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With the g r w i n g  concern f o r  the qua l i t y  o f  the marine environment the diseases assuciated 
w i th  bathing at t racted the j u s t i f i e d  at tent ion o f  holidaymakers and publ ic  heal th o f f i c i a l s .  
U t ~ i l e  avoiding bathing i n  uatei-s pol luted by municipal and indust r ia l  e f f luents  made undisputable 
c m n  sense, the publ ic  health o f f i c i a l s  uere confronted wi th the d i f f i c u l t  task t o  define & t  

should be considered as "safe" o r  "acceptable" qua l i t y  o f  bathing haters- Aside frcan the 
aesthetic qua l i t y  o f  a beach, the health r i s k  associated wi th bathing uas obviously the most 
inportant c r i te r ion ,  but i t  proved t o  be d i f f i c u l t  t o  obtain s t a t i s t i c a l l y  s ign i f i cant  data 
l i nk ing  the qua l i t y  o f  bathing waters w i th  the incidence of i l lnesses which could be d i r e c t l y  
re lated t o  that  qual i ty .  This led  t o  the var ie ty  o f  national regulations and standards, which 
uere of ten based m r e  on be l ie fs  and feel ings o f  those who originated them, ,than on hard 
s c i e n t i f i c  evidence- 

The Regional Seas Progr- o f  the United Nations Environment P r o g r a m  (IJNEP).!' was 
confronted w i th  the need t o  provide the Contracting Part ies t o  the nunerous regional conventions 
developed i n  the framework o f  that Progranne, wi th a sound, s c i e n t i f i c a l l y  based advice on 
camonly acceptable e n v i r o m n t a l  qua l i t y  c r i t e r i a  which could be translated i n t o  national 
regulations. The de f i n i t i on  o f  c r i t e r i a  f o r  acceptable qua l i t y  of bathing beaches was m n g  the 
f i r s t  p r i o r i t i e s -  

The review prepared by Professor H. I .  Shuval was cannissioned by WEP as a contr ibut ion to  
c l a r i f y  our present understanding o f  the problem- 

1' The Regional Seas P r o g r a m  a t  present covers ten regions (Wi ter ranean,  Kuwait Action Plan 
Region, Caribbean, West and Central Afr ica, Red Sea and Gulf o f  Aden, South Asian Seas, Eastern 
Africa, East Asian Seas, South Pac i f i c  and South-East Pac i f i c )  w i  t h  m r e  than one hundred and 
t e n t y  par t ic ipa t ing  coastal States. 



GOALS OF REVIEW 

CONTENTS 

Page 

CRITERIA, GUIDELINES AND STANDARDS 

Def in i t ion  o f  terms 
Def in i t ion  o f  the European C m n i  t i es  
C r i t e r i a  
Qua1 i t y  objectives 
Envi r o m n t a l  protect ion standards 
UHO def in i t ions  
Evolution o f  health e f fec ts  water 

qua l i ty  guidelines 
Current microbial guide1 ines and 

standards 

SOURCES OF EVIDENCE ON THE ROUTE OF TflANSlVISSION 
THALASSOGENIC INFECTIONS 

Outbreaks associated w i th  bathing i n  
contminated m t e r  

Outbreaks associated w i th  c o n s q t i o n  
o f  she l l f i sh  

PREDICTIVE FWELS RASED ffl INDllClIVE REASfflING 

The S t m t e r  model 
The Shuval model 

EPIDERIOLOGICAL S T ~ I E S  DESIGNED TO CORRELATE 
HEALTH RISK WITH PIICROBIAL INDICATORS 

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

The h r e  - U.K. Public Health Laboratory 
Services study (1959) 

The Cabelli - U.S. â‚¬ study (1983) 
Other relevant epidemiological studies 



Page 

M / U M E P  GUIDELINES FOR E P I D E ~ I O L ~ I C A L  
STUDIES 

USEPA PROPOSED CRITERIA 

REFERENCES 



This review shal l  deal only w i th  those f o m  o f  t h a l a ~ ~ o g e n k  infectionsl' associated wi th 
microbial contamination o f  the sea resu l t ing  frm the disposal of wastewater i n t o  the sea and/or 
micrcibial contamination d i r e c t l y  f r a n  the bodies o f  bathers i n  res t r i c ted  coastal bathing areas. 
Such exposure to  contaminated sea water, containing h m n  pathogens, m y  lead t o  in fec t ion  and 
disease m n g  bathers who ingest some sea water whi le bathing. Fish o r  seafood, pa r t i cu la r l y  
bivalves (ml losks)  which are found i n  such water may becane contaminated and cause in fec t ion  i n  
hunans who consume such sea products raw, p a r t i a l l y  cooked, o r  processed i n  a way which 
inadequately inactivates the pathogens- Greater de ta i l  of specif ic thalassogenic infect ions 
resu l t ing  fm the above routes o f  infect ion w i l l  be presented i n  l a t e r  sections- 

However, other forms o f  in fec t ion  and disease are associated w i th  sea-contact and can cause 
confusion w i th  the above sources o f  infect ions- These can include the f o l l w i n g :  cer ta in  h m n  
infections, associated w i th  the consunption o f  raw o r  p a r t i a l l y  cooked f i s h  and seafood are caused 
by pathogenic microorganisms, such as Vibr io &aemlyticus and C l o s t r i d i m  b o t u l i n m  (type E ) ,  
whose native habi tat  i s  the sea (W, 1974). Others, less cannon, are associated w i th  - nenmtodes 
such as Anisakis and Angiostmnqylus cantonensis, whose n o m l  hosts are apparently f ish-eating 
mammals, b i rds and possibly predi tory f ish.  These pathogens can cause disease i n  man from 
consuning infected f i s h  o r  seafood served raw, undercmked, pickeled or  m k e d  (WHO, 1974)- 

Another category o f  infect ions often associated w i th  bathing, m y  be caused by microorganism 
such as Staphylococcus aureas, Clostr idium welchi , &eudanonas geraginos and Candida Albicans 
which are often present i n  man, but m y  give r i s e  t o  disease when, the resistance o f  the 
individual who harbors then i s  lowered, as might occur i n  the case o f  extended periods o f  bathing 
i n  cold water (Rood and Noore, 1976). These same organisms m y  also cause in fec t ion  as a resu l t  
o f  being forced i n t o  breaks o r  tears i n  del icate h r a n e s  i n  the ear o r  nose resu l t ing  fran the 
trauma associated wi th d iv ing  i n t o  water. While a l l  the above four species o f  bacteria m y  also 
be found i n  pol luted water, Mood and %ore (1976) caution that the suggestion that  a bather 
suf fer ing from in fec t ion  wi th one of these organisms has acquired i t  fm pol luted water, "must be 
treated wi th reserve, unless there i s  strong supporting evidence t o  the contraryge- 

Other r i sks  t o  health (although not infect ions),  associated w i th  recreational contact w i th  the 
sea m y  be qui te serious and include, i n j u ry  fm s t r i k i n g  submerged rocks while diving, drowning, 
and i n  sane areas even fa ta l  attacks by sharks. On the shore-contact side, there i s  always the 
danger o f  severe sunburn and food poisoning f ran  poor food sani tat ion a t  beach-side eating 
e s t a b l i s k n t s  and vendors. Another exanple o f  a potent ia l  danger t o  s w i m r s  health i s  the 
report o f  erosion o f  dental enamel awng canpeti t i v e  swimners i n  a chlorinated pool i n  V i rg in ia  
(KMR,  1983). I n  t h i s  study, 15 per cent o f  452 frequent pl s w i m r s  reported symp tm of 
enanel erosion canpared t o  3 per cent m n g  295 infrequent and non-swimners- The investigators 
a t t r ibu ted th i s  pathology t o  extended exposure t o  e x t r m l y  low pH o f  2.7 i n  the swimning pl 
which was chlorinated. Proper procedures t o  neutral ize the acid e f fec ts  o f  the gas chlor inat ion 
were not followed- 

11 Def in i t ion o f  thalassogenic infections: Thalassogenic infect ions have been defined by M s ~ ~ Y  - 
(1974) as h m n  infect ions whose source i s  the sea (Greek: thalass = the sea + genesis = 
sourcel- 
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GOALS OF REVIEW 

The goal of this paper is to present a critical review of the epidemiological studies 
correlating thalasscgenic 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 qual i ties or of eating shellfish grown in marine waters of varying microbial 
quality. Health effects, recreational water criteria, guidelines, and standards w i  11 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 sane 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 some 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 guide1 ines 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 
environmental qual i ty management. The Webster Dictionary definition for criterion "a standard for 
comparison or judgementn and that given for standard - "a basis of comparison; a criterion; 
measurem, while providing little differentiation between the two terms, presents the usual lay 
understanding of these words. 

l$f ini tions of the European Communities 

The official Journal of the European C m n i t i e s  (E.C.,  1973) provides a detailed definition 
of "Environmental Protection Terminologyn as follows: 

Criteria 

1. 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 
from the exposure in given circumstances. 

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

3. The "exposure" of a target, envisaged in this relationship, should be expressed as numerical 
values of concentrat ion, i ntensi ty , duration or frequency. 



4. "Riskm i s  the probabi l i ty  o f  occurence o f  adverse o r  undesirable effects ar is ing  from a given 
exposure t o  one o r  more pol lutants o r  nuisances considered alone o r  i n  combination w i th  others. 

5. The "adverse or  undesirable e f fec tn  envisaged i n  t h i s  re lat ionship may be a d i rec t  o r  
indirect ,  imnediate o r  delayed, simple o r  combined act ion on the target. The r i s k  and the 
magni tude o f  t h i s  e f fec t  should be expressed, whenever possible, i n  quant i tat ive terms. 

6. The methods o f  evaluating the parameters describing exposure and adverse or  undesirable 
ef fects should be harmonized t o  ensure compatability o f  the resul ts from studies and research 
on c r i t e r i a -  

Qua1 i t y  objectives 

1- The "qual i ty  objective" o f  an environment refers to  the set of requirements which must be 
f u l f i l l e d  a t  a given time, now o r  i n  the future, by a given environment o r  par t icu lar  part  
thereof - 

2. I n  se t t ing  th i s  objective, the fo l lowing are taken i n t o  account: 

a )  a "basic protection level" so that man o r  another target i s  not exposed t o  any 
unacceptable r isk .  

b)  a "no-effect level"  so that  no i den t i f i ab le  e f f ec t  w i l l  be caused t o  the target. 

These two levels are determined on the basis o f  the c r i t e r i a  described above. Due a1 lowance 
i s  also made f o r  the specif ic regional conditions, the possible e f fec ts  on neighboring regions, 
and the intended use. 

Environmental protection standards 

"Standardsn are established i n  order t o  l i m i t  o r  prevent the exposure o f  targets and can thus 
be a means o f  achieving o r  approaching qua l i t y  objectives. The standards are d i r e c t l y  o r  
i nd i rec t l y  addressed t o  the responsible indiv iduals o r  bodies; they establ ish 1 imi ts  f o r  po l l u t i on  
o r  nuisance that  must not be exceeded i n  an environment, target, product, etc. They may be 
established by means o f  laws, regulations o r  administrat ive procedures o r  by mutual agreement or  
voluntary acceptance. 

These standards include "Environmental qua1 i t y  standardsa which, w i th  l ega l l y  binding force, 
prescribe the levels o f  po l lu t ion  o r  nuisance not t o  be exceeded i n  a given environment o r  par t  
thereof. 

MHO def in i t ions  

For the purpose o f  completeness, we sha l l  note the speci f ic  de f in i t ions  r e l a t i n g  t o  
recreational water qua l i ty  suggested by MHO, which are qu i te  close t o  those o f  the EEC. 

Health e f fec ts  water qua l i ty  indicator  

Any microbial ( including paras i t i c  worms) o r  chemical systems used t o  index 
pol  lution-associated hazards o f  infect ious disease (as we1 1 as biotoxemia o r  a1 lergy t o  
microorganisms) coinciding w i th  recreational use o f  marine waters. Faecal indicators, on the 
other hand, should be expected t o  index only those r i sks  associated w i th  pathogens i n  the faecal 
wastes o f  man and other wnn-blooded animals. Pathogens may be water qua l i t y  indicators. 



Hater qua1 i t y  c r i t e r i on  

A set of facts o r  data concerning heal th hazards associated w i th  po l lu t ion  upon which a 
decision or  judgement may be based. Ideal ly ,  i t  i s  a re lat ionship o f  i l l ness  o r  disease among 
swimmers to some measures o f  qua l i ty  o f  the bathing water. 

Water qua l i ty  guidelines 

Suggestions, based upon water qua l i ty  c r i t e r i a ,  by which po l icy  measures may be formulated, 
iriplernented o r  translated i n t o  action f o r  the attainment o f  one o r  more health objectives o r  
goals. Guide1 ines should be based upon prevai 1 i ng technical, economic, social cu l tu ra l  and 
p o l i t i c a l  conditions f o r  that time and should be reviewed and revised per iod ica l ly -  

Water qua l i ty  standards: Guidelines f i xed i n  law. 

Evolution o f  health ef fects water qua l i ty  guidelines 

The early water qua l i ty  indicators were general ly re la ted to  chemical character is t ics such as 
tubid i ty ,  chlorides and the presence o f  nitrogenous compounds based on the assumption that  
abnormal appearance o f  these parameters i n  water indicated the presence o f  human body wastes. 

Escherich i n  1885 had found that 5. was a normal non-pathogenic habitant o f  the human and 
m m l i a n  intest ine and the more broad spectrum co l i f onn  test, but less specif ic, developed by 
Theobold Smith i n  1893 was adopted as a convenient and sensit ive method f o r  indicat ing what was 
f e l t  to  be the degree o f  faecal contamination i n  water, because i t  was both quant i tat ive and 
comparatively easy (Kabler, 1961). O f f i c i a l  in te res t  i n  the use o f  the bacter ia l  indicator  E- 

was shown as early as 1895 i n  the American Public Health Association report on po l l u t i on  o f  
water supplies (APHA, 1895). However, apparently the f i r s t  o f f i c i a l  use o f  the col i form organism 
as a lega l ly  binding standard i n  the United States was not u n t i l  1941, w i th  the publ icat ion o f  the 
f i r s t  U.S.P.H.S. Drinking Water Standards. 

I n  1918, the American Public Health Association organized a Committee on Bathing Places which 
carr ied out a questionnaire survey sent t o  State Health o f f i ce rs  and prac t ic ing  physicians on the 
prevalence o f  infections associated w i th  bathing places. This study l ed  t o  a ten ta t ive  proposal 
that  t o ta l  bacteria! counts and col i form counts be used as water qua l i t y  indicators i n  the health 
evaluation o f  bathing places (Simons & c., 1922). The AfWA then formally reconroended the 
establishment o f  t o ta l  bacter ia l  counts and co l i fonn counts as water qua l i t y  guidelines f o r  the 
operation o f  swimning pools and entertained the recomnendation o f  applying them t o  natural bathing 
places. However, a number o f  years l a t e r  the same c m i t t e e  reported that  there i s  "dearth o f  
epidemiological information" on the subject and that i t  was "unconvinced that  bathing places are a 
major health problemn, however, i t  nonetheless proposed a c lass i f i ca t i on  scheme based on the 
average col i fonn count f o r  ra t i ng  bathing waters (APHA, 1936). 

Many of bathing water qua l i ty  guidelines and standards that  have meanwhile been promulgated i n  
the United States were apparently based on a study by H.J. Scott (1932) o f  Connecticut shore 
beaches, i n  which he correlated the resu l ts  o f  bacter io logical  analysis f o r  col i forms a i t h  the 
f inding of a sanitary survey. His recomnendations, based on f e a s i b i l i t y  o r  a t t a inab i l i t y ,  are 
presented i n  Table 1 and helped establ ish the to ta l  col i form count as the most widely accepted 
health ef fects water qua l i ty  indicator  f o r  bathing places despite the fac t  that they made no cla im 
t o  a d i rec t  re lat ionship t o  health effects. 



Table 1: Recoimended bacteriological water qual i ty guidelines fo r  bathing waters as 
established by Scott (1932) 

Coliforms/100 ml Sanitary Description 

0 - 10 
11 - so 
5 1 -  500 

501 - 1000 
over 1000 

Excel 1 en t 
Good 
Fair 
Satisfactory 
Unsatisfactory 

The f i r s t  def in i t ive Federal bathing water qual i ty guideline promulgated i n  the United States 
was published i n  1968 by t he  Federal Water Pollution Control Agency, U.S. Department o f  In ter ior  
(1968). A geometric (log) mean o f  200 faecal colifonn organisms per 100 ml was recamended as a 
l imi t ing value that under normal circumstances should not be exceeded i n  water intended fo r  
bathing and swimning. This guideline also requires that no more than 10 per cent o f  the samples 
i n  a given month shall exceed 400 faecal coliforms/100 ml. This guideline was adopted by the U.S. 
EPA and most o f  the states. This guideline was based on a number o f  studies which indicated that 
tests using faecal colifonns were more specif ic indicators of  the possible presence o f  enteric 
pathogenic microorganisms from human sources or  other warm blooded animals than the colifonn group 
of organism. These studies also indicated that a geometric mean of 200 faecal coliforms was 
approximately equivalent to  a to ta l  colifonn count of  2400/100 ml. 

However, i n  the E.P.A. Hater Qual i ty Cri ter ia (EPA, 1973) the faecal colifonn guideline was 
dropped. The conclusion published stated "no specific recommendation i s  made concerning the 
presence or  concentration of micro-organisms i n  bathing water because of the paucity of  va l id  
epidemiological data". I n  jus t i fy ing th i s  conclusion, the report stated "there may be sane merit 
t o  the faecal colifonn index as an adjunct i n  determining the acceptability of  water intended f o r  
bathing and swimning, but caution should be exercised i n  using i t  .... The index i s  a measure o f  
the "sanitary cleanliness" o f  the water and may denote the possible presence o f  untreated or  
inadequately treated human wastes. To use the faecal coliform index as the sole measure of 
"sanitary clean1 iness", i t  would be necessary to know the maximum "acceptable" concentration of 
organism; but there i s  no agreed-upon value that divides "acceptabi 1 i ty" from "unacceptabi 1 i ty". 

Nonetheless, the report does state i n  a footnote that if an arbi trary value fo r  faecal 
colifonn index i s  desired, consideration may be given to  a density value expressed as a geometric 
mean of samples collected during a given period. A maximum faecal coliform value of 1000/100 ml 
i s  suggested fo r  possible consideration. However, i n  1976, the EPA reestablished the 1968 
guidelines o f  200 faecal colifonns mentioned above (USEPA, 1976). 

Current microbial widel ines and standards 

Ricrobial standards or  guidelines fo r  bathing beaches, shel l f ish growing areas and for 
shel l f ish f i sh  have been established by a number o f  countries, by the E.E.C., and by the UHO/UNEP 
RED-POL programne under the Mediterranean Action Plan. Whether or  not such current standards and 
guidelines are based on suff ic ient epidemiological evidence or  are needed a t  a l l  has been widely 
debated (Moore, 1974; Shuval , 1914; Cabelli, 1983). 

Hithin the Mediterranean basin alone microbial standards fo r  recreational waters vary greatly 
from the s t r ic test  requirement i n  I ta ly,  that bathing water qual i ty i s  considered satisfactory 
only i f  80 per cent of the s q l e s  are equal to  or less than 100 E. col i / l00 ml, t o  the m s t  
l ibera l  i n  Yugoslavia which requires that 100 per cent o f  the samples be equal t o  or  less than 



20,000 to ta l  c o l i f o r m s / l ~  ml. Many o f  the Mediterranean states have upper l im i t s  o f  1000 
cz / lOO rnl (WEP, 19831- The European â ‚ ¬ c o m  Camunity ( E C .  1976) hats recammhl that 80 per 
cent of the samples be equal t o  or  less than 10,000 faecal coliforms/100 ml. A guideline of no 
more . than 100 faecal streptoccoci i s  also reconreend&. Thus, i n  the Mi terranean basin three 
di f ferent indicator organisms with a wide range o f  numerical l imi ts  and varying forms of 
s ta t is t ica l  interpretation are currently i n  use with l i t t l e  consensus as t o  the most appropriate 
indicator organism o r  the required numerical 1 imi ts. 

Most existing recreational water guidelines are maximum allowable upper l im i t s  fo r  the density 
of  the selected indicator organisms i n  seawater or  shel l f ish meat which a t  best may relate to  some 
known detectable health risk. Other standards, as mentioned above, have been frankly based on 
technological feasible or  attainable water qual i ty levels which do not necessarily correlate with 
known negative health effects. 

Cabelli (1983) has recommended that the proper way o f  sett ing such upper l im i t s  should be 
f i r s t  to  establish a cr i ter ion defined as "a quantif iable relationship between the density of the 
most appropriate microbial indicator organism i n  the seawater and the potential human health 
effects involved i n  the water's use fo r  recreational purposes". Such a c r i te r ion  i s  a set of  
facts or a relationship upon which a judgement can be made. The cr i ter ion i s  established by 
extensive epidemiological studies. 

According to  Cabelli (1983) a water quality guideline (or standard) derived from the cr i ter ion 
i s  a suggested upper l i m i t  fo r  the density of  the selected indicator organism which i s  associated 
with unacceptable health risks. The concept of  acceptability i w l i e s  that there are social, 
cultural, economic, and po l i t i ca l  as w e l l  as medical considerations i n  establishing such a level. 

Cabelli's (1983) conceptual graphic presentation o f  the type of epidemiological data 
correlating water qua1 i ty  indicator density (on the absicca) to  swimning associated i 1 lness ra te  
(on the ordinate) that should be used to  establish a cr i ter ion i s  show i n  Fig. 1- 

WATER QUALITY INDICATOR DENSITY - 
Figure 1. Graphic representation of the desired recreational water quality criteria. It  

is assumed that only an extremely small risk of "serious'. illness will be 
accepted. 

(From Cabelli, 1983) 



If such a cr i ter ion i s  available, the derivation of a guideline O r  maximum allowable standard 
requires a decision as to the level o f  health r i s k  which i s  economically and socially acceptable. 
I n  the example shown, there i s  some detectable mi ld  ~wimning associated i l lness even a t  the 
guideline level indicated, as w e l l  as a t  density levels below that, however, there would be no 
severe health effects. 

Indicative o f  the d i f fer ing views concerning the concept o f  "acceptable riskn, Ctood and Moore 
(1976) argue that "with regard to  the real or  postulated r isks to  good health and well-being which 
may be encountered i n  coastal areas, i t  should be acknowledged that with most recreational 
act iv i t ies,  such as mountain climbing, skiing, horse-back riding, etc., there are risks to  good 
health which the holiday maker or vacationer w i l l  encounter. These may be considered to  be 
calculated r isks which are taken as a matter of  course. Unless the r isk  to  good health i s  
significant, i t  may not be i n  the best interest to health and well being to  deny people the use of 
coastal areas as places of recreation". 

On the other hand, i t  can be argued, that while there are indeed certain unavoidable r isks 
associated with a l l  forms of sports and recreation, people have a r igh t  to expect that publ ic ly 
operated and supervised recreational areas, part icular ly those recognized as tour ist  resorts, be 
provided with amenities, controls, and proper supervision so as to  reduce, avoidable risks to  a 
reasonable minimum. For instance, a t  ski  resorts the public has every r ight  to  expect that ski 
l i f t  equipment i s  regularly inspected and meets a l l  safety requirements. Thus, health r isks 
associated with improper disposal of  wastewater in to  the sea i n  the v i c in i t y  o f  recreational areas 
should not be viewed as part o f  the normal r isks to  health that sportmen and vacationers should 
accept as a matter of  course. 

SOURCES OF EVIDENCE ON THE ROUTE OF TRANSMISSION THALASSOGENIC INFECTIONS 

Information on thalassogenic infections and/or disease i n  relat ion t o  microbial contamination 
o f  the sea can be obtained from two primary sources: a) reports of  investigations of disease 
outbreaks associated with microbial contamination o f  the seas o r  fresh water bathing places and, 
b) retrospective or  prospective epidemiological investigations whose specific aim i s  to  determine 
the relationship between thalassogenic infections and/or disease and microbial qua1 i t y  of seawater 
o r  shellfish. 

A th i rd  possible route t o  provide information as to  the r isks o f  thalassogenic infection 
associated with microbial contamination of the sea has been through the use o f  deductive reasoning 
based on minimal infectious dose. amount o f  sea water ingested, immune status and other possible 
environmental and host variables (Streeter, 1951; Shuval , 1974). 

He shall f i r s t  present a review of the known reported outbreaks o f  thalassogenic disease 
associated with bathing a t  wastewater contaminated beaches o r  with consuning seafood from 
contaminated waters. Important information i s  also provided from studies on fresh-water bathing 
areas and shall be included i n  th is  review fo r  the sake o f  c ~ l e t e n e s s .  

Outbreaks associated with bathing i n  contaminated water 

Typhoid Fever 

Apparently, the ear l iest  recorded outbreak o f  a thalassogenic infect ion associated with 
microbial contamination of bathing water uas published by Pfuhl, i n  1888. He reported an outbreak 
of 49 cases o f  typhoid fever associated with swimming i n  the sewage polluted Elbe River i n  
GenRi3ny. Recce (1909) described an outbreak o f  typhoid fever a t  a royal Marine Carp a t  WalfW On 

the coast of Kent i n  southeast England. The outbreak uas traced t o  swiming i n  an enclosed heated 



swimming pool which was f i l l e d  per iodical ly  w i th  seawater on a r i s i n g  t i d e  through an inflow 
pipe. The pool was subject t o  gross po l lu t ion  w i th  sewage carr ied by sea currents from two 
adjacent sewer out fa l ls ,  one o f  which received the untreated sewage of a connunicable disease 
iso la t ion  hospital. 

An outbreak o f  typhoid fever a t  a boys camp near New Haven, Connecticut i n  the U.S.A. was 
traced by Campolini, i n  1921, t o  bathing i n  sewage po l lu ted seawater. 

I n  1929, Hinslow and Cloxon reported on suspected transmission o f  typhoid among those w b  
bathed i n  the polluted waters o f  New Haven Harbor. A s imi la r  report on suspected typhoid 
transmission by bathing i n  polluted areas o f  New York Harbor was published i n  1932 (N.Y. c i t y  
Dept. o f  Health). flood and Ptoore express one opinion that both of these reports were "poorly 
documented" - 

A typhoid fever outbreak involving 10 cases i n  western Austral ia associated w i th  bathing i n  a 
wastewater pol luted coastal area near a broken o u t f a l l  sewer was reported by Snow (1959). A 
number o f  persons i n  Alabama, U.S.A. became sick w i th  typhoid fever as a resu l t  o f  swiming i n  a 
heavily sewage contaminated drainage d i t ch  wi th a faecal col  i form concentration o f  10/100 ml 
(C.O.C., 1972). I n  Louisiana, a typhoid fever outbreak a t  Covington State Park was associated 
wi th swimming i n  heavily polluted r i v e r  water down-stream from the flow o f  a broken sewer l i n e  
(C.O.C., 1963). Cabelli (1983) reported that four cases o f  typhoid fever detected i n  Alexandria, 
Egypt were a l l  associated wi th swimming a t  a heavily po l lu ted beach immediately impacted with raw 
sewage. The D i s t r i c t  Medical Off icer o f  Health i n  Tel Aviv, Israel, a t t r ibu ted a number o f  cases 
of typhoid fever among children to  the contact o f  faecal material on a heavily contaminated 
stretch of beach adjacent to  a raw wastewater o u t f a l l  sewer (Shuval, 1972). The beach i t s e l f  was 
posted as an area where bathing was prohibited. 

Virus disease 

Concerning the transmission o f  v i rus disease by bathing i n  pol luted water the evidence i s  
mixed. The possible transmission o f  pol iomyel i t is  by bathing i n  wastewater contaminated water was 
investigated intensively when that disease was s t i l l  a major problem i n  the United States. Nosley 
(1974) states that the few pub1 ished studies al leging such a relat ionship have been inconclusive. 
Moore (1954) i n  the U.K. d id  not f i nd  evidence o f  higher rates o f  pol iomyel i t is  among bathers than 
among non-ba t her controls . 

A number o f  reports have dealt wi th the i so la t i on  o f  speci f ic  enteroviruses from different 
types o f  recreational waters i n  association wi th human infections. The ea r l i es t  report  involves 
an outbreak o f  disease o f  Coxsackievirus B1 etiology, an agent which had been undetected i n  the 
study area f o r  the previous 14 years (RcLean e t  al., 19641. This v i rus was concomitantly 
recovered from a c i t y  wading pool. A s imi la r  s i tua t ion  was described i n  Be r l i n  i n  which v i ro logic 
surveillance o f  the c i t y  swimning pool during one sunnier resulted i n  the recovery of 
Coxsackievirus 83 from 20 per cent o f  the water samples. This v i rus was also the predominant 
agent recovered from c l i n i c a l  specimens obtained from chi ldren pr imar i ly  manifesting meningitis o r  
encephalitis (Liebscher, 1969). A report dealing wi th  swimming pools indicated that  
Coxsackievirus 61 was recovered from the children's section o f  two Moscow s y h i n g  pools during a 
period o f  two months wi th concomitantly proven human infect ions w i th  th i s  agent during the same 
period (Osherovich and Chasovnikova, 1969). 

A small outbreak o f  Coxsackievirus A16 i l lness  i n  f i v e  children occurred some days a f te r  they 
had been bathing i n  a lake (Denis u-, 1974). Coxsackievirus A16 was isolated fm a 10-li t e r  
simple o f  lake water and from rec ta l  swabs o f  two patients. A somewhat larger outbreak wi th 
accmpanying iso la t ion  o f  the e t io log ic  agent from a lake was reported by W l e y  e u . ,  i n  1973- 
This outbreak involved 21 i den t i f i ed  cases o f  acute v i r a l  i l lnesses i n  chi ldren a t  a sunnier cane 
located on the shores o f  Lake Champlain. Coxsackievirus 85 was isolated from 62 per cent of the 
c l i n i c a l  cases and 17 per cent o f  sampled asymptomatic individuals. The sane v i rus  was also 
recovered from the water o f  the beach along the lakeshore which the camp used f o r  i t s  swiming 



ac t i v i t y .  Houever. epidemiologic analysis o f  the outbreak f a i r l y  conclusively indicated that the 
pr incipal  mode o f  transmission was person-to-person, i n  that  a l l  but four cases were clustered i n  
one cabin. 

The lack o f  evidence o f  waterborne transmission i n  the Lake Champlain outbreak i s  s imi la r  to  
the f indings o f  a summer camp study where v i ro log ic  survei l lance o f  the caÃ§nper and environment 
was considerably m r e  s y s t m t i c  (Paffenbarger u., VWJ). Over the course o f  the sunner, 37 
o f  681 par t ic ipa t ing  canpers had v i rus  isolates. None of the environmental samples, including 
those taken from the camp swimming pool on a weekly basis, resulted i n  the iso la t ion  o f  a virus. 
As i n  the Lake Champlain study, v i rus  spread was shown t o  be pr imar i ly  o r  sole ly by d i rec t  
transmission, i n  that speci f ic  viruses tended t o  concentrate i n  groups of boys l i v i n g  i n  the same 
cabins. There was no apparent transmission o f  i 1 lnesses by swimming o r  by any other environmental 
exposures - 

I t  i s  c lear that recreational waters not receiving sewage e f f luent  can be contaminated wi th 
enteroviruses and that the serotype found i n  the water i s  l i k e l y  t o  be the same one predominating 
i n  concani tant human infections. Thus, bathing waters so contaminated, by the bathers themselves, 
may a t  times serve as an e f fec t ive  route o f  transmission of some v i r a l  diseases. As an 
i l l u s t r a t i o n  o f  the inadequacies o f  many such investigations, Mosley (1974) points t o  the 
investigation o f  the epidemic o f  Coxsackie 85 v i rus a t  a boys sunnier camp, previously mentioned, 
which was reported t o  have been associated wi th swimning i n  a contaminated bathing area (Hawley & 
aJ., 1973). While the virus was detected i n  one o f  two water samples from the bathing area, the 
samples were taken 5- the epidemic was i n  progress and may have been excreted by the cases 
themselves and no bacteriological samples were taken. No investigations were made as t o  possible 
routes o f  sewage contamination o f  the bathing area. Mosley concludes that "such inconplete 
investigations are o f  l i t t l e  help". 

As mentioned above, Denis g=., (1974) reported on an outbreak of Coxsackie A16 in fec t ion  
presumably associated wi th bathing i n  contaminated lake water and Bryan e t  a1.. (1974) a lso 
suggested that the evidence indicated that  an outbreak o f  Hepati t i s  A was associated w i  t h  swimming 
i n  a pol luted lake. Cabelli, 1983 states that  the evidence f o r  the above two outbreaks as well  as 
the Coxsackie B5 outbreaks mentioned above (Hawley e z . ,  1973) i s  questionable- 

The largest reported bathing associated outbreak occurred, i n  1979, when during a three day 
period, i n  July, 187 individuals developed gastroenteris w i th in  three days from swimming a t  two 
lakes w i th in  a park i n  Michigan (C.O.C., 1979). Although the e t io log ica l  agent was not a t  f i r s t  
ident i f ied,  the short incubation period, the re la t i ve l y  mi ld  gastroenter i t is  u i t h  short duration 
was suggestive o f  the human rotavirus, Norwalk agent and/or parvol i  ke viruses. The CDC (1983) has 
recently reported on two addit ional outbreaks o f  swimming associated disease, d e f i n i t e l y  caused by 
Norwalk agent i n  Minnesota Parks. Cabell i  (1983) feels strongly that the f indings o f  h i s  own 
studies suggest t h i s  fact. 

D'Alessio e t  al., (1980) carr ied out a study o f  v i rus transmission i n  swimming waters a t  
beaches, a t  f resh water lakes and swimming pools i n  Madison, Wisconsin. The retrospective study 
consisted o f  a survei l lance o f  recent swimning a c t i v i t i e s  and c l i n i c a l  h is tor ies  o f  3,774 chi ldren 
who v i s i t ed  a pediatr ic  c l in ic .  Children, wi th c l i n i c a l l y  apparent acute v i r a l  infections, were 
tested f o r  v i rus in fec t ion  i n  the laboratory. The unique feature o f  t h i s  study was that i t s  aim 
was supposedly t o  test  the hypothesis that  recreational waters that are not exposed to  
contamination by sewage e f f luent  can serve as a medium f o r  transmission o f  v i rus diseases, 
par t icu lar ly  enteroviruses. According t o  the report, no sewage e f f luent  i s  discharged i n t o  the 
lake i n  the v i c i n i t y  o f  the bathing areas. 

The researchers conclusions are as follows: 

1. That chi ldren who v i s i t ed  swimming s i tes  consistently reported more i l l ness  o f  apparent v i r a l  
etiology, both respiratory and gastro intest inal ,  than those who refrained from those 
ac t iv i t ies ,  i .e. a s t a t i s t i c a l l y  s igni f icant  association between swimming a c t i v i t i e s  and 
entrovi ra l  i l l ness  was demonstrated. 



2. There was no apparent association betyeen the frequency of visits to saiming sites, and 
illness. 

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

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

It must be noted that at these so called pollution free beaches, the roan faecal coliform 
counts for 1976 were 24/100 ml , and for 1977, 39/100 ml with numerous counts over 1000. There 
were even a few individual enterococci and 31 counts over 10,000/100 m1. The report states 
that "the origin of the faecal colifom and enterococci, which repeatedly has lead to the closing 
of the individual beaches for short periods, is not clear despite considerable investigation". 
Suspicion that some of the bathing waters were indeed exposed to external sources of sewage 
pollution docs make it difficult to accept the authors assumption that the only source of viruses 
was from the bathers' bodies. Considering these serious limitations in the study design, it is 
difficult to evaluate the findings of this study. 

The researchers hypothesize that since the enteroviruses that caused the excess infection 
among swimmers 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 contamination of the water. The authors also consider the possibility that the virus 
diseases were transmitted by person-to-person contact at the swimming site rather than through the 
medium of the bathing water. 

This study suffers from two cardinal ueaknesses both recognized by the researchers 
themselves. Firstly, the actual swimming activities of the subjects were not known. It was only 
known if the subjects "visited" the bathing sites. Secondly, the microbiological quality of the 
water was not mni tored by the researchers but by the City of Madison on a weekly basis. The 
quality of the bathing uaters as determined by tests for faecal colifom 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 attempts to collect information on communicable disease in 
relation to bathing was made in 1921 when a camittee of the American Public Health Association 
(Simons ~ t 2 . .  19221, sent out 2,000 questionnaires to specialists in eye, ear, nose and t h m t  
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 
commit tee concluded that certain outbreaks could reasonably be ascribed to swimming, including 7 
outbreaks of conjunctivitis, 2 of middle ear infection, 2 of pharyngi tis and tonsillitis and 1 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 flood 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 from the patients 
nasopharyns, which may be mechanically introduced into the paranasal cavities in the course of 
swimming and diving". 

In 1955, Bell & a., published the first epidemiological study of pharyngoconjunctival fever, 
a then recently recognized disease entity caused by what are now known as adenoviruses. This mas 
a highly infectious acute disease characterized by high fever, pharyngi tis and conjunctivitis. 



Spread was most rapid from person-to-person i n  affected households, but the pattern o f  spread i n  
camps suggested that contaminated swimning pool water might have been "a possible source of 
infect ion accessory to  a person-to-person node of spread". Later work has shown that the 
conjunctival route i s  a very e f f i c i e n t  one of the transmission of adenovirus infection. 
Swiinning-pool outbreaks have also been described as occurring during periods o f  defective 
chlor inat ion (Foy e t  a l - ,  1968). Menoviruses are readi ly  destroyed by chlorine. A higher 
incidence o f  pharyngoconjunctival fever i n  bathers when chlor inat ion was ineffective, suggestive 
of a graded dose-response relat ionship, would, therefore, support the view that bathing caused the 
disease (ftood and doore, 1976). 

Mood and Moore (1974) are o f  the opinion that  whatever the re la t i ve  importance of 
person-to-person spread and swindling pool water transmission i n  t h i s  disease i s ,  i t  i s  qu i te  c lear 
that  pharyngoconjunctival fever i s  an upper respiratory t rac t  infection, the incidence o f  which 
bears no log ica l  re lat ionship t o  sewaqe po l lu t ion  o f  bathing water. Houever, i t  i s  a disease 
which may be transmitted by bathing, the route o f  the infectious agent being bather-water-bather. 

I n  1981, Calderon and Mood published a report o f  two studies o f  o t i t i s  externa among 
s w i m r s .  O t i t i s  externa i s  an inflammation o f  the outer ear canal, characterized by pain, 
swelling, drainage and occasional fever. This disease i s  sometimes known as suimners ear. One, 
was a prospective study conducted i n  the summer o f  1979 comparing boy scouts a t  camp who swam i n  a 
fresh water lake wi th boy scouts a t  another camp who swam i n  a chlorinated swindling pool.  The 
other was a retrospective study conducted a t  Yale University during the sunnier o f  1980. I n  the 
prospective study, 3 per cent o f  the chi ldren reported ear complaints i n  the week fo l lowing camp, 
but none had o t i t i s  externa confirmed by a physician: the retrospective study compared 29 cases 
wi th 29 controls which were matched by age and sex. 

I n  the prospective study a higher re la t i ve  humidity a t  the camp where the boy scouts swam i n  a 
chlorinated pool was associated wi th a greater degree o f  abnormal f l o ra  colonization o f  the ear 
(Gramnegative bacteria and & aureus). I n  the retrospective study, pos i t i ve  association was 
demonstrated wi th cases o f  o t i t i s  externa fo r  ambient a i r  temperatures, water temperature, less 
than 18 years o f  age, being female, swiming, and length o f  time spent swimning. There was no 
association between cases o f  o t i t i s  externa and water qua l i ty  as measured by faecal coliforms, 
enterococci and P. aeruqi nosa or  between abnormal f l o r a  colonization o f  the ear and bacter ia l  
indices o f  water qua1 i ty. 

The authors drew the fol lowing conclusions from these two studies: 

O t i t i s  externa appears t o  be a disease associated pr imar i ly  wi th people under 18 years of 
age. O t i t i s  externa i n  adults does occur, but was not found i n  these studies. 

Hot and humid a i r  appears to  be associated wi th o t i t i s  externa. This association may be 
ind i rec t  rather than di rect .  Hot and humid a i r  may a f fec t  a person's swimning habits during 
such periods o f  extreme weather. 

Swiming appears t o  be associated w i th  o t i t i s  externa but, more importantly, i t  seems t o  be 
associated wi th the amount o f  time spent actual ly  swinming. 

O t i t i s  externa does not appear t o  be associated w i th  bacter ia l  indicators o f  recreational 
water qual i ty ,  such as faecal coliforms, enterococci, o r  aeruginosa. This suggests that  
bacter ia l  indices involv ing these organisms as measures o f  recreational water qua l i t y  may be 
of  l i t t l e  use i n  evaluating the potent ia l  r i s k  o f  acquir ing o t i t i s  externa i n  swimners bathing 
i n  these waters. 

While V _  aeruqinosa may be the most conroonly isolated organism from cases o f  o t i t i s  externa, 
the r o l e  o f  other organisms as e t io log ica l  agent, such as Acinetobacter, Klebsiel la. 
Enterobacter and Staphylococcus, should not be excluded when studying o t i t i s  externa. 



One of the limitations of this study is that the researchers apparently did not collect 
information on swimming 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 swimming pools of 
various water qualities, was carried out by Simhen et al., (1984) m n g  young children in 
Kibbutzim (communal settlements) in Israel. This study concentrated on the detection of otitis 
externa among 346 children, aged 3-6, at swiming pools in 1 1  different kibbutzim. The children 
bathed almost every day for the s m r  months and were followed up clinically by the local medical 
personnel- They were closely observed, as to whether they dived or not, by their teachers uho 
accompanied them every day- 

A limited nmrber of microbiological tests for total coliform, faecal colifonns and total 
bacterial count, and chlorine residual were carried out during the course of the study- Thus, 
only very limited information 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 comnon among smimners 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 swimming associated. 
However, they provide firm evidence that they are exacerbated by diving. This study does provide 
some evidence, when controlling for diving, that pools showing high coliform counts present a 
higher risk of ear infection. Presumably no sewage pollution in such swimming pools occurred and 
the increase in col ifonn counts is indicative, in a general way, of increased microbial flora f r om 
body contact including increases in the density of possible causative microbial agents of the ear 
infections. This study suffered from the fact that only coliforms were used as microbial 
indicators rather than other microorganisms that might represent mouth, nose, ear or eye 
excretions and body contact contamination. A1 so, the nurnber and frequency of bacteriological 
tests were insufficient to obtain a proper evaluation of the water quality- 

Shigellosis 

One of the best investigated outbreaks which provides valuable information on the transmission 
of enteric disease (Shigel losis) to persons bathing in sewage contaminated skater occurred in 1976 
on an 8 km stretch of the Mississippi River below Dubuque, Iowa (Rosenberg % ? . ,  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 swimming in the area within three days of 
the onset of symptoms. Thirteen of them were swiming at a park area which, when sampled 
periodically during the month following the end of the outbreak, had a wean faecal colifom 
density of 17,500/100 ml. Shiqella sonnei, the s m  antibiogrm and colicin type as the isolates 
from seven swimmers, also was recovered from these waters. A case-contrwl analysis and a 
retrospective, cohort analysis of an additional 262 individuals revealed a statistically 
significant association of gastrointestinal illness with swiming (p .W but not with drinking 
well-water or with food consumption. The illness was defined as diarrhea with fever and cramps 
occurring within three days. The rate among s w i m r s  at the park was 12 per cent. Of the 
swimmers, the highest attack rate and the best correlation to illness was anon9 individuals who 
took water in their mouths while s w i d n g  and m n g  children and adolescents (less than 20 years 
of age 1. 





Outbreaks associated w i th  consumption o f  s h e l l f i s h  

I n  case o f  d i rec t  human exposure to pathogens i n  seawater during bathing l im i ted  ingestion, 
d i l u t i o n  and die-auay o f  the pathogens are major protect ive mechanisms. This i s  ouch less the 
case as f a r  as edib le bivalves, such as oysters, clams, mussels, and cockles are concerned. They, 
as f i l t e r  feeders, puny large volumes o f  seawater through t h e i r  systems and f i l t e r  out, 
concentrate and protect the microplankton, together w i th  attached o r  suspended par t ic les  including 
the pathogens i n  the sea. These types of she l l f i sh  are usually consumed raw o r  p a r t i a l l y  cooked. 

Typhoid fever 

According to ftosley ( 1974). a1 though one epidemic of oyster-associated typhoid fever was 
reported from France as ear ly as 1816, i t  was not u n t i l  the 1890's and ear ly 1900's that the 
inportance o f  t h i s  mechanism was recognized- n ie  la rge proportion o f  cases i n  some parts o f  
B r i t a i n  a t  that time was found to  be due t o  consumption of contaminated oysters, mussels, and 
cockles. Epidemics o f  shellfish^associated typhoid were also described a t  the turn o f  the century 
i n  the United States (Soper. 1905 and St i les.  1912). although they do not appear t o  have been so 
numerous o r  extensive as i n  B r i t a i n  because she l l f i sh  were less widely consumed. The recognition 
o f  she l l f i sh  as a vehicle f o r  enter ic  agents resulted i n  some modif ications o f  sewage disposal. 
wi th lessening o f  marine pol lut ion,  and there was an inception o f  she l l f i sh  sanitat ion as a public 
health ac t i v i t y .  The presumed impact o f  re la t i ve l y  simple measures upon the incidence o f  typhoid 
i n  Brighton betwen 1895 and 1907 i s  i l l u s t r a t e d  i n  Fig. 2 (from Mosley. 1974). 

Figure 2: Incidence o f  typhoid fever i n  Brighton, England, between 1895 and 1907 (prepared 
by Hash i n  1909) showing impact o f  various she l l f i sh  sani tat ion measures. 

I t  i s  questionable whether the contention that  the reduction i n  typhoid fever rates i n  
Brighton, between 1895 and 1907. was exclusively brought about by improved sani tary conditions i n  
the she l l f i sh  growing areas i s  f u l l y  j us t i f i ed ,  since typhoid fever was a lso  on the decl ine i n  
many inland c i t i e s  as a resu l t  o f  improved water supplies and general ly improved hygienic 
conditions. I n  the 1920's. a nimber o f  na jo r  typhoid fever epidemics were traced t o  contaminated 



shellf ish i n  the United States. Brooks (1916). reported on an outbreak o f  typhoid attr ibuted to 
infected oysters, Lundsen & aJ., (1924) described a typhoid fever epidemic i n  1924 caused by 
oyster borne infection. There also was a major typhoid epidemic i n  Chicago i n  1925 apparently due 
t o  oysters (Bundesen, 1925). 

The clear r i sk  o f  transmission o f  typhoid fever by bivalves growing i n  sewage contaminated 
water was ye l l  established during the early years of th i s  century and served as the basis f o r  the 
establishment o f  shel l f ish sanitation programs i n  the U.K. and i n  the United States based on 
approved, clean harvesting areas and programs o f  she1 lf ish self-purif ication i n  clean-water 
holding tanks called ndepurationn by the Anericans. The disappearance of epidemics o f  typhoid 
fever transmittted by shel l f ish may pa r t i a l l y  be a resu l t  of the success of the programs, but may 
also be explained by the general reduction i n  typhoid fever during the period 1920 to  1940 as a 
result of improvements i n  water treatment, general sanitation, surveillance of food handlers and 
supervision o f  known typhoid carriers (Mosley, 1974). 

The fact that since then, numerous major outbreaks o f  infectious hepatit is type A (IHA) were 
clearly ident i f ied as being transmitted by mollusks grown i n  wastewater contaminated beds 
indicates that the simple sanitary improvements o f  the early years of the century d id  not 
completely block th is  route o f  transmission o f  thalassogenic disease. 

Infectious hepat i t is and other virus diseases 

Mosley (1974) has reviewed the epidemiological aspects of transmission of infectious hepati t i  s 
(IHA) and other virus diseases by shellfish, the main findings o f  which are presented below. 

The Swedish oyster-associated IHA epidemic o f  1955-56 (Roos, 1956) was regarded i n  the United 
States as an epidemiologic cur iosi ty un t i l  1962. I n  that year, an oyster-associated IHA outbreak 
i n  the southern United States i n  Mississippi and Alabama involving 84 cases (Mason and Lean, 1962) 
and a clam-associated epidemic centered i n  New Jersey involving 459 cases (Ooughtery and Attman, 
1962) made i t  evident that the absence o f  shellfish-associated typhoid fever was not synonymous 
with absence of contamination by sewage. Two additional clam-associated epidemics, involving 
hundreds o f  cases followed i n  1 x 4  (Ruddy, c a l . ,  1x9; Hepatitis Surveillance Unit, 1964). and 
an outbreak o f  major proportion was reported i n  1973 (C.O.C., 1973). I n  addition, there i s  an 
"endemic" background o f  sporadic cases that may to ta l  as many as several hundreds each year. 

Outside the United States, there has been l i t t l e  interest i n  mollusk-associated type A 
hepatitis. Since the Swedish report i n  1965, only one investigation has been reported i n  the 
1 i terature. S t i l  l e  and co-wrkers (1972) indicated that consumption o f  contaminated mollusks 
accounted fo r  an estimated 19 per cent o f  type A hepat i t is i n  Frankfurt. The German cases were 
mainly attr ibutable to  eating oysters and mussels on the Mediterranean l i t t o r a l  , especially 
southern France and I ta ly.  

The occurrence o f  shel l f  ish-associated hepat i t is i s  not confined to mollusks eaten raw, 
because steaming as usually practiced f a i l s  to  raise the internal temperature suf f ic ient ly  t o  
inactivate the v i ra l  agent (Koff and Sears, 1967). 

A recent question i s  that o f  transmission o f  type B hepatit is by accumulation o f  hepat i t is B 
virus (IHB) i n  oysters and clams (Rahonly e t  al., 1974). The only demnstration o f  m l l usk  
contamination, however, was i n  samples taken from a bed adjacent to a hospital 's sewage outfal l .  
Many other samples along the coast were negative f o r  IHB. Rosley feels that seafood i s  not a 
signif icant route o f  transmission o f  type B hepat i t is (IHB), since occurrence o f  the agent i n  
faeces i s  doubtful, and oral infect ion o f  serum i s  low. ftosley (1974) argues that disposal by 
pouring down a sink o f  one or  several uni ts o f  IHB contaminated blood a t  a hospital, however, 
could conceivably resul t  i n  an occasional infection. However, h s l e y  neglects to mention that 
Mood from menstruation normally reaches the sewage systems, providing a continuous source of 
contaminated IHB virus. 



Metcalf and S t i l es  (19671 demonstrated enternviruses i n  oysters harvested from contaminated 
waters closed t o  harvesting and Denis (1973) reported recovery of Coxsackie A viruses i n  market 
sanples taken i n  France. 

The designation "she1 l f  ish" includes not only mollusks but  also crustaceans. Mollusks are 
frequently eaten raw and the en t i r e  animal i s  consumed including the gastro intest inal  t ract .  This 
fact, i n  addi t ion t o  t h e i r  a b i l i t y  t o  concentrate par t icu la te  matter, i s  very relevant to  t h e i r  
frequent imp1 ica t ion  as vehicles o f  enter ic  infection. Crustaceans, on the other hand, are 
conrnonly eaten a f te r  removal o f  the gastro intest inal  t r ac t  and other viscera, and cooked t o  a 
degree that would seem adequate t o  k i  11 any organisms that  might be present. Crustaceans also do 
not have the same e f f i c iency  o f  concentrating small organic par t ic les  from seawater as do 
mollusks. Recently, however. DiGirolamo and co-workers (1972a) have demonstrated that West Coast 
(United States) shore crabs accumulated pol io-v i rus both i n  a r t i f i c i a l l y  contaminated seawater and 
when allowed to  feed on virus-contaminated mussels. I n  another experiment, they demonstrated 
phage uptake i n to  the edible f lesh o f  the crab and i t s  persistence a f te r  cooking i n  bo i l i ng  water 
f o r  as long as 20 minutes. 

A l a te r  review o f  transmission o f  v i rus disease by she l l f i sh  was published by Goldf ie ld (1976) 
i n  which he l i s t s  13 published reports o f  comnon source outbreaks o f  hepat i t i s  A, associated w i th  
she l l f i sh  ingestion (see Table 2). He concludes that  the 1.612 cases o f  shellfish-associated IHA 
recognized i n  the 13 outbreaks represent but  a small proport ion of those that  actual ly  occurred. 
Koff &a_[. , (1967) have provided evidence suggesting that  ingestion of raw clams and oysters may 
also account for  a small but s ign i f i cant  f rac t ion  o f  sporadic cases o f  IHA during non-epidemic 
periods. Mosley (1974) shares th i s  view. 

Table 2: Cornnon source outbreaks o f  hepat i t i s  associated wi th she l l f i sh  ingestion 

Year 
1953 

Source 
Oysters 
Oysters 
Oysters 
Clams 
Clams 
Clams 
Clams 
Clams 
Oysters 
Oysters 
Clams 
Clams & Oysters 
Clams 

Place 
Oregon 
Sweden 
Mississippi & Alabama 
New Jersey 
Connecticut 
New York 
New Jersey & Pennsylvania 
Connecticut 
North Carolina 
British Columbia 
Massachusetts 
Texas 
Massachusetts 

(From Goldfield, 1976) 

No. of 
cases 

30 
6 2 9 l B . l O  

84" 
459" 

15 
3 

252 
123" 

3 
2 
4" 

3 
5 

Goldf ie ld (1976) a lso reports on f i v e  outbreaks o f  gastroenter i t is  o f  unknown et io logy i n  
which she l l f i sh  including clams and oysters were implicated. He suggested that  some o f  these 
outbreaks o f  "non-bacterial" e t io logy  nay have been caused by parvoviruses. The first clear-cut 
s h e l l f  ish-associated epidemic caused by the norwalk-1 ike v i rus  was a massive gastroenter i t is  



outbreak i n  a l l  areas o f  Austral ia i n  which sane 2,999 cases were reported. This outbreak was 
associated w i th  the consumption o f  raw she l l f i sh  harvested from wastewater contaminated areas 
(h rphy  e a .  3979). One estimate suggests that possibly l o  t o  20 times that  number o f  people 
were actual ly  infected i n  the outbreak. 

There i s  new ample evidence that shel l f ish,  pa r t i cu la r l y  mollusks grown i n  sewage pol luted 
water are very e f fec t ive  carr iers (and concentrators) of IHA virus and notwalk-virus, and have on 
numerous occasions caused infect ion i n  humans. 

Cholera 

There had been only l im i ted  opportunity to  study the p o s s i b i l i t y  o f  Vibr io cholerae 
transmission by mollusks u n t i l  that disease became pandemic i n  1970 and she l l f i sh  growing areas i n  
Europe were exposed t o  wastewater carrying V -  cholerae organisms from cases o r  carr iers o f  the 
re la t i ve l y  m i l d  E l  Tor form o f  the disease. 

I n  1973. i t  became amply c lear as a resu l t  o f  a major cholera epidemic i n  I t a l y  that 
contaminated mollusks can be a very e f fec t ive  vector o f  the disease W i n e  Gat., 1974). 

Whether the cholera v ibro laden wastewater was derived from ships i n  the harbor carrying 
hidden cases o f  the disease as hypothesized by some o f  the investigators o r  from recently arr ived 
subclinical cases using the c i t y  sewerage system, which discharges raw wastewater d i r e c t l y  i n to  
the harbour, i s  immaterial. 

The fac t  remains that the mollusks were grown and harvested i n  sewage contaminated water 
containing cholera v ib r ios  and successfully concentrated the vibrios, which survived long enough 
and i n  high enough concentrations t o  resu l t  i n  a massive epidemic. 

Studies indicate that  the minimum in fec t ive  dose f o r  cholera i s  around 1,000 organisms. The 
cholera epidemic i n  Naples, the coastal regions o f  Campania and Puglia and i n  Sardinia, resulted 
i n  grave health e f fec ts  wi th 278 confirmed cases, probably many more non-laboratory confirmed 
cases, and 25 f a t a l i t i e s .  There were, as well ,  staggering economic losses due to  the loss of 
tourism and trade which resulted f rom the compulsory internat ional  quarantine no t i f i ca t i on  o f  the 
outbreak t o  a l l  countries o f  the world- 

I t  should be noted, that p r i o r  to  the much publicized Naples outbreak, there was an explosive 
outbreak o f  cholera i n  the Phi l ip ines i n  1961, i n  which Joseph eta>., (1965) i den t i f i ed  the 
consumption o f  raw shrimps as the main mode o f  transmission. Laboratory studies have indicated 
that V. cholera pers ists i n  f i s h  and she l l f i sh  a t  roan temperatures f o r  2-5 days and under 
refr igerated conditions f o r  1-2 weeks (Ardoz, 1970). 

Hi t h  â‚ Tor cholera pandemic and the poss ib i l i t y  o f  tour is ts  o r  crew members suf fer ing from 
subclinical cases f l y i n g  i n  from an epidemic zone t o  a country f ree o f  cholera i n  a matter of 
hours, the case o f  Naples could reoccur almost anywhere, pa r t i cu la r l y  i n  areas where she l l f i sh  
growing areas are exposed t o  raw wastewater flow from adjacent c i t ies .  I t  can be estimated that 
one single person infected w i th  cholera may excrete as many as 1013 v ib r ios  i n  one day, which i s  
su f f i c ien t  to  contaminate a she l l f i sh  bed near a small raw sewage ou t fa l l .  Since the Naples 
outbreak, other she1 lf i s h  borne outbreaks o f  cholera have been reported- 

PREDICTIVE MODELS BASED ON INDUCTIVE REASONING 

Due t o  the paucity o f  quant i tat ive epidemiological data re la t i ng  heal th r i sks  o f  bathing i n  
contaminated seawater t o  the concentration o f  microbial indicator  organisms, a number of ef for ts 
have been made t o  develop predict ive mathematical models based on inductive reasoning- These 



models have used as input experimental and f i e l d  data on such factors as: minimal in fec t ive  dose; 
r a t i o  o f  pathogens t o  indicator organisms; expected amount o f  water ingested by a swimmer; and 
levels o f  imnunity. 

The Streeter model 

The f i r s t  such e f fo r t  was ma& by Streeter i n  1951 basing h i s  calculations on the anticipated 
r i s k  o f  ingesting a typhoid bacteriun (Salmonella m) on the ea r l i e r  studies o f  Kehr and 
But ter f ie ld  (1943). I n  that study they developed an estimated r a t i o  o f  t o t a l  c o l i f o m  t o  typhoid 
bacteria i n  sewage and surface waters as a function o f  the typhoid fever morbidity ra te  i n  the 
c m n i  ty. 

For example, according t o  the i r  estimates, i f  the typhoid morbidity ra te  i s  10 cases/10.000 
then the Salmonella WhJ: to ta l  col i form r a t i o  would be 8~106. They assumed that the c o l i f o m  
concentration i n  a c m n i t y  wastewater remains more o r  less constant, but that  the pathogen 
concentration i s  a function o f  the morbidity rate, i.e. the re la t i ve  number o f  persons excreting 
the pathogen. The to ta l  col i form standard o f  1,000/100 ml adopted by many author i t ies i n  the 
United States i n  the 1950's was based p a r t i a l l y  on Streeter's analysis and p a r t i a l l y  on the 
"attainabi 1 i ty" concept o f  Scott (1951). 

Cabelli (1983) has c r i t i c i zed  such models as unproductive, i n  general, and the Streeter 
analysis i n  part icular ,  since i t  was based on the assumption o f  a minimal in fec t ive  dose o f  one 
salmonella organism fo r  typhoid fever. This i s  several orders o f  magnitude less than the dose 
obtained from human volunteer studies (Hornick e u . ,  1970). I n  any event, today wi th  the almost 
t o t a l  disappearance o f  typhoid fever i n  most developed countries, there i s  l i t t l e  point i n  
attempting t o  evaluate the health r isks  o f  bathing i n  contaminated seawater i n  connection w i th  
that disease. 

The Shuval model 

We have made our own attempt by deductive reasoning o f  a r r i v i ng  a t  an evaluation o f  the r i s k  
t o  health, based on bathing i n  contaminated marine water (Shuval, 1974). Some o f  the variables 
that  must be considered i n  th i s  approach and our conclusions are presented i n  the fo l lowing 
paragraphs: 

Rinimum in fec t ive  dose 

A number o f  studies have indicated that f o r  certa in enter ic viruses the minimum in fec t ive  dose 
f o r  humans i s  as low as one tissue cu l tu ra l  in fec t ive  dose (Plotk in and Katz, 1967; Kowal el?.. 
1982; Sh i f f  e c . ,  1984)- Cabelli (1983) has concluded that the m s t  probable e t io log ica l  agents 
o f  the gastrointestinal infections associated wi th  bathing detected i n  h i s  studies were human 
rotavirus and/or the Norwalk agent viruses. A1 though no d e f i n i t i v e  studies are available, i t  i s  
assumed that these agents excreted i n  very high concentrations are highly v i ru lent  and have a low 
minimal in fec t ive  dose. I n  our i n i t i a l  estimate, we assumed that only 1 person i n  10 who ingests 
a s ingle v i r i on  w i l l  become infected and o f  those only 1 i n  10 w i l l  develop a c l i n i c a l l y  
detectable form o f  disease. Thus. we assumed that only 1 per cent o f  those who ingest a minimal 
in fec t ive  dose w i l l  actual ly  develop disease. With a v i ru lent  pathogenic v i rus and f o r  the highly 
susceptible younger age group (10 years) t h i s  may be an overly conservative assumption. Thus, i t  
i s  not unreasonable to  assume that 1 i n  10 who ingest a minimal in fec t ive  becomes ill. 

Ratio o f  pathogens t o  indicator organisms 

The pathogen concentration i n  the wastewater stream i s  a function o f  the nunnber o f  ill o r  
subclinical cases excreting the speci f ic  pathogenic organism. I n  the case o f  diseases that appear 
i n  conminities infrequently, i n  epidemic cycles, there can be considerable var ia t ion  i n  the r a t i o  



o f  pathogens t o  indicator. However, i n  the case o f  more cannon endemic virus diseases such as 
those caused by some enteroviruses, Norwalk agent and human rotavirus i n  larger c m n i t i e s ,  i t  i s  
not unreasonable to  assume that  the shedding ra te  of the specific pathogens i s  more o r  less 
constant during the bathing season year a f te r  year. I t  i s  assumed that the ideal indicator 
organism has more or less a constant concentration i n  the or ig ina l  wastewater stream and has a 
die-away pat tern para l le l  t o  the pathogens. We, however, have shown that t o ta l  colifonns have a 
much more rapid die-away rate i n  seawater than do enteroviruses. Thus, i f  the i n i t i a l  enterovirus 
to  to ta l  co l i fonn r a t i o  i n  the raw sewage was 1:100,000, o r  1:10,000, i t  could be increased to  
1: 1 , W  or less a t  a beach 1.5 km down current f rom a marine out fa l l  sewer (Fattal g e l - .  , 1983; 
Shuval. 1970) due to  the more rapid d i f f e ren t i a l  die-away ra te  of the colifonns. I n  our or ig ina l  
estimate, we assumed a r a t i o  o f  the speci f ic  v i rus e t io log ica l  agents o f  bathing associated 
i l lness  to  to ta l  coliforms o f  1:100,00. With essent ia l ly  no v i rus die-away i n  a few hours o f  
transport i n  the sea, but wi th a reduction i n  to ta l  col i fonns by a die-away factor o f  about 100 
the r a t i o  would be increased t o  1:1,000 a t  the bathing area near the shore l ine.  

I n  l i g h t  o f  today's advancement o f  knowledge, d i f f e ren t  assimptions would be made f o r  more 
promising indicators such as E. c o l i  o r  enterococci. The i n i t i a l  concentration o f  enterncocci i n  
fresh wastewater i s  lower and i s  of ten only about 1 per cent of the to ta l  coliforms. Assuming 
para l le l  die-away wi th the v i rus pathogen, i t  might be estimated that the speci f ic  pathogen to  
enterococci r a t i o  i n  seawater bathing areas would also be 1:1,000. However, Cabelli (1983) i s  o f  
the opinion that the concentration o f  the v i ru lent  rotavirus i n  wastewater and marine water could 
be quite high and close to  that o f  enterococci, thus, a r a t i o  o f  1: 100 or 1: 10 might also occur. 

Volume o f  water ingested by swimners 

While i t  can be safely assumed that most indiv iduals w i l l  consume about 1 l i t e r  o f  dr inking 
water per day, i f  not more, i n  hot dry climates, no such simple assumption can be made as to  
bathers. Mechalas eta., (1972) suggested that 10 ml i s  the average amount ingested by swimmers 
per exposure period while Steiniger (1954) reports on a survey made among physical education 
physicians, i n  Germany, who found 50 ml t o  be a good estimate f o r  active swiimiers i n  high qua l i ty  
fresh water. O f  course, there w i l l  be indiv idual  differences and differences due to  climate. For 
exanyle, a ch i l d  spending the day a t  a warm Mediterranean beach resort may spend as many as 2-4 
f u l l  hours i n  the water and ingest 100 ml o f  sea water during the day, while a bather a t  a colder 
Scandinavian beach w i l l  spend much less time i n  the water and can thus be expected to  ingest much 
less water. For the purposes o f  t h i s  discussion, i t  i s  assumed that bathers ingest about 10 ml 
per bathing day. I t  i s  f e l t  that th is  assumption i s  a conservative one. 

Hypothetical r i s k  o f  becoming sick 

Based on the above assumptions, i t  i s  possible to  calculate the range o f  the hypothetical r i s k  
o f  becoming infected and/or sick by a s ingle exposure t o  a contaminated bathing area wi th any 
given concentration o f  indicator organism. 

Assuming marine water wi th an enterococci concentration o f  100/100 ml; a r a t i o  o f  v i ru lent  
v i rus pathogens t o  enterococci o f  1:lW; a minimal in fec t ive  dose o f  1: that 10 per cent o f  those 
i n  the susceptible age group up t o  10 who ingest a minimal in fec t ive  dose became ill; and that, on 
the average, bathers ingest 10 ml o f  seawater; i t  can be calculated that on the average there w i  11 
be one v i rus in fec t ive  dose per 100 ml o f  marine water and that one out o f  10 persons w i l l  ingest 
an in fec t ive  dose. O f  those only 10 per cent w i l l  become ill. I n  other words, according t o  th i s  
model and under th i s  assumption, 1 per cent o f  the swimners (up t o  the age o f  10) would become ill 
as a resu l t  of a single days exposure t o  bathing i n  water with, an enterococci concentration of 
100/100 ml. I f  i t  i s  assumed that  the r a t i o  o f  v i rus t o  enterococci i s  1:10, rather than 1:100 as 
assumed i n  the f i r s t  calculation, then 10 per cent o f  the suimmrs would become ill as a resu l t  of 
a single day contact. From the above hypothetical calculation, i t  i s  possible t o  suggest that the 
r i s k  of chi ldren becoming ill a f t e r  a s ingle bathing exposure t o  seawater wi th 100 enterococci/lW 
ml i s  i n  the range o f  1-10 per cent. Depending on the assumptions, i t  might be somewhat greater 
or less than the above range. 



A11 o f  the above, are only hypothetical calculat ions and r i s k  estimates but, based on methods 
o f  inductive reasoning and assumptions such as those presented above, i t  i s  possible t o  a r r i v e  a t  
the general conclusion that, i f  the above assumptions are more o r  less correct, that  there i s  a 
quant i f iable health r i s k  associated by bathing i n  wastewater contaminated seawater and that  r i s k  
can be correlated t o  the concentration o f  a r e l i a b l e  bac ter ia l  indicator  organism. Validation of 
t h i s  assumption was not available when ye o r i g i n a l l y  published i t  i n  1974 but i t  i s  today, as ye 

shal l  show l a t e r  on. 

Predict ive models such as that  presented above do indeed have l im i ta t ions  but lacking f i r m  
f i e l d  epidemiological evidence, they d i d  play a r o l e  i n  helping t o  evaluate whether o r  not a 
health r i s k  i s  involved i n  bathing i n  wastewater po l lu ted  seawater and whether a quant i tat ive 
microbial standard could be useful i n  evaluating o r  reducing that r i sk .  

EPIDEMIOLOGICAL STUDIES DESIGNED TO CORRELATE HEALTH RISK  
WITH MICROBIAL INDICATORS 

Only a very l im i ted  number o f  epidemiological studies were designed wi th the in ten t ion  of 
determining whether there i s  a correlat ion between health r isks  ( i  .e. thalassogenic disease) and 
the concentration o f  speci f ic  microbial po l l u t i on  ind ica tor  organisms. I n  the f i n a l  analysis only 
from care fu l ly  designed studies o f  t h i s  type, i s  i t  possible t o  determine the true extent o f  
health r i s k  associated w i th  bathing i n  sewage contaminated water and the ef f ic iency o f  indicator  
organisms as monitoring systems. 

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

The f i r s t  systematic prospective epidemiological study dealing wi th recreational water-borne 
disease i n  which microbial indicator  organism concentration was used as a key intervening var iable 
was carried out by Stevenson (1953) and h i s  associates i n  the U.S. Public Health Service. 

There were three studies. The f i r s t  was conducted a t  two beaches on Lake Michigan i n  the 
v i c i n i t y  o f  Chicago. The second examined i l l ness  rates among indiv iduals a t  two locations, a 
swimning pool i n  Kentucky and a nearby s t re tch  o f  po l lu ted  beach on the Ohio River. The t h i r d  
study was conducted a t  two marine beaches on Long Is land Sound, one i n  New Rochelle, New York and 
other i n  Marnaroneck, New York. 

A household diary method t o  record synntoms was used i n  a l l  three studies. The main 
conclusion was that  there was a s t a t i s t i c a l l y  s ign i f i cant  excess (P=0.01) o f  disease among bathers 
a t  fresh water bathing s i tes  a t  Chicago and along the Ohio River wi th t o ta l  co l i fo rm 
concentrations o f  about 2.400/100 ml. I n  addition, the researchers detected an excess o f  disease, 
pa r t i cu la r l y  ear. nose and throat infect ions among swimners over non-swimners regardless o f  
bathing water qual i ty .  The authors explained th i s  l a t e r  f ind ing  by s ta t ing  "water i s  an abnormal 
habi tat  f o r  man regardless o f  i t s  bacter ia l  qua1 i ty" (Stevenson, 1953). 

Moore (1974) i n  h i s  detai led c r i t i q u e  o f  the Stevenson study has made the fo l lowing points: 

"The Chicago resul ts can cer ta in ly  not stand up t o  serious scrutiny. On the evidence given, 
the survey tables were inspected and two groups of swimners chosen because t h e i r  three-day 
i l l ness  incidence rates o f  12.2 and 8.5 per 100 swimmers respectively showed an apparent 
excess o f  i l l ness  i n  those who bathed i n  the more contaminated bathing water. Opposite 
findings i n  the other surveys were ignored. Secondly, a l l  the i l lnesses reported were limped 
together. I t  would be manifestly absurd t o  conpare the incidence o f  sk in  i r r i t a t i o n s  i n  
bathers on the cleaner days w i th  the frequency o f  diarrhea i n  those who swam on the other 
days, but there i s  no uay o f  knowing t o  what extent t h i s  might have been done. Third ly the 



carparabi l i ty  o f  the two swimming groups i n  other material respects i s  not discussed. 
Fourthly, the inclusion of a l l  i l lnesses reported during the week a f te r  a bath makes the 
association o f  these ailments w i th  the bathing episode more tenuous. With a l l  these doubts, 
the emphasis placed on a rather marginal leve l  o f  s t a t i s t i c a l  signif icance as an index, not 
only o f  association between bathing and i 1 lness but o f  cause-and-effect re lat ionship between 
the two, i s  d i f f i c u l t  to  just i fyn.  

"The Ohio River study f indings are equally unsatisfactory i n  th i s  respect. Significance i s  
attached to  an incidence o f  gastro-intestinal disease i n  Ohio River s~imners i n  excess o f  that 
suffered by s w i m r s  i n  a fresh-water pool wi th  rec i rcu la t ion  and f i l t r a t i o n  by a margin that 
could occur by chance once i n  twenty t r i a l s .  The difference was accounted f o r  by 
gastro-intestinal complaints reported by 13 r i v e r  swimmers out o f  a to ta l  o f  nearly 1,000. 
Here again, the mult ip le aetiology of minor gastro-intestinal complaints makes i t  d i f f i c u l t  t o  
assess to  what extent the comparisons made between the two swimming groups and tested by 
s ta t i s t i ca l  tests o f  signif icance have any rea l  val id i ty."  

Cabelli (1983) i n  h i s  c r i t i que  of t h i s  important study has pointed out that swimming was not 
defined rigorously enough so that any subsequent i 1 lnesses could be a t t r ibu ted exclusively to  
contact o f  the upper body o r i f i ces  wi th  pol luted water as opposed to  consumption o f  food a t  the 
beach, personal contact between beachgoers, aerosols potent ia l ly  generated by t o i l e t  faci  1 i ties, 
etc. Secondly, because the t r i a l s  we conducted over the ent i re  sunnier, the e f fec ts  o f  day-to-day 
f luctuations i n  the po l lu t ion  levels a t  the beaches were not eliminated. The consequence o f  t h i s  
uas that the mean indicator densit ies and, hence, the i l lness  rates a t  the paired beaches i n  the 
f i r s t  and th i rd  studies were not s ign i f i cant ly  d i f f e ren t  from each other. A t h i r d  problem was 
that measurements were reported only f o r  one indicator, t o ta l  col i fonn bacteria. 

I n  the f i r s t  study, symptom rates among the beachgoers a t  the South Beach were no d i f fe rent  
than those a t  the North Beach. However, a s t a t i s t i c a l l y  s igni f icant  difference (P=0.01) was 
obtained i n  the rate o f  t o ta l  symptoms among indiv iduals who were a t  the South Beach during three 
"high" col i fonn density days compared t o  those there during three "low" days. This was not true 
a t  the North Beach. The mean indicator density during the high days a t  the South Beach was 2,300 
to ta l  colifonns/100 ml. I n  the Ohio River study, the ra te  f o r  t o ta l  symptoms was higher among 
people a t  the chlorinated swimning pool than those a t  the polluted beach on the Ohio r iver .  
However, the age adjusted ra te  for  gastrointest inal  symptoms was higher f o r  the individuals a t  the 
r i v e r  beach than those a t  the swimming pool. The mean col i fonn density i n  the stretch o f  the Ohio 
River was 2,700/100 ml. I n  the t h i r d  study, conducted a t  the marine beaches i n  the v i c i n i t y  of 
New York City, no differences i n  symptom rates could be obtained even when i l l ness  rates during 
"high" days and "low" days were compared. 

Cabelli (1983) states that aside from problems i n  the experimental design there are a number 
o f  problems wi th the analyses of the data and the conclusions drawn thereof. F i r s t  o f  a l l ,  
Stevenson concluded that swimming per se resulted i n  a higher ra te  o f  i l lness.  Because o f  the 
experimental design, i t  can only be concluded that going to  the beach resul ts i n  a higher i l l ness  
rate. Second, the comparison of i l l n e s s  rates f o r  three high days versus three low days during 
the Lake Michigan study has been c r i t i c i z e d  i n  that the differences were shown f o r  only one set of 
high versus low days, and no data are given f o r  a l l  the other possible combinations. Third, i n  
the f i r s t  study, the differences were reported f o r  t o ta l  symptoms, while i n  the second, they were 
fo r  gastrointestinal symptmtology; yet, both sets o f  data were used ident ica l ly  i n  the 
derivation o f  the guidelines. Cabell i  (1983) feels that "because o f  the l im i ta t i on  i n  the 
experimental design and analysis, one could conclude the posi t ive resul ts were spurious and that 
there was no e f fec t  o f  swimming i n  sewage-polluted waters. Alternatively, the l im i ta t ions i n  
design and analysis notwithstanding, i t  might be argued that the f indings described a r e a l i t y  
obtained wi th a re la t i ve l y  insensi t ive epidemiological instrument". 

Despite the above noted l imi tat ions,  which were not a l l  recognized a t  the time, the ~ a t i o n a l  
Technical Advisory C& t tee (NTAC) t o  the Federal Hater Pol lut ion Control Administration (FwCA), 
which was the predecessor o f  the EPA concluded as fol lows (NTAC. 1968): 



T h e  studies a t  the Great Lakes (Michigan) and the Inland River (Ohio) showed an 
epidemiologically detectable health e f fec t  a t  levels o f  2,300-2,400 ~ 0 l i f 0 m  per 100 ml. 
Later work on the stretch of the Ohio River where the study had been conducted indicated that 
the faecal c o l i f o m  represented 18 per cent o f  the to ta l  c o l i f o m .  This ~ u l d  indicate that 
'detectable- health ef fects may occur a t  a faecal c o l i f o m  level  of about 400/100 ml ; a factor 
o f  safety would indicate that the water qua l i ty  should be bet ter  than that which would cause a 
health e f fec t  ... The Santee project  correlated the prevalence of v i rus wi th faecal c o l i f o m  
concentrations following sewage treatment. v i rus levels follO%hg secondary treatment can be 
expected to  be 1 Plaque-Forming-unit (PFU) per m i l l i l i t e r  wi th a r a t i o  of 1 v i rus pa r t i c l e  per 
10,000 faecal col i fonns- A bathing water wi th 400 faecal colifotms per 100 ml could be 
expected t o  have 0.02 v i rus par t ic les  per 100 ml (1 v i rus pa r t i c l e  per 5.000 ml): 

Based on th is  analysis, they recon~nend as follows: 

- "Faecal col i forms should be used as the indicator organism for  evaluating the microbiological 
s u i t a b i l i t y  o f  recreational waters. As determined by multiple-tube fermentation o r  membrane 
f i l t e r  procedures and based on a minimum o f  not less than f ive  samples taken over not more 
than a 30 day period, the faecal col i form content o f  primary contact recreational waters shal l  
not exceed a log mean o f  200/100 ml, nor shal l  more than 10 percent of t o t a l  sanples during 
any 30-day period exceed 400/100 ml." 

The U.S. EPA (1976) l a te r  adopted th i s  recomnendation despite an ea r l i e r  evaluation by a panel 
o f  the National Academy o f  Science i n  1972, which concluded that "no speci f ic  recomnendation i s  
made concerning the presence o r  concentration o f  microorganisms i n  bathing water because o f  the 
paucity o f  va l i d  epidemiological data". Basically by that  statement the National Academy of  
Science panel had rejected the v a l i d i t y  o f  the Stevenson study. 

The Moore - U.K. Public Health Laboratory Services Study - (1959) 

Mood and b o r e  (1976) have summarized the study as follows: 

Between the years 1953 and 1959, the B r i t i s h  Public Health Laboratory Service, under the 
leadership o f  Dr. Brandon Moore (1959). carried out an extensive bacteriological and 
epidmiological study o f  bathing i n  sewage-contaminated coastal waters. The canni t tee recorded 4 
cases o f  paratyphoid fever, out o f  a t o t a l  o f  over 3,000 cases of t h i s  disease n o t i f i e d  during the 
years i n  question, where the evidence pointed to  infect ion having been acquired by children 
playing on two grossly pol luted beaches o f  the more than 40 beaches examined during the study. At 
one o f  the two grossly pol luted beaches, a t o t a l  o f  348 samples were collected and examined. The 
median presumptive col i form counts for  these samples were 24,000 per 100 ml and the median faecal 
col  i count was 7,000 per 100 ml. A t  the other grossly pol luted beach, 51 samples were collected 
and examined. The median presumptive c o l i f o m  counts f o r  t h i s  group o f  samples was 12,000 per 100 
ml and the median faecal col  i count was 7,000 per 100 ml. The canni t tee  concluded that "bathing 
i n  sewage-polluted seawater carr ied only a negl ig ib le r i s k  to  health, even on beaches that are 
aesthetical ly unsatisfactory", and that t h i s  r i s k  was probably associated wi th  chance contact wi th 
in tac t  aggregates o f  faecal material that  happened to  have come from infected persons. 

The Connittee also mounted a case-control study o f  whether o r  not pol iomyel i t is  could be 
related to  bathing, a t  a time when t h i s  disease was very prevalent i n  Br i ta in.  The study was 
carr ied out during the years o f  1957 and 1958. When. i n  any coastal d i s t r i c t ,  a local  resident 
c h i l d  under 15 contracted pol iomyel i t is ,  a careful record was made o f  the bathing history. As a 
matched control f o r  each patient, the loca l  medical o f f i c e r  o f  health chose from the b i r t h  
register  o r  the school register, the name o f  a healthy child. This chi ld, i t  was agreed must not 
l i v e  i n  the same house as the pat ient  but should be o f  the same sex, as nearly as possible of the 
same age as the ill child, and should preferably l i v e  on the same street  but  cer ta in ly  i n  the same 
administrative area. A bathing h is tory  was taken from the control c h i l d  a lso and the records kept 
for  l a t e r  analysis. 



I n  a l l ,  150 paired records were collected during the two years that remained before the advent 
o f  mass po l i o  vaccination precluded any continuation of the study. The cases and controls were 
f i r s t  shown t o  be wel l  matched f o r  age, sex, and social class. Bathing histor ies were analyzed i n  
two ways. F i rs t ,  they were tabulated according t o  whether there was a history o f  sea bathing a t  
any time three weeks p r i o r  t o  the onset o f  symptoms i n  the patients. The bathing h is tor ies  of the 
two groups proved remarkably similar. Thus, 45 of the 150 pol iomyel i t is  patients had bathed 
during the three weeks before the onset o f  symptoms, as conpared t o  44 of the health control 
children. Therefore, the evidence indicated that  the proportion of bathers i n  the pol iomyel i t is  
group was simply the proportion that  one would expect i n  chi ldren l i v i n g  i n  a seaside town. There 
was no indicat ion that any special signif icance should be attached to  the history o f  bathing as 
regards the causation o f  t h i s  disease. The bathing histor ies o f  the two groups also f a i l e d  t o  
show any difference when analyzed i n  terms o f  the time intervals between dates o f  bathing and the 
onset o f  symptoms i n  the index cases. 

Cabelli (1983) i n  h i s  detai led c r i t i que  o f  the Moore 9. studies (1959) has pointed out 
that there were a number o f  problems wi th  the experimental design used: (1) swiming was not 
defined rigorously; (2) the time span between the actual swimming experience and the query as to  
i t s  occurrence was protracted i n  many cases; (3) i t  was d i f f i c u l t  t o  establish a re lat ionship to  
the qua l i ty  o f  the water i n  which the individuals bathed; (4) o f  necessity wi th th i s  type o f  
analysis i n  contrast t o  that used by Stevenson, there was a presumption as to  which diseases were 
"important", pol iomyel i t is  and salmonellosis; and (5) t h i s  type o f  analysis i s  rather insensit ive 
except when conducted during an outbreak situation. I n  the i r  report, Moore and h i s  associates 
noted some o f  these l im i ta t ions and pointed out that, "A survey o f  t h i s  type could c lear ly  not 
prove that pol iomyel i t is  was never caused by bathing, and i n  any case such a presumptive f inding 
might be contradicted by future events, but the resul ts o f  the survey give no indicat ion that 
fur ther investigation along those l ines  i s  l i k e l y  t o  be f r u i t f u l  except i n  the negative sense 
recorded. " 

Nevertheless, Cabell i cautions that t he i r  f indings do not warrant the conclusions drawn: that 
there i s  l i t t l e  i f  any, r i s k  o f  enteric disease from swimming i n  sewage-polluted waters unless 
aggregate faecal material i s  found therein and that aesthetic consideration w i l l  1 imi t beach usage 
long before there i s  a s ign i f i cant  r i s k  o f  swimming-associated enteric disease. However, wi th 
regard t o  the two speci f ic  diseases i n  question, Cabelli f e l t  that Ptoore's conclusions were 
probably correct since, even i n  the period subsequent t o  h is  report, there have been no outbreaks 
o r  cases o f  pol iomyel i t is  shown to  be associated wi th the recreational use o f  water, and there has 
only been one outbreak o f  t h i s  disease even remotely associated wi th any o f  the waterborne routes. 

Earl ier, Moore's methodology and conclusions were c r i t i c i z e d  pr imar i ly  because information was 
not available concerning whether so-called "bathers" actual ly  entered the water su f f i c i en t l y  t o  
submerge the i r  heads and? thus, become t r u l y  exposed to  the only rea l  r i s k  associated with 
bathing, that  i s  the ingestion o f  water (Shuval. 1974). I t  was pointed out that, "Exposure to  
r i s k  varies greatly among v i s i t o rs  a t  bathing beaches since some may swim energetical ly f o r  hours, 
ingesting considerable volumes o f  water, while others may hardly wet t he i r  ankles*. 

Let us assume that  those defined as bathers i n  the U.K. study d i d  i n  fac t  become exposed to  
r i s k  by imers ing t h e i r  heads and d i d  not i n  f ac t  show any excess o f  typhoid fever o r  
polionyolyt is. The question remains whether Moore and h is  colleagues were j us t i f i ed  i n  
r e c m n d i n g  t o  the publ ic a t  large: "That bathing i n  sewage pol luted seawater carr ies only a 
negl ig ib le r i s k  t o  health even on beaches that are aesthetical ly very unsatisfactory" (P.H.L.S., 
1959) and that i n  the f i n a l  analysis ....." microbial standards f o r  bathing waters as usually 
proposed have l i t t l e  s c i e n t i f i c  va l i d i t y "  and that  "...the al locat ion o f  resources needed to  check 
conformity t o  an imposed standard cannot be j u s t i f i e d  on public health groundsm. (Roore, 1974). 

These f a r  reaching conclusions and reconmendations, from such an eminent publ ic health 
o f f i c i a l ,  had a considerable impact i n  many countries. They l ed  to a reduced support for 
regulation and control o f  wastewater po l lu t ion  o f  bathing beaches. I n  one case, i n  which I was 
personally involved, the Rayor o f  a major c i t y  i n  Israel  successfully used Moore's recamendations 



i n  h is  bat t le  to  prevent the Ministry o f  Health from implementing restr ict ions on public bathing 
at  a number o f  heavily polluted beaches within h is  c i ty .  

I t  i s  quest ionable whether Ftoore* s conclusions, even i f  correct fo r  the speci f ic diseases 
studied and fo r  the special situation existing a t  the re la t ive ly  cool bathing beaches i n  the U.K., 
were transferable t o  polluted beaches i n  more temperate climates such as the P'tediterranean. A t  
bathing beaches i n  such temperate or tropical areas, very young, highly susceptible bathers often 
spend hours i n  the water with the chance o f  ingesting considerable volumes o f  water. Such an 
intensive exposure rarely occurs at  the often c h i l l y  bathing beaches i n  Britain. 

Since the publication of the U.K. report (Ptoore, 19591 which cast serious doubt as to the 
existence o f  health r isks associated with sewage contaminated seawater and to ta l l y  challenged the 
va l id i t y  o f  any microbial standards fo r  recreational bathing waters there has been a great deal of  
uncertainty within the public health cannunity. A l l  concerned f e l t  that only a w e l l  designed, 
def in i t ive and large scale epidemiological study of a1 1 the questions concerned could f i na l l y  
resolve the great debate on th is  v i t a l  issue. 

The Cabel 1 i - U.S. EPA study (1983) 

I n  1972, Cabelli and his colleagues at  the U.S. â‚¬ in i t i a ted  a large scale prospective 
epide~ological-microbiological study which included both sa l t  water and fresh water beaches. The 
study which spanned a s ix  year period, eventually included some 26,000 subjects a t  3 locations i n  
the United States - New York City (New York); Lake Pontchartrain, New Orleans (Louisiana) and 
Boston Harbor (Massachusetts). An additional study was conducted i n  Alexandria, Egypt. A l l  U.S. 
studies used essentially identical methodology designed to overcome many o f  the weaknesses 
revealed i n  the Stevenson and Moore studies mentioned previously. 

Cabelli (1983) has described the design characteristics which made the i r  study unique as 
follows: 

I n  response to the perceived deficiencies i n  the Stevenson studies, the calendar approach was 
not used. Rather, the participants were recruited a t  the beach and queried some 7-10 days la te r  
by phone or personal interview (mail questionnaires were t r ied  and found to  be unsatisfactory) 
concerning symptomatology which developed subsequent to the swimni ng experience. Other features 
o f  the design were as follows: 

1. Only individuals whose upper body or i f ices were exposed to the water were classif ied as 
swimners, and subjects were queried on the nature and duration o f  swimning act iv i ty .  The more 
rigorous def in i t ion o f  swimming allowed for  a beach-going but non-swibng control group and 
thereby eliminated the bias from non-swimning associated illnesses.. 

Beach interviews were conducted only on weekends. Exposure was l imited t o  a single day, o r  a t  
most two successive days on a weekend. This was accomplished by eliminating individuals who 
swam i n  midweeks before and af ter  the weekend t r i a l s  from the study. The use o f  weekends 
maximized the size o f  the study population but 1 imi ted the i l lness observation period to 8-10 
days. This feature o f  the study fac i l i ta ted the analysis o f  the data "by days", thereby 
obviating the effect o f  day-to-day var iab i l i t y  i n  pol lut ion levels. However, i t  eliminated 
from consideration i 1 lnesses with incubation periods exceeding nine days, notably infectious 
hepatit is ( th is  was examined i n  the portion of the Egyptian study which dealt with Cairo 
v is i tors  t o  Alexandria beaches). 

3. The impact of within-day var iab i l i t y  i n  pollution, primarily at tr ibutable t o  t i da l  effects, 
could not be eliminated. However, i n  the f i r s t  two years o f  the Mew York City study, an 
attempt was made to  minimize th is  ef fect by choosing test and control beaches which were 
markedly di f ferent i n  the pol lut ion levels reaching them. There also was an attempt to select 
t r i a l  dates when minimal t i da l  effects coincided with peak beach usage periods (usually 11 
a.m. to  5 p.m. 1. 



Oesographic effects, uhich c d d  assert themselves as differences i n  suscept ib i l i t y  t o  
infection, i n  swiming a c t i v i t y  and i n  the r e l i a b i l i t y  of respondent information, yere 
minimized. This yas done by selecting tes t  and control beaches whose populations were 
dasographical'Sy s imi lar  and by obtaining age, sex, ethnic,, and SES information that could be 
used i n  iso la t ing  and ident i fy ing  the influence o f  these factors. 

The respondents were asked whether they renamed home, i -m ined  i n  bed o r  sought medical 
advice because o f  the symptoms. This information was used to  indicate d isab i l i t y .  

A system was devised f o r  val idat ing gastrointest inal  (GI) symptomo1a-g~. Highly credible GI 
symptoms (HCGI) were defined as: (1) vomiting, (2) diarrhea wi th a fever disabling enough for  
the individual t o  remain home. remain i n  bed o r  seek medical advice, o r  (3) stomachache o r  
nausea accompanied by a fever. The rates f o r  HCGI symptoms were calculated and compared to  
those f o r  t o ta l  G I  symptoms i n  order to  determine i f  the trends were the same. 

The i l l ness  questionnaire so l i c i t ed  information on i r r i t a t i o n s  and disturbances o f  the skin, 
upper respiratory tract, eyes and ears. This was done not only against the poss ib i l i t y  o f  
pollution-associated infectious processes but a lso against the poss ib i l i t y  o f  toxic and 
hypersensitive conditions a t t r ibu tab le  t o  chemical po l lu t ion  and to  pollution-associated 
changes i n  marine biota. 

Hater samples were collected i n  s t e r i l e  bot t les  from jus t  below the surface o f  the water, a t  
"chest-high depthn, and per iodical ly  during the time when people were i n  the water. They were 
collected a t  2-3 locations along the beach; and, i n  general, 3-4 samples were collected between 
the hours o f  11 a.m. - 5 p.m., the period o f  maximum swimming. The samples were "iced" and 
returned to  the laboratory f o r  assay m i  t h in  s i x  hours o f  col lection. 

Assays o f  the water samples were performed to  determine the densities o f  number o f  potent ia l  
microbial indicator systems. The microbial indicators tested included: coliforms, E. c m .  
Klebsiel la enterococci; perfrinqens; Bifido-bacteria; Coliphage; albicans; aeruqinosa; A 
bdroph i  la; y. parahaemolyticus; Salmnel l a  and Enteropathogenic c. a. A chemical indicator o f  
faecal matter coprostanol, was also tested. 

The f indings o f  the main Cabelli EPA report (1983) have been sumnarized succinctly by Cabell i  
G., (1983) elsewhere as follows: 

"The resul ts c lear ly show that  the r i s k  o f  gastroenter i t is  associated wi th swimming i n  marine 
waters impacted wi th municipal wastewaters i s  re lated t o  the qua l i ty  o f  the water as indexed 
by the mean enterococcus density i n  the water. moreover, the r i s k  i s  detectable a t  extremely 
Ion levels o f  pollut ion. According t o  the c r i t e r i a  suggested by H i l l  (1965). there i s  a 
strong suggestion o f  casuality. F i rs t ,  the association i s  a good one; i n  some t r i a l s ,  the 
swimning-associated gastroenter i t is  ra te  was three t o  four times greater than the non-swhning 
rate. Second, there was a consistency i n  the association i n  that i t  was observed a t  mul t ip le  
locations over mul t ip le years. Third, the association between enteric disease and faecal 
contamination i s  a reasonable one by i t s  very nature. Fourth, the association i s  a coherent 
one since there i s  a precedent f o r  such a relat ionship by other waterborne routes of 
transmission, i-e., i n  she l l f i sh  and potable water. 

"It was also understandable that, o f  the indicators examined, enterococcus densities i n  the 
water correlated best w i th  the rates for the swimming- associated gastroenterits. The two 
sal ient  indicator characterist ics required f o r  the speci f ic  association obtained are a 
consistent faecal source and 'good* survival during sewage treatment and transport i n  the 
aquatic env i romnt .  O f  the indicators examined, enterococci and E. c o l i  best sat isfy the 
first requirement: and, o f  the two, enterococci have the best survival characteristics, 
although the i r  densities i n  raw o r  treated sewage are 1-2 orders o f  magnitude less than those 
o f  E. *." 



 here a r e  tuo implications from the f indings of rather high gastroenteritis rates (3%) 
associated wi th the ingestion o f  one t o  f i v e  enterococci (the accidental ingestion of 10-15 Bri of 
water whose enterococcus density was about 10/100 m l ) .  The first i s  that even enterococci m y  not 
survive as well as the et io logic agent for  gastroenter i t is .  The second i s  that  the agent must be 
present i n  the bathing waters and, hence, municipal wastewaters i n  very large numbers, be highly 
infectious, survive very well i n  the marine environment o r  most probably, a combination o f  a l l  
three. 

The correlation coeff ic ient  f o r  the New York beach studies between highly credible 
gastrointestinal (HCGI) symptoms and the concentration of enterococci i n  the bathing water was 
r=-96 (P 0.001) while the coeff ic ient  f o r  the other p t e n t i a l  indicators u s  as fo l lous E. c o l i  
-.58; t o ta l  colifonns -.65; and faecal col i form -.5'!. The data f o r  a l l  U.S. studies gave an 
r=0-75 fo r  enterococcus and r=0.54 f o r  E. c o l i -  The widely used faecal c o l i  indicator proved to  
be a re la t ive ly  poor predicator o f  G.I. disease. 

I n  1979, Dufour (1984) of â‚¬P i n i t i a t e d  another series of studies a t  Tulsa. Oklahoma and 
Erie. Pennsylvania. These studies were completed i n  1982. The methods of these addit ional fresh 
water bathing area studies, were the same as that  used i n  the marine studies. As i n  the previous 
studies a strong correlat ion between HCGI s y r p t m  and enterococcus (r=.774) and E. c o l i  k .804 )  
was found. There was again no association between faecal coliforms and swimming associated 
gastroenterit is (r=.081). 

Based on the findings o f  these extensive and care fu l ly  control led epidemiological studies 
Cabel 1 i G-. (1983) have developed a general ized re lat ionship between enterococci densit ies i n  
marine water and health ef fects from which can be developed a quantitat ive c r i t e r i o n  f o r  marine 
recreation waters. This i s  shown i n  Fig-  3. 
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Figure 3: Health ef fects c r i t e r i a  for  marine recreational waters developed by the USEPA 
epidamological-nricrobiological program. Cr i t e r i a  are X on Y regression 1 ines 
of the mean enterococcus density i n  the water against the swimning-associated 
ra te  o f  gastrointest inal  symptoms. 

(from Cabell i, 1983) 



Fmn this figure, i t  i s  seen that the regression l ines fo r  suimning associated 
gastrointestinal synotoms and enterococci densities approach zero f o r  i 1 lness rates before 
enterococci densities reach zero. Cabelli (1983) interprets th is  to  mean that the pathogens 
either disappear o r  are at  concentrations lower than the minimal infections dose before the 
entermcocci are IUI longer detectable i n  a 100 ml satple. l h i s  i s  not true fo r  E. co l i -  

Although the Cabelli (1983) studies are not without flaws result ing from a variety o f  problems 
that arose during the f i e l d  work phase, they are by far, one of the most carefully designed and 
executed epidemiological studies o f  the relationship o f  environmental pol lut ion indicators and 
i l lness to  have been carried out ever. One o f  the problems i s  found i n  the various reports and 
papers on the project. The numerical findings vary between one publication and another and some 
are hard to  follow. But i n  the f i na l  analysis, th is  study has provided highly credible and sound 
results, which provide a f i rm basis fo r  arr iv ing a t  operational conclusions and recomnendations. 

Other relevant epidemiological studies 

Alexandria - Egypt 

The USEPA sponsored a study based on Cabelli 's methods and under his supervision a t  the 
beaches i n  Alexandria, Egypt, i n  cooperation with Egyptian scientists. The EPA was interested i n  
locating some more heavily polluted beaches than those available fo r  study i n  the United States, 
so as to be able to  determine the nature o f  the dose response curve at  the higher dose levels. 

Some of the beaches included i n  the study were exposed to  nearby ou t fa l l  sewers and heavily 
polluted with enterococcus and c m  densities reaching l f l / l O O  ml- Other beaches were 
acceptable according to EPA guide1 ines. The study population included both Alexandria residents 
and summer vis i tors coming from Cairo. I t  was assumed that the v is i tors  from Cairo had lower 
levels of i m n i  t y  to the diseases endemic i n  Alexandria. 

60 

CAIRO VISITORS 

40 - 
US. STUDIES,' 

30 - 

/ - -- 

' VOMITING OR DIARRHEA , A!X"FflIA ?3K5f'JE 
I I llllll I I 1 I U  

1 oO lo1 1 o2 101 1 o4 
ENTEROCOCCUS DENSITY11 00 ml 

Figure 4: Canparison o f  the illness-indicator relationship obtained from the U.S. 
studies with those f o r  the Cairo v is i tors  and Alexandria residents i n  the 
Egyptian studies. 



The main findings were essential ly s imi lar t o  those of the New York c i t y  beach study, i .e. a 
strong association o f  HCGI symptoms and enterococcus (r=.88) densities as well as f o r  t_ 
densities (r=.89). However, a t  equivalent entrococci densities disease rates were lower i n  

Egypt. This i s  probably due t o  higher levels o f  innuni t y  i n  the local population. This f inding 
i s  to  be expected i n  an area where enteric diseases are highly endemic and a high portion of the 
older children and adults are i m n e .  Fig. 4 shows the regression l ines f o r  swimming associated 
rates fo r  vomiting and diarrhea against the mean enterococcus density o f  the water fo r  the 
Egyptian study as compared to  the U.S. Studies. A report on certain aspects o f  th is  study has 
been mde by E l  Sharkawi e*. (1982). I n  the i r  report they state that there i s  a signi f icant 
r isk  o f  contracting typhoid from bathing i n  polluted seawater a t  Alexandria and that the young age 
group was found to  be most susceptible. The proximity o f  outfal ls which carried so l id  faecal 
matter to bathing areas was f e l t  to be the main cause o f  the infections detected. 

Tel Aviv - Israel  

During the year 1983, MHO sponsored a p i l o t ,  prospective epidemiological study i n  Israel, 
carried out a t  bathing beaches i n  the Tel Aviv area. Fattal e t  al. (1986) designed the study 
following the basic methodology developed by Cabelli who served as a consultant to  the project. 
The study was carried out a t  3 beaches having varying degrees of exposure t o  sewage pollution. 
The study encompassed 2,231 swinners and non-swininers (32% i n  the 0-4 age group) and was 
considered by the researchers as a pretest o f  the methodology under I s rae l i  conditions. The 
indicators used were faecal co l i ,  enterococcus, g. a, staphylococci aureus and pseudanonas- The 
main f inding was a signif icant (Pc0.03) excess o f  enteric symptoms (gastrointestinal disease) 
among swimmers i n  the 0-4 age group i n  water with higher concentrations o f  entrococcus or  EL 
@l. Faecal coliforms and pseudwnas d i d  not appear to be as good predicators of 
swimning-associated enteric disease (See Table 3 and Fig. 6). 

Table 3: "Low" and "highn levels o f  three bacterial indicator concentrations i n  
seawater fo r  morbidity analysis. 

Bacterial indicator Range o f  bacterial concentrations ( c F u * / ~ ~ ~ B Ã ˆ  1 
'lown "high" 

Median min.- max. median min. - max. 

I Faecal col i fonus 9 0 - 5 0  138 51 - 650 

. -- - - - - - -- -- 

* - CFU - colony forming uni ts 



TEL AVIV  STUDY 
Fattal g a l . ,  1985 
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Popula t ion  (swimmers and nonswimmers) and e k n l f i c a n c e  o f  d i f f e r e n c e s  between 
i n c i d e n c e  r a t e s  in Fig. 2 

Popula t ion  by l e v e l s  o f  b a c t e r i a  { ~ i ~ n i - ~ i c a n c e  o f  d i f f e r e n c e s 1  
"low" "hiJrhn f s w  Y E  new "high" v s  "low" 

B a c t e r i a  SW new s w new : f o r  "high" f o r  s w  

Feca l  c o l l f o m s  106 51 184 1 0 8 :  KS 
Ehterococc i  131 76 172 101 : * 
E. c o l l  -- 149 81 1 54 9s: 
Staphylococci 91 48 99 3 6 :  * 
Pacudotnonas 138 7 5  23 5 :  N5 

1 - * - s i g n i f i c a n t  at P<O.O5 l e v e l ;  - - s i g n i f i c a n t  a t  P<0.005 l e v e l .  
No s l g n l f i c a n t  d i f f e r e n c e s  were found between swimmers and nonswluuners a t  "low" 
b a c t e r i a l  l e v e l s ,  o r  between nonswimners a t  "high" v s  "low" b a c t e r i a l  l e v e l s .  

Figure 6: Incidence of enteric symptoms per 100 persons among bathers of the 0 to 4-year-old-age 
group according to "low" and "high" levels of bacteria. 



This study provides another important independent confirmation of the re lat ionship between 
winmi ng associated disease and enterococci concentrations i n  bathing water under ftedi terranean 
conditions. The r o l e  o f  staphylo as an indicator  o f  faecal po l lu t ion  i s  not c lear since t h i s  
organism i s  most l i k e l y  associated w i th  body contamination of bathers from wastewater pol lut ion. 

Malaga and Tarragona - Spain 

Mujeriego e t  a l -  (1982) carr ied out an epidemiological study a t  24 beaches i n  Malaga and 
Tarragona, Spain during the sunnier o f  1979. A to ta l  o f  20,219 persons were interviewed based on a 
f i xed questionnaire which served as the primary source o f  data. The authors' own s m r y  o f  t h e i r  
f indings state that the fol lowing conclusions can be drawn: 

Sea-water transparency and the presence o f  f loatable materials, are the two major factors that  
determine the opinion o f  recreat ionists about the aesthetic qua l i t y  of coastal waters. 

Useful empirical c r i t e r i a  was obtained, re la t i ng  the aesthetic qua l i ty  wi th the 
microbiological qua l i ty  o f  coastal waters. 

There appears t o  be a real  pub l ic  health hazard associated w i th  recreation i n  coastal waters 
o f  unsatisfactory microbiological qual i ty .  

The most frequent health ailment observed among recreat ionists are skin infections, w i th  a 
morbidity ra te  o f  2 per cent, followed by ear and eye infect ions wi th a morbidity ra te  close 
o f  1.5 per cent. 

In tes t ina l  infections have morbid i ty  rates below 1 per cent, and are not the main publ ic  
health concern i n  the coastal areas studied. 

The habit o f  immersing the head i n  the water when bathing i s  s i gn i f i can t l y  associated with ear 
and eye infections. 

Nicrobio1ogica1 l i m i t s  i n  terms o f  faecal col i fonns do not seem to  provide consistent publ ic  
health protect ion, i n  the presence o f  comparable concentrations o f  faecal streptococci. 

The authors carried out microbiological tests on 19 of the beaches studies during the sumner 
but not necessarily i n  close association wi th the dates that  persons were interviewed. They 
p lo t ted  regression l ines between reported morbidity rates of ear infect ions a t  each speci f ic  beach 
and the median faecal streptococci concentration a t  that speci f ic  beach. Although the coef f i c ien t  
o f  corre lat ion was posi t ive the confidence l i m i t s  were very wide making i t  d i f f i c u l t  t o  put much 
weight i n  that f inding. 

Due to  lack of adequate controls and to ta l  dependence on the interviewees' memory o f  swimming 
and i l l ness  experiences, t h i s  study cannot be considered as providing quant i tat ive eqidemiological 
information on the re lat ionship o f  thalassogenic disease and microbial indicator  organisms, 
a1 though the study does supply some suggestive evidence as t o  the value o f  enterococci as an 
indicator  o f  marine pollut ion. 

France 

Foulon e-I_. (1983) performed a study on 5 beaches i n  France. The method used was a beach 
interview, followed by an answer card given t o  the in ter -  viewee wi th  the l i s t e d  symptoms 
occurring w i th in  the f i r s t  30 days a f t e r  returning home. Four thousand nine hundred twenty one 
(49211 indiv iduals were questioned on the beach and 1532 indiv iduals returned an answer card. 
Water sarples were col lected and bacter io logical  analyses o f  t o ta l  coliforms, faecal c o l i f o m  and 
faecal streptococci were performed. The resu l ts  o f  t h i s  study indicate that  there was a 
difference between 1) incidence o f  con juc t i v i t i s  and sk in  infect ions among bathers and 
non-bathers; 2) i n  the incidence o f  colds, abdominal discomfort, nausea and p m r i t i s  between those 



who immerse the head in water and those who do not; 3) the difference between polluted and 
non-polluted beaches were not important. The weaknesses of this study are: the high refusal rate 
- 19 per cent on the beach, no information on morbidity for 69 per cent of the population 
interviewed on the beach, and that there was no daily follow-up of the bacterial water quality. 

Canada 

During the sunnier of 1980, Seyfried e&+l-. (1985 I 8 11).  carried out a major study of 
swimning associated disease on a sample of 8000 persons selected from 10 fresh water beaches in 
Ontario. Only data. obtained from 4537 telephone follow-up interviews, were considered re1 iable 
enough for analysis. 

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

Morbidity among swimners 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 swimners. 

These findings differ from 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 from 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 conf inn this hypothesis, a special research situation, free of external contamination from 
sewage sources, would be required. The whole question of swimning associated non-enteric disease 
and its etiology requires additional study. 

HHO/UNEP GUIDELINES FOR EPIDEWIOLOGICAL STUDIES 

In 1977, a group of experts jointly convened by the WHO and UNEP in the framework of the 
coordinated Nedi terranean Pollution Monitoring and Research Program (WED POL), (HHO/UNEP, 1977) 
proposed guide1 ines 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 recmnded that a number of epide~o1ogica1-microbio1ogica1 studies be initiated 
in the Mediterranean area to help develop criteria specifically appropriate for that area. These 
guidelines were updated and modified at the HHOAJNEP consultation meeting on correlation between 
coastal water quality and health effects held at Follonica, Italy in October, 1985. 



USEPA PROPOSED CRITERIA 

While the Cabelli (1983) study developed data f o r  regression l ines for  both t o ta l  G . I .  
symptoms and "highly credible" G.1- s w p t m  (HCGI) ( i - e .  nausea, vomiting, diarrhea and 
stomachache) (see Fig. 3), only the data f o r  the l a t t e r  were used by the â‚¬ i n  developing the 
regression l i n e  used i n  the proposed c r i t e r i a  diagram (see Fig. 5 ) .  The researchers f e l t  that 
there was greater c r e d i b i l i t y  f o r  those types o f  severe symptoms and the consequences o f  i l lness  
uere o f  greater pub1 i c  health importance, and thus, more amenable t o  economic analysis. 

I n  May 1984, the US EPA published a no t i f i ca t i on  i n  the Federal Register requesting comments 
on the proposed d r a f t  c r i t e r i a  document which provides "guidance on ambient indicator  bacteria 
densit ies which provide various levels o f  protect ion from r isks  o f  gastrointestinal disease from 
swimming i n  sewage pol luted waters- When published, i n  f i n a l  form, these c r i t e r i a  may form the 
basis f o r  enforceable water qual i ty  standardsm- 
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Figure 5: Recommended health effects c r i t e r i o n  f o r  marine recreational waters. 

(From Cabel 1 i , 1984) 

The publication notes that the EPA studies have demonstrated that "enterococcus has a fa r  
be t te r  corre lat ion mith su iming associated i l l n e s s  i n  both marine and fresh waters than do faecal 
c o l i f o m ;  and the E- c o l i  has a cor re la t ion  i n  f resh water equal t o  entemoccus, but does not 
corklate as well  i n  marine water". 

The publication fu r ther  states tha t  a t  the present U.S.A. c r i t e r i o n  level o f  200 faecal 
~01i fonns per 100 ml,  r i s k  levels o f  15 cases o f  gastro intest inal  disease per 1,000 s w i m r s  i n  
marine waters and 6 per 1,000 swimmers i n  f resh water have been "unknowingly accepted by EPA". 



The proposed new c r i t e r i a  recamended by the US EPA are: 

marine water 3 enterococci / 100 ml 
fresh water 20 enterococci / 100 ml o r  

77 E-co l i  / 100 m l  

Hi t h  the publication o f  these new proposed speci f ic  quant i tat ive guidelines f o r  marine 
recreational water the US EPA has indicated i t s  f u l l  acceptance of the resul ts and recomnendations 
o f  the Cabelli studies and has based i t s  proposals f i rm ly  on them. 

CONCLUSIONS 

Thus, a f te r  many years o f  uncertainty and act ive debate i t  now appears that there f i n a l l y  i s  a 
vast amount o f  f i r m  data providing strong evidence that  bathing i n  sewage pol luted seawater, o r  
fresh water, can cause a s ign i f i cant  excess o f  credible gastrointestinal disease and that  the 
disease rates shou a high .degree o f  correlat ion wi th entemocc i  and E -  c o l i  concentrations i n  the 
seawater. This f i n a l l y  provides a rat ional  basis f o r  establishing a marine recreational water 
c r i t e r i a  as well as guidelines and standards based on sound epidemiological evidence. 

Simi lar ly i t  i s  now possible t o  extrapolate from the resul ts o f  these h i s to r i c  studies to  
establish new guidelines fo r  she l l f i sh  growing waters and she l l f i sh  meat although no speci f ic  
epidemiological studies were made on th i s  subject. 
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