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Th~í ltealthEffectsof Swimming in Ocean. Water

Contarninated.by Storm Drain Runoff.

RobátW. Haile,l John S~Witte,2Mark GOld,3Ron Cressey'" Charles McGee,s
RobertC. 'Milikan, 6:Alice Glaser, TNina Ha-rawa, 8 Carolyn Ervin, i Patrcia Harmon, i

Janice Harper,l John Dermnd, 
IJames Alamillo,l Kevin Barrett, i Mitchell Nids.,

and G~ng~yu WanglO

Watf' adjacent to the County of Los Angeles (CA) receive

untr'ated runoff from a 'series ofstòhn drains year round; Many
other coastal areas face a similar situation. To oUr knowledge,
there hasnoibeen a large-scale epidemiologic study. öfpersons
who swim in rnarlne waters subject to such runoff, We report
here. results Of. a. 'cohort study. conducted to. investigate. this
issue. Measures ofexposur~ included distancefrc;in the storm
drain, selected ..baererial.indicators. (tatal .ànd.'fecàl colifor~ns,
enterococci, and EsclieridliIcoli), and a direct measure óf

enteric viruseS. ,Weföind' higher risks öra broad range of

symptoms, including both upper respiratory and gastroihtesti,
nàl, for subjects swimming (a)' closer to storm drains, (b) in
\Vater with highlevelsöfsingle bacterialindicatorsand,a)ow
ratio of total to fecal coliforms, arid (c) in water. where enteric
viruses were detected. The strength and consistency oUhe
asoci~tions . we observed. across various measures. of e~posure
iinPlY that there. may be an increased risk of adverse health
"ùkorres associated with swimming in ocean, water that is
cöIitaminatedwith untreated urban'runoff. (Epidemiology1999;10:355-363) .. ".. ','

Keywords:enviroòme,ntàl epidemiolog, gastrointestinal ilness, 
' 
oceah, recretional exposures, sewage, storm drains, water-

bome ilnesses, ~aterbo~e pathogens.

.. ,, .
Runofffromi a',system. ofstórm.draihs enters the . Santa
,Monica Bay adjacent . to Los Angeles Cóùrity" (CA).
Even in the dry months of summer 10-25 milion gal-
lons of run()ff (or non-s.tOrm water discharge) per day
enter 'the' bay. fròmthe ,storm drain systêm; Stò1'. drain
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water isnotsúbject to treatmentaiid is disdiargeddi~

rectly. into the ocean. T otalandJecaF califorms;aswell
as,emerococci" are sometimes elev.ated iri the surf. zone
adjacent.. to; :storm drain outlets;. pathogenic human ,en..
tedcv;Ïrûses,havealso, beèn; ísolated from storm. drain
effuents, ;even,when levels ,of. áll commonly. used in'Qica-
tots, including, F2 ,male-spedficbacteriophage, . were lòw,i

Approximately 50-60 milion persons ,visitSahta
Monica Bay beaches annually_ Concerr about possible
adverse. health effects due to swimming in the bay has

been raised by numerous interested parties.i Previous

reponsindicate that swimming in pöllutedwater(foi' ex-

ample, ,due to sewage) increass risks of numerous adveíse

health outçomes. (Jru3 provides a, recentrevièw o.£. this
literature). To our knowledgeihowever, there has neVer
been a largè epidemiòlogicstudyof persns who swim in
marine waters contaminated by heavy urban runoff.

. Thesedrcumstances provided the motivation to study
the possible health effects of swimming in the bay. We
present here the main results from a large cohort study of
people that addressed the issue of adverse health effects
of swimming in ocean water subject to untreated urban
runoff.

Methods
DE5lGS .:"SD SCBJECfS

The exposures of interest were.distance swimming from
storm drains. l,evels of bacterial indicat(lrs (total coli-
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forms, fecalcoliforms, enterococcus, Escherichia coli) for
pathogens.. that potentially produce. ¡¡cute ilness, and

human enteric viruses. We studied thrèeheaches locàteil
in Santa Monica Bay (CA) that e~hibited a wide range
of pathogen indicatOfcountsand a high density of
swimmers (Santa Monica, Wil Rogers, and Surfrider).

Pers6ris whô immersed their headsinthe ocean water
were potential subjects for this study.-There was no
restriction based on age, sex, or race. We excluded
anyone who swam at the study beaches or in. heavily
polluted areas (that is, Mothers' Beach in Marina del
Rey or near the' Santa Monica Pier) within 7 days before
thfstudy date, or bet.weenthe date of the beach. inter-
vilw and the telephone follow-up interview. We ex-

cluded Subjects who sWam on multiple days, as one of our
primary questions was whether risk of health outcomes
was associåted with levels of indkator organisms on the
specifiê dayà subject enter~dthe water. Wetatgeted
pei:sons bathing within 100 yards uptoast or downcoast
of the storm drain and persons bathing greater than 400
yards beyond a storm drain. . . ,

For this study, 22,085 subjects were intervieWed on
the beach from June 25 to September 14,.1995, .t
ascertain eligibility and willingness to participate. We
found that 17,253ofthese subjects were eligible and able
to participate (that is, had a telephone and were able to
speak English or Spanishf Of these, 15,492 (90% of the
, eligible subjeCts) agreed to participate. They were inter-! viewed, about their. age, residence, 'and., swimming;. par-

ticularly immersion of the head into ocean water. The
interviewer noted distance from thestomrdr,ain (within
the categories 0, 1~50, .51__100, or 400 yards), ,gender,
and race of the subject. (Distarices from each drain were
marked with. inconspicuous objects such asbea¿h towels
and umbrellas.) .

Nine to 14 days after the beach interview, subjects

were interviewed by telephone to ascertáirithe occur-
rence(s) of: fever, chils;. eye discharge, earache,'.ear
discharge; skin rash,. infected. 'cuts,' nausea,. vomiting,
diarrhea, diarrhea' with blood. stomach pain, coughing,

coughing with phlegm, nasal congestion,andsore

throat. For this study we defined a pTori three groupings
of symptoms indicative of gastrointestinal ilnessor re-
spira tory. disease.. In particular, following Cabelli, eta1;4

subjects were classified as having highly. credible. gastro-
intestinal illness 1 (HCGI 1) if they experienced at least
one of the following: (1) vomiting, (2) diarrhea and

fever, or.(3) stomach pain and fever. We also classifiecl
subjeêts as having highly credible gastrointestinal ilness
2 (HCGl 2) if theyhàd vomiting and fever. Finally,we
classified subjects as having significant respiratory dis-
ease (SRD) if they had one of the following: (l fever
and nasal congestion, (2) fever and sore çhroat, or (3)
coughing. wìth phlegm.

We were able to contact and interview 13,278 sub-

jects (86% follciw-up). Ofthoseinterviewed,l,485were
found to be ineligible because they swam (and immersed
their heads) at a study beach or in heavily polluted
waters between the day of the beach interview and the

telephone follow-up. We excluded 107 subjects because
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they did not confirm immersing. their faces in ocean
water, leaving 11 ,686 subjeCts. One suhject had a miss-

ing value for age, which we imputed (as the median
'value among all subjects) for inclusion in the adjusted

analyses. (discussed below). For the bacteriological anal-
yses, we excluded an a4ditional.1 ,227. subjects who had
missing values; leaving lO,459subjects.'ln the virus

analyses we included only the 3,554 sùbjects who swam
within 50 yards of the drain on days when viroses were

measured (as the samples were collected only at the
storm drain).

COLLECTION AND ANALYSIS OF SAMPLES FORBACfRIAL

INDICATORS

Samples were collected on days that subjects were inter-
viewed on the beaches. Each day, ankle depth samples

were colleCted from each location. (0 yards, 100 yards
upcoast and downcoastof the drain; and one sample at
400 yards).Om~duplicate sample per sitt was collected
daily. Samples were çollected in sterile 1 liter polypro-
pylene bottles and transferred on ice to the microbiology
laboratory. All samples were analyzed for totalcoliforms,

fecal coliforms, enterococcus. aridE: 'coli. Densities öf
total and fecalcoliforms and. enterococci were deter-

mined using the appropriate membrane fitration tech-
niques in Ref 5. E. coli densities were determined by
membrariefitration 'using Hach Method .10029 for m-
ColiBlue24 Broth.

COLLECTION AND ANl,LYSIS OF SAMPl;ES FOR ENTERIC

VIRUSES

For looking at enteric viruses, we collected samples from
the three. storm drain sites. On Fridays; 'Saturdays, and

Siindays, using Method 95 10 C g of RefS. Ambient pH,
temperature, conductivity, and total dissolved solids

were measured. Samples as large as 100gallonschosen to
minimize. the impacts of seawater dilution Were fitered

through electropositive fiters at ambient pH. Adsorp-
tion filters were eluted. in the field with 1 liter 9£ sterile
3% beefext:rctadjusted to pH 9.0 with sodiumhydrox-
ide. Field eluates were reconçentrated in the laboratory
using ,an organic reflocculation proc~dure.6 All final
concentrates were detoxified before analysis.7

All samples were analyzed for infeètiou.s human en-
teric vil1ses in B4ffalo green monkey kidney cells
(BGMK) by the plaque assay technique. Ten percent of
the final concentrate was tested in this manner to de-
termine whether there were a quatitifiablenÜmber of
viruses present. The remaining concentrate volume was
divided in half and analyzed using the. liquid overlay
technique known as the cytopathic effect (CPÊ) ,assay.s
The OPE assay generally detects a greater. number of
viruses than the plaque assay, but it is not quantitative.
Flasks that did not exhibit CPEwere considered to be
negative for detectable infectious virus. We further ex-.
amined any flask exhibiting CPE by the plaque-forming
unit method to confirm the presence of infectious vi-
ruses.
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STATISTICAL ;\NALYSIS

Our analysis' addressed tWO main questions. First, are
there different risks of specific outcome! among s¡ibjects
swimming 0, 1-50, 51~100, and 400 or more yards from
a stormdrairi? If pathogens in the storm dtain result. in

pè increased acute illnesses,one would expect higher risks

among swimmers c1oserr() the drain., Second, are risks of
specific outcomes associated with levels of specifiC bac-
terial indic¡ltors or enteric viruses? .
. To address the second question, we estimated risks

arising from exposure to levels within categories defined
,a pror by existing standards or expert consensus. Spe-

cifir.,.àllY,. for total coliforms w..e defined. categories u.. sing
1,01° and 10,000 colony~forming units (cfu) per 100 ml
as cutpöims, which are based on the California Code of
Regulations (S.7958 in Title 17).9 Fór fecal coliforms we

created categories using cutpoims of 200 and 400 cfu per
100 mL, which reflect Criteria set by the State Water
Resources Control. Board. 

10 For enterococcus we' used

cutpints of35 and 104 cfu per 100ml ofwa.ter, which

were established by the U.S. Environmental Protection
Agency.1I Finally, categories for E. coli were selected in
meetings with staff from the Santa Monica Bay Resto-

ration Project (SMBRP), Heal the Bay, and the Los
Angeles County Department of Health Services. These
meetings resulted in initially selecting categories based
oncutpQims of 35 and 70 cfuper ioa ml, and then
subsequently adding categories using cutpoints of 160

and 320. cfu per 1.QO. mI; the,atter were added because it

is. believed that E.coli comprises abo!lt80%of the fecal
coliforms.Using these knowledge-based categories, how-
ever, ,åssíirIes a dhornogeneuusrisk betweencutpoints.
This might not be areasonableassumptionbecallse.the
adequacy of thesecutpoints is unclear, and because a.

large percentage of the subjects were in a single ( that is,
the lowest) category. Therefore, we further explored the
bacteriological relations using categories dèfined by de-dies. . ,

In addition to considering total and fecalcoliforms
\:,'separately, we investigated the potential effect of the

ratio of total to fecal coliforms. Motivation for this arose
from our expectation that the risk of adverse health
outcomes might be higher when the ratio is smaller,

':"'ïndicating a relatively greater proportion of fecal con-
tamination.We used categories of this ratio defined by a
cutpoint of 5 (where 5 corresponds to 'there being 5
times as much total as fecal coliform in the water). The
human enteric virus exposure was reported as a dichot-

.::!t omous (that is, virus detected Î1s not detected) measure.
Wefitst calculatedsimple descriptive statistics giving

thenlimber öfsubjects with each adverse health out-
come who swam (1) at ,the prespecifiêd distances from
the dIain or (2) in watefwith the prespecified levels of

pathogens. From these counts .we estimated the crude
risk associated with each exposure. We then used logistic
regression to estimate the adjusted relative risks of each
outCome. For each exposure/outcome coinbination. we
fit a separate modeL All models adjusted for the poten-
tial confounding of: age (three categories: 0-12 )'ears,

~

13-25 years, ::25 years); sex; beach; race (four catego-
ries: white, black, Latino/a, and Asiari/multiethnic/oth-
er); California vs out-of-state resident; and concern
about potential health hazards at the beach (four cate-
gories: not at all, somewhat, a little, and very).

Results
Table 1 presents results for each of the adverse health
outcomes by distance swimming from the storm drain.
Across all distances, risks ranged from about 0.001 (that
is, I per 1,000)£or diarrhea with blood to about 0.1 (or
runny nose. The risk of numerous outcomes was higher
for people who swam at the drain (0 yards away), in
comparison with those who swam 1-50, 51-100, or
::400 yards from the drain. In particular, we observed

increases in risk for fever, chils, ear discharge, coughing
with phlegm, HCGI 2,and SRD. Inaddition, the risks
for eye discharge, earache, sore throat, infected cut, and
HCGI I were also slightly elevated. A handful of out-
comes exhibited small increased risks among swimmers
at i-so yards (skin'Tash) or at 51~IOO yards (cough,

cough with phlegm, runny nose, and sore throat). Ad-
justed estimates of relative risk (RR) comparing swim-
mers at 0, I-50, or 51-100 yards from the drain with

,swimmers at least 400 yards away from the drain showed
similar relations as the aforementioned patterns- of risks
(Table I). Among the positive associations for swimmers
at the drain, RRs ranged in magnitude from about 1.2
(eye discharge, sore throat, HCGI 1) to 2.3 (earache),
'with varying degrees of precision¡ most of these RRs
I'angèdfrom 104 to 1.6.

In Table 2we see that the risk of skin rash increased

for the highest. prespecifièd category of tota.l còliforms
(that is, ::10,000 cfu). Furthermore, the adjusted RR
comparing swimmers exposed at this level vs those ex-
posed to levels s; I ,000 cfu was 2.6. Whereas the RR for
diarrhea with blood also suggested a positive association,
this result was based on a single adverse health event (as
evinced by the wide 95% CIs). When looking at deciles,
in relation to ,the lowest exposure level (that is, the
lowest 10%), we observed increased risks of skin rash at
all otherlevels (Figure 1). The adjusted RRs ranged from
1.6 to 6.2, with five of the nine RRs in the 2-,3 range. In
addition, there were increased risks of HCGI 2 fqr all
deciles except one (the eighth)¡ the corresponding ad-

justed RRs ranged from lAw 4.7, with varying levels of
precision (Figure i). '

When looking at fecal colifonns, we again observed
among those in.the highest category (that is, ::400 cfu)
an increased risk for skin rash (Table 3). Therewere also
slighr increased risks for infected cur, runny nose, and.
diarrhea with blood in the highest category, as well as (or
nausea, vomiting, coughing, sore throat, and HCGI 2 in
the middle category (200-400 cfu). The adjusted RRs

also indicated positive associations for theseölitcomes
(Table 3). When we used deciles to categorize subjects,
however, in comparison with the lowest decile, we olily
observed marginal increased risks for infection and skin
rash (not shown). In our investigation of the ratio of
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TABLE 1. Adverse He,alth Outcomes by Distance Swimming froiD Drain: Number Ul, Acute Risks, Adjusted Relative Risk
(RR) Estimates and 95 %Confidence Intervals (Cl)

~

Disrancefrom Drain (in Yards)

?400
(N = 3030)" 51-100 (N = 3311) 1..50 (N =" 4518) O(N = 827)

Outcome No. II Risk No. II Risk RR (95% Cl)t No. II Risk RR (95% Cl)t No. II Risk RR (95% Cl)t

Fever 138 0,046 158 0.048 1.06 (0.8+-1.4) 208 0.046 1.07 (O.85~1.3) 59 0.071 1.610.16-2.24)
Chills 72 0.024 85 0.026 1.01 (0.77-1.47) 108 0.024 1.05 (0.77-1.42) 31 0.037 1.60 (1.03-2.50)
Eye dischar!(e 61 0.020 59 0.D8 0.88 (0.61'-L27) 73 0.016 0.77 (0.55-1.09) 19 0.023 1.5 (0.67-1.98)
Earache 116 0.038 116 0.035 0.89 (0.68-1.6) 136 0.030 0.81 (0.63-1.04) 38 0.046 1.4 (0.91-1.98)
Ear dischar!(e 21 0.007 19 0.006 0.78 (0.42-1.46) 25 0.006 0.80 (0.45-1.44) 13 0.016 2.09 (1.01-.33)
Skin rash 23 0.008 30 0.009 1.6 (0.6'7..2.01) 53 0.012 1.50 (0.91-2.46) 4 0.005 0.62 (0.21-1.83)
~ected cut 17 0.006 16 0.005 0.79 (0.40-1.58) 37 0.008 1.51 (0.84-2.69) 6 0.007 1.48 (0.57-3.87)
N usea 13 0.044 115 0.035 0.77(0.60-1.00) 143 0.032 0.75 (0.59-0.95) 40 0.048 1.3 (0.78-1.65)

miting 5.7 0.019 58 0.018 0.97 (0.67..1.40) 63 0.014 0.76 (0.53-1.09) 25 0.030 1.40 (0.85-2.31)
Diarrhea 204 0,067 163 0.049 0.70 (0.56-.86) 202 0.045 0.69 (0.56-.84) 53 0.064 1.04 (0.75~1.44)
Diarrhea with hlood 7 0,002 2 0.001 0.26 (0.05-1.6) 3 0.001 0.27 (0.07-1.06) 2 0..002 0.87 (0.15-4.57)
Stomach pain 206 0,068 194 0.059 0.85 (0.70-1.05) 271 0.060 0,93 (0.77-1.2) 61 ,0.074 1. I (0.82-1.51)
Cough 209 0,069 263 0.079 1.8 (0.97-1.42) 296 0.066 0.98 (0.82-1.18) 55 0.067 1.01 (0:73-1.8)
Cough and phlegm 90 0.00 114 0.034 1.6 (0.88-1.54) 143 0.032 1.09 (0.83-1.43) 39 0.047 1.65 (1. 1'-2.46)
Runny nose. ' 273 0.090 351 0.106 1.8(1.001.40) 371 0.082 0.95 (0,80-1.2) 74 0.089 1.0 (0.84-1.46)
Sore. throat 190 0.063 244 0.074 1. 7 (0,96-1.43) 304 0.067 1.2 (0.93-1.5) 59 0.071 1.5 (0.92-1.71)
HCGI I 102 0.034 96 0.029 0.88 (0.66-1. 7) 121 0.027 0.84 (0.6L1.0) 35 0.042 1.21 (0.81-1.82)
HCal2 26 0.009 28 0.008 1.04(0.61-1.79) 32 0.007 0.90 (0.53~1.53) 15 0.018 1.64 (0.84-3.21
Significanr respiratory 139 0.046 17 0.053 1.8 (0,94-1.49) 205 0.045 1.03 (0.82-1.3) 63 0.076 I.8 (1.29-2.45)

disease

The total nuinher of swimmers in each category is given in parentheses eN). HCGI!. highly credii,le gastroint~stinal ilness wit" vomiting. diarr"ea and fever or stomach
pain and fever. HCOT2..highly credible gastrpiniestinal illness with vomiÌing and fever only. Significant réspiratory disease. fever and nasal congestion. fever and sorer"rpar pr cpughing wit" p"legm, .
"Referent category (RR = 1.0): . . . ..' .,..
t Adjusted for age; séx, beach. race. California vs out.of.state'residefÌt. and c"ncern about potential.~ealih hiurdi ~tthe beach.

total to fecal colitorms, we observed.a consistentpattem

of higher risks for diarrhea ànd HCGI 2 às the ratio
category became lower (not shown, bùtavailable in Ref

12). Because any effect of this lower ratio should be
stronger when there was a higherdegi-ee of contamina-
tion, indicated by total coliform counts in excess of

. ,
1,000 or 5,000 cfu;we then restricted 'our.'analýsis to
subjects swirrm.ingin water above these levels. In. the
first case, increased risks with decreasing cutpoints Were
observed for nausea, diarrhea, and HCGI 2..12 When we
restricted our investigation to subjects in water in which
the total coliforms exceeded 5,000 cfu, we Qbserved

o

TABLE 2. Adverse Health Outcomes by Total Colifonn Levels: Number in. Acute Risks, Adjusted Relative Risk (RR)
Estimates and 95% Confidence Intervals (en .

Total Colif~rms (cfu/IOOml)

:51,000
(N = 7,574)" ::1.000-10,00 (N = 1,988) :; 10.00 (N = 757)

üùtcome No. II Risk No. II . Risk RRt No: II Risk RRt

Fever 368 0.049 88 0.044 0.92 (0.72-1.7) 42 0.055 1.3 (0.87-1.73)
Chils 193 0.025 . 51 0.026 1.03 (0.75-1.42) 9 0.012 0.51 (0.26-1.01)
Eye discharge 151 0.020 21 0.011 0.46 (0.29-0.74) 15 0.020 0.81 (0.47-1,41)
Earache 270 0.036 66 0.033 0.96 (0;72~1.7) 21 0.028 0.86 (0.54-1.8)
Ear discharge 51 0.007 15 0.008 1.2 (0.67-2.23) 2 0.003 0.46 (0.11-1.93)
Skin rash 65 0.009 14 0.007 0.75 (0.41-1.6) 19 0.025 2.59 (1.49-4.53)
Infected cut 49 0.006 II 0,006 0.97 (0.49-1.91) 3 '0.004 0.82 (0.25-2.72
Nausea 292 0.039 69 0.035 0.94 (0.72..1.24) 18 0.024 0.71 (0.43-1.6)
Vomiting 137 O.o8 34 0.017 0.90 (0.61-1.3) 9 0.012 0.64 (0.n-1.9)
Diarrhea 434 0.057 85 0:43 0.80 (0.63~ 1.03) 33 0.044 0.95 (0.65-1.9)
Diarrhea with blood 8 0.001 2 0.001 1.08,(0.22-5.35) I 0.001 1.73 (0.19-15.88)
Stomach pain 487 0.064 125 0.063 L05 (0.85-1.9) 29 0.038 0.69(0.47.:1.02)
Cough 546 0.072 13 0.067 0.90 (0.73-1.0) 51 0.067 0.94 (0.69-1.8)
Cough and phlegm 267 0.035 58 0.029 0.81 (0.6o.L09) 27 0.036 1.03 (0.68-1.57) .
Runnynciè 703 0.093 170 0.086 0.93 (0.78-1.2) 67 0.089 1.06 (0.81-1.40)
Sore throat 534 0.071 116 0.058 0;8 (0.67-1.03) 47 0.062 0.95 (0.69-1.0)
HCal I 242 0.032 54 0,027 0;4 (0.62-1.4) 17 0.022 0.74 (0.441.3)
HCal2 72 0.010 16 0.008 0.89(0.51-1.55) 5 0.007 0.83 (0.32-2.12)
Significant respiratory disease . 396 0.052 84 0.042 0.80 (0.62-1.02) 42 0.055 I.Il (0,79-1.55)

The total number of swimmêrs in each category is given in pareotheses (N). (J" Referent category eRR = 1.0).
t Adjusted for age. sex. beach. race. California. vs out.of.state tesident. and concern about potential health hazards at the beach.

!



'-_.'¡....?...~~_~...;;;~~..-'"';;OA"".?".~-i~~~~~;5.2!,..E~"n"X..:J~~~~~:.O:A"'~:...~~X~y..~..~y..~......."V..~J:..~~....".."-~.."'....~",K...~""..-"'-:"'~:J''...."'...."'y:...~;:,t¥"".""..,,-.~...-R"'O'.~-."\..~~v;G,""~~.y:.o,..:..;.C;r-.";;-'-L-".-'''.'' ""'.i,... ~..~ '

Epidemiolog July 1999, Volume 10 Number 4

.. ;;

/7 (:

'"

C
i
""
3

: S

,0 "

0.0

,." '.' ,:,v

D('cil,,~

FIGURE 1. . Log odds of adverse health outcomes by de-
cilesofexpsuÌ'e for selected bacterial exposures. -, Total

coliförmand skin rash; -';"~., total coliform and HCGI 2;
. . ',EnterOcocci and infected cut; - - -, E coli and eye

dischargè; "', Ecoli and .skin rash; . -", E coli and infeèted
cut. ReGl 2 :: highly credible gastrointestinal ilness with
vomiting ànd fever only_

increased risks with eye discharge, ear discharge, skin
rash, nausea, diarrhea, stomach pain, nasal congestion,
HCOI I, and HCGi 2.12 There was a consistent pattern
of stronger risk ratios as .the cutpoint became lower
( when. the ai:alyses. \Vere . restricted to. .times when. total
coliforms e:iceeded 1.000 or 5,OOOcfu). with ,thestron-
gest effects geti~rally obs,erved with the cutpoint of2,as
iliistrattd ig Figure 2for,diarrhea, vomiting.söre throat,
and HCGll. ,

Taple 4cgives results for the relation among ei:tero~
cocci and the adverse health outcomes, Again, weob-
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FIGURE 2. Selected attributable numbers/lO,OO ex-
posed subjects for toW to fecal colifomls. ., Allllys;_,

, ~iooo;.Å, .~ 5Q(. HCGI i,.= highly c,redible gastrointes-
tinal ilness with vomifug, diarrhea and fever' oÌ'stomach

pän áìd feve'r."

served an increased risk of skin rash among those in the
highest category (that is, :;io4cfu). In addition. corn-

paring the highest to other categories of expostire, there, '
TABLE 3. Adverse Health Outcomes by Fecal Coliform Levels: Number Il, Acute Risks. Adjusted Relative Risk (RR)
Estimates and 95% Confidence Intervals (CI)

Fecal Coliförms (cfu/IOOml)

5200
(N = 8,005)* ;:20000 (N = 768) ;:400 (N = 1,636)

Oútcome No. il Risk No. II Risk RRt No,ll Risk RRt

'Fever ,381 0.048 39 0.051 1.04 (0.74-1.46) 80 0.049 1.02 (0.80-1.2)

",'Chills' 197 0.025 24 0.031 1.4 (0.74-1.6) 34 0,021 0.78 (0.54-1.4)

Eye discharge 149 0.019 Ii 0.014 0.70 (0:38-1.1) 30 0.018 0.97 (0.65-1.46)
Earache 275 0.034 26 0,04 0.93 (0.62-1.41) 57 0.035 1.00 (0.75-1.5)

Ear discharge 53 0.007 8 0,010 1.9 (0.602,73) 7 0.00 0.56 (0.25-'1.4)

Skin rash 69 0.00 5 0,007 0.64 (0.26-1.60) 26 0.016 1.86 (1. 7-2.95)

.Infected cut 47 0.00 2 0.003 OAO (0.10-1.65) 15 0.0\19 1.0 (0.83-',74)
Nausea. 289 0.036 ,38 0.049 1.9 (0.91-1.84) 57 0.035 0.93 (0.69-1.4)

Vê;iriting 133 0.017 18 0,023 1.3 (0.81~2.2I 31 0.019 1.07 (0.71-1.60)
'.Diarrheá 425 0.053 50 0,065 1. 7 (0.86-1.60) , 81 0.050 0.90 (0,70-1.5)

, Diarrhea with l-Iood 7 0.001 i 0,001 1.2 (0.15~io.OI) 3 0.002 1.69 (0.42..,75)

,Stqmach rain.. 495 0.062 51 0,06. 1.04 (0,77-1.41 103 0.063 0.98 (0.78-1.3)

'Cöûgh . 551 0.069 'i0 0,091 1.4 (1.03-1.74) 117 0.0n 1.06(0.86-1.1)
., :Còûgh àrid rhlegm 265 0.033 31 0.04 1.6 (0.79-1.0) 60 0.037 1.0 (0.82-1.47)

Runnv !lose
-"

0.090 n 0,94 I.C3 (0.79-l.m 160 0.098 1. 1(0.93-1.4)I--
Sore ihròat 527 0.066 70 0,091 1.40 (1.0i-1.82) 106 0.065 0.99 (0.80-1.24)
HCoii 239 0.030. 28 0.036 1.8 (0;79~1.77 50 0.031 ':,99 (0.72-1.6)
HCm 2 65 0,008 II 0.014 1.63 (0.85-3.1 2) 17 0.010 1.3 (0.65-1.95)

Significant respiratory diseas 399 0.05C' 42 0.055 1.08 (0.77-1.50) 85 0.052 1.04 (0.81-1.3)

The ',ii~tai:nt:trber -Of-5\\;lttmer~' in ea¿h"cate£:ory 'l$'sii\'eri 'in rarenthese lSt.
. Reiereni eategöiy (RR = i..:l. . ;.
+ ...'husted ¡or a~e.sex. beach. race. C.liiömia '" "ut."i~".te resident. ,andeoneem arout roteniial healih ha;rds at the beach,

~
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The toral number of swimmern in each category is given in parentheses (N),
. RefereIir category (RR= 1.0). . ,
t Adjusted for age. sex. beach. race, California "5 our-of-state r~ident. and concern abolir potential health hai.ards at the beach.

were increased risks of nausea, yorÌititig,diaiTh~aWith .
blood, HCm 1, and HCGI 2. Ôuràdjust~aRßs s'ug~
gested similar positive associations, except'lor diarrhea;
although the risk increased from 0.05 to 0.07, the ad-
justed RRcomparing the highest to lówest category was
La (Table 4). When comparing the lowest to higher
decHes;weobserved increased risks in most categories
for infected cut and skin rash (Figure 1). Other adverse
health outcomes-'infected cut,nausea, diarrhea, diar-
rhea with blood, HCGI 1, and HCGI 2-exhibited
increased. risks only in particular quantiles.,. In'compari-
son with the lowest decile. the risk of each ohhese
outcomes was higher in the 10th decile. .For example,
the risk for HCGl 2 was 0.007 in the first decile, but
0.015 in the lath.

Table 5 presents l'esults for E. coli. We once again
found an increased risk of skin rash in the highestq

prespecified category (that is, ;:320 cfu). Furthermore,
we observed. slight increased risks in this highest cate-
gory for eye discharge, earache, stomach pain,coughing
with phlegm, runny nose, and HCGI I (Table 5). In our
decile-based analysis, however, we only observed,mate-
rially increased risks for eye. discharge, skin rash, and
infection (Figure 1).

Nui;ereusadverse health outcomes exhibited higher
risks among subjects swimming on days when samples
were positive for viruses (Table 6). In particular, the risk'
of fever, .eye discharge, vomiting, sore throat, HeGI I,
and HCGI. 2,and to a lesser extent, chils, diarrhea,
diarraea with blood. Cough, coughing. with phlegm, and
SRO were higher on days when viruses were detected,
Our adjusted RR estimates showed similar relations,
most ranging from 1. to 1.9 (Table 6). Additionally,

adjusting for each bacterial indicator (orie-at~a-ime)

also . left these results essentially unchanged. 12 As ex-
pected, there. was an association '. between.. preSence of
virus and fecal coliforms within ,50 yards of the drain.
The mean density of fecal coliforms when no virus was
detected was 234.8 cfu (SO 542.5 cfu); whereas it was
2,233.8 (SO 2,634.lhvhen viruses were detected (N =
386). The median values were 47.8 and 452.6 Cfu' re-
spectively.

()

Discussion
We observed differences in risk for .a number of out-
comes when we compared subjects s\yimming at a yards
vs 400+ yards. Most of the relative risks suggested an
approximately 50% increase in risk. Furthermore, as
evinced by both the risks and RRs, there is an appårent
threshold of increased risk occurring primarily at the

drain: no dose response is evinced with increasing close-
ness to the drain, but there is a jump in risk for many
adverse health outcomes among those swimming anhe
drain. We alsofound that distance is a reasonably good
surrogate for bacterial indicators, with higher levels ob-
served closer to the drain.12

. For bacterial indicators, we observed a relation ai;ong
. numerous higher exposures and adverse health. out-
comes. These increases were mostly restricted to the
highest knowledge-based categories (no effect was ob-
served below any existing standards). When looking at
quantiles, we found higher risks of skin rash and infec-
tion atfairly low levels. In contrast with what on~ might
expect, however, there was no clear dóse-responsepat-
tern across irìCreasing levels of baCteriological exposures.

(J

/
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TABLE 6. Number Il, Risks, and Adjusted Relative Risk (RR) Estimates of Adverse I-ealth Outcomes by Virus
. .

Viruses

No (N = 3.168)- Yes (N = 386)

Outcome No. ii Risk No. II Risk RR (95% Cl)t

Fever 126 0.040 23 0.060 1.56 (0.98-2.50)
Chils 65 0.021 10 0.026 1.5 (0.63-2.50)
Eye discharge 36 0.011 8 0.021 1.86 (0.85--.09)
Earache 93 0.029 10 0.026 0.92 (0.47-1.80)
Ear discharge 15 0.005 0
Skin rash 32 0.010 4 0.010 0.97 (034-2.82)
Infected cut 31 0.010 2 0.005 0.57 (OJ 3-2.40)
Nausea 101 0.032 12 0.031 0.93 (0.50-1.3)

I
Vomiting 44 0.014 10 0.026 1.86 (0.92-3.80)
Diarrhea 130 0.041 21 .0.054 1.7 (0.78-2.07)
Diarrhea with bloo 2 0.001 I 0.003 5.82 (0.45':75.72
Stomach pain 191 0.60 23 0.060 0.92 (0.58-1.45)
Cough 181 0.057 28 0.073 1.2 (0.80-1.86)
Cough and phlegm , 92 0.029 13 0,034 1.0 (0.6&'2.18)
Runny.nose 246 0.078 32 0,083 1.01 (0.68-1.49)
Sore throat 198 0.063 32 0.083 1.8 (0.93-2.06)
HCGI I 72 0.023 15 0.039 1.69 (0.95-3,01)
HCGI2 22 0.007 6 0.016 2.32 (0.91..5.88)
Significant respiratory disease 133 0.042 21 0.054 1.4 (0.83-2.18)

The ttltal number "tif swimmer~ in each category is given in parentheses (N).
. Referent category (RR = 1.0),
t Adjusted for age, sex. beach. race. California vs out.of.state tesident. and concern abour potential health hazards at the beach,

When looking .at the ratio of total to fecal coliforms
using the entire dataset, no consistent pattern

emerged. 12 This is not entirely surprising inasmuch as an

analysis of all, data .. points treats all ratios of similar
numerical value equally. Thus, for example, even though
a ratio oL5 whën the total coliforms are very low may
not increase tisk,the same ratio may be associated with

increased risks when the density of total coliforlls is
above 1,000 or 5,000 cfu. When the analysis was re-
stricted to swimmers exposed to total coliform densities

, above 1',000 or 5,000 cfu, a consistent pattern emerged,
with higher risks associated with low ratios.12

This is the first . large-scale epidemiologic study that
included measurements of viruses. A number of adverse
health effects were reported more often .on days when
the samples were. positive, suggesting assays for viruses
may be informative for predicting risk. Norwalk-like
viruses are a plausible cause of gastroenteritis.4,13 Entero-
viruses, the most commoh' viruses in sewage effuent,can
cause respiratory symptoms. Not only are viruses respon-
sible for many of the symptoms. associated with swim-
ming in ocean water put also they die off at slower rates
in sea water than do bacteria, and they can cause infec-
tion at a much lower dose.14

Our design substàntially reduced the. potential for
confounding by restricting the study entirely to swim-
mers and making comparisons between groups of swim-
mers (for example, defined by distance from th~ drain)
to estimate relative risks. Previous studies looking at the
effects of exposure to polluted recreational water (for
example, due to sewage outflows) have been criticized
for comparing risks in swimmers with risks in non-
swimmers.4.14.1Sln these earlier studies, background risks

among subjects who swim vs those choosing nOt to swim
may differ because there are many other (potentially

noncontrollable) . exposures/pathways that ca12 produce

the symptoms under investigation. By restricting the
present study to swimmers, we have reduced potential
differences between the background risks of exposed vs
unexposed subjects (for example, swimmers choosing to
swim at the drain vs those swimming at the same beach
but farther away from the drain). Furthermore, we were,

able to adjust our relative risk estimates for a ,number of
additional factors (listed above) that could confound the
observed relations. Of course, this does not exclude the
possibility that residual confounding in these factors, or
other unknoWn factors,.might have confounded the ob-
served relations.

Nevertheless, any actual (that is, causal) effects may
be higher than we observed in this study because both
distance and pathogenic indicators are proxy measures of
the true pathogenic agents. Also, recall that we excluded
subjects who frequently entered the water at these

beaches. If there is a dose-response relation such that

higher. cumulative exposures are associated with in-
creased risk, then one may infer that persons who fre-
quently enter the water and immerse their heads (for
example, surfers) may have a higher risk of adverse
health outcomes than the relatively iIlfrequent swim-
mers included in this study.

In summary, we observed positive associations be-
tween adverse health effects and (1) distanct from the
drain, (2) bacterial indicators, and (3) presence of en-
teric viruses. Taken together, these results imply that
there may . be an increased risk of a broad range of
adverse health effects associated with swimming in
ocean water subject to urban runoff. Moreover, attrib-
utable numbers~that is, estimates of the number of new
Càses of an adverse health outcome that is attributable to
the exposure of interest-reached well into the lOOs per
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10,000 exposed subjects for many of the positive associ-
ations observed here.i This finding implies that these

risks might nOt be trivial when we constder the millions
of persons who visit these beaches each year. Furter-
more, the factors apparently contributing to the in-

creased risk of adverse health outcomes observed here
are hot unique to Santa Monica Bay (similar levels of
bacterial indicators are óbserved at many other beaches).
Consequently, the prospect that untreated storm drain

runoff poses a health risk to swimmers is probably rele-
vant to many beaches subject to such runoff, including
areas on the East, West, and Gulf cóasts of North Amer-
ica, as well as numerous beaches on other continents.~. .... .'
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EXECUTVE SUMY

Acohort study was conducted to investgate the possible advere heath effect of.,. .
bathg li Santa Monica Bay and whethei the risk of'ui heath outC9mes were associaed

with urban niofffrori storm dr. Expsus of pri interst w~e patogen that

produced acute illnes,ses (for reasons discussed in our 0ng proposal, chronicbeath

, erects were not stdied). .

. Thee beaches with a wide rage ~findicator counts and bighdenity of bathers. , " .. ,
were stdied. The beaches wer~ Santa Monica Be~~ (nea the Ashland A ven~e storm

drain), Wil Rogers ,Beach (Saita Monica Ca.yon Chanel or storm drai) and. Surder

Beach (near Malibu Creek).

Persons \\ii bat 
im4 imersed their heads in the ocea water were potential

subjecs for ths study. There wei-no restctions based on age, sex, or face.. ,Per~ns

who had bathed at the study beaches, Mothers' Beach in Ma del Rey or ne8! the Santa .

Monica Pier ~ithn seveJdays of the stdy date were excluded, as were subjects who

bathed at thestdY.,beaches (or ¥others:aeach or near the Santa Monica Pier) between,

the date of the beachinterviewand the telephone follow-up. Subjects who bathed on

multiple days had to be excluded since one of our prmar research qu~ons was:' ,,- ',', ,.. ,- ._- ,., -',"" ' " - '-,

whether riskofheaith ,outcQpies was associaed with levels of specific indicator

organsms on the day a subjec entered the water. Givei, the rage of incubation periods

for me outcomes ofinrerest and that the counts were quite varble from day to day, it

would have been iJpossible to link subject'expeences with speific counts on a given

day if they were in the water on numerous days. Persons bathg with 100 yar

upcoast Of downco~ of tle stomi drand pesons bathg grte th'400 yards
/'

. beyond a storm drn were tageted fOf,thS stdy.

For ths study, 22,08S subjects were, interewed on the bech to asc:ert

eligibilty and wilingness to párcipate.. Of these, 17,253 subject were found to be

eligible and able topa¡cipatè (had a telephone ,and were able to speak English or

Spaish). Of these, 15,492agreed to parcipate. Eligible subjects who agred to
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parcipate were then interviewed about basic ~emogrhic ~ta,and-aut their bå~g,
incluaing ty ófbathg activity (parcularly ~ersión of the head into ocean water):

. Distace from the stonn drain, gender, age, ånd race of the SUbject were .noted by the

interewer.

On the s8e days that subjects were,recnite. inorng water saples were ', ,
fllected at ane depth at 0,.100 yards nort and so~ of the storm dr and 400 ~ards
nort or south (depending on which area was used as a "con1rol"ar). Samples were

aiyzed for tota ard fecal coliforms, enteroçocci, and E. còlž. _ In addition, one sample- ,
each Friday, Satuday, and Sunday of the stdy Was taen in the storm drn(Oyards) at

each stdy beach and anlyzed for enteric viroses.

Nine to foureen days afer the interVew date, subject wèreinterewed by

telephone toascena the.occurence(s)offever; chills, eye dischåt¡e; earche, ear

discharge; skin rah. ineciedcut, nauseil V0intig,diarh~a,dlàrhea~;thblOOd~ . '

stomach pai; coughg,coughingwith phlegm, Dacoiigestion~so.r tnoat,and a. . C _ ."- -, .'. -'. . _..
group of symptom~ irdicati~e'ofhighiy credi1:ii'e gasti6litestai illness .(lCQl) a.d '. , . .
signifkant respiratory diseåSê (SRD). Of the 1 SA92 sùbj!ctšÌiter~wed on the beach,
we were able to c~ntåct andinteniew 13.278(86% follow-up). . 

Of these 13,278, 1,485.. - .
were found to be ineligible because ,ibey' bathed (anef imered theif head) at a sty

beach between the daýóf the beách interview ard the telephone follow-up. Ths left.- .
11,793 eligible subjects who provided ,da tht were anyzed fortbsstdy. Of these.

107 were excIuded because they reprted not imersing their fac in the oce water,

leaving 11.686 subjects for aiysis.

Analyses addressed the folloWig tWo quesons: 1) What ar the reative ri ,of

specific adverse health outcomes in subjects bathg at 0, 1-50, and 51- i 00 yards frm a. ,
.storm drai compared to subjects bathg at the sae bech, bu beyoli 400 yards frm a
storm drain? 2) Ar risks of specific outcomes (e.g. highycredhle gastrintest_. ,
iless; ea, eyeaid Sius inections; upper respiratory inections;skiiaes and. - -.

. 'lesions) among subjects assocIatecfwith levels of the bacterialindicators(of'vises)

mentioned above.

,
.. '

o

2 o
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)

)

As a meáSure of Stengt of assQciation, we relied initially ,on the rik rao (R),

which' expresses the risk (propoÎtQo of subjects who rep a given symptom) aion

subjects who bathed, for example, ìn front of the drin (0 yards) ver the risk among

subjects who bathed 400+ yards frm the dr; Comparg subjec who'swam at 0

versuS 400+ yars from the drai for aU thee bech site combined, sttistcaly

signficant ìncreases ìn risk weJ' obsered for fever, where the RR=1.57 (95% C.L. =

1. 7-2.1 0), chiUsRR=1.58(1.04-2.39),ear discharge RR-2~7 (1.14-4.51), vomitig

h=i.61 (1:9i-2.~6), c~ughng withphlegm~=1.59 (1.10-2.29), a grupofsypto~s

we~iabeled nighly predible gasoìntestial iless (HeGI 2) RR=2.l 1(1.i2~3.97), and a

group of symptoni indicative of signficant respItatoiy ,disease (SRD) RR= 1.66(1.25- ,

2.21). Theseìncreas~sinrisk \¥ere observed predomitly.atthe distce of 0 yards.

A second setofanalysts was completed,r~stcted to days when the tota coliforms to

fecal colifonts ratio wa greaerthan S.for the "'.'ater samles taen at,400 yards. The

rationale' was to exclude days when the plume :fom the drai or some other source of

high counts apParently reached.thê400yard area makg this less th ,an ideal "control"

zone. The re.1ativeri.sks for the s.even outcomes citeq above all increased., In addition,

some signifcant increases in risk were observed for adverse health effects at distces of

i -SO and 51-1 00, yards froin the drain, compared to 400+ yards from~edran.

The results for distce did not change when adjusted. fo.rage, beach, gender, race,

CalifomiavefS1 out-of-ste resident, socioeconomic sttu, an worr~boutpotential

health hazdS at the beach. DistacereS\ts also did not change 'substatialy when

controIled for. each. l?acterial indicator~

A number of approacpes to analyzg the effects of bacteral indicators were taeIl.

We first caleulatedrisk ,rati.os for the lower and higher cuiìnts described ìn the text (e.g.

200 and 400, colony fonng uiisOt cfi for fecal coliforms).. Ver few associations -

wereobservedwhenthese-cutpints were used. None were detect~dfor E. coli at lower

cutpoints (35 or 70 cfu). Eache RR=1.46(1.06-2.00)àndnmy nose RR-i.24(1.00..

.1.53) were associated WÎth E. colia'tthe highest cuintof320 ,cfu; Ony sk rah wa
associated with total and fecal coliforms usìngthe'cupoints of tO,OOO and 400 cfu

, 3
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respectively. Diarhea with bloodRR=4.23 (i.l2~15.91) and HÇOll ~=L44 (1~03-

2,.03) were ~sociated with enterococci, using ~ higberC\int 0006 cfu.

It is conceivable that real increases in risk might have been missed with these

. cutints, parcularly since they were not bàSed on data th were generted by previous, ,
stdies of Santa Monica Bay, so we also calculated odds ratios from ~tegorica1modéls

ring quitiles(ofbacten~ indicatorlevels) ard frm 

contiuoUs models. Forth

continuous linear (on lògistc scale) models, the odds ratios corrspnd to a unt increae, .
equa to the difference between the 90t and 10th perceties (i.e. the- difrence.-between

the midpoints of the fift andfut quities). In genera, results frm the categorica

models resembled results using the cutpoints (to ~efinedichotomìes) descibed above.

The continuous moaeÌs yielded a number of positive associations; For E:' còli, sm~l-but

statistically significant assoêiatIonS wefe seen for skin rashandstomab pain. Only sIcn, . . '., ". " .
rash was assoeiàteciWith tota.l colifonís. Fever, Sk rash;a.d HcOrrand2 were, .

. assocIatedwith feCå colifqmis. For~nterocôêcj;signfieaÍ1/Positivê; assoCiatiOr w~re. .
noted for fevèr~ sÌdìi-rksh,nåûsea; d.iarèå;stoinachpain,coiiShg,ruy nose, HCOI 1,

HCm 2, andSRD.

l'

o
. '. .

In addition to investigatig single bactenalindicators"associations betWen adverse

health effectsand'theratio of tota to fecal coliÍomis;' and the ratio,oftota colifonns to

enterococci were investigated. For the tota to fecal ratio; we intialy used a cutoint of

5.0, assuming the risk mày be higher when the ratio is sinaller. For the enti data set,

significant associations were obserVed for diarea RR=1.28 (1.08-1.51) andHCOI 2

'RR-i.87 (1.20-2.90), We then esated-effects of ths ratio restcte to subjects in

water where the tota,colifo1' exèeeded i ,OOQ cfu Signca effect were observed for. .
nausea 'RR=I.48 (l.08-2.04),-diarhea RR=1.40 (1.07..1.85), and ßCGO.RR=3.12(1.60-

6.07). We also conducted a similar anysis restcted to subjectsin'water where th tota

colifonns exceeded 5,000 cfu; Signficat èffects wereobse.vedfor feve, eye dischage,, "
skin ras, nausea, diarhea, stomach pa,, na congeston, Heai 1, and SRD. . Risk

.

ratios ranged from 2-7. We then çQnducted a simlar anysisrestcted to Slbjects in

water where the tota colifonn exceeded .10,000 cfullere we 'observed signficat

4 (J



,..-._.~-,",,"~","'i:"''"~~~''~''''~Ö~n~~':''Ò:~'':~~~X'':''~'':~.:~;9X~~"~v;"~";-i,-.i~"'A~"ir':1'l'A""'(:-"'~"6~"'~":;¿-n;.;..;..;...;.ç.:.;p:::~:".:"~:".:":::":":.:":.~:~:o:":~:.J";'':';'':ó~:,.''o,,..~':i!.."'...,~..~':~~o~.f..V.."".l",;..A''''~~'''''?'''''.''';'''.J''':'c_~,,:'¿'':..''¿,,~4i'-.- . ~.~ "-"..~- _... -. - - ..~.... ... ....'....-.,

associations with eye discharge, ear dischage, sk rah, nausea, diarhea, stomach pai,

naal conge;ston, HCOl 1, and Heoi ,2. The signficant RK's raged from 2-39. All the

etfeci noted above became consistentlystonger:sstheanyses wer increaingty

restcted to oêêåions, withlughet counts of tot colÎom. Sinèetbs rao apped to

be inormative, a rage of cutints (2, 4, 6, 8) was subsequently investgated. There wa-

a consistent pattemof stonger risk ratios ,as the cutpint becae lower (when the .

analyses were restrcted to times when tota coIiform exceeded 1,000 or 5000 cfu), with

tle strongest effects generIýobserved when the cUtint of2wa'used. The

coiiistency of the results sûggests the observed associations are rea. ,
,

None of the bacterial I'esultschagedwhen adjused forage, beach, gender, race,

Californa versus out-of-state resident, socioeconomic sttu~ and worr about potential

health hazds at the beach. They also didnotchange when we adjused thè bacteri~

results for distance from the dr.

The analysis of samples for enteric virses yielded seventeen samples (taen in the

stOIm drain) that wetepositivé fot enteric vises. Ths number of positive samples did

not enable us to conduct manY anyses; however. we were able to compare the frequency

of outcomes reponed by subjects who were swig withn SO yards of the drain on

days when samples were tested for virues and found to be negativè,\,ersus days when the

saples were positive for virses. Results are presented in Table 73. Although baed on

small numbers, a number of outcomes were reponed more often on days when the

saples were positive for vises; including fever (R=L.S3, 9S%CI 0.97-2.42, p=alue

0.07); vomiting (R=1.89, 0.94-3.78), HCGI-l (R=1.74, 0.99-3.06) and HCOl-2

(R=2.26"O.91-5.60). Results remaied essentially unchaged when adjused for

covarate~ or for each bacteral indicator. Research with gene probes is ongoin and will

be presented in an addendum at a later date.. .
The attbutable number for noteworty distce and bacteal indicator results was

,.."

. also calculated. Ths attbutable number is an estte of the number of new cases of a

specific adverse health outcome that is attbutable to the exposue (distce or bacterial

indicator) of intêrest. For a number of outcomes, the attbutable number raged into the .

5
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indicator) of inttrest.FOr a number øf outc()nies~ th attbutle numbeuanged into the

100'5 of new caes pe 1 O~OO ~xposed subjeci-(complete resuts arpresented in '

Tables 65-70).

In SUar, both set of results (the positiveassôciatons betwadve heath

effects and a) distce from the dr ,and b) bacte inclcars and prence of eiterc

tires) taen togeter strongly. suggest tht there, is an increed nsk of a relatively

broad range of symptoms caÙ5d by swg in Ocean water at the beh sites inchided
in ths stdy, paricularly close to the drai and when indicaor'd~ities increa or

ratios between selected indicators decrease.
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