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amean indicator density limit to be used as a guideline. This requires the regression of
X on Y. These lines along with their confidence limits, correlation coefficients and
formulae are given in Figure 9. The 95 percent confidence limits for the mean
enterococcus densities predicted for the observed swimming-associated rates are given
in Table A52. The author favors the use of the criteria for HCGI symptoms because of
the greater credibility of its data base and because it is more conducive to economic
analysis. The 95 percent confidence limits for the regression lines as shown (Figure 9)
are rather broad although the slopes are significantly different from zero. This was not
unexpected since the relati onships obtained are generali zati ons which may be altered by
any of a number of temporal and spacial factors relative to the indicator, the pathogen,
the relationship of the pollution sources to the bathing beach, the levels of the specific
illnesses in the overall population, and the immune status of the swimmers. These will
be discussed in the next two sections

Examination of the illness-indicator relationships by location and by year at a given
location could provide someinsight asto possible spatial and temporal effects. Thelatter
was not attempted because of the small number of points available for analysis by year.
The regression lines for the New Y ork City study were compared to those obtained from
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Figure 8. Regression lines for swimming-associated Gl symptom rates (Y) against
the mean enterococcus densities in water (X). Lines drawn from averages
of slopes and intercepts from Figures 7a and 7b. Confidence limits are
those for the regression lines shown in Figure 7a. Representation predicts
the iliness rates from the indicator densities and presents the 95% confi-
dence limits of the former.
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SWIMMING-ASSOCIATED RATE FOR
GASTROINTESTINAL SYMPTOMS/1000 PERSONS
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Figure 9. Health effects criteria for marine recreational waters developed by the

USEPA epidemiological-microbiological program. Criteria are X on Y re-
gression lines of the mean enterococcus density in the water against the
swimming-associated rate of gastrointestinal symptoms. Lines drawn in
the same manner as those shown in Figure 8. The 95% confidence limits
around the lines are those for data given in Table 6.

the combination of the Lake Pontchartrain and the Boston Harbor studies; however, even
for the trials clustered by similar indicator densities (Table 6), each line was defined by
only nine points. Significant differences were obtained between the lines for highly
credible but not total Gl symptoms. The lines for total Gl symptoms were not
significantly different; however, those for HCGI symptoms were, although the two lines
stay virtually within the 95 percent confidence limits of the total data. This provides
some basis for the generalization obtained from the single regression line. This
generalization may not be totally accurate in all situations. Thus, in the present case, the
sources of pollution to the beaches in the Lake Pontchartrain and Boston Harbor studies
wereill-defined and, presumably, more distant. This and the effect of theimmune status
of the swimming population could explain the significant differences between the
regression linesfor highly credible but not total GI symptoms. In any event, these results.
emphasize the conclusion that guidelines derived from these criteria cannot be used
without judgment; rather, they must be used in concert with good public health practice
(e.g., taking into consideration changes in the incidence of enteric disease in the
discharging population), an environmental (sanitary) survey, and judgment with regard
to their limitations in time and space. In fact, the correlations obtained are remarkably
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good when the sources of temporal and geographic variability are considered, and this
has some interesting implications concerning the agent(s) and host population, i.e.,
ubiquity, infectivity, survival, immunity, etc.

THE ETIOLOGIC AGENT(S)

When the study design for the EPA program was being devel oped in 1969-1970, it was
thought that swimming in sewage-polluted waters would constitute a relatively minor
route of transmission for Gl illness and that relatively high level s of pollution (asindexed
by microbial indicator densities) would be required before Gl illness could be detected.
These assumptions were made on the basis of existing notions and avail able information
(8,24). Both these assumptions were incorrect. If the nonswimming rates for Gl
symptomatol ogy can be considered as those for the population at large, then swimming
in sewage-polluted waters constitutes a significant route of transmission for theillnesses
obtained, at least for individuals of “ swimming age.” This can be seen from the tabular
(Table I1) and graphic (Figure 10) representations of the ratios of the rates for

TABLE 11. RATIO OF SWIMMER TO NONSWIMMER GASTROINTESTINAL
SYMPTOM RATES BY ENTEROCOCCUS DENSITY'

Enterococcus Swim/Nonswim Gl Symptom Rate
Density/100 ml Total Gastrointestinal Highly Credible Gl
3.6 1.17 1.81
4.3 1.26 2.09
5.7 1.15 0.97
7.0 1.12 1.52
7.3 1.06 1.18
1.1 2.21 2.52
12.0 1.46 3.15
135 2.47 6.672
14.4 1.29 1.92
20.3 1.69 2.00
21.8 1.76 2.00
3156 1.87 B
44.0 1.69 2.89
91.2 3.00 2.58
142.0 2.24 2.74
154.0 1.94 I
224.0 2.16 3.63
495.0 2.00 413

! Data taken from Table 6.
2 Duc to unusually low nonswimmer rate.
3 .
Indeterminate because of no cases among nonswimmers.

swimmers divided by those for nonswimmers against the enterococcus densities for the
clustered trials. In fact, at enterococcus densities of 70 and 10/100 ml, respectively, the
ratesfor total and HCGI symptoms among swimmers were twice those for nonswimmers,
and they are projected to be equal (aratio of “1”) at an enterococcus density of about
1/100 ml. This suggests that the etiol ogic agent(s) for the observed Gl symptomatol ogy
is present in sewage in large numbers, that it is highly infective and/or that it survives
sewage treatment, disinfection and/or transport better than the indicator.



One of the desired outputs from the program was an answer to the question: Does the
swimming-associated illness rate increase with the levels of these specific illnesses in
the population at large? This relationship was not observed for the types of illnesses
obtained in this study (Table 12), probably because of the high level of immunity to the
agent in the population.

Initially, it was thought that the Egyptian data could be used in the derivation of the
final criteria. By the end of the first year of the Egyptian study, it was obvious that the
datafrom the Alexandriaresidents could not be so used, and by the end of the third year,
it was concluded that this was also true of data from the Cairo visitors. The regression
lines for the rates of swimming-associated vomiting and diarrhea from these two groups
along with those for GI and HCGI symptoms from the United States studies against the
corresponding mean enterococcus densities are presented in Figure 11. It can be seen
that, in the United States studies, gastrointestinal illness rates comparable to those
obtained in the Egyptian study were associated with bathing in waters with much lower
enterococcus densities. Part of the dissimilarity is probably due to differences in the
nature (raw vs. treated) and proximity of the pollution sources in the United States and
Egyptian studies. However, disparities in the immune state of the populations to the
etiologic agent(s) probably accounts for maost of the differences in the indicator-illness
rel ati onships obtained.

The importance of immunity in the epidemiology of the swimming-associated
gastroenteritisis al so supported by the age distribution of the attack rates. In most of the
studies, children (<10 years of age) were found to have the highest symptom rates.

The following characteristics of the swimming-associated illness were obtained in or
can be inferred from the findings of the EPA program: (i) The illness is a relatively
benign gastroenteritis with a short incubation period (Figure 12), acute onset, short

A 6.5'

O TOTALGI
A HIGHLY CREDIBLE Gl

SWIMMER/NONSWIMMER RATES
FOR GASTROINTESTINAL SYMPTOMS

0 L L it N | L1
10° 10' 10? 103
MEAN ENTEROCOCCUS DENSITY/100 ml

Figure 10. Ratios of swimmer to nonswimmer rates of gastrointestinal symptoms
against the mean enterococcus density in the water. Data from Table 6.
One value not used in the calculations.
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TABLE 12. RELATIONSHIP OF SWIMMING-ASSOCIATED ( 4 ) TO

BACKGROUND (NONSWIM) RATES FOR GASTROINTESTINAL

SYMPTOMS
Rates Per 1000 Persons
Enterococcus Total GI Highly Credible Gi

Density’' Nonswim A Nonswim A
3.6-7.0 23 4 4.2 34
34 4 6.9 3.6
55 8 19.3 -05
66 17 23.0 11.0
67 4 28.0 5.0
11.1-21.8 17 25 24 13.6
34 41 13.0 28.0

37 22 14.5 22.1
46 35 14.8 7.4
63 18 15.2 15.2

74 34 23.1 22.1
91.5-154 24 48 15.5 26.9
31 29 18.0 28.0
50 62 — 345

! Values ordered according to the nonswimming rate within a density cluster. Only clusters of 3 or more reasonably close values

used
2 Nonswimming rate **0."

n
2
3
c 60
w
a.
§ 50 - TOTAL GI U.S. STUDIES / vOMITING OR DIARRHEA
3 g CAIRO VISITORS
S a0k HIGHLY CREDIBLE GI ™ _ _ __
== U.S. STUDIES -~
a E 30 a
B /
<5 /
§ oc 20 / _ - ———J
82
¢ 10 g \
Z 4 /VOMITING OR DIARRHEA
s </ ALEXANDRIA RESIDENTS
0 (o 1ry il 11 llldlll/ 11111
§ 10° 10’ 102 103 10*
7 ENTEROCOCCUS DENSITY/100 mi

Figure 11. Comparison of the illness-indicator relationship obtained from the U.S.
studies with those for the Cairo visitors and Alexandria residents in the
Egyptian studies. Those for the U.S. populations taken from Figure 7 and

those for the Egyptian study from Figure 4.
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Figure 12. Day of onset of Gl symptoms as obtained from the 1975 New York City
trials.

duration (Table 13) and rare, if any, sequelae. (ii) It iswidely distributed; most individuals
are immune, and, in general, children have the highest attack rates. (iii) The etiologic
agent is highly infectious, is present in sewage in large numbers, and/or survives sewage
treatment disinfection and transport in the marine environment somewhat better than the
indicators. These considerations suggest the human rotavirus and/or the parvo-like viruses
as. the etiologic agents.

There are at least three explanations for the observations that individuals who swim
during several days in a given week (from the Egyptian study) or for prolonged periods
during a given day (from the New York City study) have low Gl symptom rates. The
obvious one is that these are “ healthier” individuals. The second assumes that the extent
of swimming is correlated with age, that is, individuals who swim regularly and
extensively are more experienced and ingest less of the bathing water. However, it is
commonly assumed that children are in the water the longest and also ingest the most
water. The third explanation requires that the illnesses involved have short (< 3 days)
incubation periods and that there may be a good immunity to the etiological agents The
rational e for the Egyptian observationsisthat the susceptibl e individual s becomeill within
aday or so of the time they start swimming.
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TABLE 13. DURATION OF GASTROINTESTINAL SYMPTOMATOLOGY:
NEW YORK CITY, 1975 TRIALS

Duration of Symptoms in Days for
Swimmers Nonswimmers
Number Average Number Average
Symptom Reporting Duration Reporting Duration
Total
Vomiting 30 2.8 10 2.6
Diarrhea 73 2.6 26 2.7
Stomachache 101 2.7 36 24
Nausea 64 2.7 18 28
Disabling
Vomiting 17 3.7 5 26
Diarrhea 22 3.0 1 3.2
Stomachache 36 3.5 12 3.0
Nausea 24 2.6 8 3.2
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SECTION 7
LIMITATIONSIN THE USE OF THE
RECOMMENDED CRITERIA

The criteria presented in this report (the enterococcus density in the bathing water
against the swimming-associated rates for total and HCGI symptoms) are
generalizationswhich have been found to apply in anumber of situations. Neverthel ess,
a number of considerations, including the limitations in the indicator concept itself,
impact on the use of the criteria as well as the guidelines and standards derived
therefrom. More important, these considerations require that the findings from
monitoring programs be interpreted in the light of good public health and
environmental practice. They have been described el sewhere (49, 66) and several of the
more important ones will be considered herein.

SMALL POINT SOURCES

The rationale for the use of guidelines and standards based on fecal indicator
densities for indexing the health hazards in sewage polluted waters is that, under
average conditions of illness in the discharging population, there is a reasonably
constant indicator to pathogen ratio in the sewage and its receiving waters. Thereby,
an acceptable probability of illness caused by the pathogen can be extrapolated to a
given indicator density, which is then recommended as a guideline and promul gated as
astandard. Such relationships appear to hold for waters receiving the discharges from
relatively large municipal sewage treatment facilities. However, as the number of
individuals who contribute to the source of the fecal wastes becomes smaller and
smaller, the indicator-pathogen ratio will vary more and more from the average upon
which the guideline or standard is based. In the extreme case where the fecal wastes
of a single ill individual or carrier are discharged into the water, the number of
pathogens may equal or exceed the number of indicator microorganisms. Routine
examination of such waters for fecal indicators would be of no value. Furthermore, the
routine examination for the pathogens would not be especially useful since the release
of enteric pathogens will be sporadic. The solution is administrative action prohibiting
such discharges into recreational waters.

ILLNESSRATESIN THE DISCHARGING POPULATION

Most epidemiologists and health officers recognize that, under epidemic conditions,
the actual indicator-pathogen ratio may change sufficiently from that upon which a
guideline was based so that the acceptable risk of illness will be exceeded unless the
guideline is temporarily made more restrictive. The recent swimming-associated
outbreak of shigellosis on the Mississippi River below Dubuque, lowa (15) appears to
represent an instance where, although the 200/100 ml fecal coliform guideline was
probably exceeded, the outbreak did not occur until there was alarge enough number
of ill individuals and carriers in the discharging population. Conversely, if thereis a
significant and consistent decreasein theillnessrate in the discharging popul ation over
aprolonged period of time, the rate for that specificillness associated with an existing
indicator guideline or standard may be considerably less than predicted. The absence
of recreational water-associated salmonellosis probably represents a case in point.
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FECAL INDICATORS VERSUS PATHOGENS

The use of fecal indicators such as coliforms or portions of the coliform popul ation, fecal
streptococci, and C. perfringens for indexing the health hazards in drinking and
recreational waters dates back to thelate 1800s and early 1900s (32). Thisoccurred shortly
after these organisms were first isolated and associated with the feca wastes of
warm-blooded animals. Within the context of the limitations being discussed, such
practices were and are sound both on theoretical and practical grounds since it is
recognized that (i) there are large number of pathogenic bacteria and viruses potentially
present in municipal sewage (67,68), each with its own probability of illness associated
with a given dose; (ii) monitoring for each of the pathogens on a routine basis would be
aherculean task; (iii) enumeration methods for some of the more important pathogens are
unavailableand for therest are difficult; (iv) pathogen density dataare difficult tointerpret
because the methodol ogy generally isimprecise and inaccurate and because of the meager
dose-response data available; and (v) on theoretical grounds, the intent is not to index the
presence of the pathogen but rather its potential to be there in sufficient numbers to cause
unacceptable health effects.

By no means should the foregoing be construed as suggesting that recreational water
quality criteria and the derived guidelines are unnecessary. To the contrary, criteria
amenable to risk analysis are absolutely essential. It is evident from the nature of the
illness indicator (Y on X) lines and the heavy usage of estuarine and coastal beaches in
the United States that |arge numbers of individuals are becoming ill as a consequence of
swimming in sewage-polluted waters. Furthermore, as seen from the Dubugque outbreak
(15), the potential for more seriousillnessexists. Neverthel ess, sincetheillnessesinvol ved
are relatively benign, there is undoubtedly a rate which is acceptable; however, the
acceptances of the risksinvolved should be deliberate decisions with consideration of all
the factors involved and with local input.

A temporary consequence of the application of the criteria may be the withdrawal of
certain recreational resources from public use. However, the long range impact should be
pollution abatement. This requires better technol ogy for obtaining the data base needed for
the translation of the target area criteria which have been developed into effluent
guidelines on a case-by-case basis.

The findings from the EPA program have raised a number of questions. One is the
nature of the etiol ogic agent for the gastrointestinal symptomatology. A second isthe need
for amore human fecal specific and environmentally resistant indicator. Thisrelatestothe
difficult question of stormwater runoff and nonpoint sources. Thethird isneed for separate
criteria for fresh waters. Studies in progress which address these questions should be
continued.
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