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FOREWORD

The United States Congress created the National Estuary Program
in 1984, citing its concern for the "health and ecological
integrity" of the nation’s estuaries and estuarine resources.
Narragansett Bay was selected for inclusion in the National
Estuary Program in 1985 and the Narragansett Bay Project (NBP), a
multi-year study of the Bay and its resources, was established.

Under the joint sponsorship of the U.S. Environmental Protection
Agency and the Rhode 1Island Department of Environmental
Management, the NBP has involved participation by local, state,

and federal agencies, the academic community, and local 1nterest
and user groups. The purpose of the Narragansett Bay Project is
first to identify and evaluate pollution problems and causes in
the Bay through a five-year plan cf scientific research. Based

.on the results. the NBP will then develop a comprehensive

management plan by December, 1990, which will recommend actions
to improve and protect the Bay from further degradation.

In March, 1988, the Administrator of EPA and the Governor of
Rhode 1Island signed an agreement officially designating
Narragansett Bay as an "estuary of national significance". The
State of Rhode Island pledged to make a good faith effort to
institute whatever corrective actions are recommended by the
management plan as necessary to protect the Bay. The EPA will
continue to support the NBP through 1995 for the express purpose
of overseeing implementation of the recocmmended actions and
monitoring their effectiveness. After 1995, the State of Rhode
Island will assume responsibility for 1mplementat10n of the
management plan to protect the Bay and its resources for future
generations.

The NBP has established the following seven priority issues for
Narragansett Bay:

* management of fisheries
nutrients and potential for eutrophication
impacts of toxic contaminants
health and abundance of living resources
health risk to consumers of contaminated seafood
land-based impacts on water quality

* recreational uses
The NBP is taking an ecosystem approach to address these problems
and has funded research that will help to improve our
understandlng of various aspects of these priority problems. The
Project is also working to expand and coordinate existing
programs among state agencies, governmental institutions, and
academic researchers in order to apply research flndlngs to the
practical needs of managing the Bay and improving the
environmental quality of its watershed.
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This report represents the technical results of an investigation
performed for the Narragansett Bay Project. The information in
this document has been funded wholly or in part by the United
States Environmental Protection Agency under assistance agreement
#CX812768 to the Rhode 1Island Department of Environmental
Management. It has been subject to the Agency’s and the
Narragansett Bay Project’s peer and administrative review and has
been accepted for publication by the Management Committee of the
Narragansett Bay Project. The results and conclusions contained
herein are those of the author(s) and do not necessarily
represent the views or recommendations of the NBP. Final
recommendations for management actions will be based upon the
results of this and other investigations.
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EXECUTIVE SUMMARY

these beaches with present RI standards (total and fecal coliforms, Table
1) and the newly reccmended enterococcei standard.

Results of the beach survey for 1986 indicated that the majority of RI
beaches actually lock better under the enterococci standard than the
present total and fecal criteria, even under conditions of a comparatively
wet Summer. However, resuits strongly imply that the enterococci standard
may be a pocrer indicator of water quality under certain conditions.

A closed beach (Riverside, E. Providence), located in an area
receiving effluents from several major wastewater treatment plants, never
exceeded the EPA recammended single~sample maxirmm of 104 for enterococci
nor the reccmmended geometric mean criteria of 35 for 13 sample dates.
Analyses of these same samples indicated that the present total coliform
standard was exceeded on four occasions, and the fecal standard was
exceeded on six dates, The discrepancy may be due to the high chlorine
residual entering this area frem the wastewater treatment effluents.

(especially for saltwater beaches), it is recommended that the present
standard be retained, at least for the saltwater beaches threatened b
sources of chlorinated wastes, and more research be performed to examine
the sensitivity of the enterococci group to chlorinated effluents in both
SW and FW.
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INTRODUCTION

The RI Dept. of Envirormental Management, Div. of Water Rescurces
performs a water quality check of public freshwater (FW) and saltwater
{SW) beaches in RI once a year, just prior to the bathing season. Water
samples from twenty-three freshwater and thirty-four saltwater bathing
beaches are tested for total coliform and fecal coliform levels. Results
are compared with state water quality standards for swimmable, fishable
waters (Y"B" for FW or "SB" for SW).

After initial sampling, five saltwater and three freshwater beaches
which are considered susceptible to various sources of bacterial inmput are
monitored over the bathirg season. Olney Pord, Lincoln Woods (FW) and
Warren Town Beach (SW) are monitored weekly. The former suffers from
bather locading and occasicnal nonpoint runoff input, while the latter is
in close proximity to numerous inputs, including effluents from a
secondary wastewater treatment plant and a seafood processing plant, along
with storm drains and other runoff sources. For comparative purpcses, a
closed beach (Riverside, East Providence) on the Providence River, an area
known for poor water quality, was added to the weekly sampling during this
study.

Bi-weekly sampling normally occurs at Barrington Town Beach, Button-
wocds, and Goddard State Park in Warwick {(all SW), and WW II Memorial
State Park in Woonsocket (FW). These beaches are considered to have
sporadic fluctuations in water quality due to variocus input sources.
Barrington Town Beach is located in the upper Bay, an area which can be
impacted by low quality water from the Providence River, and Goddard State
Park is located clcose to Greerwich cove, an area which receives effluent
from the East Greerwich Wastewater Treatment Facility. Buttornwoods and
WWII State Park are thought to be impacted mainly by nonpoint sources
and/or bather loading. Kingspoint Park beach, Newport (SW) is sampled
following heavy rain events (> 0.5" within 24h) due to its close proximity
to combined sewer overflows discharging into Newport Harbor.

Recently, the EPA has recammended that a new indicator organism be
utilized (Table 1). EPA urges the use of a membrane filter (MF) method
to measure the gecmetric mean density of either E. coli or the enterococci
group, rather than the previocusly recommended total and fecal coliform
groups (EPA, 1986; Fed. Reg. Notice, 1986). The present state bathing
beach standards are based on median densities of total and fecal coliforms
as measured by a 3-tube serial dilution Most Probable Number (MPN)
ermumeration method (Table 1). The objective of this project was to
examine the RI beaches in relation to present bathing criteria and the new
EPA recommended enterococci standard. .




|

METHODS

All water samples were opbtained by RI DEM personnel between 0800 and
1500 h . Each sample was taken by wading from a point approximately
midbeach out to a depth of approximately 1 m, submerging a 250 ml
autoclaved polycarbonate bottle in an inverted position to a depth of 0.3
m below the surface, and tipping the bottle into an upright position to
fill it. The sample was carefully sealed with the autoclaved screw top of
the sample bottle, and immediately placed into an insulated carrier
containing ice packs. Following completion of the day's sampling, all
samples were transported to the RI Department of Health sanitary
microbiology laboratory.

Upon arrival at the laboratory, samples were logged in. Each sample
was shaken 25 times over a distance of 0.3 m for a period of 7 seconds,
then split into two egqual~volume subsamples for separate enterococci and
coliform analyses. The total and fecal coliform analyses for the most
probable number method (MPN) with a 3-tube dilution followed the
procedures given by Standacd Methods (1985). Enterococci analyses
followed the procedures given by EPA Test Methods (1985).

RESUITS

Initial Sampling
Sait Water Reaches

None of the initially-sampled salt water beaches exceeded the
EPA-recammended single-sample maximum enterococci count of 104 (Table Al,
Appendix A).

Total and fecal coliform levels did not correlate well with the
enterococci levels. Initial single-sample values for the saltwater
beaches showed two beaches to have fecal coliform levels exceeding the SB
fecal standard of 50 MPN: the East end of Mackeral Cove, Jamestown (fecal
= 230) ; and the North end of Wickford Town beach, North Kingstown (fecal =
93, Table Al). Of these, only the Wickford beach sample also had an
elevated enterococci level (ent. = 77). Although elevated, it did not
exceed the single sample enterococci maximm criteria. Both beaches were
resampled, and showed low fecal and enteroccoci counts on the second
sample (Table Al).

No sources of sewage input are known for either of these beaches.
Besides sewage, potential sources for such elevated levels of indicator
organisms may come from nonpoint runoff sources and/or wastes from any
warm-blocded organisms, including waterfowl.

A sample from the Tiverton Yacht Club exceeded both total and fecal
coliform standards (tot. = 2300; fecal = 90). However, enterococci were
very low (=3) for this same sample (Table Al). This beach is located very
close to several large storm drains which release significant runoff
volume following rainstorms. The above sample was taken soon after a
significant rain event (>1" in 24h). A second sample taken on a "dry" day
showed low values for all irdicator organisms (Table Al).
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Fresh Water Beaches

The initial single-sample values for FW beaches indicated that one
beach exceeded the enterococci single-sample maximum of 61: Iake Belair in
No. Smithfield (=74, Table A2). This same sample did not exceed total or
fecal standards. Potential input of indicator organisms into this area is
from nonpoint scurces.

Total and/or fecal standards were exceeded for 2 of the initially
sampled FW beaches: Waterman Iake Assoc. beach, Glocester (tot. coli. =
2400); ard Little Pord, Warwick (tot. & fecal = 2300 each, Table A2).

At Waterman Lake, the fecal ard enterococci levels were very low (9 and
8 respectively), suggesting that the source of these counts was probably
of low sanitary significance.

The Little Pond data has a total:fecal ratio of 1:1, suggesting a
potential input of sewage into the area. However, the enterococci level
is low (=28), and within a range fourd at other FW beaches having muct
lower total and fecal level’s. This pond is located in an urbanized area
which is only partially sewered, and would be expected to receive nonpoint
source impacts from runoff, with a possible contribution from septic
systems in areas with a high water table. This is therefore an area of
suspected bacterial problems, but the enterococci values contradict this.
More will be discussed below concerning interpretation of indicator
levels.

Beaches Monitored Throuch the Bathing Season

Summary statistics and raw data for beaches sampled weekly or biweekly
are given in Tables Bl - B2 and A3 - A4 respectively. As noted
previocusly, these beaches are considered to have the greatest potential
for fluctuations in water quality, and are therefore monitored cn a more
frequent basis.

Saltwatér Beaches

The only SW beach that exceeded state standards was Warren Town beach
(fecal median = 93, Table Bl ard Fig 1). Extreme fluctuations in
indicator organism levels suggested a sporadic input of these organisms
(Table A4 and Fig 2). This is an area of concern because effluents of
sanitary concern do occur here, both fecal coliform and enterococci
geometric means and medians exceeded standards, and the maximm total
coliform count of 4300 (Table Bl and Fig 2) was high in comparison with
other open beaches in the survey, although the median total coliform count
did not exceed standards.

A special shoreline survey was performed in this area in an attempt to
locate the major input(s), but water samples taken from effluents,
drainage input, etc., were not successful at pinpointing the scurce in
1986. Further sampling surveys performed in 1987 by both the State and
personnel of the Warren wastewater treatment facility have located what is
believed to be the major source of this material (discussed below).
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The other Rhode Island SW (open) beaches appeared to be in better
shape. None exceeded the state median standards, and only two
(Buttormoods and Kingspoint Park, Tables A4 & Bl) exceeded the
single-sample maximum of 104 for enterococci on a single sample date.

Samples from Kingspoint Park, Newport indicated that, as expected,
this area is affected by rain events. Sources would be expected to
include a combined sewer overflow located nearby. Ievels for all 3
indicator organisms were elevated on 3 dates following heavy rains (Table
A4). However, this beach did not exceed the standards for the geametric
means or medians for any of the indicators (Table Bl).

At Buttormoods, Warwick, the enterococci exceeded the single-sample
maximm on one sample date (Table A4), but both total and fecal coliforms
were very low. The geometric means and medians did not exceed standards
for any indicator (Table Bl).

Closed Beach Results

Sarples from the closed SW beach, Riverside, E. Providence, reflect
sporadic poor water quality. Inputs to the Providence River include
effluents from several wastewater treatment plants, cambined sewer
overflows, and mumerous nonpoint sources.

Both total and fecal coliform counts exceeded single-sample standards
on several dates (Table 24 and Fig 3). Enterococci did not exceed the
single-sample maximm (104) on any sampling dates. Geometric means and
medians fell below the standards or recommended standards for all three
indicator organisms.

There are a number of possible causes for these results. Effluents
into this area (e.g., Fields Point WWIF) have fairly high disinfectant
chlorine residuals (2-4 mg/l), potentially causing continued die—off of
the indicator organisms. The projection of Sabin Foint just North of the
beach (Fig 1) may alsc minimize impact from the more contaminated waters
in the main ship channel. Note that this does not mean that the DEM
condones bathing here, since this area has known inputs of high sanitary
concern, and viral pathogens, etc. may not suffer the same die-off rate as
the indicator organisms measured. These results do provide a prime
example of the fact that "there is no ideal indicator" for pathogens (FDA,
1986), and black-and-white interpretation of indicator density levels are
highly ternuocus.

Freshwater Beaches

WW IT Memorial Park in Woonsocket did not open until June 20, 1986.
During the pericd it was open and sampled, it exceeded the single-sample
maximm of 61 for enterococci on cne date (=360, Table A3) and the
recommended enterococci gecmetric mean standard of 33 (geo. mean = 43,
Table B2). This beach, which is man-made and chlorinated, suffers from
bather loading and runoff from the adjacent park and vicinity. It was
closed in August 1986 due to mud slides, which interfered with
chlorination and the filtration system.
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Olney Pond in Lincoln exceeded the single—sample enterococei maximm
on the East end of the beach for 2 dates (=130, 180, Table A3) and the
West end on 2 dates (67, 87, Table A3). Because total and fecal coliforms
were also elevated on at least one of these dates (7/21/86, a "dry" date),
there is a possibility of bather loading. Nonpoint source runoff is the
only other known source of input for this area. Geametric means and
medians did not exceed standards for any indicators(Table B2 and Fig 5).

Spring Lake, Burrillville, did not exceed median and gecmetric mean
standards for any indicators (Table B2 and Fig 5). It did exceed the
single-sample fecal maximm on 2 dates, and single-sample maximm for
total coliforms on one of those dates (Table A3). Although elevated, -
enterococei never exceeded the recommended single-sample maximum. This
lake is impacted by norpoint sources.

Simple (Pearson) Correlations Between Indicator Organism Values

Simple correlation coefficients between indicator organisms were
calculated using the gecmetric means of the three indicator organisms
measured (Table Cl). For a pooled data set of SW and FW beaches (n=10),
a significant positive correlation occurred between the log means of the
total and fecal coliforms. Analysis of SW beaches alone (n = 6) indicated
a significant correlation between the log means of fecal coliforms and
enterococci. No significant correlations between any indicator levels
occurred for the FW beaches, most likely due to the small sample size (n =
4} .

When indicator levels were analyzed for correlations within data sets
for individual beaches, 5 of the 6 SW beaches showed a significant
pesitive correlation between the logs of the total and fecal coliform
values (Table C2). Two of the 6 showed a correlation between logs of
fecal coliforms ard enterococci. Only one of the 6 showed any correlation
between logs of the total coliforms and enterococci.

For the FW beaches, 4 out of 4 beaches showed significant positive
correlation between logs of the total and fecal coliform values (Table C3)
Two of the four reflected a significant positive correlation between the
logs of the fecal coliform and enterococci values. Only one of the 4
showed a correlation between the logs of total coliform and enterococci
values.

These results suggest that there is a strong positive correlation
between the values of total and fecal coliforms found at most beaches.
This is not unexpected since fecal coliforms are a subgroup of the total
coliforms. Correlations between enterococci and the two coliform
indicators are less frequently observed, indicating poor overall
correlation between these indicators. One would therefore be less likely
to find enterococci levels tracking closely with the coliform vadues.
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It should be noted here that there are constraints to this
interpretation due to the statistical assumptions involved. The simple
{Pearson) correlation coefficient requires a random sarpling from a
bivariate normal population . The assumptions may be violated since the
actual population distributions for these indicators is not known.
Therefore, I have also examined the data using a nonparametric method: the
Spearman rank difference correlation coefficient. This coefficient can be
used to indicate whether the Iank order (lowest to highest counts) of
samples is significantly correlated between two variables measured.

(Note: this ccefficient can only provide information on how ranking the
sarples may be affected by which parameter is used, not the degree of any
quantitative relationship between the measured parameters ).

Rank correlations between indicators were calculated for the data sets
from each beach (i.e., samples were ranked by indicator level for
individual beaches). Results indicated that there was a significant
positive correlation between ranks for total and fecal coliform values for
5 out of the 6 SW beaches a~d 2 of the 4 FW beaches (Table C4). Ranking
by total coliform levels showed little Correlation with ranks based on
enterococei, with only one beach (Kingspoint Park) producing a significant
correlation between these indicators. There was evidence of a slight
correlation between ranks based on fecal coliforms and enterococci, with 2
SW and 2 FW beaches having significant coefficients (Table C4).

This information provides evidence that total ard fecal coliforms
will, in most cases, track each other, at least in terms of direction (as
one goes up or down, the cther should also follow that trerd).
Enterococci are less likely to follow the relative trends in coliform
levels measured at a particular beach.

When beaches are ranked by their geametric means, this relationship is
Seen again. Although the number of beaches sampled is too low to
calculate the rank coefficient for SW ard FW groups separately, a pooled
data set of SW + FW beaches (n = 10) showed a significant positive
correlation between ranks based on total and fecal coliforms only (Table
C4}. Once again, all evidence suggests that enterococci trends at a beach
will not follow coliform levels.

Comparing Criteria

It may be useful to ask how conservative each indicator organism is as
a gross indicator of water quality. (Note: This is not the same as a
quantitative health risk estimate.) One possible way is to examine the
frequency with which samples exceed the single-sample criteria. A review
of the 1986 beach data (Tables CS5 & C6) indicates that the SW and FW
beaches differ in this measure.

For a pooled data set from all Sw beaches, the fecal coliform
single-sample criteria is more likely to be exceeded than the other
standards. A chi-square analysis presents a significant difference
between the mumber of samples which exceed the fecal coliform criteria and
the other two indicator groups (Table CS5). For SW beaches, enterococci
appear to be the least conservative of the three, showing the lowest
number of samples exceeding the relevant criteria..
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Perhaps a more valid approach for camparison of the usefulness of
different bacteriological indicator organisms as general indicators of
Sewage contamination in an area is to concentrate on the 2 beaches which
have known significant socurces of human sewage located nearby: Riverside
and Warren. If one looks at the number of samples exceeding the
single-sample criteria for both of these beaches, it is clear that the low
fecal criteria is still the most conservative measure (Table C5). It is
especially disconcerting to note that the Riverside data show no samples
exceeding the enterccocci limit, yet this closed beach is in cleose
proximity to an area which receives large volumes of (treated) sewage.

The Warren data shows the greatest mumber of samples exceeding the
single-sample criteria for fecal coliform and enterococci for any beach
measured (Table C5). Measurements made by the town and DEM in both 1986
and 1987 strongly suggest that the source of the indicator organisms at
Warren is not the wastewater treatment effluent, and may in fact be
organic material other than human Sewage. DEM has isolated food

7
situation. It is interesting to note that the fecal counts are
consistently exceeding the single-sample criteria here, again reiterating
the conservative nature of the SW fecal standard. It also indicates the
potential for bacterial ing:-ator sources other than sewage to

Each of the above indicators suffers from a major drawback: scurces

include several genera which have natural sources other than sewage, ard

extra-fecal scurces (Cabelli, 1983; Chardler, 1982; Dufour, i%84). In
addition, fecal coliforms can be found in wastes of all warm-blooded
organisms including naturally-occurring wildlife such as waterfowl
{(Chardler, 1982). The exact sanitary significance of the contribution
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made by such nonhuman scurces of indicator levels is unknown (Charndler,
1982) . Finally, the enterococci indicator also has significant
extra-fecal sources, including vegetation, insects, and certain soils
(EPA, 1985; Ievin et.al., 1975). In fact, counts of less than 100
enterococci/100ml are often found to consist mainly of Streptococcus
faecalis var. liguifaciens, a ubiquitous biotype not considered to be of
sanitary significance (Geldreich, 1970; Std. Methods, 1985).

The above statistical analyses suggest that, at least for SW beaches,
the fecal criteria is the most conservative measure of general
bacteriological water quality. For FW, the indicators do not differ
significantly in frequency of samples exceeding criteria. It would appear
that reliance on the fecal coliform criteria is still warranted in areas
potentially affected by chlorinated effluents, and it is recommended that,
at least for saltwater beaches, a revision of the RI bathing beach
standardtosoleusecfanenterocoocicriteria&cbeperfonnedatthis
time. Enterococci would be a more accurate measure of swimming risk for
freshwater beaches in RI based on the EPA epidemiological data. This will
entail altering the FW criteria, and ensuring that the RIDUH laboratory
has personnel and funding available to provide analyses on all three
indicators for the annual State beach monitoring program. It is also
recommended that the more rapid (24 h) assay method be used for the fecal
determinations if at all possible. If furds and manpower are available,
it would be useful to continue develcping a data base which can reflect
the trends for all three indicator organisms at all beaches, and most
importantly, continue maintaining shoreline surveys of the beaches in
pursuit of potential inputs of sanitary significance.

It is clear that research on the relationship of enterococei, total,
and fecal coliform levels to chlorination treatment is necessary. It
might also be highly enlightening to examine the level of these indicators
within a water body that is known to receive socurces of untreated sewage,
such as septic (ISDS) leachate.

Because of the confounding effect due to input from natural scurces
of low sanitary concern for all these indicator organisms, the
interpretation of results from bathing beach samples using any of the
above irdicators is subject to many constraints. Further research to more
fully examine background levels of these indicators from other natural
sources (e.g., input from nearby marshes, common waterfowl populations,
major insect populations such as the gypsy moth, etc.) would greatly aid
in the interpretation of results.
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Tabie 1. Present Rl water quality criteria and EPA recommended criteria
for full-body contact swimmable waters.

3

Maximum
Geometric
Indicator Mean * Median Other
Organism (MF) (MPN) Criteria
Fresh Water :
EPA
E. coli 126 235 single sample
maximum
enterococci 33 61 singie sample
maximum
RlI
Total coiiforms 1000 Not more than 20%
of the samples
> 2400 and a
single sample
maximum of 1000
Fecal coliferms 200 Not more than 20%
of the samples
>500anda
single sample
maximum of 200
Salt Water :
EPA
enterococci 35 104 single sample
: maximum
Ri ,
Total Coliforms 700 Not more than 10%
of the samples
> 2300 anda
single sample
. maximum cf 700
Fecal Coliforms 50 Not more than 10%

*n>5samples
# per 100 ml sample
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of the samples
>500anda
single sample
maximum of
50




Riverside, E.Prov.
Barrington

Warren

Buttonwoods
Goddard Park
King's Beach
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Fig. 1. Salt Water Beaches Monitored 13986
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APPENDIX A

RAW DATA FOR INDIVIDUAL SAMPIES



TABLE Al. SALT WATER BEACHES -~ INITIAL SAMPLING 1986

TOTAL FECAL ENTERC- *
BEACH DATE COLIFORM  COLIFORM COCCI  RAIN TIDE
BRISTOL Town
Beach (No.End) 5/21/86 4 4 1 R Ebb
{So.End) 5/21/85 30 ) 1 <1 R Ebb
CHARLESTOWN
Town Beach 5/19/86 15 1 <1 D Low
JAMESTOWN
Mackeral Cove e
(East End) 5/12/86 230 230 <1 D High
6/16/86 40 1 <1 R -
{West End) 5/12/86 23 1 23 D High
6/16/86 1 1 1 R -
LITTLE COMPTON
Warren's Pt. . -

Beach Club 5/21/86 130 1 <1 R Ebb
Town Beach 572°1/86 9 4 1 R Low
Goosewing Beach 5/21/86 1 1 <1 R Low
Brigg's Beach S5/21/86 1 1 <1 R Low

MIDDLETOWN
2nd Beach 5/13/86 4 4 4 D Flood
3rd Beach 5/13/86 9 9 18 D Flood
Peabody's Beach 5/13/86 7 4 <1 D Flood
NARRAGANSETT
Sand Hill Cove

(East End) 5/19/86 1 1 2 D Flood

{West End) 5/19/86 1 1 <1 D Flood
Dunes Club 5/19/86 210 1 <1 D Flood
Scarborough

(No.End) 5/19/86 90 1 <1 D Flood

{Middie) 5/19/86 27 1 <1 D Flood

(Sc.End) 5/15/86 160 1 <1 D Flood
Narr.Pier Beach .

(No.End) 5/19/86 1 1 <1 D Flood

(Middle) 5/19/86 43 4 1 D Flood

(So.End) 5/19/86 15 7 1 D Flood

* R = >0.5" RAIN W/IN 3DA CR > 1" W/IN 4DA ; D = DRY
@ = EXCEEDS SB STANDARDS : 700 MPN TOTAL COLI.; 50 MPN FECAL ; 104 ENT.
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TABLE Al. SALT WATER BEACHES - INITIAL SAMPLING 1986 (Cont.)

TOTAL FECAL ENTERO-~ *
BEACH ' DATE COLIFORM  COLIFORM COCCI  RAIN TIDE
NEWPORT
Fort Adams 5/13/86 4 1 1 D High
Hazard's Beach 5/13/86 15 9 14 D High
Gooseberry Beach  5/13/86 A 4 8 D High
Bailey's Beach 5/13/86 4 4 16 D Flood
Easton's (1lst Bch.)
(East End) 5/13/86 9 S 5 D Flood
(West End) 5/13/86 21 3 19 D Flood
NO. KINGSTOWN
Town Beach 8
(Wickford)(No.End) 5/12/86 93 93 77 D Flood
: 6/17/86 7 7 <3 R -
(Se.End) 5/12/86 11 7 3 D Flood
6/17/86 1 1 <3 R -
PORTSMOUTH
Sandy Point 5/13/86 23 23 10 D Floed
SC. XINGSTOWN
East Matunuck
(East End) 5/19/86 1 1 <1 D Flood
(West End) 5/19/86 39 1 <1 D Flood
TIVERTON @ @ :
Yacht Club 5/21/86 2300 90 3 R Ebb
6/17/86 70 4 19 R -
Town Beach
(Grinnel's) 5/21/86 43 7 28 R Ebb
Fogland 5/21/86 1 1 12 R Ebb
WARWICK
Conimicut Point
(East End) 5/14/86 1 1 1 D -
(West End) 5/14/86 9 4 1 D -
Oakland Beach 6/24/86 43 A 11 D Ebb
WESTERLY .
Misquamicut
(East End) 5/19/86 160 1 <1 D Low
(West End) 5/19/86 1 1 <1 D Low
Westerly Red
Cross Beach 5/19/86 4 1 3 D Low
* R = >0,5" RAIN W/IN 3DA OR > 1" W/IN 4Da ;s D = DRY
@ = EXCEEDS SB STANDARDS : 700 MPN TOTAL COLI.; SO MPN FECAL ; 104 ENT.
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TABLE A2. FRESH WATER BEACHES - INITIAL SAMPLING 1986

o TOTAL FECAL ENTERO-
BEACH DATE COLIFORM COLIFORM COCCI RAIN
BURRILLVILLE
Pulaski State 5/20/86 150 1 1 D
Park (Peck Pond)
CRANSTON
Curran Park 5/20/86 160 9 3 D
COVENTRY
Tiogue Lake 5/14/86 4 4 2 D
GLOCESTER
Bowdish Reservoir
(Geo.Washington
Park ) 5/20/86 43 3 <1 D
Waterman Lake @
-Lake Assoc. 5/20/86 2400 9 8 D
6/16/86 15 3 14 R
—Glocester C.C 5/27/86 23 23 2 D
—Steere's Beach 5/20/86 93 S 1 D
JOHNSTON
Slacks Reservoir  5/20/86 11 7 2 D
{North)
LINCOLN
Laporte Pond 5/20/86 39 9 8 D
Scott's Pond 5/20/86 200 40 7 D
MARRAGANSETT
Forest Lake 5/12/86 23 g 1 D
NO. SMITHFIELD @
Lake Belair 6/3/86 240 93 74 R
SMITHFIELD -
Georgiaville Pond 5/20/86 43 9 1 D

* R = >0.5" RAIN W/IN 3DA OR > 1" W/IN 4DA ; D = DRY

@ = EXCEEDS B STANDARDS : 1000 MPN TOTAL COLI.; 200 MPN FECAL,; 61
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TABLE A2. FRESH WATER BEACHES - INITIAL SAMPLING 1986 (Cont.)

BEACH

SO. KINGSTOWN
Indian Lake
(Plat #1)
(Plat #2)

Wakefield 0ld

Mtn. Field

WARWICK
Gorton Pond

Little Pond
Warwick Pond

Sand Pond
Posneganset Pond

W. GREENWICH
Mishnock Pond

@

TOTAL FECAL  ENTERO-~ *
DATE COLIFORM COLIFORM COCCI  RAIN
5/12/86 75 15 20 D
5/12/86 210 23 30 D
S/12/86 43 23 1 D
5/14/86 9 4 1 D

e e

5/.4/86 2300 - 2300 28 D
6/10/86 430 43 9 R
5/14/86 20 4 1 D
6/2/86 240 15 40 R
6/2/86 240 9 28 R
8/12/86 230 9 20 R
5/14/86 9 4 1 D

EXCEEDS B STANDARDS :

* R = >0.5" RAIN W/IN 3DA OR > 1" W/IN 4DA ; D = DRY
= 1000 MPN TOTAL COLI.; 200 MPN FECAL ; 61 ENT.
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TABLE A3. FRESH WATER BEACHES - BEACH MONITORING 1986

TOTAL FECAL ENTERO~ *
BEACH DATE COLIFORM COLIFORM COCCI  RAIN
BURRILLVILLE
e e
Spring Lake 7/07/86 2300 210 22 R
7/21/86 75 75 28 D
7/30/86 70 9 <1 R
8/05/86 150 43 2 R
8/12/86 230 43 1 R
@
8/20/86 930 430 50 R
8/25/86 150 43 1 R
LINCOLN
Olney Pond
(East End) 5/20/86 93 23 3 D
5/27/86 75 9 22 R
6/03/86 93 9 3 R
@
6/09/86 430 430 49 R
6/16/86 930 23 <3 R
6/23/86 150 S 4 D
6/30/86 230 93 48 I
@
7/08/86 430 230 48 R
7/16/86 120 43 <1 R
e @ e
7/21/86 11000 430G 130 D
7/30/86 930 93 35 R
@
8/05/86 83 43 180 R
8/12/88 230 23 12 R
8/20/86 930 g3 <1 R
8/25/86 93 23 3 R

* R = >0.5" RAIN W/IN 3DA OR > 1" W/IN 4DA ; D = DRY
@ = EXCEEDS B STANDARDS : 1000 MPN TOTAL COLI.; 200 MPN FECAL ; 61 ENT.
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TABLE A3. FRESH WATER BEACHES - BEACH MONITORING 1986 (CONT.)

TOTAL FECAL ENTERO- *
BEACH DATE COLIFORM COLIFORM COCCI RAIN
Olney Pond
(West End) 5/20/86 43 4 6 D
5/27/86 460 9 30 R
6/03/86 240 43 43 R
6/09/86 90 23 ) R
6/16/86 430 43 41 R
6/23/86 150 9 31 D
6/30/86 230 43 67¢ 1
7/08/86 230 13 S R
7/16/86 240 43 - R
7/21/86 430 43 20 D
)
A=y
7/30/86 430 150 87 R
8/05/86 93 23 <1 R
8/12/86 230 23 10 R
8/20/86 430 150 <1 R
8/25/86 43 15 1 R
WOONSOCKET
a @
WW II Mem. 6/25/86 9300 230 - D
Park @
7/07/86 150 23 360 R
7/21/86 230 23 19 D
(Cpen 6/20/86) 8/05/86 75 23 12 R

(Closed 8/08/86 due mud slides)

*
e

R

EX

>
CE

.5" RAIN W/IN 3DA OR > 1™ W/IN 4DA ; D = DRY

EDS B STANDARDS :

1000 MPN TOTAL CCLI.; 200 MPN FECAL ; 61 ENT. )
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TABLE A4, SALT WATER BEACHES - BEACH MONITORING 1986

TOTAL FECAL ENTERC- *
BEACH . DATE COLIFORM  COLIFORM COCCI RAIN TIDE
BARRINGTON
Town Beach
(East End) 5/21/86 290 4 <1 R Ebb
(West End) 5/21/86 130 9 8 R Ebb
(Middle) 5/27/86 23 1 1 R High
. 6/05/86 430 15 <10 R High
7/07/86 4 1 2 R Ebb
@
7/21/86 93 o3 11 D Ebb
8/05/86 9 1 <1 R Ebb
3/20/86 93 9 14 R Ebb
EAST PROVIDENCE .
Riverside 5/27/86 99 23 29 R Flood
(Closed to 6/02/86 260 1 <1 R Low
@ @
Swimming) 6/05/86 4300 210 T 10 R Ebb
e - @
6/16/86 930 93 6C R Flood
6/30/86 9 1 8 D Flcod
7/07/86 43 1 1 R Ebb
8
7/16/86 240 240 - R Flood
7/21/86 230 43 11 D Ebb
7/30/86 230 &3 56 R Flood
8/05/86 43 9 <1 R Ebb
@ e
8/12/86 2300 430 26 R Flood
@ 8
8/20/86 2300 430 4 R Ebb
a
8/25/86 230 230 4 R -
NEWPORT
Kings Point Park
(East End) 5/13/85 1 1 1 D High
(West End) 5/13/86 1 1 1 D High
(Middle) 6/10/86 9 1 <1 R Ebb
6/17/86 90 4 2 R Flood
8 @
7/14/86 1500 230 63 R Flood
@ @ @
7/30/86 930 240 140 R -
e .
8/20/86 210 210 79 R Ebb

* R = >0.5" RAIN W/IN 3DA OR > 1" W/IN 4DA ; D = DRY
@ = EXCEEDS SB STANDARDS : 700 MPN TOTAL CCLI.; 50 MPN FECAL ; 104 ENT.
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TABLE A4. SALT WATER BEACHES - BEACH MONITORING 1986 (Cont.)

TOTAL FECAL ENTERO- *
BEACH DATE COLIFORM COLIFORM COCCI RAIN TIDE
WARREN
Town Beach
(No.End) 5/21/86 230 15 41 R Ebb
@ €
6/16/86 240 240 200 R Flood
@ @
(Sc.End) 5/21/86 4300 70 58 R Ebb
e
(Middie) 5,/27/86 93 93 <1 R High
e
6/02/86 240 43 T 480 R Low
' a
6/09/86 430 93 <16 R High
e a e
6/16/86 1500 280 160 R Flood
6/30/86 15 9 36 D Flood
7/07/86 43 1 19 R Ebb
@ g
7/:.5/86 750 460 - R Flood
@
7/21/86 430 240 28 D Ebb
@
7/30/85 230 a3 96 R Fiood
]
8/05/86 430 430 80 R Ebb
8/12/86 43 7 42 R -
@ @
8/20/86 230 383 150 R Ebb
8/25/86 43 43 7 R -
WARWICK
Buttonwoods 5/12/86 9 4 <1 D Ebb
(City Park) 5/28/86 4 4 - R Flood
6/10/86 & 4 7 R High
E e
6/24/86 23 4 190 D Ebb
7/08/86 4 4 18 R High
7/21/86 93 43 <1 D Low .
8/05/86 43 43 <1 R Ebb
8/20/86 43 9 <1 R High

* R = >0.5" RAIN W/IN 3DA OR > 1" W/IN 4DA ; D = DRY
@ = EXCEEDS SB STANDARDS : 700 MPN TOTAL COLI.; 50 MPN FECAL ; 104 ENT.
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TABLE A4. SALT WATER BEACHES - BEACH MONITORING 1986 {Cont.)

TOTAL FECAL ENTERO- *
BEACH DATE COLIFORM  COLIFORM COCCI  RAIN TIDE
Goddard Park
(East End) 5/12/86 23 23 6 D Flood
e
(West End) 5/12/86 430 430 37 D Flood
(Middle) 5/28/86 9 4 - R Flood
6/10/86 4 4 <10 R High
6/17/86 9 4 17 R -
6/24/86 23 4 60 D High
@
7/08/86 230 230 43 R Ebb
7/21/86 11 1 6 D Low
8/05/85 g 9 3 R Low
@
8/20/86 230 93 26 R Ebb
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Table (1 Simple (Pearson) Correlation Coefficients .

Correlation Between Gecmetric Means

1ogs of Iogs of Iogs of
Total Coliform: Total Coliform: Fecal Coliform
Beach Fecal Coliform Enterococci Enterococei
SW + *k
W Beaches .8366 .4901 .5597
n = 10
df = 8
*
SW only . 7678 .5279 .8435
n==a
af = 4
W only .3150 .7372 -.3986
n=4
daf = 2
* *%
= p<.05 = p<.01




Table C2.
Within Beach Correlation Between Indicators
for Individual Samples for Salt Water Beaches

Iogs c_)f Logs of Iogs of
Total Coliform: Total Coliform: Fecal Coliform
Beach Fecal Coliform Enterococci Enterococci
*
Barrington .6822 .4900 .8135
n=a38
df =
Jok
Riverside . .7768 .3361 .5096
n=13
df = 11
*%x * % * %
Kingspoint .9115 .8821 .9928
n=7
af =
*
Buattonwoods .8161 -.3852 -.5824
n=7
df =
*%
Goddard Park .911% .6499 .4873
n=9 .-
df = 7 .
*%
Warren .6596 .3474 .1956
n =15
df = 13
* %%
= p<.05 = p<.01
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Table (3

Within Beach Correlation Between Indicators

for Individual Samples for Fresh Water Beaches

Iogs of Iogs of Iogs of
Total Coliform: Total Coliform: Fecal Coliform
Beach Fecal Coliform Enterococci Enterococci
* *
Spring Iake .8040 .5516 .8390
n=7
daf =5
X *
Olney Pond E .6948 .2514 .5267
n=195
df = 13
* *
Olney Pord W .6180 .5342 .1481
n =15
df = 13
*
WN IT .9768 .2580 0.0
n=24
daf =2
* %k
= p<.05 = p<.0l
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Table (4. Spearman Rank Difference Correlation Coefficient

Toctal Coliform: Total Coliform: Fecal Coliform:
Beach Fecal Coliform Enterococci Enterococci

Rank Correlation Between Beaches

*
SW + FW .7212 .4515 .4939

Within Beach Rank Correlacion For Individual Samples

SW Beaches )
*
Barrington .686 .304 .804
n=38 .
* %k
Riverside .749 L1595 322
n =13
E ] * Kk
Kingspoint .938 .866 .964
n=7
* %
Buttonwoods .887 -.670 -.634
n=2=8
*
Goddard Park .749 .492 .215
n = 10
ok
Warren .730 .381 .327
n =16
* Jek
= p<.05 - = p<.01
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Table C5 .Salt Water Beach Data 1986 - Frequency of exceeding
the single—sample criteria

Total Fecal Enterococci Sum
Beach Coliform Coliform > 104

> 700 > 50
Barrington
Town Beach 0 1 0 1
(n=8)
Riverside 4 6 0 10
{n = 13)
Kingspoint Park 2 3 0 5
n=7)
Warren Town

Beach 3 10 5 18

(n = 16)
Buttorwoods ¢ 4] 1 1
(n = 8)
Goddard Park 0 3 0 3
(n = 10)
SUM 9 23 6 38

{(Total n = 62 sanmples)

2
X _(af = 1)
(with Yates Correction)

*

Total vs Fecal Coliform = 5.281

Total vs Enterococci = 0.266
dokk

Fecal vs Enterococci = 8.828

* = p<.05, ** = p<.0l, *%* = P<.005
p< =
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Table C(C6 .Fresh Water Beach Data 1986 - Frequency of exceeding the
single-sample criteria
Total Fecal Enterococci Sum
Beach Coliform Coliform > 61
> 1000 > 200
Spring lake 1 2 0 3
(n=7)
Olney Pond
East End 1 3 2 6
(n=15)
West End U o 2 2
{n = 15)
WW IT o 0 1 1
(n =3)
StM 2 5 5 12
(Total n = 41 sarples)
2
X (df = 1)

(with Yates Correction)
Total vs Fecal Coliform = 0.571
Total vs Enterococci = 0.571

Fecal vs Enterococci 0.0
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