of l: 100,00. With essentially no virus die-away in a few hours of 
transport in the sea, but with a reduction in total colifonns by a die-away factor of about 100 
the ratio would be increased to 1:1,000 at the bathing area near the shore line. 

In light of today's advancement of knowledge, different asstlllltions would be made for more 
promising indicators such as .L_ coli or enterococci. The initial concentration of enterococci in 
fresh wastewater is lower and is often only about 1 per cent of the total colifonns. Assmiing 
parallel die-away with the virus pathogen, it might be estimated that the specific pathogen to 
enterococci ratio in seawater bathing areas would also be 1:1,000. However, Cabelli (1983) is of 
the opinion that the concentration of the virulent rotavirus in wastewater and marine water could 
be quite high and close to that of enterococci, thus, a ratio of 1:100 or 1:10 might also occur. 

VoltJne of water ingested by swinmers 

While it can be safely asslllled that most individuals will conslllle about l liter of drinking 
water per day, if not more, in hot dry climates, no such simple asstlllltion can be made as to 
bathers. Mechalas tl___tl., (1972) suggested that 10 ml is the average amount ingested by swinmers 
per exposure period while Steiniger (1954) reports on a survey made among physical education 
physicians, in Germany, who found 50 ml to be a good estimate for active swinmers in high quality 
fresh water. Of course, there will be individual differences and differences due to climate. For 
example, a child spending the day at a warm Mediterranean beach resort may spend as many as 2-4 
full hours in the water and ingest 100 ml of sea water during the day, while a bather at a colder 
Scandinavian beach will spend much less time in the water and can thus be expected to ingest much 
less water. For the purposes of this discussion, it is asslllled that bathers ingest about 10 ml 
per bathing day. It is felt that this asstlllltion is a conservative one. 

Hypothetical risk of becoming sick 

Based on the above asstlllltions, it is possible to calculate the range of the hypothetical risk 
of becoming infected and/or sick by a single exposure to a contaminated bathing area with any 
given concentration of indicator organism. 

Ass1111ing marine water with an enterococci concentration of 100/100 ml; a ratio of virulent 
virus pathogens to enterococci of 1:100; a minimal infective dose of 1; that 10 per cent of those 
in the susceptible age group up to 10 who ingest a minimal infective dose became ill; and that, on 
the average, bathers ingest 10 ml of seawater; it can be calculated that on the average there will 
be one virus infective dose per 100 ml of marine water and that one out of 10 persons will ingest 
an infective dose. Of those only 10 per cent will become ill. In other words, according to this 
model and under this aSStlllltion, 1 per cent of the swinmers (up to the age of 10) would become ill 
as a result of a single days exposure to bathing in water with. an enterococci concentration of 
100/100 ml. If it is asslllled that the ratio of virus to enterococci is 1:10, rather than 1:100 as 
asslllled in the first calculation, then 10 per cent of the swinmers would become ill as a result of 
a single day contact. Fran the above hypothetical calculation, it is possible to suggest that the 
risk of children becoming ill after a single bathing exposure to seawater with 100 enterococci/100 
ml is in the range of 1-10 per cent. Depending on the asstlllltions, it might be somewhat greater 
or less than the above range. 
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All of the above, are only hypothetical calculations and risk estimates but, based on methods 
of inductive reasoning and ass11n1>tions such as those presented above, it is possible to arrive at 
the general conclusion that, if the above ass11n1>tions are more or less correct, that there is a 
quantifiable health risk associated by bathing in wastewater contaminated seawater and that risk 
can be correlated to the concentration of a reliable bacterial indicator organism. Validation of 
this ass11n1>tion was not available when we originally published it in 1974 but it is today, as we 
shall show later on. 

Predictive models such as that presented above do indeed have llmitations but lacking firm 
field epidemiological evidence, they did play a role in helping to evaluate whether or not a 
health risk is involved in bathing in wastewater polluted seawater and whether a quantitative 
microbial standard could be useful in evaluating or reducing that risk. 

EPIDEMIOLOGICAL STUDIES DESIGNED TO CORRELATE HEALTH RISK 
WITH MICROBIAL INDICATORS 

Only a very limited nlllber of epidemiological studies were designed with the intention of 
determining whether there is a correlation between health risks (i.e. thalassogenic disease} and 
the concentration of specific microbial pollution indicator organisms. In the final analysis only 
fran carefully designed studies of this type, is it possible to determine the true extent of 
health risk associated with bathing in sewage contaminated water and the efficiency of indicator 
organisms as monitoring systems. 

The Stevenson - U.S. Public Health Service Study (1953) 

The first systematic prospective epidemiological study dealing with recreational water-borne 
disease in which microbial indicator organism concentration was used as a key intervening variable 
was carried out by Stevenson (1953) and his associates in the U.S. Public Health Service. 

There were three studies. The first was conducted at two beaches on Lake Michigan in the 
vicinity of Chicago. The second examined illness rates among individuals at two locations, a 
swinming pool in Kentucky and a nearby stretch of polluted beach on the Ohio River. The third 
study was conducted at two marine beaches on Long Island Sound, one in New Rochelle, New York and 
other in Mamaroneck, New York. 

A household diary method to record s~tans was used in all three studies. The main 
conclusion was that there was a statistically significant excess (P=0.01) of disease among bathers 
at fresh water bathing sites at Chicago and along the Ohio River with total coliform 
concentrations of about 2,400/100 ml. In addition, the researchers detected an excess of disease, 
particularly ear, nose and throat infections among swinmers over non-swinmers regardless of 
bathing water quality. The authors explained this later finding by stating "water is an abnormal 
habitat for man regardless of its bacterial quality" (Stevenson, 1953). 

Moore (1974) in his detailed critique of the Stevenson study has made the following points: 

"The Chicago results can certainly not stand up to serious scrutiny. On the evidence given, 
the survey tables were inspected and two groups of swinmers chosen because their three-day 
illness incidence rates of 12.2 and 8.5 per 100 swinmers respectively showed an apparent 
excess of illness in those who bathed in the more contaminated bathing water. Opposite 
findings in the other surveys were ignored. Secondly, all the illnesses reported were 1~ 
together. It would be manifestly absurd to coq,are the incidence of skin irritations in 
bathers on the cleaner days with the frequency of diarrhea in those who swam on the other 
days, but there is no way of knowing to what extent this might have been done. Thirdly the 
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coq>arability of the two swinming groups in other material respects is not discussed. 
Fourthly, the inclusion of all illnesses reported during the week after a bath makes the 
association of these ailments with the bathing episode more tenuous. With all these doubts, 
the eq,hasis placed on a rather marginal level of statistical significance as an index, not 
only of association between bathing and illness but of cause-and-effect relationship between 
the two, is difficult to justify". 

"The Ohio River study findings are equally unsatisfactory in this respect. Significance is 
attached to an incidence of gastro-intestinal disease in Ohio River swinmers in excess of that 
suffered by swirrmers in a fresh-water pool with recirculation and filtration by a margin that 
could occur by chance once in twenty trials. The difference was accounted for by 
gastro-intestinal c~laints reported by 13 river swinmers out of a total of nearly 1,000. 
Here again, the rooltiple aetiology of minor gastro-intestinal c~laints makes it difficult to 
assess to what extent the carparisons made between the two swi111Ring groups and tested by 
statistical tests of significance have any real validity.• 

Cabelli (1983) in his critique of this iq><>rtant study has pointed out that swi111Ring was not 
defined rigorously enough so that any subsequent illnesses could be attributed exclusively to 
contact of the upper body orifices with polluted water as opposed to cons~tion of food at the 
beach, personal contact between beachgoers, aerosols potentially generated by toilet facilities, 
etc. Secondly, because the trials we conducted over the entire sunmer, the effects of day-to-day 
fluctuations in the pollution levels at the beaches were not eliminated. The consequence of this 
was that the mean indicator densities and, hence, the illness rates at the paired beaches in the 
first and third studies were not significantly different from each other. A third problem was 
that measurements were reported only for one indicator, total coliform bacteria. 

In the flrst study, syq1tan rates among the beachgoers at the South Beach were no different 
than those at the North Beach. However, a statistically significant difference (P:0.01) was 
obtained in the rate of total syq1tans among individuals who were at the South Beach during three 
"high" coliform density days carpared to those there during three "low" days. This was not true 
at the North Beach. The mean indicator density during the high days at the South Beach was 2,300 
total coliforms/100 ml. In the Ohio River study, the rate for total syq1tans was higher among 
people at the chlorinated swi111Ring pool than those at the polluted beach on the Ohio river. 
However, the age adjusted rate for gastrointestinal syq1tans was higher for the individuals at the 
river beach than those at the swi111Ring pool. The mean coliform density in the stretch of the Ohio 
River was 2,700/100 ml. In the third study, conducted at the marine beaches in the vicinity of 
New York City, no differences in syq1tan rates could be obtained even when illness rates during 
"high" days and "low" days were carpared. 

Cabelli (1983) states that aside fran problems in the experimental design there are a nmber 
of problems with the analyses of the data and the conclusions di"'awn thereof. First of all, 
Stevenson concluded that swi111Ring ~ se resulted in a higher rate of illness. Because of the 
experimental design, it can only be concluded that going to the beach results in a higher illness 
rate. Second, the carparison of illness rates for three high days versus three low days during 
the Lake "ichigan study has been criticized in that the differences were shown for only one set of 
high versus low days, and no data are given for all the other possible cad>inations. Third, in 
the first study, the differences were reported for total symptans, while in the second, they were 
for gastrointestinal syq1tanatology; yet, both sets of data were used identically in the 
derivation of the guidelines. Cabelli (1983) feels that "because of the limitation in the 
experimental design and analysis, one could conclude the positive results were spurious and that 
there was no effect of swi111Ring in sewage-polluted waters. Alternatively, the limitations in 
design and analysis notwithstanding, it might be argued that the findings described a reality 
obtained with a relatively insensitive epidemiological instrument•. 

Despite the above noted limitations, which were not all recognized at the time, the National 
Technical Advisory Cannittee (NTAC) to the Federal Water Pollution Control Administration (FWPCA), 
which was the predecessor of the EPA concluded as follows (NTAC, 1968): 
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"The studies at the Great Lakes (Michigan} and the Inland River (Ohio) shO!iled an 
epidemiologically detectable health effect at levels of 2,300-2,400 colifonns per 100 ml. 
Later work on the stretch of the Ohio River where the study had been conducted indicated that 
the faecal coliforms represented 18 per cent of the total colifonns. This would indicate that 
"detectablen health effects may occur at a faecal colifonn level of about 400/100 ml; a factor 
of safety would indicate that the water quality should be better than that which would cause a 
health effect ... The Santee project correlated the prevalence of virus with faecal coliform 
concentrations following sewage treatment. Virus levels following secondary treatment can be 
expected to be 1 Plaque-Fonning-Unit (PFU) per milliliter with a ratio of 1 virus particle per 
10,000 faecal colHonns. A bathing water with 400 faecal colifonns per 100 ml could be 
expected to have 0.02 virus particles per 100 ml (1 virus particle per 5,000 ml).• 

Based on this analysis, they rec01T111end as follows: 

"Faecal colifonns should be used as the indicator organism for evaluating the microbiological 
suitability of recreational waters. As detennined by ffllltiple-tube fennentation or ment>rane 
filter procedures and based on a mininun of not less than five samples taken over not more 
than a 30 day period, the faecal colifonn content of primary contact recreational waters shall 
not exceed a log mean of 200/100 ml, nor shall more than 10 percent of total samples during 
any 30---day period exceed 400/100 ml.• 

The U.S. EPA (1976) later adopted this rec01T111endation despite an earlier evaluation by a panel 
of the National Academy of Science in 1972, which concluded that "no specific recoomendation is 
made concerning the presence or concentration of microorganisms in bathing water because of the 
paucity of valid epidemiological data". Basically by that statement the National Academy of 
Science panel had rejected the validity of the Stevenson study. 

The l'loore - U.K. Public Health Laboratory Services Study - (1959) 

l'lood and l'loore (1976) have stmnarized the study as follows: 

Between the years 1953 and 1959, the British Public Health Laboratory Service, under the 
leadership of Dr. Brandon l'loore (1959), carried out an extensive bacteriological and 
epidemiological study of bathing in sewage-contaminated coastal waters. The carmittee recorded 4 
cases of paratyphoid fever, out of a total of over 3,000 cases of this disease notified during the 
years in question, where the evidence pointed to infection having been acquired by children 
playing on two grossly polluted beaches of the more than 40 beaches examined during the study. At 
one of the two grossly polluted beaches, a total of 348 samples were collected and examined. The 
median presll'fl)tive colifonn counts for these samples were 24,000 per 100 ml and the median faecal 
coli count was 7,000 per 100 ml. At the other grossly polluted beach, 51 samples were collected 
and examined. The median pres1.1q1tive colifonn counts for this group of samples was 12,000 per 100 
ml and the median faecal coli count was 7,000 per 100 ml. The carmittee concluded that •bathing 
in sewage-polluted seawater carried only a negligible risk to health, even on beaches that are 
aesthetically unsatisfactory•, and that this risk was probably associated with chance contact with 
intact aggregates of faecal material that happened to have ccxne fran infected persons. 

The Conmittee also mounted a case-control study of whether or not polianyelitis could be 
related to bathing, at a time when this disease was very prevalent in Britain. The study was 
carried out during the years of 1957 and 1958. When, in any coastal district, a local resident 
child under 15 contracted polianyelitis, a careful record was made of the bathing history. As a 
matched control for each patient, the local medical officer of health chose fran the birth 
register or the school register, the name of a healthy child. This child, it was agreed nust not 
live in the same house as the patient but should be of the same sex, as nearly as possible of the 
same age as the ill child, and should preferably live on the same street but certainly in the same 
administrative area. A bathing history was taken fran the control child also and the records kept 
for later analysis. 
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In all, 150 paired records were collected during the two years that remained before the advent 
of mass polio vaccination precluded any continuation of the study. The cases and controls were 
first shown to be well matched for age, sex, and social class. Bathing histories were analyzed in 
two ways. First, they were tabulated according to whether there was a history of sea bathing at 
any time three weeks prior to the onset of s~toms in the patients. The bathing histories of the 
two groups proved remarkably similar. Thus, 45 of the 150 polianyelitis patients had bathed 
during the three weeks before the onset of s~toms, as c~red to 44 of the health control 
children. Therefore, the evidence indicated that the proportion of bathers in the polianyelitis 
group was siq,ly the proportion that one would expect in children living in a seaside town. There 
was no indication that any special significance should be attached to the history of bathing as 
regards the causation of this disease. The bathing histories of the two groups also failed to 
show any difference when analyzed in ternis of the time intervals between dates of bathing and the 
onset of s~toms in the index cases. 

Cabelli (1983) in his detailed critique of the l'loore et al. studies (1959) has pointed out 
that there were a number of problems with the experimental design used: (1) swinming was not 
defined rigorously; (2) the time span between the actual swinming experience and the query as to 
its occurrence was protracted in many cases; (3) it was difficult to establish a relationship to 
the quality of the water in which the individuals bathed; (4) of necessity with this type of 
analysis in contrast to that used by Stevenson, there was a presuq,tion as to which diseases were 
•important•, polianyelitis and salmonellosis; and (5) this type of analysis is rather insensitive 
except when conducted during an outbreak situation. In their report, l'loore and his associates 
noted some of these limitations and pointed out that, •A survey of this type could clearly not 
prove that polianyelitis was never caused by bathing, and in any case such a presuq,tive finding 
might be contradicted by future events, but the results of the survey give no indication that 
further investigation along those lines is likely to be fruitful except in the negative sense 
recorded.• 

Nevertheless, Cabelli cautions that their findings do not warrant the conclusions drawn: that 
there is little if any, risk of enteric disease fran swimning in sewage-polluted waters unless 
aggregate faecal material is found therein and that aesthetic consideration will limit beach usage 
long before there is a significant risk of swimning-associated enteric disease. However, with 
regard to the two specific diseases in question, Cabelli felt that l'loore's conclusions were 
probably correct since, even in the period subsequent to his report, there have been no outbreaks 
or cases of polianyelitis shown to be associated with the recreational use of water, and there has 
only been one outbreak of this disease even remotely associated with any of the waterborne routes. 

Earlier, l'loore's methodology and conclusions were criticized primarily because information was 
not available concerning whether so-called •bathers• actually entered the water sufficiently to 
submerge their heads and, thus, become truly exposed to the only real risk associated with 
bathing, that is the ingestion of water (Shuval, 1974). It was pointed out that, •Exposure to 
risk varies greatly among visitors at bathing beaches since some may swim energetically for hours, 
ingesting considerable volumes of water, while others may hardly wet their ankles•. 

Let us assume that those defined as bathers in the U.K. study did in fact becane exposed to 
risk by inmersing their heads and did not in fact show any excess of typhoid fever or 
polianyolytis. The question remains whether l'loore and his colleagues were justified in 
reconmending to the public at large: "That bathing in sewage polluted seawater carries only a 
negligible risk to health even on beaches that are aesthetically very unsatisfactory• (P.H.L.S., 
1959) and that in the final analysis ..... "microbial standards for bathing waters as usually 
proposed have little scientific validity" and that • ... the allocation of resources needed to check 
confonnity to an imposed standard cannot be justified on public health groundsa .• (Moore, 1974). 

These far reaching conclusions and recorrmendations, fran such an eminent public health 
official, had a considerable illl)act in many countries. They led to a reduced support for 
regulation and control of wastewater pollution of bathing beaches. In one case, in which I was 
personally involved, the Playor of a major city in Israel successfully used Ptoore's recomnendations 
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in his battle to prevent the ~inistry of Health from iq,lementing restrictions on public bathing 
at a nllllber of heavily polluted beaches within his city. 

It is questionable whether Moore's conclusions, even if correct for the specific diseases 
studied and for the special situation existing at the relatively cool bathing beaches in the U.K., 
were transferable to polluted beaches in nnre teq,erate climates such as the Plediterranean. At 
bathing beaches in such te!ll)erate or tropical areas, very young, highly susceptible bathers often 
spend hours in the water with the chance of ingesting considerable vol1111es of water. Such an 
intensive exposure rarely occurs at the often chilly bathing beaches in Britain. 

Since the publication of the U.K. report (Moore, 1959) which cast serious doubt as lo the 
existence of health risks associated with sewage contaminated seawater and totally challenged the 
validity of any microbial standards for recreational bathing waters there has been a great deal of 
uncertainty within the public health coommity. All concerned felt that only a well designed, 
definitive and large scale epidemiological study of all the questions concerned could finally 
resolve the great debate on this vital issue. 

The Cabelli - U.S. EPA study (1983) 

In 1972, Cabelli and his colleagues at the U.S. EPA initiated a large scale prospective 
epidemiological-microbiological study which included both salt water and fresh water beaches. The 
study which spanned a six year period, eventually included sane 26,000 subjects at 3 locations in 
the United States - New York City (New York); lake Pontchartrain, New Orleans (Louisiana) and 
Boston Harbor (~assachusetts). An additional study was conducted in Alexandria, Egypt. All U.S. 
studies used essentially identical methodology designed to overcane many of the weaknesses 
revealed in the Stevenson and Moore studies mentioned previously. 

Cabelh (1983) has described the design characteristics which made their study unique as 
follows: 

In response to the perceived deficiencies in the Stevenson studies, the calendar approach was 
not used. Rather, the participants were recruited at the beach and queried sane 7-10 days later 
by phone or personal interview (mail questionnaires were tried and found to be unsatisfactory) 
concerning syq,tomatology which developed subsequent to the swinming experience. Other features 
of the design were as follows: 

1. Only individuals whose upper body orifices were exposed to the water were classified as 
swinmers, and subjects were queried on the nature and duration of swinming activity. The nnre 
rigorous definition of swinming allowed for a beach-going but non--swinming control group and 
thereby eliminated the bias from non-swinming associated illnesses .. 

2. Beach interviews were conducted only on weekends. Exposure was limited to a single day, or at 
nnst two successive days on a weekend. This was accCIJl)lished by eliminating individuals who 
swam in midweeks before and after the weekend trials from the study. The use of weekends 
maximized the size of the study population but limited the illness observation period to 8-10 
days. This feature of the study facilitated the analysis of the data •by days•, thereby 
obviating the effect of day-to-day variability in pollution levels. However, it eliminated 
frooi consideration illnesses with incubation periods exceeding nine days, notably infectious 
hepatitis (this was examined in the portion of the Egyptian study which dealt with Cairo 
visitors to Alexandria beaches). 

3. The iq,act of within-day variability in pollution, primarily attributable to tidal effects, 
could not be eliminated. However, in the first two years of the New York City study, an 
atteq>t was made to minimize this effect by choosing test and control beaches which were 
markedly different in the pollution levels reaching them. There also was an atteq>t to select 
trial dates when minimal tidal effects coincided with peak beach usage periods (usually 11 
a.m. to S p.m.). 
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4. Demographic effects, which could assert themselves as differences in susceptibility to 
infection, in swinming activity and in the reliability of respondent 111fonnation, were 
minimized. This was done by selecting test and control beaches whose populations were 
demographically similar and by obtaining age, sex, ethnic. and SES infonnation that could be 
used in isolating and identifying the influence of these factors. 

5. The respondents were asked whether they remained home, remained in bed or sought medical 
advice because of the symptoms. This infonnation was used to indicate disability. 

6. A system was devised for validating gastrointestinal (GI) syq,tanology. Highly credible GI 
syq,toms (HCGI) were defined as: (l) vomiting, (2) diarrhea with a fever disabling enough for 
the individual to remain hane, remain in bed or seek medical advice, or (3) stanachache or 
nausea accompanied by a fever. The rates for HCGI syq>toms were calculated and c~red to 
those for total GI syq,toms in order to determine if the trends were the same. 

7. The illness questionnaire solicited information on irritations and disturbances of the skin, 
upper respiratory tract, eyes and ears. This was done not only against the possibility of 
pollution-.issociated infectious processes but also against the possibility of toxic and 
hypersensitive conditions attributable to chemical pollution and to pollution-.issociated 
changes in marine biota. 

Water saq,les were collected in sterile bottles from just below the surface of the water, at 
"chest-high depth", and periodically during the time when people were in the water. They were 
collected at 2-3 locations along the beach; and, in general, 3-4 saq,les were collected between 
the hours of 11 a.m. - 5 p.m., the period of maxinun swinming. The saq,les were "iced" and 
returned to the laboratory for assay within six hours of collection. 

Assays of the water saq,les were performed to determine the densities of nlll'ber of potential 
microbial indicator systems. The microbial indicators tested included: colifonns, L.. coli, 
Klebsiella enterococci; £.:._ perfringens; Bifido-bacteria; Coliphage; C. albicans; ~ aeruginosa; ~ 
hydrophila; ~- parahaernolyticus; Salmonella and Enteropathogenic ~- coli. A chemical indicator of 
faecal matter coprostanol, was also tested. 

The findings of the main Cabelli EPA report (1983) have been sllll'llilrized succinctly by Cabelli 
et al., (1983) elsewhere as follows: 

"The results clearly show that the risk of gastroenteritis associated with swinming in marine 
waters impacted with llllnicipal wastewaters is related to the quality of the water as indexed 
by the mean enterococcus density in the water. Moreover, the risk is detectable at extremely 
low levels of pollution. According to the criteria suggested by Hill (1965), there is a 
strong suggestion of casuality. First, the association is a good one; in some trials, the 
swinming-.issociated gastroenteritis rate was three to four times greater than the non-swinming 
rate. Second, there was a consistency in the association in that it was observed at llllltiple 
locations over llllltiple years. Third, the association between enteric disease and faecal 
contamination is a reasonable one by its very nature. Fourth, the association is a coherent 
one since there is a precedent for such a relationship by other waterborne routes of 
transmission, i.e., in shellfish and potable water. 

"It was also understandable that, of the indicators examined, enterococcus densities in the 
water correlated best with the rates for the swinming- associated gastroenterits. The two 
salient indicator characteristics required for the specific association obtained are a 
consistent faecal source and 'good' survival during sewage treatment and transport in the 
aquatic environment. Of the indicators examined, enterococci and L.. coli best satisfy the 
first requirement: and, of the two, enterococci have the best survival characteristics, 
although their densities in raw or treated sewage are 1-2 orders of magnitude less than those 
of~- coli." 
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There _ are two i""lications from the findings of rather high gastroenteritis rates {1%) 
associated with the ingestion of one to five entei"'OCocci (the accidental ingestion of 10-15 ml of 
water whose enterococcus density was about 10/100 ml). The first is that even enterococci may not 
survive as well as the etiologic agent for gastroenteritis. The second is that the agent must be 
present in the bathing waters and, hence. municipal wastewaters in very large nuni>ers, be highly 
infectious, survive very well in the marine envirorment or most probably, a canbination of all 
three. 

The correlation coefficient for the New York beach studies between highly credible 
gastrointestinal (HCGI) syq,tans and the concentration of enterococci in the bathing water was 
r=. 96 (P 0.001) while the coefficient for the other potential indicators was as follows E. coli 
-.58; total colifonns -.65; and faecal colifonn -.51. The data for all U.S. studies gave an 
r:-0.75 for enterococcus and r:-0.54 for L_ coli. The widely used faecal coli indicator proved to 
be a relatively poor predicator of G.I. disease. 

In 1979, Dufour (1984) of EPA, initiated another series of studies at Tulsa, Oklahana and 
Erie, Pennsylvania. These studies were CCJ11>leted in 1982. The methods of these additional fresh 
water bathing area studies, were the same as that used in the marine studies. As in the previous 
studies a strong correlation between HCGI syq>tans and enterococcus (r=.774) and E.coli (r=.804) 
was found. There was again no association between faecal colifonns and swinming associated 
gastroenteritis (r=.081). 

Based on the findings of these extensive and carefully controlled epidemiological studies 
Cabelli et al., (1983) have developed a generalized relationship between enterococci densities in 
marine water and health effects from which can be developed a quantitative criterion for marine 
recreation waters. This is shown in Fig. 3. 
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Figure 3: Health effects criteria for marine recreational waters developed by the USEPA 
epidemiological-microbiological program. Criteria are X on Y regression lines 
of the mean enterococcus density in the water against the swinming--associated 
rate of gastrointestinal syq,ta11S. 

(fran Cabelli, 1983) 
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From this figure, it is seen that the regression lines for swiaming associated 
gastrointestinal s,Yq>tans and enterococci densities approach zero for illness rates before 
enterococci densities reach zero. Cabelli (1983) interprets this to mean that the pathogens 
either disappear or are at concentrations lower than the minimal infections dose before the 
enterococci are no longer detectable in a 100 ml s~le. This is not tnie for~~ coli. 

Although the Cabelli (1983) studies are not without flaws resulting from a variety of problems 
that arose during the field work phase, they are by far, one of the most carefully designed and 
executed epidemiological studies of the relationship of envirormental pollution indicators and 
illness to have been carried out ever. One of the problems is found in the various reports and 
papers on the project. The nt111erical findings vary between one publication and another and some 
are hard to follow. But in the final analysis, this study has provided highly credible and sound 
results, which provide a firm basis for arriving at operational conclusions and recomnendations. 

Other relevant epidemiological studies 

Alexandria - Egypt 

The USEPA sponsored a study based on Cabelli 's methods and under his superv1s1on at the 
beaches in Alexandria, Egypt, in cooperation with Egyptian scientists. The EPA was interested in 
locating some more heavily polluted beaches than those available for study in the United States, 
so as to be able to determine the nature of the dose response curve at the higher dose levels. 

Sane of the beaches included in the study were exposed to nearby outfall sewers and heavily 
polluted with enterococcus and E. coli densities reaching 1o41100 ml. Other beaches were - --
acceptable according to EPA guidelines. The study population included both Alexandria residents 
and soomer visitors caning from Cairo. It was assumed that the visitors from Cairo had lower 
levels of imrunity to the diseases endemic in Alexandria. 
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The main findings were essentially similar to those of the New York city beach study, i.e. a 
strong association of HCGI sYll1)tans and enterococcus (r=.88) densities as well as for E. coli 
densities (r=.89). However, at equivalent entrococci densities disease rates were lower-ii 
Egypt. This is probably due to higher levels of illllllnity in the local population. This finding 
is to be expected in an area where enteric diseases are highly endemic and a high portion of the 
older children and adults are illllllne. Fig. 4 shows the regression lines for swinming associated 
rates for vaniting and diarrhea against the mean enterococcus density of the water for the 
Egyptian study as c~ared to the U.S. Studies. A report on certain aspects of this study has 
been made by El Sharkawi et al. (1982). In their report they state that there is a significant 
risk of contracting typhoid fran bathing in polluted seawater at Alexandria and that the young age 
group was found to be most susceptible. The proximity of outfalls which carried solid faecal 
matter to bathing areas was felt to be the main cause of the infections detected. 

Tel Aviv - Israel 

During the year 1983, WHO sponsored a pilot, prospective epidemiological study in Israel, 
carried out at bathing beaches in the Tel Aviv area. Fattal ~!....!!- (1986) designed the study 
following the basic methodology developed by Cabelli who served as a consultant to the project. 
The study was carried out at 3 beaches having varying degrees of exposure to sewage pollution. 
The study enc~ssed 2,231 swinmers and non-swinmers (32% in the 0-4 age group) and was 
considered by the researchers as a pretest of the methodology under Israeli conditions. The 
indicators used were faecal coli, enterococcus, f. coli, staphylococci aureus and pseudanonas. The 
main finding was a significant (P<0.03) excess of enteric SYll1)tans (gastrointestinal disease) 
among swinmers in the 0-4 age group in water with higher concentrations of entrococcus or L_ 
coli_. Faecal colifonns and pseudomonas did not appear to be as good predicators of 
swimning-associated enteric disease (See Table 3 and Fig. 6). 

Table 3: "Low" and "high" levels of three bacterial indicator concentrations in 
seawater for morbidity analysis. 

Bacterial indicator Range of bacterial concentrations (CFu•110<m1) 
•1ow• "high• 

flledian min.- max. median min. - max. 

Faecal colifonns 9 0 - 50 138 51 - 650 

Enterococci 1 0 - 24 49 25 - 410 

E.coli s 0 - 24 49 25 - 268 

• - CFU - colony fonning units 
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This study provides another i11'1(1rtant independent confirmation of the relationship between 
swinming associated disease and enterococd concentrations in bathing water under Mediterranean 
conditions. The role of staphylo as an indicator of faecal pollution is not clear since this 
organism is most likely associated with body contamination of bathers fran wastewater pollution. 

Malaga and Tarragona - Spain 

Mujeriego et al. (1982) carried out an epidemiological study at 24 beaches in Malaga and 
Tarragona, Spain during the sunmer of 1979. A total of 20,219 persons were interviellled based on a 
fixed questionnaire which served as the primary source of data. The authors' own sU111Tiary of their 
findings state that the following conclusions can be drawn: 

1. Sea-water transparency and the presence of floatable materials, are the two major factors that 
detennine the opinion of recreationists about the aesthetic quality of coastal waters. 

2. Useful efl1)irical criteria was obtained, relating the aesthetic quality with the 
microbiological quality of coastal waters. 

3. There appears to be a real public health hazard associated with recreation in coastal waters 
of unsatisfactory microbiological quality. 

4. The most frequent health ailment observed among recreationists are skin infections, with a 
morbidity rate of 2 per cent, followed by ear and eye infections with a morbidity rate close 
of 1.5 per cent. 

5. Intestinal infections have morbidity rates below 1 per cent, and are not the main public 
health concern in the coastal areas studied. 

6. The habit of inrnersing the head in the water when bathing 1s significantly associated with ear 
and eye infections. 

7. Microbiological limits in terms of faecal coliforms do not seem to provide consistent public 
health protection, in the presence of comparable concentrations of faecal streptococci. 

The authors carried out microbiological tests on 19 of the beaches studies during the sunmer 
but not necessarily in close association with the dates that persons were interviewed. They 
plotted regression lines between reported morbidity rates of ear infections at each specific beach 
and the median faecal streptococci concentration at that specific beach. Although the coefficient 
of correlation was positive the confidence limits were very wide making it difficult to put much 
weight in that finding. 

Due to lack of adequate controls and total dependence on the interviewees' memory of swinming 
and illness experiences, this study cannot be considered as providing quantitative eqidemiological 
information on the relationship of thalassogenic disease and microbial indicator organisms, 
although the study does supply some suggestive evidence as to the value of enterococci as an 
indicator of marine pollution. 

France 

Foulon tl__a_!. (1983) performed a study on 5 beaches in France. The method used was a beach 
interview, followed by an answer card given to the inter- viewee with the listed symptoms 
occurring within the first 30 days after returning home. Four thousand nine hundred twenty one 
(4921) individuals were questioned on the beach and 1532 individuals returned an answer card. 
Water saq>les were collected and bacteriological analyses of total coliforms, faecal colifonns and 
faecal streptococci were performed. The results of this study indicate that there was a 
difference between 1) incidence of conjuctivitis and skin infections am.:>ng bathers and 
non-bathers; 2) in the incidence of colds, abdominal discomfort, nausea and pruritis between those 
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who i11111erse the head in water and those who do not; 3) the difference between polluted and 
non-polluted beaches were not i~rtant. The weaknesses of this study are: the high refusal rate 
- 19 per cent on the beach, no infonnation on morbidity for 69 per cent of the populatlon 
interviewed on the beach, and that there was no daily follOW-up of the bacterial water quality. 

Canada 

During the sllllller of 1980, Seyfried ~.!.-~-- (1985 I & II), carried out a major study of 
swillffling associated disease on a s~le of 8000 persons selected fran 10 fresh water beaches in 
Ontario. Only data, obtained fran 4537 telephone follow-up interviews, were considered reliable 
enough for analysis. 

The main findings were: significantly higher morbidity rates for respiratory, 
gastrointestinal, ear and skin symptoms for swi11111ers than non-swi11111ers. (69:6/1000 for swinmers 
versus 24:5/1000 for non-swi11111ers). 

Morbidity among swi11111ers was shown to correlate with staphylococcal, to faecal colifonn levels 
and somewhat less strongly to streptococcal counts. The authors conclude that in the fresh water 
situation studied total staphylococci appeared to be the more consistent indicator for predicting 
total morbidity rates among swi11111ers. 

These findings differ fran those of Dufour (1984) and Cabelli (1983) in fresh water bathing 
areas exposed to sewage contamination. 

One possible explanation of these differences is the suggestion that the study beaches in 
Ontario may have been heavily contaminated with staphylococci bacteria fran the bodies of bathers, 
particularly due to heavy bather load and poor water exchange at the beaches. Thus, staphylococci 
organisms may indeed be a possible indicator organism of body contact pathogens of non-sewage 
origin. 

To confinn this hypothesis, a special research situation, free of external contamination frcm 
sewage sources, would be required. The whole question of swillffling associated non-enteric disease 
and its etiology requires additional study. 

WHO/UNEP GUIDELINES FOR EPIDEMIOLOGICAL STUDIES 

In 1977, a group of experts jointly convened by the WHO and UNEP in the framework of the 
coordinated Mediterranean Pollution Monitoring and Research Program (MED POL), (WHO/UNEP, 1977) 
proposed guidelines for the conduct of epidemiological-microbiological studies for developing 
recreational water quality criteria. Prof. V.J. Cabelli, who served as rapporteur played a key 
role in drafting those guidelines based on his experience in developing the prospective 
epidemiological studies on this subject for the USEPA. The main objective was to develop a 
methodology which would provide definitive epidemiological data for developing a recreational 
water quality criteria that overcame the flaws in previous studies. 

That meeting recomnended that a nlllt>er of epidemiological-microbiological studies be initiated 
in the l"lediterranean area to help develop criteria specifically appropriate for that area. These 
guidelines were updated and modified at the WHO/UNEP consultation meeting on correlation between 
coastal water quality and health effects held at Follonica, Italy in October, 1985. 
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USEPA PROPOSED CRITERIA 

While the Cabelli (1983) study developed data for regression lines for both total G. I. 
syq>toms and Nhighly credible" G.I. S)111)toms (HCGI) (i.e. nausea, vomiting, diarrhea and 
stomachache) (see Fig. 3), only the data for the latter were used by the EPA in developing the 
regression line used in the proposed criteria diagram (see Fig. 5). The researchers felt that 
there was greater credibility for those types of severe S)111)toms and the consequences of illness 
were of greater public health i~rtance, and thus, more amenable to economic analysis. 

In May 1984, the US EPA published a notification in the Federal Register requestlng conments 
on the proposed draft criteria document which provides "guidance on arrbient indicator bacteria 
densities which provide various levels of protection from risks of gastrointestinal disease from 
swilfflling in sewage polluted waters. When published, in flnal fonn, these criteria may fonn the 
basis for enforceable water quality standards". 
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Figure 5: Recoomended health effects criterion for marine recreational waters. 

(From cabell i, 1984) 

The publication notes that the EPA studies have demonstrated that "enterococcus has a far 
better correlation with swinming associated illness in both marine and fresh waters than do faecal 
colifonns; and the L_ coli has a correlation in fresh water equal to enterococcus, but does not 
correlate as well in marine water•. 

The publication further states that at the present U.S.A. criterion level of 200 faecal 
coliforms per 100 ml, risk levels of 15 cases of gastrointestinal disease per 1,000 swinmers in 
marine waters and 6 per 1,000 swinmers in fresh water have been "unknowingly accepted by EPA". 
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The proposed new criteria recannended by the US EPA are: 

marine water 
fresh water 

3 enterococci I 100 ml 
20 enterococci I 100 ml or 
77 E.coli / 100 ml 

With the publication of these new proposed specific quantitative guidelines for marine 
recreational water the US EPA has indicated its full acceptance of the results and reccmnendations 
of the Cabelli studies and has based its proposals finnly on them. 

CONCLUSIONS 

Thus, after many years of uncertainty and active debate it now appears that there finally is a 
vast amount of finn data providing strong evidence that bathing in sewage polluted seawater, or 
fresh water, can cause a significant excess of credible gastrointestinal disease and that the 
disease rates show a high.degree of correlation with enterococci and h coli concentrations in the 
seawater. This finally provides a rational basis for establishing a marine recreational water 
criteria as well as guidelines and standards based on sound epidemiological evidence. 

Similarly it is now possible to extrapolate fran the results of these historic studies to 
establish new guidelines for shellfish growing waters and shellfish meat although no specific 
epidemiological studies were made on this subject. 
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