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BACKGROUND
One of the first tasks | was charged with when agpd Director of Health in September 2008 was to

“.....find out what is happening with the water abP&ree Beach” since the beach had been closetbdue
elevated levels of bacteria several times duriegSmmer of 2008. The following report is an attetap

address that directive.

INTRODUCTION

Consistent marine beach water quality analysistéd to protect the health of our community and its
residents. With the presence of beach-goers ireDancreasing throughout the months of June, &y,
August, it is important to routinely test the sgfet the waters in which they swim. Since 2002ri@a
beach water sampling and testing has been regylarfgrmed and the data, with the exception of that
from 2006, is available. During the summer of 2008 data were organized to analyze the “health” o
Darien beaches and factors contributing to dayatoguality of the marine waters. Ultimately, theag
was to assess the existing “Darien Health Departielicy and Protocol for the Operation of the Town

Beaches Bathing Area(s)” and revise it as necessary

STUDY SITE

Water samples were collected from the public besdmel.ong Island Sound by the Darien Health
Department during the summer of 2009. Samples gatfgered from the shore of Pear Tree Beach (Map
1), Weed Beach (Map 2), and Tokeneke Beach (Mapd@jitional samples were also collected from
Gorham’s Pond (Map 4), along Stony Brook (Map & Hre Goodwives River (Maps 6a & b) which are
the main tributaries to Gorham’s Pond. Much apptem is extended to Darien Harbormaster Robert
Price who enabled us to get off-shore samples hy foom Scott's Cove, and other locations off PEae
Point, Weed Beach, and Long Neck Point (Map 7).

METHODS

On-shore marine water sampling was done biweekhydxn the dates of May 17 and May 28, 2009, once
a week in June, biweekly again from July 1 to Auduis 2009 and then weekly until the beaches were
closed September 7, 2009. Typically, the water $asnpere collected in 3 feet of water by submerghey

open sampling bottle one foot below the water'$asg while taking care not to touch the insidehef t



sampling bottle or the cap. The bottle was thempeédplabeled, and put in a cooler with ice packisis
method was repeated so there were two samples tiakarnm okeneke (TK), three samples from Pear Tree
(PT) Beach, and two samples from Weed Beach (WB).

The date, time of day, tide, water temperatures détast precipitation, amount of last
precipitation, and observations of conditions (batbad, presence of geese, wind, etc.) were redord
during each sampling session. High tide was ddfaseany point when the water reaches its highnekt a
any time within one hour of that point. Low tidasvdefined as the water level at its lowest paidt a
within one hour of that point. Flood tide and eidle was when the water level was rising and rewgdi
respectively.

The samples were then taken to the Stamford HBaffartment or the CT State Lab and analyzed
using the membrane filtration (MF) technique witBi hours of collection. Levels of enterococci (EN
and fecal coliform (FC) were tested and recordddrine water tested with ENT levels exceeding 104
colonies/100mL for a single-sample is considereshtenfor swimmers by EPA and DPH standards.
Closure may or may not be ordered by the HealthaBegent but immediate re-sampling is done as soon
as these results are known and the areas cheakadyf@vidence of recent contamination. FC teste we
performed to help gain a more complete view of watelity. Taking the geometric mean (GM) of ENT is
the method used to evaluate the water quality aveng period of time. EPA and DPH guidance provide
that five samples with a GM greater than 35 indiqadtentially unsafe marine swimming water.

The initial sampling locations selected were the tawn beaches, Pear Tree Point and Weed
Beach as well as the private beach at Tokenekanatkly the study area was expanded to include
Gorham’s Pond (GP), Goodwives River (GWR), StongdBr(SB) and the off-shore locations mentioned

above.

DISCUSSION

Enterococci (ENT) and fecal coliform (FC) are twdicators used to show the safety of waters.
ENT are a subset of total coliform bacteria. Tveedpecies that are pathogenic for humans have been
identified and described. Levels of ENT less th@b colonies/100mL in marine waters are considbyed
EPA to be safe levels for swimming. Higher levesuits in the need for the health department tesass
the quality of water quality impacts from “upstréaon watershed locations. Marine water levels of FC
less than 400 colonies/100mL are considered saibl@¥ét al.,2003) but EPA and DPH policy only
recognizes ENT as the indicator organism usedtabéshing closure policies. It has been shown BT
survives longer in marine environments than FCallgwsurviving for 2.4 days (Noblet al.,2003). More
importantly, high levels of ENT and FC seem to etate with swimming-associated gastrointestinal
diseases (Kinzelmaet al.,2003).



As previously mentioned, the EPA recommends a nipgéometric mean water-quality indicator
concentration be no greater 35 colonies/100mL féT EYoderet al.,2008). Using this standard, we have
found that the long-termwater quality of the beaches in Darien has beepgeod. A five sample GM has
only exceeded EPA limits on two separate occasiodgferent years in the period of time for which
sampling results are availabl@/hat is more difficult to assess, however, is #ietg of the waters on a
day to day basisThis is because ENT levels can change drastiaétiost instantly (Boehrat al). With
this in mind, our objective was to explore facttirat affect the ENT levels. On two separate tagsd
during summer 2009, the levels of bacteria were al@ve the EPA standard for safe swimming watérs o
104 colonies. Retesting conducted immediately upaification of these adverse conditions found
acceptable conditions with low bacteria counts asd result, the bathing areas were not closed. Our
investigation was therefore extended to includesteration of the impacts of tide changes as veell a
other possible pollution sources. In doing scsliveater sources were explored.

The main freshwater input for PT Beach is GorhaRoad (GP) located north of the beach. GP
flows directly into the PT Beach waters. Samplesentaken from three different spots on GP. All
samples exceeded 1000 colonies/100mL of ENT ane seene above 2000 which is well above what is
considered safe for swimming. Additional samplesertaken on different days and all test results
exceeded 1000 colonies/100mL. GP receives waisr frong Island Sound (LIS) when there is a flood
tide and receives fresh water from the Goodwive2RI(GWR) and Stony Brook. The stream flow into the
pond drains the entire downtown area of Darien @l as a significant portion of 1-95 so it is a hig
impacted water system. Furthermore, due to thecoa¢rol dam placed in between GP and PT water, the
major source of water for the Pond is high tidesithe two main feeder streams have been obseyved t
have very low flow during dry times. Samples takéong the GWR also exceeded the EPA standard for
safe swimming waters.

It should be noted that an unexpected circumstancerred during the sampling program of
Gorhams Pond. While high levels of bacteria wecevered from all sampling points during July, bg th
middle of August, they were very low and the lalbonadetected measurable levels of chlorine. Bacter
levels remained low throughout September. Furtimezstigation is needed to evaluate this situatiah a
determine the source of the chlorine.

The houses surrounding Gorhams Pond all have sgiems. Many of these systems may be
subject to a high water table and during timesooisistent rainfall, the septic system effluent daddain
into the GWR and GP which may be a source of biactkevels (Pittet al.,1993). Another contributing
factor could be sediment brought to the pond frastream road runoff coming from the center of town
and a large portion of I-95.  Furthermore, wenidthat Stony Brook (SB), which also flows into Gias
levels that exceed EPA standards for bacteriatatio¢ias high as GP or GWR. SB is also surrouyeal

mixture of houses with septic systems and sewdes\s



The next step in our study included determiningtvbethe bacteria from GP were capable of
reaching PT Beach. To evaluate whether GP watehes PT Beach, the laboratory examined salinity
data. PT1 and PT2 showed low levels of salinttjs(is where we had high levels of bacteria) wRile3
showed high levels of salinity (this is where wel l@aw levels of bacteria). Low salinity levels celates
to an input of freshwater. In this case, GP isahly freshwater source flowing into PT Beach. iig
salinity suggests an input of salt water from LT8erefore, it would appear that during low tidés tvater
from GP flows out into the PT Beach waterways aasl the ability to spread bacteria from the Gorham
Pond into the swimming areas.

Tides play an important role in the flow of fresheraand saltwater. According to Boelatnal.,
extremely high and low tides initiate flushing afljptants and present enhanced conditions for ENT
persistence in marine water in California. The satudy found that spring-ebb tides yielded théésg
ENT concentrations and the greatest chance of dixwpéhe single-sample standard at the majorityhef
beaches in their study area (Boetnal). Although this study was performed in Califorrtiaere is reason
to believe that these same patterns are consistdnPT Beach. Data from this summer showed tHagrw
water was flowing into GP, the levels of bactendhe pond were 2000 CFU/100mL for ENT. When
water was flowing out of GP, the bacteria levelseVE000 CFU/100mL for ENT or below. However, it is
evident from our data that tides alone do not reardy affect ENT levels at the beaches. Instédds
and other factors such as rainfall contribute to Higfels of ENT. For instance, while high levels of
bacteria in PT during low tide were found, a sectast at low tide showed low levels of ENT. Sarsple
taken at flood tide also showed opposing levelENMT. However, rainfall amounts varied over these
different sampling sessions. For a better undedstg of the factors contributing to ENT levelsisit
necessary to sample the waters at specific tintes r@infall and after certain amounts of rainfalllith
this data, the influence of rain, time, and tidas be more thoroughly determined. Ideally, tidaiditions
and rainfall need to be included in models useeltduate bacterial conditions in Darien marine v&ate

These models will aid in determining beach cloqokcy.

Currently, Darien protocol calls for “preemptiveédich closure if one inch or greater of rainfall
measured for a 24-hour period occurs. Howeverndtte 8-years of Darien beach testing, bactevielde
exceeded EPA standards only once after a rainfalteof greater than one inch. In fact, in 20G8va
days after 2.15 inches of rainfall, levels of EN€resnowhere near exceeding EPA standards. WAah thi
data in mind, once a more comprehensive sampliogram is conducted before, during and after rdinfal
events, Darien may consider revising the currerguaie policy of closing the beaches after one ofch

rain. Sampling conducted to this point has not merducted around precipitation events.



Membrane filtration (MF) is the technique used ébedimine the number of ENT in marine waters.
However, this technique requires an incubationqoeoif 24-hours. Upon receiving the results, @lready
too late to determine whether a beach closuredessary or advised. That is why preemptive closares
vital to ensure the safety of swimmers. Howeuds evident that preemptive closures are not abvay
consistent with the safety of the water relativeveder quality. As shown above, an inch of raindales
not necessarily mean Darien should close its besachear data show widely variable conditions on
consecutive days. For a more accurate responsegiatory officials, it would seem that a new tegoe
which enables an instantaneous count of bactenadded. Scientists are currently working on tiag t
gives tests results back in two hours (Kinzelratal.,2003). This would help determine whether or not a
beach should be closed and when it should reopen.

Although this may seem ideal, it is important tmesnber that levels of bacteria can change almost
instantly (Boehnet al.) and this has been demonstrated in the test saaularien. With the water flow
apparently responsible for fluctuating bacteriaelsyit is difficult to determine the validity ofater testing
in general. Even when duplicate samples were takéme exact same time, the test results sometinees
very different. This further demonstrates the mgistency of the water quality and the testing mesh

Because of the uncertainty of preemptive closuneistiae stated deficiencies in testing, it is
important for swimmers to be educated in measurgsdvent iliness, especially those under 10 yefirs
age who are at a greater risk for gastrointestiim@ss (Yoderet al.,2008). The EPA suggests that
swimmers towel off immediately after leaving thet@raand showering as soon as they return homereThe
are other obvious suggestions like not drinkingwiager or swimming with open wounds (Yodgral.,

2008).

PAST STUDIES
The Goodwives Final Water Management Plan (WMR)0i4 as performed by Fuss & O’Neil Engineers
provided one of the most extensive case studighewatershed areas flowing into Darien beach water
In 2002, the CT DEP identified Darien Harbor asierpaired body of water” (Goodwives Final WMP).
Their plan to restore the Darien Harbor includediting sediment and other pollutant loading to Gonfs
Pond (GP). According to the WMP, GP experiencdssentation and degraded water quality due to
contributions from the Goodwives River (GWR), Stdrpok (SB), Cummings Brook, and its own local
watershed area. Upper Pond, which is located ttireorth of GP, has lost its natural sediment-biag
ability meaning sediment, which plays host to baates transported directly to GP.

The Goodwives WMP suggests that some sources ef wahtamination are due to outdated septic
systems. Approximately 80% of the town of Darigesérved by sanitary sewers. Most of these were

installed between 1938 and 1972 and many of thage been rehabilitated either by replacement ardin



to eliminate infiltration and inflow. Areas notrsed by town sanitary sewers utilize on-site segygtems.
Many of the older septic systems were not intertdetbal with high-demand, all-year residents.
Unfortunately, most houses built South of I-95 oW and surrounding GP and SB, (as well as Scott’s
Cove which has recently been closed to shellfisbinthe State) were built with septic systems. The
elevation of these homes varies from zero to 6 reetieove sea level. Therefore, it is possible dftat a
heavy rainfall, or during high tide, the septicteyss on these properties could overflow, or become
immersed in groundwater and drain into the GWR, &8, SB. Other water control measures such as the
installation of groundwater drains may have beataited over the years to keep these “overflowsinfr
view and transport sewage effluent to a dischaoyet pvhich cannot be seen. Also, low lying homes/m
also have their septic systems installed into gidouater and be “flushed” out by high tides.

Whereas many healthy bodies of water feature vagetauffers, GP does not. Vegetative buffers,
such as sea-grasses, can reduce bacteria. Sométieyecan even act as ephemeral storage of laacteri
These buffers are especially useful in Holly Pad&) which experiences low levels of ENT. The borde
of HP is covered in thick sea-grasses. One stodyd that just a 0.1-meter vegetative buffer can
significantly reduce the bacteria from runoff (Tateal.,2003). The Goodwives WMP suggested that
Darien establish stream buffers with natural vetgmtdor lots adjacent to watercourses. Therevidence
that this would help decontaminate runoff flowimgo GWR, SB, and GP. Ultimately, it is believedtth
the introduction of vegetative buffers would rewetise bacteriological problem in these areas. Hewe
as with any manipulation of nature, there can eneseen consequences.

Prior to 1990, the flood gates of GP were only @uetwo weeks per year. In the mid-1990s, the
town began opening the tide gates more frequentlyfar longer periods of time. This may have resiilt
in some improvement in water quality, but cautibowdd be taken when opening the gates. Under any
circumstances, if it is necessary to open themnduhie summer, then it is vital to close PT Beach t

swimmers.

Conclusions and Recommendations:
Water sampling conducted off-shore seem to indittetefluctuating water quality at the beaches
are a result of land based activities, not fromalde water quality associated with Long Island
Sound.

Preemptive closure of beaches due to rainfall everdy be the most effective means of protecting

swimmers.There is a storm drain outlet into the waterd/aed Beach which could contribute to
elevated bacteria counts after a rainfall. Lomgitplanning should incorporate relocating this

drain away from the beach area. Until that timesate should remain the policy after rainfall.



There have been a few instances where Pear Trexh Baa experienced exceptionally high levels
of bacteria, but the data suggests that rainfalbissolely responsible for this hike. Furthermore
considering the influence of GP, further reseafatutd be conducted before changing the beach
closure standards for that beach. Other factors asd¢idal “flushing” should be considered.

However, under any circumstancBgar Tree Point Beach should be closed when tloeldlates to

Gorham’s Pond are opefPublic Works & Health Department)

Signage at the beaches instructing bathers to tofivehmediately after leaving the water and
showering as soon as they return home is recomrdeasleell as not drinking the water or

swimming with open wounds. (Parks & Recreation)

Current methods of water testing may be totallyleguate for assessing water safety; results are
not obtained for at least 24 hours and respondirigdt data has been shown by subsequent testing
to not be valid because water quality is so vagiabhe policy utilized in the Summer of 2008 was
to close the beaches upon a single test resulektateded the bacteriological limits (as discussed
above). This is an ultra-conservative approach whnay not be appropriate when reviewing the
results of next day sampling conducted this yeansig acceptable levels of bacteria.

Using ENT testing as the sole means of assessitey waality and human health impacts may be
inadequate. Currently, ENT is the only factor bdiegfed, although the Darien Health Department
has also routinely submitted samples to be testethé presence of fecal coliform organisms.
Additionally, ENT only determines the swimming dgféor humansit does not determine the
health of plants or animals relying on these wat&¥& often take an anthropogenic view and
neglect the “natural” environment. It should beabthat this is not a change that can be done

locally since all testing is being done under EPW &tate DPH guidelines.

Beach sampling is important only for determiningdderm trends This data is useful to

determine the overall health of the beaches amdatoitor any changes over time and whether
significant events have occurred that no one kralvegit. Continuing sampling helps maintain
consistent knowledge of our swimming areas. Coetineollection of samples from Goodwives
River, Gorham’s Pond, and Stony Brook is advisedesthese are the major sources of freshwater
into Gorham’s Pond. Water sampling from majorastie flowing into Weed Beach, Tokeneke and
Scott’'s Cove areas would help generate knowleddleeoivater quality in Darien overall and help

pinpoint any sources of pollution. (Health Depantie



Restoration of sediment control upstream of Gorlsaond would improve conditions in the Pond.
(Public Works?)

Policies that encourage the restoration of seasgsaalong the banks of Gorham’s Pond should be
implemented perhaps through informational and ettluta efforts directed toward residents.
(Wetlands)

Continued evaluation of the water quality of Gorlsaond and the source(s) of chlorine that was
detected is needed (Health & Police (?) Depts)

Areas that have high bacteria levels should beetuthore thoroughly. As discussed above, this
summer we found that Gorham’s Pond had elevaterld®f bacteria. This water body is
surrounded by houses served by septic systems aiavlyich may have marginally suitable soll
conditions for septic systems. It is understood phglic sewers are proposed for the Gorham’s
Pond area the abandonment of substandard septic systemsamtection to sewers could be the

single most important measure the Town could takeprove water quality at Pear Tree Beach
(Sewer Authority, Public Works, Health & Board c#l&ctmen)

Attached please find the “Darien Health Departni®licy and Protocol for Town Beaches.” There
have been no significant changes made to the “Bwbtat this time, but further evaluation of

conditions affecting water quality at our beaclseslearly warranted. We hope to target next year’s
sampling program more specifically to tides andfali events to determine if further modifications

to the “protocol” are warranted.
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Map 1 illustrates the three sampllng pomts at Peailree Beach.
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Map 2 illustrates the two sampling points at Weed Bach.
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Map 4 lllustrates Gorham’s Pond sampling points
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Map 5 IIIustrates Stony Brook Sampling points
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Maps 6a & b illustrate the Goodwives River samplingooints



Table 1, Pear Tree Point BEACH (2009)

DATE VALUE |cfu/100 | VALUE
(mm-dd- | (cfu/200m| mi (cfu/200m
yyyy) ) )
PT1 PT2 PT 3
05-18-2009 5.0 5.0 n/a
05-20-2009 5.0 5.0 5.0
05-26-2009 | 35.0 5.0 5.0
05-28-2009 5.0 5.0 20.0
06-04-2009 | 15.0 20.0 n/a
06-17-2009 | 25.0 20.0 10.0
06-25-2009 | 15.0 25.0 105.0
06-30-2009 | 30.0 20.0 25.0
07-01-2009 | 35.0 100.0 40.0
07-07-2009 | - - -
07-09-2009 | 10.0 10.0 70.0
07-14-2009 | 530.0 790.0 50.0
07-15-2009 | 35.0 40.0 20.0
07-21-2009 | 87.0 42.0 10.0
07-23-2009 5.0 5.0 5.0
07-27-2009 5.0 5.0 5.0
08-04-2009 | 25.0 - -
08-10-2009 | 10.0 10.0 10.0
08-18-2009 5.0 - -
08-26-2009 | 10.0 10.0 10.0




Table 2: Weed BEACH MONITORING DATA

DATE VALUE VALUE
(mm-dd- (cfu/100ml) (cfu/100ml)
yYYy) WB 1 WB 2
05-18-2009 5.0 5.0
05-20-2009 5.0 5.0
05-26-2009 5.0 30.0
05-28-2009 5.0 5.0
06-04-2009 5.0 20.0
06-17-2009 5.0 5.0
06-25-2009 30.0 40.0
06-30-2009 30.0 155.0
07-01-2009 215.0 10
07-07-2009 10 -
07-09-2009 90 10.0
07-14-2009 10 20
07-15-2009 20 10
07-21-2009 10 15
07-23-2009 5.0 5.0
07-27-2009 5.0 40.0
08-10-2009 10.0 10.0
08-18-2009 5.0 5.0
Table 3 - Gorham’s Pond |
DATE VALUE
NAME (mm-dd-yyyy) | (cfu/100ml)
Gorhams’ Pond (along 7116 1140
GoodWivesRiver Rd)
7121 2000
7/23 700
7127 2000
8/10 10
* 8/18 80
8/26 20
9/2 30
9/14 10

* 8/18 - chlorine detected in water sample




