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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 1984 and designated an "estuary of national
significance" in 1988. The Narragansett Bay Project (NBP) was
established in 1985. Under the joint sponsorship of the U.S.
Environmental Protection Agency and the Rhode Island Department
of Envircnmental Management, the NBP's mandate is to direct a
five-year program of research and planning focussed on managing
Narragansett Bay and its resources for future generations. The
NBP will develop a comprehensive management plan by December,
1990, which will recommend actions to improve and protect the Bay
and its natural reso'rces.

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 cf living resources
health risk to consumers of contaminated seafocd
land-based imrnacts 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
understanding of various aspects of these priority problems. The
Project 1is also working to expand and coordinate existing
programs ameng state agencies, governmental institutions, and
academic researchers in order to apply research findings to the
practical needs of managing the Bay and improving the
environmental quality of its watershed.

% % X % %

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 Island Department cf 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 publiication 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.




Executive Summary

Three, three-day sampling tours were conducted in the Providence River and
upper bay of the Narragansett Bay Estuary during relatively dry weather. Surface
water samples were collected during all three tours, and bottom water samples
dunngthefusttwo The first tour was conducted during the winter and the last
two during successive summers. In most instances, the samples were collected
during a falling tide. Dxrirgthefusttmrmstatlonswerevmﬁedea&day.
Subsequently, the mumber of stations was increased to 24~-26 in an attempt to
better define the die-off characteristics of the microbial indicators.

Abathalfthestaumswerelocatedmﬂnmthediammelpassmdmmmrmgh
thePrcvn.denceRlverandupperbay. The remaining half were sited at the mouths
of sewage-receiving rivers which empty into the area, the 'boils" for the
Providence and East Providence sewage treatment plants {STPs), and the
shellfish-growing area in ‘e upper bay. In addition, pre- and postchlorination
effluent samples were collected during each sampling day from the Providence and
East Providence plants and twice fram most of the other sewage treatment plants in
the state.

Assays were performed for five microbial indicator systems. Fecal coliforms
were examined because of existing starndards; Escherjchia colji was assayed as the
mstfe@l—spwlflccmpmtofﬂxecollfomgmlp and enterococcus levels were
detenmnedbecauseof&mbettermnelaﬁmtosnmng—assocxatedllhmsm
marine watars. F mele-specific bactericphages were assayed as a viral simulant
for the environmentai behavmr, at- least with regard to chlorination, of the
Norwalk virus; and Clostyidii um perfringens was examined as a conservative tracer
nwauseoftheerwummtalrslstarneoftheaﬂosporesltpmdms The E.
coli and fecal coliform levels in the samples were very similar. Because of this,
data on the E. coli levels were amitted and the fecal coliform levels were
retained for camparison with historical data in the body of the report.

The fecal coliform levels in the prechlorinated effluents were. about six
tim&sgreaterﬂnnthoseofﬂ:earrerocoo:imﬁabam%timgmaterthanthose
of the F phage. The coliform and enterccoccus levels in the effluents were
markedly reduced by chlorination (100-10,000 times) while those of the F phages,
hkeﬂ:oseofCMmreduoedhylasﬂxanafactoroften The
differences were seen in the levels of the indicators in the postchlorinated
effluents and reflected in part by the levels in the samples collected from the
boils of the Providence and East Providence STPs.

As seen fram the levels in the transect stations and their effect the levels
in the Providernce River, there were major inputs of all the indicators during the
winter from the riverine sources to the north of the study area and, to a lesser
extent, fram the Pawhuxet River. In general, the indicator levels in these inputs
during the summer were much less than those during the winter. Inputs of the
enterococcl were negligible during the summer. During the summer tours, the levels
of the F phages, 1like those of the fecal coliforms, decreased rapidly with
downstream travel, presumably due to die-off. This did not occur with the F
phages during the winter tour. The levels of all the indicators were elevated in
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thev1cuutyofconm1cutPonxtdurugthewmter as were those of ¢. perfringens
during the summer. One explanation is that same of the contaminated water from
the Pawtuxet River does not reach the channel until this point.

Theuﬁlcatorlevelsmﬂzesmfacewatergenerallyweremgxerthanﬂwse
in the bottam water. The differences, however, became less with travel down the

bay, especially during the summer tour of 1986.

&causeoflrﬁlcatorm;ntsmdlmadxedﬂxed:amelalmgthecaxseof
the estuary, bioclogical decay coefficients were also calcuiated for segments of
the channel sampling networks. Biological decay of the indicators generaily was
higher in the surface than bottam waters, arrih:.gherda.m:gﬂ:es&mmerthanthe
winter. Bmlogxaldecayofﬂze?phagsmsmfaceandbcttmwaterswasmmmal
ard appreciably less than that of the fecal coliforms or enterococci during the
winter. During the summer, however, ﬂmerewasamﬁcedmeasemuwﬂblologlcal
decay of the F phages. The combination of the decreased inputs and high
bioclogical decay rates during the summer tours resulted in minimal levels of the F
phages, enterococci and fecal coliforms south of Conimicut Point during the
sumner.

Any conclusions drawn fram the study are limited to dry weather conditions
and by the smajl mmber of sampling taurs. In addition, they assume that the
adequacyofthe?phagsasasimlmrtfortheerwimmertalbehaviorofthe
Norwalk virus, the most frequently identified agent of the most prevalent
swimming- and shellfish-asscciated illness, an acute gastroenteritis.

Both the coliform and enterccoccus irdicator systems probably are defective
in irndexing the adequacy of wastewater chlorination in reducing the irput levels
of Norwalk virus and possibly cother viral pathogens in the sewage effluents.
Moreover, there probably has been too mxch reliance on wastewater chlorination as
a means of control technology.

The above nctwithstarding, since swimming occurs only during the summer,
there should be a minimal and certainly acceptable risk of swimming-associated
illness at beaches south of Gaspee Point fram the discharges to its north, exxcept
following rainfall events or STP malfunctions. The risk of illness from the
consumption of raw shellfish harvested fram the conditional growing area should
also be minimal during the summer.

The ratio of F phages to fecal coliforms in the water samples collected from
the conditicnal shellfish growing area during the winter relative to the ratio in
prechlorinated sewage suggests the possibility of measurable health effects fram
shellfish harvested during that time. The absolute levels of F phage in the
shellfish themselves also indicates a potential-health problem. Because of this,
a major focus of future investigations should be the management of the shellfish
resources in the conditional shellflshgrmngareadlmngthewmteraxﬂposszbly
the late the fall ard early spring.
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Executive Summary

Three, three—day sampling tours were conducted in the Providence River ard
upper bay of the Narragansett Bay Estuary during relatively dry weather. Surface
water samples were collected during all three tours, and bottom water samples
during the first two. The first tour was conducted during the winter and the last
two during successive summers. In most instances, the samples were collected
during a falling tide. During the first tour 20 stations were visited each day.
Subsequently, the mumber of stations was increased to 24-26 in an attempt to
better define the die-off characteristics of the microbial indicators.

About half the stations were located within the chamnel passing down through
the Providence River and upper bay. The remaining half were sited at the mouths
of sewage-receiving rivers which empty into the area, the "boils" for the
Providence and East Providence sewage treatment plants {STPs), and the
shellfish-growing area in tlie upper bay. In addition, pre~ and postchlorinaticn
effluent samples were collected during each sampling day fram the Providence and
East Providence plants and twice from most of the other sewage treatment plants in
the state.

Assays were performed for five microbial indicator systems. Fecal coliforms
were examined because of existing standards; Escherichia coli was assayed as the
most fecal-specific camponent of the coliform group:; and enterococcus levels were
determined because of their better correlation to swimming-associated illness in
marine waters. F male-specific bactericphages were assayed as a viral simulant
for the environmental behavior, at- least with regard to chlorination, of the
Norwalk virus; and Clostridium perfringens was examined as a conservative tracer
because of the envirommental resistance of the endospores it produces. The E.
coli and fecal coliform levels in the samples were very similar. Because of this,
data on the E. coli levels were amitted and the fecal coliform levels were
retained for camparison with historical data in the body of the report.

The fecal coliform levels in the prechlorinated effluents were. about six
times greater than those of the enterococci and about 46 times greater than those
of the F phage. The coliform and enterococcus levels in the effluents were
markedly reduced by chlorination (100-10,000 times) while those of the F phages,
like those of C. perfringens, were reduced by less than a factor of ten. The
differences were seen in the levels of the indicators in the postchlorinated
effluents and reflected in part by the levels in the samples collected fram the
boils of the Providence and East Providence STPs.

As seen fram the levels in the transect stations and their effect the levels
inthePrcvidenceRiver,thereweremajori;p:tsofallﬂ:eirﬂicaborsdurirgthe
winter from the riverine sources to the north of the study area and, to a lesser
extent, from the Pawtuxet River. In general, the indicator levels in these inputs
during the summer were mich less than those during the winter. Inputs of the
enterococcl were negligible during the summer. During the summer tours, the levels
of the F phages, like those of the fecal coliforms, decreased rapidly with
downstream travel, presumably due to die-off. This did not occur with the F
phages during the winter tour. The levels of all the indicators were elevated in
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mencmtyofConmthomdurnagﬂlewurter as were those of C. perfringens
during the summer. One explanation is that same of the comtaminated water from
the Pawtuxet River does not reach the chamnel umtil this point.

'ﬁmeuﬁmtorlevelsmthesrfacewatergerxeraﬂywexemglertmntmse
in the bottam water. The differences, however, became less with travel down the
bay, especially during the summer tour of 1986.

Because of indicator inputs which reached the chammel along the course of
the estuary, biological decay coefficients were also calculated for segments of
the channel sampling networks. Biclogical decay of the indicators generally was
higher in the surface than bottom waters, and higher during the summer than the
wintex, Blologlczlderzyoftherhagasmsm'faceanibottanwatexswasmmml
and appreciably less than that of the fecal coliforms or entercoocci during the
winter. During the summer, however, ther:ewasamﬂcednmeasemtheblologlcal
decay of the F phages. The combination of the decreased inputs and high
biological decay rates during the summer tours resulted in minimal levels of the F
phages, enterococci and fecal coliforms south of Conimicut Point during the
summer.

Any conclusions drawn from the study are limited to dry weather conditions
and by the small mmber of sampling tours. In addition, they assume that the
adequacy of the F phages as a simulant for the ernvirommental behavior of the
Norwalk virus, the most frequently identified agent of the most prevalent
swimming- and shellfish-associated illness, an acute gastroenteritis.

Both the coliform and enterococcus indicator systems probably are defective
in indexing the adequacy of wastewater chlorination in reducing the input levels
of Norwalk virus and possibly other viral pathogens in the sewage effluents.
Moreover, there probably has been too much reliance on wastewater chlorination as
a means of control technology.

The above notwithstanding, since swimming occurs only during the summer,
there should be a minimal and certainly acceptable risk of swimming-associated
illness at beaches south of Gaspee Point fram the discharges to its north, exxcept
following rainfall events or STP malfunctions. The risk of illness from the
consumption of raw shellfish harvested fram the conditional growing area should

The ratio of F phages to fecal coliforms in the water samples collected from
the conditional shellfish growing area during the winter relative to the ratio in
prechlorinated sewage suggests the possibility of measurable health effects from
shellfish harvested during that time. The absolute levels of F phage in the
shellfish themselves also indicates a potential health praoblem. Because of this,
a major focus of future investigations should be the management of the shellfish
resources in the conditional shellfish growing area during the winter and possibly
the late the fall ard early spring.
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INTRODUCTION

Narragansett Bay receives a number of municipal wastewater discharges
directly or indirectly via rivers which empty into it. The major discharges, in
terms of the volume of the sewage, enter the bay north of Gaspee Point (Figure
1). The dry weather flow from these discharges is in excess of 110 million
gallons per day (MGD) or about 80 percent of the total sewage effluent discharged
into the bay. About 73 MGD is discharged directly from the Providence and East
Providence sewage treatment plants (STPs); about 23 MGD reaches the bay via the
Seekonk River; and about 16 MED of wastewater effluent is discharged into the
Pawtuxet River.

Two types of rescurces can be adversely affected by the mumnicipal wastewater
discharges with regard to the potential for infectious disease among their users,
e.g. bathing beaches and fLarvest areas for molluscan shellfish. Most of the
heavily used bathing beaches in Narragansett Bay are in its southern part; and
the quality of their waters as measured by the traditicnal fecal indicators is
minimallyaffectedbytheeffluerrtdisduaxgesmrthofGaspeePoint, except under
most wrusual circumstances. Although there are same bathing beaches in the Upper
Bay, the major concern with regard to the potential for water-related infectiocus
diseaseisamajorshellfishharvstingar’eaintheumerbay.

The area north of Conimicut Point has been closed to the harvesting of
mclluscan shellfish for direCt consumption for many years. In addition, the area
between Conimicut Point an the north and the northern tip of Prudence Island to
the south has been managed as a "conditional harvest area." Because of the
‘effect of rainfall on cambined sewer overflows (CSOs), this conditional growing
area is closed to the harvesting of shellfish for at least seven days following a
rainfall in excess of 0.5 inches in a 24 hour pericd.

Total coliforms and fecal coliforms (a more but not campletely fecal-specific
camponent of the coliform group) have been used to assess the quality of both
recreational and shellfish-growing waters with regard to the potential for
waterborne infectious disease. The assumption has been that there is some
quantifiable relationship of the levels of these fecal indicators in the water to
the levels of pathogenic microorganisms in sewage and, hence, the risk of sewage
pollution-related, infecticus disease. It was further assumed that the decreases
in the levels of the indicators during wastewater treatment and disinfection and
transport between their sources (primarily sewage effluents) and the resources is
similar to those for the enteric pathogens. This was prabably is true of the
bacterial pathogens such as Salmonella typhosa and other salmonellae but is
questionable with regard to the viral agents such as the Norwalk virus.

Epidemiclogical studies conducted by the United States Environmental
Protecticn Agency (USEPA) in the 1970s (Cabelli et al., 1982) showed that an
acute gastroenteritis is the most common swimming-associated, pollution-related
illness. They also showed that the levels in the bathing water of the
enterococci, ancther fecal indicator which sarvives better than do the coliforms
in marine waters (Fattal et. al. 1983), were best correlated to the risk of
ililness (Cabelli et. al., 1983; Cabelli, 1983). Because of this, the USEPA
recently recommended a marine recreationmal water quality criterion and guideline
based on the enterococcus levels in the water (USEPA, 1986). The findings from
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the epidemiological studies are in agreement with the analysis of outbrezk
reports (see Cabelli, 1982). Acute gastroenteritis is the most prevalent
waterborne infecticus disease (this includes shellfish and drinking water related
cutbreaks, as well); and the most frequently identified etiological agents for
such cutbreaks are the Norwalk-like viruses (Centers for Disease Control, 1987).

Three factors contribute to reduce the levels of the indicators and
presumably the pathogens between the sSource, a sewage outfall, and the
potentially affected resources. The first two are physical, dilution and
sedimentation of particle~associated ‘microorganisms. The third is biclogical,
ie, die—off of the organisms due to a cambination of factors such as salinity,
temperature and sunlight. Theoretically, the reduction in the level of a given
indicator in a wastewater effluent needed to achieve a givep standard for this

ﬁmtransportmdelsforNanagamettBayhavebemdevelcpeiusirgsalmity
as the input parameter; therefore, - the effect of sedimentation is not
considered.  Because of their origin, the fecal indicators ard, presumably, the
enteric pathogens tend to be particle-associated and, hence, are subject to
sedimentation as well as dilution. This could preclude the use of a

’Iherealsoa.reammberofctherfactors, sudlasemri_mrmentalrepairof
chloramine-damaged cells (so called regrowth), which could confound the
predictions of coliform and enterococcus levels in the water, and there would be

CFU/100 ml), appearstosatisfy‘daerequiranemsandshmldbeimludedinsudl
studies.

A number of other factors can confound the predictions including the
precision of the microbiological assays, tidal canditions, resuspension of the
organisms from the sediments into the water colum, ard day to day variability in
the levels of the organisms in the inputs and in the bay. To the extent
feasible, these should be considered in the design of a study.

It is clear from the effect of by-passing wastewater treatment and
disinfection due to rainfall-mediated cambined sewer overflows (CSOs) that there
is a heavy dependency on chlorination of the effluents and die-off during
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transport to achieve the shellfish growing area coliform standards in the upper
bay. It has been the contention of many envirammental virologists that viruses
survive die-off during wastewater chlorination and transport markedly better than
do the coliform indicators (Scarpino et. al., 1972; Snead et. al., 1980; Berg,
1983). Moreover, a recent paper by Keswick et. al. (1985) reports that the
Norwalk virus was the most chlorine-resistant of the cother animal viruses studied
and that only the f-2 male-specific bacteriocphage was camparably resistant to the
cidal effect of chlorine. These cbservations raise the possibility that, with
regard to Norwalk virus acute gastroenteritis, coliform levels do not adequately
index the potential for swimming- and shellfish associated illness in situations
where there is a great dependency an die-off during wastewater chlorination to
reduce the coliform lsvels.

The f-2 bacteriophage is one of the two groups of F male-specific
bacteriophages, the other being Fd or f-1. Although these viruses, which attack
specific bacterial cells are infrequently found in human feces (Havelaar and
Hogebocm, 1986), they can be recovered from mmnicipal sewage at levels of about
10" PFU/100 ml (data from ocur laboratory). The F male-specific bacteriophages
can be assayed specifically by a technique developed in our laboratory
(Debartolameis, 1988). ‘Thus, a second major cbjective of the project was to
examine the die-off of F male specific bacteriophages during chlorination and
transport and to compare it to that of the coliforms, enterococci and C.
perfringens spores.

CBJECTIVES
The cbjectives of this project were:

1. to produce data sets on microbial indicator levels in the Providence River
and Upper Narragansett Bay and in the major input sources of these
irdicators. These are for later use in the calibration of models to predict
indicator levels in the hay.

2. to obtain biological decay coefficients for the indicators and to campare
them with each other.

3. to campare the survival of bacterial (coliform and enterococcus) indicators,
the similant for the Norwalk virus (F male-specific bacteriophages), and the
conservative tracer (C. perfringens) during wastewater chlorination at
various STPs.

4. to camppare the levels of the indicators to each other in the Upper
Narragansett Bay.

MATERTATS AND METHODS

Study Area and Sampling Sites

The study area consisted of that part of the Narragansett Bay estuary
referred to as the Providence River ard Upper Narragansett Bay. The area extends
south from the mouth of the Seekonk River to about the northern tip of Prudence
Isiarnd (Figure 1). -

A sampling tour consisted of the collection of water samples from each
station an each of three successive days. Three such tours were conducted; the
first from Dec. 9-11, 1985; the secord from July 22-24, 1986; and the third from
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July 28-30, 1987. During the first tour, samples were collected fram a network
of 20 stations. Ten of them were spaced within the portion of the ship channel
extenijngfrtmtheheadofPrcvide:neRiverthrcnghtheupperbay. Ancother six
stations were sited on both sides of the chamnel within the conditional shellfish
growing area of the upper bay. Samples also were collected fram the "boils" for
the Providence and East Providence STP outfalls (stations Bl and B2,
respectively) and from single stations at the mouths of the Seekonk and Pawtuxet
Rivers (stations TnA and TnB, respectively). Pre- and postchlorinated grab
samples were collected at the times of the sampling tours from the Providence,
East Providence, Warren and Narragansett Village sewage treatment plants (STPs).
Samples also were coliected frum several other STPs during November of 1985;
these were assayed only for C. perfringens and F male-specific bacteriophages.

Following the examination of the data fram December,.1985 sampling tour, the
total mumber of samples collected from the bay was increased to 24-26 and scme
changes were made in the sampling locations. These will be described in the

Collection of Samples
Water samples were collected from the surface and bottam water for three

consecutive days during each of the three sampling tours with the exception of
the third tour when only surface water samples were taken. The surface samples
were obtained froum just below the surface (abaut 15 cm) of the water in sterile
polypropylene bottles. The bottom water samples were ccllected from about one
meter above the bottam sediments using a Kemmerer sampler, and the water was
transferred to sterile polypropylene bottles. The bottles were iced upon
collection, and the samples were assayed within eight hours of their collection.

The intent was to collect the samples on a falling tide insofar as possible.
This was not achieved in all cases because of the mmber of samples to be
collected with the single boat available to us. During the July, 1986 three-day
sampling tour, the samples were not collected on a falling tide on the last two
days. :

The sewage samples were collected before and after chlorination. The
postchlorination samples were taken just distal to the contact chamber so that
they reflected residence (contact) time in the "chamber." The samples were
collected in sterile polypropylene bottles which were iced after collection.
They were assayed within 6-8 hours of collection. An appropriate quantity of
sodium thiosulfate was added to the bottles used for the postchlorination
samples.

Assay Parameters and Methods

Five microbiological parameters were measured. They were Escherichia coli
and fecal coliforms by the mTEC method (Dufour et al., 1981; Cabelli et al.,
1582), emterococci by the modified mE method (Levin et al., 1975; Dufour, 1980),
Clostridium perfringens by the mCP method (Bisson and Cabelli, 1979), and F
male~specific bacteriophages by a method developed in our laboratory
(Debartolomeis, 1988) (see Appendix B). Fecal coliforms were measured because of
the existing standards. Enterococci were emmerated because of epidemiological
data showing that its levels were best correlated to swimming-associated illrness
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at marine bathing beaches and in anticipation of the recent USEPA marine
recreational water quality criterion and guideline (USEFA, 1986). C. i

was measured as a conservative tracer because of the resistance of its endospores
to envirommental damage. The F male-specific bactericphages were emmerated as
the best available simulant for the envirormental behavior of Norwalk virus
(Reswick et. al., 1985).

The mTEC, mE and mCP methods employ membrane filtration. In general, up to
100 ml quantities of envirurmental water were assayed in duplicate. Thus the
sensitivities of the assays were 0.5 colany-forming units (CFU) per 100 ml. With
sewage, however, quantities in excess of 10-30 ml generally could not be passed
throucgh the membranes. In general, half-log quantities or dilutions of the
samples were assayed so that the counting limits of methods would not be exceeded
except near the sensitivity limits of the assays.

The sensitivity limit or the phage assay varied. If the concentration methed
was not used, it was 10 plaque-forming units (PFU)/100 ml. Wwhen the
concentration method was used, it was reduced to 0.5-2.0 PFU/100 ml depending on
the volume of sample water concentrated (Debartolameis, 1988).

Salinity and temperature were measured on the samples except during the July,
1987 sampling tour. Where available, information on the total chlorine residuals
and at times suspended solids was cbtained from the sewage treatment plant

operators.

RESULTS
Indicator levels at sewage treatment plants

The data obtained fram the examination of the pre- and postchlorination
effluent samples collected during those periods when the three-day sampling tours
of the Providence River and Upper Narragansett Bay were conducted are given in
Tables Al-A3. The means (X¥s) and standard deviations (SDs) of the log 0
transformed indicator recoveries from the prechlorination samples and the ].og1
reductions following chlorination for each sewage treatment plant (STP) durl}g
each sampling tour (12/7-11/1985, 7/21-24/1986 and 7/28-30/1987) are summarized
in Tables 1-4. Initially, four STPs (Providence, East Providence, Warren, ard a
small "package" plant at Narragansett Village) were examined. The collection of
samples from the Narragansett Village plant was abandoned in 1986 because of
logistic problems. Samples were not collected from the Warren STP in 1987
because a transect sampling station had been established at the mouth of the
Warren River.

Overall, the fecal coliform, enterococcus and C. perfringens levels in 100 ml
qu%-xtities OE the predulorina}ed effluents from all plants were about 1.4 x
107, 2.3x10° and 9.1 x 10, respectively (Table 1). These levels are
similar to those reported for secondary-treated effluents in earlier studies
(Miescier and Cabelli, 1982; Bisson and Cabelli, 1980). The overall mean fecal
coliform density was about six times that of the enterococci which, in turn, was
about three times that of C. M. ~The mean F male-specific bactericphage
(F phage) level was about 3.1 x 107/100 ml, a density which was about 45 times
less than that of the fecal coliforms (FC).
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Table 1. Summary of means (x) of log:LO prechlorination indicator levels. Data

from Tables Al-A3.

Sewage treatment Mo-¥r® N° x for log'® indicator level/100 ml effluent
plant C. perfringens F phage Entarccoccei  FC
Providence 12-85 5 4.623 4.277 4.775% 5.519%
07-86 4 4.353 4.212 3.949% 4.892%
07-87 3 3.461% 3.605 =3.087%  ~4.252%
East Providence 12-85 5 4.310° 3.746°C  4.940° 5.688
07-86 4 3.765% 3.106%  4.482% 5.490
07-87 3 3.871% 3.252 4.451% 5.627
Warren 12-85 5 3.488 2.847 4.020 4.673
07-86 4 3.087% 2.255%  4.314 4.996%
Narragansett 12-85 5 4.678 4.104 5.291 5.210
village
Mean 9 3.960 3.489 4.368 5.149

*Month and year samples collected.

lember of samples collection during each periocd.

*

Significantly different by Student's "t" tests than corresponding mean indicator

level for 12-85 at P<0.05S.

“becember vs. July, P<0.05.

- Approximation because indeterminate value included.




Since samples were collected and assayed anly for 3-5 days during a single
week in each "season" ... the examination of indicator levels at the plants ard
seasonal variations thereof was not an objective of this study..., the
however, mimvasreinforcedbeczusetheobservatimocmrmdatallthreesrp
sampled in 12-85 and 7-86, that the indicator levels were generally higher during
the winter than during the summer. In about half the instances, the differences
between the 12-85 and 7-86 indicator levels were statistically significant (Tsble
1). 'Baemanpredﬂoriratimirﬁicatorlevelsatﬂ:e?mvidernesm,hxtmtﬂm
EastPrwide;weSTP,mrelmerd.mi:gtheveekinMyl%?tlaninﬂ:eaein
1986. The differences in the means, although appreciable, were not statistically
significant because of the greater variances in the 1987 data (Table 2). The
standard deviations for the mean prechlorination indicator levels (Table 2), but
not the mean levels themselves (Table 1), atﬂmeNamgarsettVillageS’I’Pchn'irx;
ﬂmweekinDecenbergererallymrehigterthanﬂ:empadirgwatme
other three treatment plants.

The most important findirng, which was a confirmation of same results cbtained
in an earlier study (Reswick et. al., 1986; Saad, unpublished data), was the
marked resistance of the F phages to chlorination (Table 3). These viruses, like
C. perfringens, wereveryr&s:starrttothedﬂonmtmnreglmenswludlmarkedly
reduced both the coliform and enterococcus levels. We suspect, however, that the
fully formed spores are more resistant to chlorination than are the viruses and
that the reductions in the C. perfringens levels were due to spores which were
not fully formed (Bisson and Cabelli, 1979). The geametric mean F pl@ge level
for the postchlorinated effluents fram the four STPs was about 1.3x1067 /100 ml.
This density was approximately 50 and 30 times greater than those of the
enterococci and fecal coliforms respectively (data fram Tables Al-A3). The
redquctions in both the F phages and C. perfringens levels following chlorination
at the Narragansett Village STP were appreciably and significantly greater than
those at the other three plants during that week in December. The standard
deviations for the differences in the log indicator levels following
chlorination are given in Table 4. As with the prechlorination data, the
greatest variability in the indicator levels was cbtained with the July 1987
samples from the Providence STP and the December 1985 samples from the
Narragansett Village STP.

Samples of the pre-and postchlorinated effluents were collected fram several
other STPs as well during November of 1985. These were assayed for C.
perfringens spores and F phages only. The pre- and postchiorination levels for
the two indicators are presented in Table AS5. ‘These data along with those
cbtained fram the treatment plamts sampled in December of 1985 were used to
campare the levels of the two indicators in the prechlorinated effluents and the
log, reductions following chlorination at the eleven STPs (Table 5). In
gen%ral, F phage levels were less than those of C. perfringens in the
prechlorinated effluent, but the mean difference across plants was not
significant. The mean F phage levels were higher than those for C. perfringens
at only three STPs, and all three were primary plants. When these were
eliminated from the statistical amalysis (n = 8), the difference was highly
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Table 2. Summary of standard deviations (SD) around the means of the log
prechlorination indicator levels. Data from Tables Al-A3.

10

Sewage treatuem: Mo-vr? Nb

SD of 1ogt® indicator level/i00 ml effli

plant C. pexfringens F phage Enterococci FC Ave
Providence 12-85 5 0.253 0.159 0.214 0.274 0.225
07-86 4 0.167 0.304 0.310 0.314 0.273

07-87 3 0.939 0.609 0.755 1.074 0.844

East Providence 12-85 S 0.044 0.343 0.272 0.132 0.198
07-86 4 c.114 0.144 0.093 0.216 0.142

07-87 3 0.181 0.406 0.123 0.113 0.205

Warren . 12-85 5 0.095 0.179 0.450 0.233 0.239
07-86 4 0.340 0.400 0.651 0.134 0.381

Narragansett 12-85 5 0.521 0. 3‘7'7. 0.579 1.174 0.662

Village

“Month and year samples collected.

bmmber of samples collection during each pericd.

B



Table 3.

Summary of means (x) of log.

£2 from Tables A1-A3.

reductions in indicator levels following

chlorination of sewage effluents. Da
Sewage Mo-Yr? Nb x for log, . reduction after chlorination Cl1 resid® SSd
Treatment C. mﬁ__‘gns F phage Enterococci FC %mg/L)
Plant
Providence  12-85 5 0.527 0.440 ~3.523*% ~3.205% 3.6 48
07-86 4 0.351 0.263 NCf 2.653* 3.8 61.4
07-87 3 -0.461 -0.023 ~3.023% ~3.036% N7 ND
East 12-85 S 0.672 0.406 ~4.042%* 4.165* 1.1 6.5
Providence
07-86 4 1.123 0.331% ~4.241%  ~4.435% 0.8 5.8
07-87 3 0.404 0.170 4.259% 3.613% ND ND
Warren 12-85 5 0.734 0.479 ~2.686% ~2.600%° 2.0 7.2
07-86 4 ~1.076 ~0.437* ~3.454% ~3.160% 2.5 6.0
Narragansett 12-85 5 2.035" 0.950%" ~3.675% ~3.497* 3.9 190

“Month and year samples collected.

bNmber of samples collected during each period.

cAve.rage total chlorine residual in mg/liter.

dZ&vc—zrage susperded solids in mg/100 ml.

€- approximation because of indeterminate values, usually at sensitivity of assay

£

o data for two samples.

hNo data

Could not be calculated because of indeterminate values.

*Significzntly different from C. perfringens at P<0.05.

+Significantly different from other STPs for 12-85 period at P<0.05.




Table 4. Summary of standard deviations (SD) around the means of log

reductions in indicator levels following chlorination of sewage effl . Data

from Tables Al-A3.

Sewage treatment Mo-¥r? Nb SD of lcg. . reduction after chlorination

plant C. ggzgg_.@qg F phage Enterococci FC Ave

Providence 12-85 5 0.270 0.245 0.706 0.748 0.492
07-86 4 0.166 0.113 id 0.186 0.155
07-87 3 0.880 0.624 0.760 1.430 0.924

East Providexxe 12-85 5 0.187 0.34¢€ 1.037 0.248 0.455
07-86 4 0.823 G.220 0.238 0.681 0.491
07-87 3 0.380 0.570 0.378 0.181 0.377

Warren 12-85 5 0.575 0.197 0.575 0.376 0.431
07-86 4 0.395 0.326 0.830 0.497 0.512

Narragansett 12-85 5 0.788 0.461 1.053 0.982 0.821

Village

®Month and year samples collected.

bNumber of samples collected during each periacd.

~11-
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Table 5. Comparison of prechlorination levels and reductions following chlerination of F
male-specific bacteriophages and C. perfringens spores. 1985 data.

- 2 Iog. . pre—chlorination Log. | reduction
Sewaqu éﬁmq?plagt Nb CIerid. levils per 100 ml foll chlorination

(/L) G- perfzin. Fphaged o o pophaged

Narragansett Pri,FA 5 3.9 4.678 4.104 2.035  0.959%
Village
Providence Sec,AS 7 3.6 4.597 4.463 0.461  0.407
Blackstone Sec,AS 2 3.1 4.247 4.133 0.491  0.611
Valley
Newport Pri 2 2.9 4.258 4.874 -0.025  0.273
Quonset Pt. Pri 1 2.9 4.230 4.322 1.026  1.860
Bristol Pri 2 2.4 5.213 5.376 0.286  0.466
Warren Sec,AS 7 2.0 3.495 2.874%* 0.609  0.528
Jamestown Sec,AS 1 2.0 3.663 2.663 0.171  1.265
E. Greerwich  Sec,TF 2 1.8 4.448 0.859 0.859  0.931
Fall River, MA Sec,AS 2 1.4 4.190 3.898 0.717  0.750
E. Providence Sec,AS 7 1.1 4.340 3.368% 0.770  0.334*
2 4.305 4.039 0.673  0.762

Correlation coefficient (r) for n = 38f 0.67 0.32

C. perfringens vs F phage n=119 0.84 0.38

Bsec - secondary treatment; Pri - primary; AS - activated sludge; TF - trickling
filter, EA - extended aeration

anmbe_r of paired samples per plant
Srotal chlorine residual in mg/L
dMea.n for sewage treatment plants (n = 11)

% k%

Significantly different than C. perfringens at P<0.05 and 0.01, respectively.

-

fo sample
98y sTP
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significant by a paired "t" test (P<0.02). Ancther interesting relationship of the
two indicators in the prechlorinated effluents was suggested fram the regression
analyses of the indicator levels against each other across both samples and plants.
Inspection of the data suggested and the regression analyses confirmed that there
was a good association of the levels of the two indicators with each other
(correlation coefficients (r) of 0.67 and 0.84 for samples and plants,
respectively).

Overall, the reductions in F phage and C. perfringens 1levels following
chlorination were similar and not significantly different. There were, however,
some marked differences in the reductions of the two indicators at some of the
plants. At two of the plants, Narragansett Village and East Providence, the
reductions in the phage levels following chlorination were appreciably and
significantly lower then those of C. perfringens. Altermatively, the phage
reductions were appreciably higher than those for C. perfringens at two cther STPs,
Quonset Point and Jamestown. Since these latter two STPs were sampled only once,
the statistical significance of the differences could not be determined. There was
not a good association of the log reductions of the two indicator levels to each
other or to the total chlorine residual. This latter cbservation was understandable
since other factors are equally important, eg contact time, suspended solids,
chlorine demarnd, etc., in determining the effectiveness of chlorination.

Indicator leveis in the Providence River and Upper Bay .
The data from the three-day sampling tour of the Providence River - Upper

Narragansett Bay sampling neiwork in December, 1985 are shown in Tables A6 (surface
water) and A7 (bottam water), along with the geametric means (QMs) and their upper
and lower standard deviations (SDs). The means of the indicator levels in the
surface and bottom water samples along with the distances of each station from
Transect A are summarized in Table 6, and those for the surface water samples are

shown graphically in Figure 2. The E. coli and fecal coliform levels in the samples

were very similar. Because of this, data on the E. coli levels were amitted and the
fecal coliform levels were retained for camparison with historical data in the body
of the report.

The fecal coliform and enterococcus levels in the surface water within the
channel north of Gaspee Point appeared to be dominated by the riverine inputs north
of station 1 (Table 6, Figure 2). This was not so of the C. perfringens and F phage
levels, and this cbservation is consistent with the ‘markedly greater effect of
chlorination on the coliforms and enterococci than the other two indicators (Table
3). There is an input of fecal contamination to the chamnel water in the vicinity
of stations 6 and 7 as seen fram the levels of all four indicators (Figure 2). This
is probably due to inputs from the Pawtuxet River and the Narragansett Village STP
which do not mix into the channel water until some distance south of the mouth of
the river. The salinity data for both the surface and bottom water samples are
consistent with this explanation. There appears to be yet ancther input which
reaches the channel in the vicinity of station 12, and it was .not reflected in the
salinity data. It was seen from the levels of all four indicators in the surface
waterbtrtnotasclearlyfrcmmoseinthebottanwater, suggesting that it does not
came from resuspens:.on of bottom sediments. Spurious contamina- tion from boats is
one possibility, as is contamination from the Warren River into which the Warren STP
discharges about 2.0 MGD of chlorinated effluent. Another possibility is a
non-mmpal discharge (eg. stormwater, fish processing plant etc.), and this would
explain the smaller peak in the F phage levels (Figure 2).
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Figure 2. Geometric means indicator levels in surface water at channel
stations by distance from head of Providence River for sampling tour
conducted December 9-11, 1985. "i" denotes input levels at "boils"
for discharges and at transect stations. Segments of network used to
obtain decay coefficients are shown.




Table 6. Summary of gecmetric mean indicator levels at channel stations for sampling tour
conducted December 9-11, 1985. Data from Tables 11 and 12.

Station Distance® Geametric mean indicator level per 100 ml surface or bottom water
(km) C. perfringens F phage Enterococci Fecal coliforms
Surface Bottam Surface Bottam Surface Bottam Surface Bottom

TnA 0.00 265 274 163 76.1 47.1  47.8 392 244
1 2.83 132 66.5 110 23.3% 447 2.5 474 22.9
2 5.38 142 5.6 120 .13.7 60.6 3.5 339 14.0
3 6.92 240 69.0 280" 7.8 14.3 2.7 153 11.6
4 8.21 202 34.9 254 6.0 12.8 3.0 123 13.6
5 9.79 148 86.7 121 8.4 2.6 0.72 28.1 4.6
6 11.50 99.2 36.8  165- J12.6 9.0t .0.72 60.9% 2.2
7 13.48 109 53.8 84.9  .24.1 7.6 1.4 68.2 10.0
10 15.67 46.3 39.9  .34.8 -9.3 1.7  .0.63 8.9 3.8
12 16.68 69.5%  39.9  _34.2 .7.1 258 1.1 19.0% 4.3
15 19.47 18.0 24.0 .12.6 10.0 .0.5  .0.5 2.1 1.5
Stations® 3-15 1-15 3-15 1-15 1-15 2-15 1415 1-15
n 8 10 8 10 10 9 . 10 10
r 0.95 0.66 0.97 0.26 0.91 0.79 0.93 0.83
slope K@) -0.079 -0.021 -0.106 =0.010 =0.110 =-0.053 =0.127 -0.06

3pistance from Transect A.

b-Appm:admtion because of indeterminate values used in calcuating the means. These
were usually due to values at the sensitivity limits of the assay. In such cases, the
sensitivity limit was used in calculating the mean.

I Instances in which the lower SD of the mean was greater than the mean in the preceding

tation

o

indicator level (Y¥)
- total decay

Tion.
Cstations from which data was used in the regression of log
against distance; n - mumber of values; r - correlation ooe%gicierrt; K
>t ; t(d)
coefficient (slope of equation).

~15=-
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The indicator inputs along the course of the chamnel precluded obtaining
releastic estimates values of biological decay coefficients against distance,
mich less time, from the entire data set for later use in water quality models.
Nevertheless, the total decay coefficients against distance (K ) were
calculated by regression analyses of the log mean indicator densn:fg)
dlstancefmmamajormputattheheadofthemdawemver Theyare
included in Table 6 only for ccmparlsm among indicators. Certain of the
increases in indicator levels at given stations relative to anes just to its
mrthmmgzeatern:ghﬂ:atﬂuelmvercresnfrmrbsmmsgmaterttmthe
geametric mean level at the preceding station. These were probably due to irgaits
as noted above and are identified with the superscript "i"™ in Table 6. Whenthls
occurred within the first three stations, that station rather than station 1 was
used as the first one in calculating the (d) values. In the surface water,
the C. perfringens spore levels decreased least, followed bv F phages,
enterococei and fecal coliforme in that order. This also was true for the bottam
water data set with cne exception, the decay for the phage in the bottom water
was less than that for the spores. Total decay estimates as determined from the
bottam water samples were consistently and appreciably less than those obtained
from the surface water data.

An attempt was made to dbtain more realistic total and even biological decay
coefficients fram the data for segments of the chamnel sampling network following
a presumed indicator input and preceding a subsequent ane. 'Ihreesuchsegments
were identified (Fig. 2). Unfortunately, there were only two stations in each
segment; and this markedly limited the reliability of the estimate. The 1og
indicator levels were regressed against the distances of the stations frém
Transect A to yield the valusforeadxuﬂ:.@torforeadlsegmentme
biclogical decay coeffici ) u&s) for the F phages, enterococci and
fecalcollfomxswereobtanmedbygﬁ:tra % valuaforc‘n_e_t_-fr_g__
(used as a conservative tracer) from those for %)other indicators.
values and T values were obtained, the former as ard the latteg-
from the best Sailable information we could cbtain on the Wsber velocity down
the chamnel (3.5 cw/sec). Clearly, a measure of the flow in both the surface armd
bottom water in the chammel at the time samples were collected would have
provided a better estimate.

The K and Kb values from the surface water data for each indicator
for each sé&}zent gﬁ)v in Table 7. The individual (d) values, along with
the K _{d) (total decay coefficients) for C. perfringens, are plotted against
the a\?’erage distance of the segment from Transect A in Figure 3. The
coefficients for the phage were less than (more positive) those for the coliforms
or the enterococci for each segment. Those for the enterococci were greater than
those for the coliforms at the head of the estuary but less than those for the
coliforms in the upper bay. The average %,gi) was then used to obtain the
D90 ard T90 estimates. The F phages had least biological decay and the
l&rngest 90 estimate, and the fecal coliforms had the most biclogical decay and

the shortést T estimates.

'medatafranthebottauwatersanpl&sneremtasamenabletod:tainin;
absolute decay coefficients than those from the surface water samples for a
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mmber of reasons. 'Iheserelatetothesanceoftheon;anisnsarﬂthemvmrt
of the water mass from which the organisms were recovered. Nevertheless,

ues were calculated for comparison among the
mzatozs(dgniggthoseg&talnedfranthesurfacewaterdata. 'Iheseargalso
given in Table 7. Although possibly spuriocus, the results of the camwparisons are
consistent with those from surface water data and understandable. They suggest
less decay of the F phages than that of the enterococci or coliforms, whose

die-off rates are camparable to each other. In general, the biological decay
coefficients for the surface and bottom waters were not appreciably different

during this winter sampling tour.

Three stations (7,8, and 9) from which water samples were collected in the
Decanberﬂmee—daysanplngtammdosetoﬂ:epemnartdosumlnemrm
of the conditional shellfish growing area. Ancther seven stations, 10-16, were
well within the conditional area. Shellfish samples were collected twicein
November 1985 from two stati-ms near the closure line and fram four stations well
within the conditional area. The geametric means and 90 percentile values were
calculated for each indicator from each of the four data sets for the water
samples, and these were examined against the geametric means of the indicator
levels in the shellfish. These comparisons are presented in Table 8 along with
the geametric mean indicator levels in the prechlorinated effluents from the
Providence and East Providence sewage treatment plants.

It can be seen from Table 8 that the fecal coliform levels in the conditicnal
area (stations 10-16) did not exceed the standards for the geametric mean and
90th percentile (14 and 49 per 100 ml, respectively) (National Shellfish
Sanitation Program, 1988) whether the surface water or the bottam water samples
were used in the evaluation. Morecver, the fecal coliform levels in the
shellfish themselves were well below the market standard. The enterccoccus
levels were less than those of the fecal coliforms in both the bottam and surface
waters. The levels of enterococci in the shellfish exceeded those of the fecal
coliforms, an observation consistent with reports of other investigators
(Plusquellec et. al., 1986). The much higher C. perfringens than FC levels in
both the bottom and surface waters was not unexpected because of the marked
resistance of the spores to chlorination and die-off of the fecal coliforms in
the water and in the bottom sediments. The markedly higher C. perfringens levels
in the shelifish could have been due to acaumlation of the spores from the
sediments and/or differential die-off of the indicators in the shellfish. Same
laboratory studies, in which the former possibility was eliminated, clearly
showed that differential die-off in the shellfish was a major factor (Cabelli,
1988).

The most important finding, we believe, was the levels of the F phages in the
water and especially the shellfish (This aspect of the work will be considered in
a campanicn report). These viruses were being examined as a simulant for the
enviromental behavior of the Norwalk virus whose levels in the water can not be
determined. The F phage levels were about 40 times less than those of the fecal
coliforms in the prechlorinated effluents; but they were 1.8-3.1 times greater
than the FC levels in the water and 20-160 times greater than the FC levels in
the shellfish.
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Table 7. Decay coefficients and D90 and T90 estimates for segments of the chamnel
sampling network. December, 1985.

Parameter™ Segmntb [of 23%5@& F phage Enterococei Fecal coliforms
Wc SW BN SW BW SW BV
Kt(d) 1 -0.086 =0.230 -0.204 0.093 -0.438 -0.392 -0.406 -0.298
2 -0.170 -0.059 -0.177 -0.189 -0.297 -=0.158 -0.406 -0.192
3 -0.210 -0.079 -0.157 0.053 -0.251 -0.123 -0.343 -0.164
Kb(d) 1 -0.118 -=0.157 =0.353 -=0.642 -0.320 -0.548
2 -0.007 -0.130 -0.127 -0.099 -0.236 -0.133
3 -0.053 0.132 -0.641 -0.044 -0.133 -0.085
X -0.059 -0.052 -0.173*% -0.262 -0.230*%-0,255
st -0.056 -0.159 0.161 0.065 0.094 0.029
D90 {(Xm) 16.9 19.2 5.78 4.31 4.35 3.92
T9O (hr) 134 152 45.9 34.2 34.5 31.1
e - total decay coefficient, cdbtained as the sicpe of the line fram the

reagsionofthelog indicator level (¥) against the distance fram Transect A (x).
Iéo @ - bioclcogical @&gy coefficient for distance, dbtained by subtracting K8 d) for
_.p_é_.tfr*_'ﬁer_stran )forﬂxeiniicator. D90=]’/%d - distance for 9

percent reduction in indicator level. To-tine j(:LQOpe.rcentreductiminﬂ)e
indicator level, assumes an average flow of 8.5 cm/sec.

bSegments of the network: 1 - stns 4-5; 2 - stns 7-10; 3 stns 12-15.
“ata from surface water samples

clL*a'c:a from bottaon water samples

*1 **piffers significantly from that for F phage at P<0.1 and P<0.01; respectively by a
pairing design "t" test. _ _
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Table 8. Camparison of mean indicator levels in water and shellfish samples
collected near the permanent closure line and within the corditional shellfish
growing area. November-December, 1985.

Indicator stat® Indicator level per 100 ml water or per 100 gm shellfishb
Statgas 7-9 Stations 10-16 a P:t'e-CJ.2
SW- Shell SW BY  shell® Sewsge
(9) () (4) (21) (21 (8 xio0
Fecal colif M 32.6 8.4 24.9 2.0 3.9 37.5 40.1
90% 130 41 43 10
Enterococei M 3.4 1.8 292 1.0 0.86 41.1 7.2
90% 12 5.5 4.4 2.0
F phage M 62.3 26.3 4040 26.0 7.3 734 1.0
30% 140 100 89 22
C. perfringens &M 84 51.6 937 43.8 41.7 1050 2.9
90% 130 76 73 80

3 - gecmetric mean; 90% - 90th percentile value, cbtained graphically.

b

In those cases where the indicator levels in at least half the samples were less

than the sensitivity of the assay, the median was used.

Csurface water samples; ( ) rumber of samples.

dE’;ot‘t:cxn water samples.

Yohellfish samples collected in November, 1985.
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Figure 3. Biological decay (die-off) coefficients for fecal
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Transect A. K. -total decay; Kp - biological decay; 1 - indicates
decay greater than shown because of limirs in assay s
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Data from December 9-11 sampling tour.
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A second three—day sampling tour was conducted July 22-24 of 1986. There were
two problems with this tour. The first was that the samples were not collected on
anoutgonlgtldeontheseconianiﬂxnddays,mﬂthzscanbeseenfmthe
salmtydatafordzesurfacewatersanplsstmnmhgure& This required the
segregation of the data from many of these stations into two groups, thereby
decreasing the precision of the indicator levels cbtained. Moreover, the means for
days 2 and 3 could only be considered to reflect the conditions during a tidal
charge. The second problem was that in many of the assays the phage in
water samples were not concemntrated to provide a sensitivity limit of <2 PFU/100
ml. The need to do so was extremely critical, as will be shown, because of the low
ptagelevelsinthewaterarﬁintheinpxtstoitduringthesmmer. We have mo
explanation for the urmusually high F phages and enterococcus levels which were
fourximthesurfacewatersamplescollectedondaylfranstatmnssand6ani7
m&wtcorr&sporﬁngumeasesmanyofﬂxeothermdl@tozs(hble% A mumber
cfaddlmmalstammsmzeaddedtothosesegmermsofﬂxemtmrkuseddtmmme
pr‘enmsw:.rrtertoobtalnb@*terdemycoefﬁc1ents This was done in the hope of
better defining total and biological decay within those segments.

The data obtained from the surface and bottom water samples for July 1986 tour
are presented in Tables A8 and A9, respectively. Because of the problems noted
above a somewhat different apprcach towards the analyses of the data from the
channel stations. For those stations where the salinity for the first day was
within ane SD around the mean salinity for days 2 and 3, the indicator levels for
all three days were used to cbtain the geametric mean. When the salinity level for
day 1 was nct within one SD of the mean for days 2 ard 3, the &M was obtained from
the data for days 2 and 3. The means, and where appropriate, single values for the
indicator levels in ‘the chamnel stations are summarized for day 1 and days 2-3 in
Table 9. The data for days 2-3 are shown graphically in Figure 4.

No estimate of the decay of the enterococci could be obtained either from the
datafortheentnenetworkorforsegmentsﬂ)ereofduetothelowmputlevelsof
this indicator. Additionally, the precision of decay estimates would have been
poor because the mumbers of colonies counted were near the lower sensitivity limit
of the assay method and because data fraom three days were not always available in
calculating the mean level for each station. The inputs for the F phages and C.
Me_n_swerealsomﬁedlyl&sﬂ]anmoseobservedmthewumersanplm
tour. Because of this and because, as noted earlier, the concentration procedure
was not used in many of the phage assays, the precision of the estimates of the F
phages in the water and, hence, the decay coefficient cbtained were questionable
and are not included in Table 10.

Low levels of enterococci and phage persisted in the surface water samples from
the lower reaches of the sampling network during the previous winter. This
phencmenon was nct cbserved with the fecal coliforms during this tour and did not
occur with the fecal coliforms, enterococci or F phages during the sampling tour
corducted the following summer. Our best explanation for this cbservation is that,
with the reversal of the tide, bottom water containing enterocogeci and phage, which
remained at low levels because they were nct exposed to sunlight and possibly
because of the scmewhat lower bottom water temperatures, were mixed with the
surface water. This was less true of the coliforms, presumably because they do
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Table 9. Summary of indicator levels for day

channel sampling stations. July 22-24, 1986.

Data from Table AS.

1arxithegeanetricmeansforday32and3

Station Distance® Indlcator level or geometric mean 1

evel/100 surface water for days

(km) €. perfringens F phage Enterococci FC
1 2=3 1 2-3 1 2-3 1 2-3
mad 0.00 26.1  26.1 46.6 46.6 4.9 4.9 183 183
1 2.83 38.0  12.8 <10 ~10.3 1.6 4.8 582 170
2 5.38 130 8.1 14 19.6 3.3 1.7 566 34.6
2 - 6.23 28.4 23.4 ~15.1  ~15.1 0.93 0.93  38.2 38.2
3 6.92 30.0 6.4 23 5.0 1.7 ~1.1 158 10.0
48 8.21 26.6  26.6 17 17 2.2 2.2 23.2 23.2
4A 9.05 51.0  15.5 23 4.0 18.5 1.1 47.5 7.4
5 9.79 24.7 2.9 114° <10° 2.0 ~1.8 ND 1.7
6 11.50 6.6 5.7 5 <10° 34.0 1.6 38.5 5.7
7 T 13.48 8.2 2.4 ~8 8 58.0 <0.5 16.0 3.3
7A 14.64 14.8 2.4 12 3 1.5 ~0.71  14.5 <3.3°
10 15.76 9.9 1.7 12 <10° 3.0 ~1.1 1.5 <0.5
12 16.68 10.0 1.4 6 <10° 7.0 -.0.87 0.5 <0.5
189 17.76 1.7 1.7 2 2 1.4 1.4 ~3.5 0.5
1822 18.69 2.1 2.1 4.2 4.2 1.3 1.3 -.0.5 0.5
159 19.47 0.87 0.87 <2 <2 <0.9 <0.9 0.71 0.71
Stations® 1-15 1-15 1-18 1-18 1-12 1-10
n 15 15 12 9 11 11
r 0.87  0.85 0.62 0.74 0.90 0.90
slope Ke () -0.098 -0.078  -0.038 -0.054 -0.184 -0.157

See Table 6 for footnotes

dGecmetric mean from days 1-3

°Data amitted from regression analysis
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Figure 2.
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not survive as well in saline waters (Fattal et. al., 1983). The data on the
levels of the indicators in the bottom water (Table A9) was consistent with this
explanation.

Two segments, of the sampling network (4 and 5) were used to derive decay
coefficients. They were camprised of stations 4, 4A and 5 and 6,7, 7A and 10,
respectively (Table 10). As can be seen from this table, neither F phages nor
enterococcus decay coefficients were calculated for the reasons stated earlier.
We have no explanation as to why the biological decay coefficient for the fecal
coliforms was less than that obtained for the surface water during the previocus
December. There was less biclogical decay than during the following summer,
suggesting that the decay coefficient may have also reflected bottom as well as

The means of the indicator levels in the bottom water sampies are given in
Table AS and summarized in Gable 11. The C. perfringens and FC levels decreased
in the upper part of the network. This could not be seen with the enterococci or
F phages because of the low input levels (the exception was the boil for the
Providence STP (Table A9). Very low levels of the indicators were found in the
water samples from the stations south of station 7A. A single segment (6) of the
sampling network camprised of stations 3-6 was used to abtain a biological decay
coefficient for fecal coliforms. For the reasons noted above, meaningful decay
coefficients for the emterococci and the F phages could not be determined. The
cne obtained for fecal coliforms (Table 10) was less than the one calculated for
the surface water and mich iess than the one for the bottom water cbtained the
previous December.

The data from the sampling tour conducted July 28-30 1987 are given in Table
Al0, summarized in Table 12 arxd shown graphically in Figure 5. The indicator
levels during the third day were appreciably lower at several of the stations.
As in July of 1986, the levels of the indicators, including C. perfringens, were
generally much lower than they were during the December tour. The major
difference from the July 1986 data set was that the levels of all the indicators
but C. perfringens were below the sensitivity levels of the assays (0.5 CFU/100
ml) at all the stations socuth of Conimicut Point. Detectable enterococcus levels
were not found south of station 1 except for those in the samples fram the two
boils and Transect B.

In an attempt to better wnderstand the differences in the indicator levels
between the December 1985 and July 1987 data sets, the differences in the known
inputs for which there were camparable data were examined. These included the
data from Transects A and B, boil stations Bl and B2 and the pre- and
postchlorinated effluents fram the Providence and East Providence STPs. ‘These
comparisons are presented in Table 13. It is clear that, for the two periods in
question, the lower indicator levels in July, 1987 can be ascribed largely to the
smalier riverine inputs to the Providence River entering above station 1 during
the week in July, 1987. Since this was also true of the C. perfringens spores,
we find it hard to attribute the differences to die—off of the irdicators in the
river water. Differences between the inputs dQuring the two periods were alsoc
found with all but the fecal coliforms from the camparisons of the data from the
Pawtuxet River (TnB) station, although only the one for C. perfringens was
statistically significant. The enterococcus and FC but not the C. perfringens
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Table 10. Decay coefficients and D o estimates for segments of the channel

sampling network. July, 1986. °

a

Parameter b Surface Water Bottam Water
Segment™ C. perfringens FC C. perfringens FC
R (q) 4 -0.601_ -0.716 -0.096 -0.168
(0.95) (0.97) (0.95)
5 -0.118 -0.251
(0.95) {(0.96)
K@ 4 -0.115 -0.072
5 -0.133
x -0.124 -0.072
Dy, (km) 8.06 13.9
Tyo (hT) 64.0 110
a
See Table 7

Psegments of the network: 5 - stns 4A-6; 6 - stns 7-10; 7 - stns 3-6

Ccorrelation coefficient, r.
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Table 11. Summary of geametric mean indicator levels in bottom
water fram charmmel stations. July 22-24, 1986. Data from Table A9.

Station Distance Geametric mean indicator level/100 ml bottom water

(km) C. perfringens  F phage Enterococci — FC

TnA 0.00 32.8 <10 3.4 116
1 2.83 <0.5 <10 2.3 89.7
2 5.38 19.8 ~9 2.1 22.3
2A 6.23 13.3 ~14 0.9 5.6
3 6.92 21.5 <10 1.0 11.3
4 8.21 13.0 ~8.3 ~0.8 5.2
4A 9.05 13.5 <10 1.0 6.2
5 S.79 10.4 ~5.8 2.4 ~4.1
6 11.50 7.4 <10 0.7 ~1.7
7 13.48 3.3 ~4 0.9 ~2.3
7A 14.64 9.1 ~8 ~2.0 ~1.6
10 15.76 2.4 ~2.8 2.5 <1.0
12 16.68 2.5 <10 3.5 ~1.0
i8 17.76 4.3 ~4 <0.6 <0.6
18A 18.69 4.2 <10 ~0.96 ~0.6
15 19.42 1.7 <2 1.0 0.8
Stations 2-7 1.6
n 8 8

0.92 0.84 0.94
slope Kt: (@) -0.088 -0.179

See Table 6 for footnotes
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Table 12. Geametric mean indicator levels in surface water samples fram
channel stations in Narragansett Bay. July 28-30, 1987.

Station Distance? Q{ indicatar level in water per 100 ml

(Jm) - pexfringens F phage Enterococci FC
TnA 0.00 45.9 2.2 4.8 ‘112
1a 0.51 40.2 2.4 4.8 111
1 2.83 48.8 <2.2 <0.5 50.4
ic 4.28 100 78.1 <0.5 73.4
2 5.38 49.1 2.0 <0.5 30.2
2a 6.23 50.9 ~2.9 <0.5 3.7
3 6.92 44.9 3.0 <0.5 ~2.9
4 8.21 40.2 2.8 <0.5 ~4.6
4a 9.05 43.3 ~1.7 <0.5 ~2.4
5 9.79 32.1 ~0.9 ~0.63 1.6
6 11.50 14.3 <0.5 <0.5 ~0.63
7 13.48 24.4 0.79 <0.5 <0.5
7A 14.64 6.9 <0.5 <0.5 <0.5
10 15.76 6.3 <0.5 <0.5 <0.5
12 16.68 7.1 <0.5 <0.5 <0.5
18 17.76 4.6 <0.5 <0.5 <0.5
18A 18.69 5.4 <0.5 <0.5 <0.5
15 19.47 6.5 ~0.5 <0.5 <0.5
Stations 1c~6 1C-6 1c-6
n 8 8 8
r 0.91 0.80 0.91
slope K g -0.087 -0.217 -0.254

%istancefrun’l‘ransectA

b-Approxj’mte value because the level for at least one of the values was
less than the sensitivity of the assay (0.5 CFU/100 ml).

C<at least two of the values less than the sensitivity of the assay.
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Table 13. Camparison of indicator inputs to the Providence River and Upper
Narragansett Bay during the December, 1985, and July, 1987, sampling tours.

Iocation Station Month/yr Irdicator level per 100 ml of sample
C. pexfringens F phage Enterococci FC
Seekark R. TnA Dec/85 265%k* 163%k% 47 1%%k%x  392%
July/87 50.5 1.7 5.0 83.2
D/ 5.2 96 9.4 4.7
Pawtuxet R. TnB Dec/85 515% 215 12.1 150
July/87 87.3 103 4.0 160
D/J 5.9 2.1 3.0 0.94
Prov. STP Bl Dec/85 172 155%*%  69.8% 298*
boil July/87 539 2740 3.3 37.9
D/J ©0.32 0.06 21 7.9
E. Prov. STP B2 Dec/85 13844 92.1 30.8%* 141
boil July/87 379 180 1.0 48.1
D/J 0.36 0.52 31 2.9
Providence Post-Cl, Dec/8S 12500 6890 27.2%% 206
STP effluent July/s7 4900 4260 1.2 16.4
/T 2.6 1.6 23 12.6
E. Providence Post~Cl, Dec/85 4820 2180 7.9 33.4
STP effluenf July/a7 2930 1210 1.5 89.7
D/J 1.6 1.8 5.1 0.37

3Mean level in Dec 1985/Mean level in July 1987

*,**,***

Significantly different fram July/87 level at P<0.05, 0.01 and 0.001,

respectively.
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and F phage levels in the boils for the Providence and East Providence discharges
were also less in July, 1987, than in December, 1985. However, the C.
perfringens and F phage levels in the postchlorinated effluents were higher in
December than July (Table 13). The. campariscn of the logo reductions showed
that, if anything, chlorination was less, not more, effi ve in the week of
July, 1987, than in the week of December, 1985 (Tablé 3).

We question whether the Bl and B2 samples were collected fram their
respective boils during the December tour. However, they definitely were taken
from the boils during the July, 1987, tour; and, because of this, we were able to

imate the initjal dilution at the outfall from the comparison of the & C.
perfringens levels in the boiis to those in the postchlorination effluents at the
STPs. They were 9.1 and 7.7, respectively for the Providence and East Providence
STPs. This type of estimate for initial dilution has the advantage over the use
of a dye in that it considers initial sedimentation as well as dilution and does
not require the addition of the dye to the water.

It can be seen from Table 13 that, in most cases, the coliform and
arterococmshltmtﬂmFmagsarﬁg.mmvelsinthesmrplﬁﬁm
the boils for the discharges from both STPs were higher than those in the
pestchlorinated effluents. This was true for the discharges fram both plants in
the December, 1985 sampling tour and in that from the Providence STP during the
July, 1987 tour. The simplest explanation for this cbservation is that the
enterococcus and coliform levels in the waters which dilute the effluents are
greater than those in the effluents themselves. An altermative explanation is
so-called "regrowth", more probably emnvirormental repair of chloramine-damaged
cells. Regrowth will confound both the determination of die—off coefficients and
the development and evaluation of models for predicting - enterococcus or coliform
levels in the bay. .

The lower indicator levels found in the July, 1987 than the December, 1985
sampling tour can also be attributed to increased die—off from increased solar
radiation and higher ambient water temperatures. There are considerable data
showing that solar radiation is a major factor responsible for the bioclogical
decay of microorganisms in envirormental waters (Fujicka et al. 1981, 1982).
Biological decay coefficients for the F phages and fecal coliforms were cbtained
for a single, eight-station segment (stations 1C-6, Figure 5) of the channel
network. No coefficient could be cbtained for the enterococci since they were
‘recovered only from station 1A samples, and then at very low levels. The
coefficients are given in Table 14; and all the biological decay coefficients
that could be obtained during the study are campared in Table 15.

'medie—cffoffherhageswashigherinthesurfacewaterinJuly 1987 than
in December 1985. Die-off of the fecal coliforms, however, was, if anything,
less in July of 1987 than in December 1985. If this is a reality, there is an
interesting explanation, better "regrowth" of the fecal coliforms during
transport downstream during the summer. This notwithstanding, in July 1987,
biological decay of the fecal coliforms was greater than that of the F phages
(Table 14). Moreover, when decay coefficients for the F phages could be
cbtained, they were less than those for the fecal coliforms (Table 15); ard,
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during the winter tour in December, 1985, the difference was statistically
significant (Table 7).

The 0 and T estimates for the bottom water along with the
coefflc::.emgs from whith they were derived were included with marked reservations
for the reasons given earlier; and even those for the surface waters have same
limitations. Nevertheless, they are generally understandable.

The July 1986 and July 1987 data from the stations near and within the
mrﬁitimalshellﬁshgmirgareamminaiasﬂxeywereforﬂ:emer
1985 sampling tour (Table 8). The results are presented in Table 16 along with
those for some assays conducted on shellfish harvested in July of 1986. As in
the 1985 tour, there had not been a half inch of rain during a given 24 hour
period in the week prior to collection of the water samples in 1986 or 1987. It
is clear that the fecal coliform levels at the "closure line" and in the
conditicnal area were well within the prescribed limits, although the 90
percentile values could nct be estimated precisely from the only six data
points. The F phage (virus) amd C. perfringens (spore) levels in the water were
higher than those of the fecal coliforms even though their mumbers were markedly
less in prechlorinated sewage. In general, the levels of the indicators both in
the water and in the shellfish were appreciably less than they were in
November-December 1985 (Table 8). This was especially true of the F phage levels
in the shellifish. The exception was the C. perfringens levels in the shellfish,
and we speculate that this may be due to high C. perfringens levels in the
sediments during the summer and winter.

DISCUSSION

As noted earlier in this report, the sampling schedule at the sewage
treatment plants precluded meaningful generalizations concerning plant
operation. Since they occurred with C. Mmmaw&ml
and coliforms, the higher indicator levels in December, 1985 may represent a
seasonal effect on the irdicator levels that derives fram their better physical
removal of the indicators More data are needed. The lower indicator levels at
the Providence STP in July, 1987, as campared to those in July, 1986, suggest an
improvement in secondary treatment since this did not occur at the East
Providence STP.

Ancther interesting finding was the marked reduction in the C. perfringens
and F phage levels at the Narragansett Village, extended aeration STP. The
reductions could be explained by the higher total chlorine residuals, but the
reductions in the enterococcus and coliform levels are not caonsistent with this
expilanation. An alternative explanation is that same aspect of the treatment
train sensitized the spores and viruses specifically to the effect of subsequent
chlorination.

The foregoing speculations are not important in themselves since more data
are needed to examine them. They do, however, illustrate the range of questions
that can be addressed by using microbial indicators in an instructive as well as
regulatory mcde. Moreover, the choice of the five easily measured indicators
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Table 14. Decay coefficients and D,, and T,, estimate fcr

segment of charnel network. 0wa‘te.r:,gguly, 1987,

Parameter Segment C. perfringens F phage FC
Re (@ 7 -0.087 -0.217 -0.254
(0.%1) (0.80) (0.91)
Ko@) 8 | -0.130 -0.167
Dyq (km) 7.69 5.98
Tyo (BT} 61.1 47.5

aSee Table 7 for relavent footnotes.

bSegmem:: 7 - stns 1C-6

Ccorrelation coefficient, r.




Table 15. Summary of biociogical decay coefficients for all sampling tours.?

Parameter Month/Yr Surface Water Bottom Water
F phage Enterococci FC F phage Enterococcci FC
Kb(d) Dec/85 -0.059 -0.173 -0.230 -0.052 -0.262 -0.255

July/86 -0.124 -0.072
July/87 -0.130 -0.167

Dy (km) Dec/85 16.9 5.78 4.35 19.2 4.31 3.92
July/86 8.06 13.9
July/87 7.69 5.98

TQO {(hr) Dec/85 134 45.9 34.5 152 34.2 31.1
July/s6 64.0 110
July/87 61.1 47.5

®Values from Tables 7, 10 and 14.
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Table 16. Coamparison of mean indicator levels in the water and shellfish samples
collected near the permanent closure line and within the conditional shellfish
growing area. July 1986, July 1987.

Irdicator Stat Yr Indicator level/100 ml water or/100 g shellfish
Stations 6-7A Stations 10-21 Pre-Ci
S8 B4 Shell SW B4 Shell  sewgod
(6) () (3) (24) (24) (e) x10
Fecal colif. M 86 3.3 1.9 1.9 0.5 0.5 -2.9 15.5
87 <0.5 <0.5 . 8.7
90% 86 .20 -34 1.5 2.5
87 -1 0.5
Enterococci M 86 0.5 1.3 17.4 1.0 1.0 7.8 1.64
87 <0.5 <0.5 0.59
-8
920% 86 -2 6.2 4.2
87 -1 0.5
F phage M 86 6.9 4.0 33.8 4.2 2.7 .10.6 C.46
87 0.5 <0.5 0.27
90% 86 .21 ~15 211 -6
87 -5 0.5
C. perfringens @ 86 3.9 5.9 1280 2.3 2.7 530 - 1.02
87 12.9 6.0 0.46
90% 86 .20 -18 9.0 8.6
87 .41 10.0

See Table 9 for appropriate footnotes.
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allows the examination of different aspects of the treatment process, especially
if measurements are made on the influent and primary settled effluent as well.

The good correlation between the prechlorination levels of C. perfringens and
merhag&sacrossSIPsmsana)hatmnfusngsmﬂmsanceofc.pg;m@g
in sewage is human feces and the F phages are infrequently found therein and,
when present, are there at very low levels. The source of the F phages found in
domestic sewage needs to be determined. One possibility is that there is
replication of the phages in the sewerage lines.

It is clear that, although the levels of the F male-specific bactericghages
in prechlorinated sewage are about 1.5 orders of magnitude less than those of the
coliforms, their levels in the Providence River and Upper Narragansett Bay
generally exceed those of the fecal coliforms, at times by as much as a factor of
three. Moreover, the differences in the levels of the two indicators are even
greater in shellfish and during the winter.

Clearly, the F phages (viruses) swrvived both wastewater chlorination amd
transport in marine waters much better than the fecal coliforms, and this
confimms cbservations made elsewhere with. cther viruses (Scarpino et. al., 1972;
Fattal et. al., 1983). These two factors can readily account for the differences
in their envirommental levels in the bay relative to those in the prechlorinated
effluent.

The most critical icsue raised by these findings is the risk
shellfish~associated infectious disease deriving from the discharge of municipal
wastewaters into marine waters during the winter, even when these waters meet the
existing coliform standards. It is particularly important in situations, such as
that in Narragansett Bay, where there is a critical need for disinfection (which,
for the present, means chlorination) to achieve existing total coliform, fecal
coliform or even enterococcus standards for major shellfish growing areas. The
corollary to this issue is the adequacy of the coliform and enterococcus
irdicators in these specific situations. There is no question that, in the final
analysis, both of these questions must be, and hopefully will be, resolved by the
results from prospective epidemiological studies. Another corollary is the
adequacy of wastewater strategies which depend heavily on chlorination to meet

A major concern, the management of the conditional shellfish growing area
during the late fall, winter and early spring will be considered in the report on
water/shellfish indicator relationships in the conditional shellfish growing
area.

Bathing beaches, unless they are near an outfall for a wastewater discharge,
should not pose a problem similar to that for shellfish growing areas. The
swimming season in Narragansett Bay occurs in July and August; and there is
appreciable die—-off of the F male-specific bacteriocphages and, hopefully, the
Norwalk viruses, during transport in the water at this time.
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Table Al. Irﬂicator_levels in pre- and postchlorinated effluent samples from sewage
treatment plants during December, 1985 sampling tour.

Sewage treatment® Sanp:l.eb Date Logl0 indicator level/100ml effluent
plant type C. perfringens F phage Enterococci — FC

Providence Pre<Cl, 12/07 4.580 4.491 4.756 5.279
(Field's Point) 12/08 4.602 4.114 4.708 5.362
12/09 4.887 4.255 4.954 5.544

12/1 4.236 4.146 4.996 5.431

12/11 4.813 4.380 4.462 5.978

X 4.623 4.277 4.775 5.519

sD 0.253 0.159 0.214 0.274

Post-Cl, 12/07 3.630 3.869 1.176 1.672

12/08 3.978 3.863 1.903 2.732

12/09 4.447 3.929 1.690 3.230

12/10 3.898 3.924  <0.519 1.255

12/11 4.532 3.602 1.887 2.681
X 4.097 3.838  ~1.435 ~2.314°

SD 0.382 0.135 0.591 0.819

log. red. 12/07 0.950 0.622 3.580 3.607

12/08 0.624 0.251 2.806 2.630

12/09 0.440 0.326 3.264 ~2.314

12/10 0.338 0.222  >4.477 4.176

12/11 0.281 0.778 2.575 3.297

X 0.527 0.440  ~3.532 ~3.205

SD 0.270 0.245 0.706 0.748

East Providence PreCl, 12/07 4.260 3.898 4.785 5.663
12/08 4.362 4.255 4.591 - 5.477

12/09 4.281 3.708 4.903 5.760

12/10 4.295 3.591 5.164 5.826

12/11 4.350 3.279 5.255 5.716

x 4.310 3.746 4.940 5.688

SD 0.044 0.363 0.272 0.132

Post-Cl, 12/07 3.560 3.903 1.813 1.568

12/08 3.398 3.301 1.724 1.477

12/09 3.618 3.362  <0.230 1.736

12/10 3.732 3.255 0.519 1.724

12/11 3.881 2.875 0.204 1.114

X 3.638 3.339  ~0.898 1.524

SD 0.182 0.368 0.805 0.254

log. red. 12/07 0.700 -0..005 2.972 4.095

12/08 0.964 0.954 2.867 4.000

12/09 0.663 0.343  >4.673 4.024

12/10 0.563 0.336 4.645 4.102

12/11 0.469 0.404 5.051 4.602

X 0.672 0.406 ~4.042 4.165

SD 0.187 0.346 1.037 0.248
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Warren PreCl 12/07 3.579 3.041 3.544 4.978

12/08 3.398 3.000 3.699 4.653
12/09 3.423 2.740 3.875 4.332
12/10 . 3.43% 2.839 4.394 4.643
12/11 3.602 2.613 4.585 4.756
p 4 3.488 2.847 4.020 4.673
sSD 0.085 0.179 0.450 0.233
POStFClz 12/07 3.100 2.681 1.124 2.176
12/08 1.699 2.613 6.919 1.820
12/09 2.602 2.204 <0.230 ND
12/10 3.114 2.041 2.176 2.437
12/11 3.255 2.301 2.220 ND
X 2.754 2.368 -1.334 2.158
SD 0.640 0.272 0.856 0.329
log. red. 12/07 0.479 0.360 2.420 2.802
12/08 1.699 0.387 2.780 2.833
12/09 0.821 0.536 >3.645 ND
12/10 0.325 0.798 2.218 2.166
12/11 0.347 0.312 2.365 ND
X 0.734 0.479 -2.686 2.600
SDh 0.574 0.197 0.575 0.376
Narragansett Pre—Cl2 12/07 4.672 3.643 4.820 5.041
Village 12/08 ~4.686 4.613 5.799 6,568
12/09 3.845 4.342 4.699 3.477
12/10 5.248 3.944 5.146 4.987
12/11 4.940 3.978 5.991 5.978
X 4.678 4.104 5.291 5.210
SD 0.521 0.377 0.579 o 1.174
Post-C12 12/07 2.806 3.447 0.519 - 0.398
12/08 2.602 3.255 3.255 3.732
12/08 2.875 3.079 1.398 <0.230
12/10 2.064 3.041 <0.000 0.602
12/11 2.869 2.903 >2.996 3.602
X 2.643 3.145 -1.634 -1.713
Sb 0.342 0.210 1.454 1.789
log. red. 12/07 1.866 0.196 4.301 4.643
12/08 2.084 1.358 2.544 2.836
12/09 0.970 1.263 3.301 >3.247
12/10 3.184 0.903 >5.146 4.385
12/11 2.071 1.075 <2.995 2.376
X - 2.026 0.959 -3.657 -3.497

SD 0.788 0.461 1.053 0.982

“Type of treatment given in Table 5.
bPre—C12 - prechlorination; Pogt—c} - postchlorination; data from §ing1e grab
sample; log. red. - (pre—clﬂor:matlgn loglo level) - (postchlorination logm
level).




Table A2. Indicator levels in sewage treatment plant pre- and post—chlormated

effluent samples during July, 1986 sampling tour.

Sewage treatment®  Sample® Date  Iogl0 indicator level/100ml effluent
plant type - perfringens F phage Enterococci — FC
Providence PreCl, 07/21 4.531 4.365 4.398 5.290
07/22 4.431 4.352 3.699 4.954
07/23 4.301 4.375 3.898 4.778
07/24 4.146 3.756 3.799 4.544
¥ 4.353 4.212 3.949 4.892
SD 0.167 0.304 0.310 0.314
Post~Cl, 07/21 4.398 4.260 2.996 2.778
07/22 4.041 4.057 <2.000 2.477
07/23 3.954 4.033 <2.000 2.000
07/24 3.613 3.477 <2.000 1.699
x 4.002 3.957 <2.249 2.239
Sp 0.323 0.336 0.482
log. red. 07/21 0.133 0.105 1.402 2.512
07/22 0.390 0.295 >1.699 2.477
07/23 0.347 0.372 >1.898 2.778
07/24 0.533 0.279 >1.799 2.845
x 0.351 0.263 >1.700 2.653
SD " 0.166 0.113 0.186
East Providence Pre—Cl, 07/21 3.886 2.903 4.407 5.455
07/22 3.795 3.196 4.544 5.199
07/23 3.613 3.130 4.580 5.633
07/24 3.763 3.243 4.398 5.672
X 3.765 3.106 4.482 5.490
SD 0.114 0.144 0.093 0.216
Post—Cl, 07/21 2.500 2.653 <0.230 1.000
07/22 3.699 2.544 <0.519 1.699
07/23 2.672 2.740 0.000 <0.519
07/24 1.699 3.161 0.217 1.000
x 2.642 2.775 ~0.242 1.054
SD 0.822 0.270 0.213 ~0.486
log. red. 07/21 1.386 0.250 >4.177 4.455
07/22 0.100 0.602 >4.025 3.500
07/23 0.941 0.390 >4.580 >5.114
07/24 2.064 0.082 4.181 4.672
X 1.123 0.331 ~4.241 ~4.435
SD 0.823 0.220 1.238 0.681
Warren Pre—Cl, 07/21 3.580 2.477 4.352 5.097
07/22 2.968 2.602 3.699 4.978
07/23 3.000 1.699 5.204 5.097
07/24 2.799 2.243 4.000 4.813
X 3.087 2.255 4.314 4.996
SD 0.340 0.400 0.651 0.134
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Post-C1 07/21 2.602 <1.699 - 1.000 2.021

2 o722 2.398 2.176 1.220 2.371
07/23  <1.522 1.699 0.699 1.954
07/24  <1.522 <1.699  <0.519  <1.000

x ~2.011 ~1.818  ~0.860  ~1.837

SD 0.571 0.239 0.312 0.587

log. red. 07/21 0.978 >0.778 3.352 3.076
07/22 1.570 0.426 2.479 2.607

07/23  >1.478 0.000 4.505 3.142

7/24  >1.277 >0.544  >3.481  >3.813

X ~1.076 ~0.437  ~3.454  ~3.160

SD 0.395 0.326 0.830 0.497

aType of treatment given in Table 5.

kite—Clz - prechlorination; Post—Cl, - postchlorination; data from single grab
sample;“log. red. - (pre«jﬂsminatign log'lo level) - (postchiorination logio
level).

c-apprcximaticn because an indeterminate value included in the calculation.
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Table A3. Indicator levels in pre- and post-chlorinated effluents from Providence
and East Providence sewage treatment plants during July, 1987 sampling tour.

Sewage treatment? Sanpleb Date Ioglo.inii@tor level/100ml effluent

plant type C. perfringens F phage Enterococci  FC
Providence Pl’.‘e-Cl2 07/28 3.924 3.923 3.653 5.322
(Field's Point) 07/29 2.380 2.892  <2.230 <3.230
07/30 4.079 4.000 3.380 4.204
X 3.461 3.605  ~3.807 ~4.252
SD 0.939 0.619 0.75% 1.047
Post-Clz 07/28 3.644 3.792 <0.114 0.9%6
07/29 3.813 3.602 0.079 1.732
07/30 3.613 3.451 0.000 0.919
X 3.690 3.629  ~0.064 1.216
Sh 0.108 0.152 0.058 0.449
log. red. 07/28 0.280 0.131  >3.539 4.326
(Pre-Post) 07/29 -1.433 -0.710 <2.150 <1.4%98
07/30 -0.229 0.509 3.380 3.285
X -0.461 -0.023 ~3.023 ~3.036
SD 0.880 0.624 0.760 1.430
East Providence Pre-C12 07/28 3.756 2.690 4.568 5.756
07/29 4.079 3.431 4.462 5.580
07/30 3.778 3.634 4.322 5.544
X 3.871 3.252 4.451 5.627
SD 0.181 0.406 0.123 0.113
Post—C1, 07/28 3.644 3.104 0.699 1.851
07/29 3.813 3.230 0.176 - 2.176
07/30 2.945 2.910 -0.301 1.833
X 3.467 3.081 0.191 1.953
SD 0.460 0.162 0.500 0.193
log. red. 07/28 0.112 -0.414 3.869 3.725
(Pre-Post) 07/29 d.266 0.210 4.286 3.404
07/30 0.833 0.724 4.623 3.711
X 0.404 0.170 4.259 3.613
SD 0.380 0.570 0.378 0.181

“Type of treatment given in Table 9.

be:e-c:l2 - prechlorination; Post-Cl, - postchlorination; data from single grab
sample;“log. red. - (pre—dzlorinati&'z log'10 level) - (postchlorination lcg10
level).

c-appro:dmation because an indeterminate value included in the calculation.
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Table A4. Flow rates, suspended solids and chlorine residuals for sewage samples

collected. December, 1985, and July, 1986.

Date Providence East Providence Warren Narragansett Village
Flo' ss° a° Fow ss a@® Aw ss a?  fw  ss o2
12/07/85 42.3 43 3.8 6.5 ND 1.3 2.0 ND 2.0 3.5
12/08 40.8 53 ND 6.5 ND 1.1 2.0 1.0 1.8 4.0
12/09 47.3 39 3.3 6.3 13 1.0 1.9 1.0 2.1 4.0
12/10 48.7 41 3.8 6.5 15 1.1 2.0 6.1 3.1 4.0
12/11 62.3 50 3.4 6.5 16 1.0 2.1 20. 1.0 4.0
X 48.3 45 3.5 6.5 15 1.1 2.0 7.2 2.0 0.2d 190d 3.9
07/21/86 74.4 4C ND 5.3 ND ND 1.0 14 ND
07/22 52.6 i8 3.3 5.2 5.4 1.4 1.3 5.0 2.0
07/23 65.4 21 4.4 6.1 7.4 0.3 1.1 3.0 3.0
07/24 53.3 21 3.6 6.7 29 0.6 1.2 2.0 2.5
X 61.4 25 3.8 5.3 13.9 0.8 1.2 6.0 2.5

30w in MED (million gallons/day)

bSumaded solids in mg/100 ml

Stotal chlorine in mg/liter
dQuastionable value
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Table AS. ¢C perfringens and F phage levels in pre- and postchlorinated effluent samples
collected November, 1985. '

Sewage treatment Date Cl, resid.? Indicator level/100 ml in effluent
plant (1985) {my/I) = Prechlorimaticn Postchlorination
C. perfringens F phage (. perfringens F phage

Blackstone Valley 11/06 2.0 4.215 3.644 3.822 2.663
11/21 4.1 4.279 4.623 3.690 4.380
T
Bristol 11/05 2.4 5.2792 5.671] 4.9788 5.079§
11/21 2.4 5.146% 5.079 4.87 4.740
East Greerwich  11/05 2.0 4.602 4.602 3.431 3.041
11/21 1.5 .4.295 4.114 3.748 3.813
East Providence 11/06 1.0 3'862h 3.079 3.230 2.839
11/21 1.1 4.964 2.969 3.568 2.903
Fall River, M  11/05 1.5 4.308 4.398 3.799, 3.663
11/21 1.3 4.000 3.398 3.146 2.634
Jamestowm 11/21 2.0 3.663% 2.663% 3.491 1.3081
Nesport 11/06 3.0 4.214 5.000 4.176 4.7240
11/21 2.8 4.301 4.748 4.380 °  4.477
Providence 11/05 3.8 4.663 4.887 4.380 a.681
11/21 3.7 4.398 4.964 4.079 4.519
Quonset Point 11/21 2.9 4.230 4.322 3.204% 2.462
Warren 11/06 1.9 3.391% 3.278, 2.906+ 2.301%
11/21 2.0 3.634 2.602 3.532 2.279
x 4.302 4.112 3.802 3.478
SD 0.504 0.932 0.580 1.103

“Total chlorine residual
hVa].ue greater than mean (x) by more than one standard deviation *(SD)

lVa.’i.z:he less than mean (%) by more than one standard deviation (SD)
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Table As6.

December 9, 10, 11, 1985.

Indicator levels in surface water samples from Narragansett Bay.

Station Daya Indicator level per 100 ml in surface water Salinity
C. perfringens F phage Enterococci FC E. coli o/oco
Tral 1 193 170 56.3 470 320 17.0
2 310 160 39.6 533 400 17.5 |
3 310 160 47.0 240 210 17.0 |
e 265 163 47.1 392 300 17.2
SD 200~350 160-170 40-56 260-600 220-420 16.9-17.5
1 1 199 210 185 743 693 23.0
2 105 80 11.0 435 400 21.0
3 110 80 44.0 330 280 22.0
el 132 110 44.7 474 427 22.0
SD 92-190 63-190 11-180  310-720 270-670 21.0-23.0
B1° 1 356 330 182 769 705 24.0
2 30 140 45.5 250 206 21.2
3 160 80 41.0 138 130 22.0
™ 172 155 69.8 298 266 22.4
SD 86-340 76-320 30-160  120-710 110-640 21.0-23.8
1 112 180 127 640 615 26.0
2 185 120 46.0 470 415 25.0
3 137 80 38.0 130 110 22.5
e ¥ 142 120 60.6 339 304 24.5 -
SD 110-180 80-180 32-120  150-790 120-750 22.7-27.5 ' g
m° 1 131 163 70.8 300 292 28.0
2 135 80 27.5 178 153 - 28.0
3 150 60 15.0 53.0 52.8 25.2
™ 138 92.1 30.8 141 133 27.1
SD 130-~150 55-150 14-67 58-340 56-320 25.5-28.7
3 1 174 270 58.0 355 333 30.0
2 285 250 17.0 290 260 25.5
3 280 340 3.0 35 25 24.0
M 240 280 14.3 153 129 26.5
SD 180-320 240-330  3.2-64 42-550 31-540 23.3-29.6
TnB 1 195 210 19.6 43.5 37.0  15.0
2 855 340 10.0 700 495 6.0
3 820 140 9.0 110 85.0 10.0
& 515 215 12.1 150 116 10.3
SD 220-1200 140-340  7.9-18 36-610 31-440 5.8-14.8 |
4 1 271 220 36.4 245 210 30.5 |
2 168 440 10.5 153 142 25.5
3 180 170 5.5 50 42 25.0
M 202 254 12.8 123 108 27.0
SD 160-260 160-420  4.9-33 55-280 47-250 24.0-30.0
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33.5
27.8
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i3 1
2
3
M
SD 43-74
14 1
2
3
1€ §
SD 49-67
16 1
2
3
M
SD 26-31

42.0
59.0
72.0
56.2

59.7
65.0
48.0
57.1

29.0
25.5
30.0
28.1

20.0
110
40.0
44.5
19-100

70.0
50.0
20.0
41.2
22-79

50.0
40.0
10.0
27.1
11-65

HPO
(M NV RS

0.72
0.4-1.4

oW
ouo

l‘
0.4-3.6

<0.5

0.5

1.0
-0.63
0.4-0.9

aSample collsctmn times and ambient water tempera

hrs, 3.0-6.1°C.

bsﬁglestatimtzarsectsnearthemrthsoftherivers. TnA - Seekonk River; TnB

- Pawtwxet River.

Cstations located near the cutfalls (boils) for the sewage treatment plants. Bi

Providence STP; B2, East Providence STP.

d-Appro:dmtim because of indeterminate values, usually due to values beyond

the sensitivity limit of the assay. In such cases, the sensitivity limit was used

in calculating the means.
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12/9 (Day 1) 1100-1415
hrs, 4.0-4.9 C; 12/10 (Day 2) 1040-1415 hrs, 3.7-4.9°C:; 12/11 (Day 3) 1100-1435
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Table A7. Indicator levels in bottam water samples fram Narragansett Bay. December
9, 10, 11, 1985.
Station Daya Indicator level per 100 ml in bottom water Salinity
C. pexfringens F phage Enterococci FC E. coli o/ocoo
ThAP 1 163e 100 37.5 296 189
2 740 100 69.3 266 233 21.9
3 170 44.0 42.0 185 165 21.5
M 274 76.1 47.8 244 194 21.7
Sb 120-650 47-120 34-66 190-310 163-230 21.4-22.0
1 1 132 25 6.2 15.0 10.0
2 72 <10 1.0 66.6 16.6 25.5
3 31 50 2.5 12.0 11.0 24.5
M 66.5 ~23.3 2.5 22.9 12.2 25.0
SD 32-140 10-52 1.0-6.2 9.0-58 9.3-16 24.3-25.7
Blc 1 53.3 7.0 10.4 23.0 20.0
2 415 10.0 6.0 23.0 18.0 27.0
3 43.0 38.0 3.0 1.0 1.0 28.0
M 98.1 13.9 5.7 8.1 7.1 27.5
SD 28-340 5.7-34 3.1-10 1.4-49 1.3-3 26.9-28.2
2 1 28é5 37 2.5 6.6 5.0
2 180 <10 6.6 65 50 30.2
3 30.0 7 2.5 6.6 3.3 28.1
e 53.6 ~13.7 3.5 14.0 9.4 29.2
SD 19-150 5.7-33 2.0-6.1 3.8-53 2.2-41 28.5-29.8
B2° 1 635 <10 6.9 15.5 12.0
2 900e 36 9.9 79.0 68.0 - 30.0
3 180 36 11.0 44.0 38.0 29.2
1 469 ~22.1 9.1 37.8 31.4 29.6
SD 200~1100 11-44 7.1-12 17-86 13-76  29.0-30.2
3 1 74.2 6.0 2.3 18.5 16.5
2 87.0 <10 1.5 6.0 5.0 28.0
3 51.6 8.0 5.5 14.0 11.0 29.0
M 69.0 ~7.8 2.7 11.6 9.7 28.5
SD 52-91 6.1-10 1.4-5.2 6.4-21 5.3-18 27.8-29.2
Tan 1 383 140 20.4 38.5 30.0
2 8202 210 9.0 245 185 24.0
3 820 140 9.0 110 85.0 10.0
M 636 160 11.8 101 77.8 17.0
SD 410-990 130-200 7.4-19 40-260 31-190 7.2-26.9
4 1 36.1 4f0 1.5 8.5 6f5
2 31.0 270 3.5 16.5 <3 30.0
3 38.0 9.0 5.0 18.0 16.0 29.5
M 34.9 6.0 3.0 13.6 10.2 29.8
SD 31-39 3.4-11 1.6-5.5 9.0-21 5.4-19 29.4-30.1
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13 1 64.0 <2.0 <0.5 3.0 2.0
2 20.5 ND <0.5 S.0 7.5 29.0
3 87.0 8.0 2.0 5.0 4.0 29.2
M 48.5 4.0 0.8 5.1 3.9 29.1
sb 23-100 1.5-10.7 0.4-1.8 3.0-8.9 2.0-7.6 29.0-29.2
14 1 35.0 20 0.5 2.5 2.0
2 51.0 30 5.0 10.0 8.0 29.0
3 48.0 20 1.0 8.5 7.0 26.7
M 44.1 22.9 1. 6.0 4.8 27.9
SD 36-54 19-28 1.1-1.7 2.8-12.7 2.2-1 26.2-29.5
16 1 29.0 <2.0 1.0 1.5 1.0
2 39.6 ND 1.5 5.0 5.0 28.7
3 76.0 3.0 1.0 4.0 3.0 29.0
M 44.4 2.4 1.1 3.1 2.5 28.9
sSD 27-73 1.8-3.3 0.9-1.4 2.5-3.9 1.1-5.6 28.6-29.1
“Sample collgctim times and ambient water tempera : 1279 (Day 1) 1100-1415

hrs, 4.0—4.9°C: 12/10 (Day 2) 1040-141S5 hrs, 3.7-4.9°C; 12/11 (Day 3) 1100-1435
hrs, 3.0-6.1°C.

bsin;le station transects near the mouths of the rivers. TnA - Seekonk River; TnB
- Pawtuxet River.

Cstations located near the cutfalls (boils) for the sewage treatment plants. B1,
Providence STP; B2, East Providence STP.

d-A;prmdmtim because of indeterminate values, usually due to values beyond
the sensitivity limit of the assay. In such cases, the sensitivity limit was used
in caiculating the means.

eSuspect values probably due to sediment in bottom water samples. Values included
in calculation of means.

fData eliminated from calculation of means as being spurious.
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Table AS.
23, 24, 1986.

Indicator levels in surface water samples from Narragansett Bay. July 22,

Station Daya Indicator level per 1060 ml in surface water Salinity
C. pexfringens F phage Enterococci  FC E. coli  (o/c0)
Tna’ 1 18.1 37 10.0 ~200 143 26.2
2 46.0 88 2.0 85 30 22.0
3 21.4 31 6.0 360 65 22.4
@1(1-3)¢ 26.1 46.6 4.9 183 65.3 22.2
SD 1643 27-81 2.1-11 89-380 30-140 21.9-22.5
nc® 1 77.5 52 15.0 400 245 25.5
2 56.0 64 14.0 45 45 25.8
3 25.0 41 19.5 500 285 24.1
@1(1-3) 47.7 51.5 16.0 208 146 25.0
SD 27-85 41-64 13-19 55-790 53-410 23.7-26.2
1 1 38.0 <10 1.6 582 377 21.7
2 16.5 4.0 3.3 145 90.0 24.1
3 9.9 27 7.0 200 150 22.7
M(2-3)M 12.3 ~10.4 4.8 170 116 23.3
SD 8.9-18 2.7-40 2.8-8.2  136-210 81-170 22.0-24.5
p< 1 60.0 2620 10.0 2.5 2.5 19.7
2 40.G 2670 <0.5 <0.5 <0.5 20.3
3 15.0 158 0.5 <0.5 <0.5 23.8
@(1-2) 49.0 2640 ~2.2 <1.1 <1.1  20.0
SD 37-65 2600-2700 0.3-1.9  0.4-3.5 0.4-3.5 19.6-20.4
2 1 130 14 3.3 566 379 22.5
2 20 64 1.0 40 30 24.8
3 3.3 6 3.0 30 25 25.4
@(2-3) 8.1 19.6 1.7 34.6 27.3  25.1
sD 2.3-29 3.7-100  0.8-3.8 28-42  24-31 24.7-25.5
md 1 5.0 17 1.6 294 99 24.6
2 39.6 33 1.0 35.0 10.0 25.4
3 36.3 38 3.3 6.6 6.6 26.7
@1(2-3) 37.9 35.4 1.8 15.2 18.1 26.1
SD 36-40 32.39  0.8~4.2 4.7-49 6.1-11 25.1-27.0
2A 1 31.0 19 3.3 94 48 24.5
2 21.4 12 0.5 45 45 24.8
3 34.6 <10 0.5 13.2 13.2  24.7
@1(1~3) 28.4 ~15.1 0.93 38.2 30.6 24.7
SD 22-37 11-21 0.3-2.8 14-100 15-63 24.5-24.8
3 1 30.0 23.0 1.7 158.0 99 24.5
2 8.2 5.0 <0.5 10.0 10.0  26.0
3 5.0 <10 2.5 10.0 5.0 25.6
@1(2-3) 6.4 ~5.0 1.1 10.0 7.1 25.8
SD 4.5-9. ind 0.4-3.5 ind  4.3-12 25.5-26.1
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®sample collecti
h, 21.2-23.2°C; 7/23 {(day 2

h, 21.8-23.5°C.

b

on times and ambient water temperaturgs
) = 1015-1430 h, 22.4-24.6

Arithmatic mean and standard deviation for days 2 and 3.

7/22 (day 1) - 1030-1500
; 7/24 (day 3) - 0945-1345

If the.salinity for day

1 was cutside the SD for days 2-3, the GMs for the indicator levels were calculated
for days 2-3 as shown in parentheses under Day. Exception was station Bl where the
mean salinity was for days 1-2.

cSingle station transects near mouths of rivers. TnA - Seekonk R.; TnB - Pawhuxet
R.; ™ThC - Moshassuck R.; TnD - Warren R.
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dSee ot Table 11.

e( ) days used to calculate geametric means (@) and standard deviations (SD) .
£ _

See "d" Table 11.
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Table A9. Indicator levels in bottom water samples from Narrzcansett Bay. July 23,
24, 25, 1986.
Station  Day® Indicator level per 100 ml in bottom water Salinity
C. perfringens F phage Enterococci  FC E. 01i o/oc0
TnA 1 15,0 <10 8.0 150 121 27.0
2 235 <10 2.0 75.0 55.0 28.2
3 10.0 <10 2.5 140 60 25.0
e 32.8 <10 3.4 116 73.6 26.7
SD 5.9-180 1.6-7.2 79-170 48-110 25.1-28.3
nC 1 9.9, 13 3.3 200 40.0 27.9
2 31.3 11 4.0 175 80.0 28.8
3 5.0 <10 6.0 90.0 25.0 28.9
e- 1 11.6 ~11.9 4.3 147 43.1 28.5
SD 4.6-29 3.2-5.9 96-230 24-77 28.0-29.1
1 1 0.5 <10 7.0 300 200 29.1
2 <0.5 <10 3.5 43.0 23.0 28.1
3 <0.5 <10 <0.5 56.0 46.0 24.6
e <0.5 <10 - ~2.3 89.7 59.6 27.3
SD 0.6-8.1 31-260 20-180 24.9-29.6
Bl 1 135 360 46.0 700 550 28.5
2 13.2 150 19.5 500 250 28.6
3 5.0 55.0 4.0 25.0 20.0 28.2
M 20.7 144 15.3 206 140 28.4
SD 3.8-110 56-370  4.4-53 33-1300 25-790 28.2-28.6
2 1 20.0 <10 4.0 55.0 48.0 17.0
2 20.0 9 1.5 17.5 13.5 23.0
3 19.5 <10 1.5 11.5 3.3  29.1
el 19.8 ~9 2.1 22.3 12.9 23.0
SD 20-20 1.2-3.7 10-50 3.4-49 17.0-29.0
R2 1 34,5 <10 2.0 32.5 22.5 28.3
2 229 4 1.0 6.6 5.0 26.2
3 90.7 <10 2.0 15.0 11.5 26.0
™ 89.5 <4 1.6 14.8 10.9 26.8
sD 35-230 1.1-2.4  6.7-33 5.1-23 25.6-28.1
2a 1 23.0 14 1.5 15.5 8.0 29.3
2 13.5 <10 0.5 6.6 6.6 29.3
3 7.5 <10 1.0 1.7 1.7 29.3
M 13.3 ~14 0.9 5.6 4.5 29.3
SD 7.6-23 0.9-0.9  5.6-5.6 1.9-10 29.3-29.3
3 1 54.0 <10 2.5 137 86.5 29.4
2 30.5 <10 1.0 1.6 1.6 29.1
3 6.0 <10 0.5 6.6 3.3 28.8
el 21.5 <10 1.0 11.3 7.7 29.1
SD 6.9-67 0.5-2.4  1.2-110 0.9-65 28.8-29.4
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Table AlO0.

Indicator levelg
Bay. July 28, 29, 30, 1987°.

in surface water samples from Narragansett

Station ana Indicator level per 100 ml in surface water
C. perfringens F phage Enterococci FC E. coli
b
TnA 1 47.9 3.0 4.5 71.0 54.4
2 53.0 1.0 5.5 97.4 56.1
3 38.0 3.5 4.5 205 60.0
M 45.9 2.2 4.8 112 56.8
SD 39-54 1.1-4.3 4.3-5.4 65-193 54-60
Tan 1 41.3 35.0 11.1 >1390 >1360
2 28.0 5.5 2.7 610 325
3 33.0 10.5 3.3 1860 616
M 33.7 12.6 4.6 1160 648
SD 28-41 4.9-32 2.2-9.9 650-2100 310-~1300
1A 1 66.0 1.0 2.5 90.8 64.4
2 24.5 GéO 9.2 135 102
3 ND ND ND ND ND
M 40.2 2.4 4.8 111 81.0
SD 2081 0.7-8.7 1.9-12 84-150 59-110
1 1 ND ND ND ND ND
2 57.5 <0.5 <0.5 18.2 3.3
3 41.5 10.0 <0.5 140 67.7
M 48.8 <2.2 <0.5 50.4 14.9
SD 39-62 12-210 1.7-130
Bld 1 >500 2640 3.1 26.4 13.2
2 580 2840 3.5 54.5 52.8
3 360 2150 4.5 15.0 14.0
M - 470 2520 3.7 27.8 21.4
SD 370-600 2200-2900 3.0-4.4 15=-5 9.8-4
ic 1 277 94.5o <0.5 75.9 56.1
2 47.9 1.0 <0.5 71.0o 31.4o
3 75.7 64.5 <0.5 0.5 0.5
M 100 78.1 <0.5 73.4 41.9
SD 40-250 60-100 70-77 28-6
2 1 61.0 1.0 <0.5 23.1 8.3
2 48.0 1.0 <0.5 39.6o 28.0o
3 40.5 8.0 <0.5 3.0 2.5
M 49.1 2.0 <0.5 30.2 15.2
SD 40-60 0.6-6.6 21-44, 6.4-3
B2d 1 360 130 2.0 45.0 25.5
2 400 251 <0.5 51.5 27.0
3 410 158 1.5f 42.9 16.5
M 389 172 1.1 46.3 22.4
SD 360~-420 120-240 0.6-2.4 42-51 17-29
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aSan;&e collection: 7/28, 1030-1430 h; 7/29, 1130-1400 h 7/30, 1200-1500
h.. ambient water temperature.

b'I‘ranset::!:s: A - Seekonk R; B - Pawtuxet R; C - Moshassuck R.; D - Warren
RO

d"Boils": Bl - Providence (Field's Point) Sewage Treatment Plant; B2 East
Providence Sewage Treatment Plant )

D - no data

f-A;pmdmtimbecausel&ﬂnnhalfthevaluewerelessmanﬂxe
sensitivity of the assay or exceeded the upper counting limit of the method.

Yalue amitted in calculating mean
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ASSAY METHODS FOR F MALE-SPECIFIC BACTERIOPHAGES

Media
1. Tryptone Broth (per liter)
Bacto Tryptone 10.0 ¢
Dextrose 1.0 g
NaCl 5.0 g
Distilled water 1000 ml

Dissolve the ingredients and dispense in 100 ml quantities to 250 ml
Erlenmeyer flasks and in 10 ml quantities to tubes as required.
(-] - - - .
Autoclave at 121 C for 15 min and store 1n'the refrigerator.
|

2. Antibiotic solution

Ampicillin 150 mg
Streptomycin sulfate 150 mg
Distilled water 100 m1

Filter sterilize the solution and store in the refrigerator. Prepare
fresh every week.

3. Bottom Agar (Trvptone Agar)

Add 15.0 gm of agar co the ingredients in Tryptone broth {for 1 liter
of medium). Autoclave at 121°C for 15 min. Cool to 50°C; add 20 mi

of the antibiotic solution, mix, and dispense in about 38 ml quantities
to sterile 150 x 15 mm petrri plates.

4., Double strength (2X) Tryptoﬁe Soft Agar

Tryptone 20.0 g
Dextrose 2.0 g
NaCl 1.0 g
Agar ' 14.0 ¢
Distilled water 1000 ml

Heat to dissolve the ingredients. Add 1.0 of a 1 M CaCl; solution and
dispense in 4 ml quantities to 16 x 150 mm tubes. Cap the tubes and
store them in the freezer.

5. Single strength (1X) Tryptone Soft Agar
Reduce all the ingredients in the 2X Trvptone Agar by a factor of two.

Stock Cultures of Host Strain - Maintain the strain on slants of the bottom
agar held in the refrigerator.




Concentration of Water Samples

c-1.

c-2.

During the late afternoon of the day before the assays are to be
performed, aseptically add the antibiotic solution in 0.3 ml quantities
to the number of tubes (10 ml) and in 3.0 ml quantities to the number
of flasks (100 ml) of Tryptone broth needed. Inoculate them from

thg stock of the host strain, and incubate the cultures overnight at
37°C.

The following morning, inoculate flasks containing 100 ml amounts of
Tryptone Broth (no antibiotics) with 10 ml quantities of the over-
night culture of the host strain. Incubate the flasks for 3.5 * 0.5
hours at 37°C to obtain log phase cells.

For each sample to be concentrated, add 1 g of Tryptone and 1 g of
powdered beef cxtract to a sterile, cappeﬁ 250 ml centrifuge bottle.

For each sample. add 100-200 ml of the water and 10 ml of log phase
culture to one of the centrifuge bottles. Incubate the mixture in
a water bath for 30 min at 30.5 ¥ 0.5 C with very gentle shaking.

Centrifuge the bottles at 9000 x g for 10 min in a refrigerated
centrifuge at 4°C.

Decant the supernatant, leaving 7-8 ml behind in which to resuspend

the pellet., Place bottle in the 50°C water bath for about one min
and proceed to assay.

Assay of Concentrata

A-1,

Remove .the needed number of plates containing the bottom agar from
the refrigerator the day before they are to be used. Remove an equal

number of tubes of 2X soft agar from the freezer the morning of the
day they are to be used.

Autoclave the tubes of soft apar at 121°C for 15 min.

Place them in
a water bath at 50°C.

Remove 4 ml of the resuspended pellet (step C-6) to a tube of 2X
soft Tryptone Agar. Gently mix the contents of the tube by rolling
it in the ,palms of your hands. Do this rapidly so that the agar
will not harden, and avoid bubbles. Immediately pour the contents
over a hard agar plate. Gently swirl the plate to distribute the
soft agar over the surface of the hard agar. Similarly prepare a
second plate from the remainder of the resuspended pellet. Allow the

agar to harden; invert and incubate the plates at 37°C for at least
9 hours and noc more than 18 hours.

Count the plaques and record the data.
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Direct Assay of Water Samples or Sewage Effluents (no concentration)

a)

b)

Direct assay of duplicate 4 ml samples can be done with water samples
collected near the sewage outfalls.

DA-1.
DA-2.
DA-3.

DA-4.

Samé as A-1
Same as A-2

Add 4 ml of the warmed (equilibrated to room temperature or 1 min
at 50°C) water sample and 1 ml of the 3 hour culture of the host
strain to a tube of 2X soft agar. Mix and pour the contents of
the tube over a hard agar plate. Assay a second 4 ml portion

of the sample in the same manner. Incubate as in A-3.

Same as A-4 ?

Direct assay of 1 ml (duplicate 0.5 ml quantities) or decimal dilutions
thereof usually is required only with sewage effluents since sampies
with phage levels up to 1.0 x 104/100 ml can be assayed by direct plating
of duplicate 4 ml portions.

DDA-1.

DDA-2.

DDA-3.
DDA-4 .

DDA-5.

100 x 15mm plates containing about 17 ml of bottom agar are pre-
pared as described in the Media Section.

13 x 100 mm tubes containing 4.0 ml of single strength soft agar
are prepared as described in the Media Section.

Same as A-:

Add 0.5 ml of the sample and 0.02 ml of the 3 hour culture of
the host strain to a tube of single strength soft agar. Mix and
pour the contents of the tube over a 100 x 15 mm bottom agar
plate. Assay a second 0.5 ml portion. Incubate as in A-3.

Same as A-4

b3~
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sampled during any given tour, and 5-7 such tours should be conducted
during the six month period. The sampling freauencies are given in

Table A-l.

C. Microbial Assavs

1.

Water and effluents: C. perfringens (mCP); enterococci (mE as modified

by use of indoxyl & D glucoside); E. coli and fecal coliforms (mTEC):
F male-specific phages (Cabelli method).

. Sediments: Assays for C. perfringens by the "sonicate and settle"

extraction method followed by membrane filtration by mCP., If the meta-
phosphate extraction method is used, MF assays can be done for entero-

cocci (mE) and E. coli/fecal coliforms (mTEC) as well.

Shellfish: Clean, shuck and homogenize 9-12 animals as described in

!
"Standard Methods for the Examination of Shellfish and Shellfish-

Growing Waters." Then perferm 5 tube, 3 dilution (1.0, 0.1 and 0.0l ml)

MPN assays by the appropriate methods for C. perfringens, enterococci
and fecal coliforms/E. coli. The MPNs/100 ml can be converted to
MPN/100 g by weighing a given volume of the homogenate and using the
values obtained for the conversion.

a. E. coli/fecal coliforms: Inoculate tubes of LST broth as described
in "Standarc Methods.” Then transfer to EC as they specify only
use EC MUG (Difco) instead of EC. Read the EC tubes for fecal coli-
forms as they specify. Then place the tubes under "black light",
long wave UV, and record fluorescence. Those that fluoresce contain
E. coli. MUG is methyl umbellifervl glucuronide.

b. Enterococci: Inoculate tubes of Azide Dextrose Broth as given in
"Standard Methods for the Examination of Water and Wastewater."
After incubation, streak from the turbid tubes on the surface of a
membrane filter placed on a MF plate of modified mE medium. Use
half or a third of a plate per tube. Record blue growth on the
membranes after incubation at 41°C for 24-36 hours as positive.

c. C. perfringens: Inoculate tubes of Iron-Milk medium, incubate and
read as described by Matches et al.

d. ¥ male-specific bacteriophages: Weigh 100 g of the homogenate into
a sterile, screw-cap centrifuge tube, and centrifuge at 13000 x g
for 15 min. Decant the supernatant to a steriie tube and record

the volume. Let the fluid warm to room temperature. Add 5 ml

~b4 ~
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to 5 ml of 2 x soft agar; add 1 ml of the host cells and pour

over the large plates. Incubate and count as given in the apﬁended

method for the phage assav.
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Jan.

Jan.

Feb.

b

I .

Feb.

Feb.

Apr.

22

29

26

28

26

27

16

25

30

MICROBIOLOGY SEMINAR SCHEDULE
(12:00 noon - Morrill 215)

Mannitol Utilization in Clostridium difficile. Mike Kazamias,
Department of Microbiology, URI.

Characterization of the Ciliary Proteins of Wild~type Tetrahvmena
thermophila and a Mating Mutant. Lee Ju Cheng, Department of
Microbiology, URI.

No seminar
To be anncunced.

A Mouse Model for E. coli 0157:H7 Intestinal Fathogenesis. Dr.
Elizabeth Wadolkowski, Dept. of Microbiology, Uniformed Services
University Medical School.

Transformation of Corn Using Microprojectile Bambardment. Dr. William
Gordon-Kahn, Pfizer Central Research, Groton, Connecticut. (RANGER
HALL, 4:00, ROOM 103)

The Effect of Heat-Shock on Developmentally Regulated Genes in
Myxococcus xantius. Deborah Britt, Department of Microbiology, URI.

Elimination of Micrabial Indicators of Sanitary Quality by Bivalve
Molluscs. Bill Burkhardt, Department of Microbiology, URI.

Regulatory Molecules Involved is Signal Transduction and Secretion. ’qj
Dr. Brigit Satir, Department of Anatomy and Cell Biology, Albert |
Einstein School of Medicine.

Mitochondrial DNA and evolutionary genetics. Dr. Thomas Kocher,
University of New Hampshire. (200LOGY¥; BIO. SCI. BLDG.; 4:00 rocm
Al0S).

Mutational Analysis of the vir Region of an IHR Agrobacterium
tumefaciens Ti Plasmid, Mike Zapor, Department of Micracbioclogy, URI.

The Expression of E. coli F 18 Type 1 Pili in the Ability to Colonize
the Streptamycin-Treated Mouse Colon. Beth M. McCormick, Department of
Microbiology, URI.

A Simple Fluorescent Method to Assess Phagocytosis and Bactericidal
Efficiency in Phagocytes from Marine Organisms. Thomas G. Daniels,
Envirommental Protection Agency, Narragansett, RI.

Physiologic and Biochemical Responses to Stress by Cyancbacteria. Dr.
Elliot Schubert, Dept. of Biology, University of North Dakota (RANGER i
HALL, roam 103, 4:00). 1

Elucidation of the Pathways Involved in the Suicide Response of
Aeromonas caviae. Joe Newman, Department of Microbiology, URI.
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