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Abstract:

The Malden River is located in the Greater Boston area of Massachusetts. The River has a long history of
abuse and neglect stemming from urbanization and industrial activity along the River and in the surrounding
areas. Community groups, however, are advocating restoration of the Malden River to a healthy and
thriving ecosystem that also provides a viable outdoor recreational area for the local community. There is
concern, however, that bacterial concentrations are at levels that can cause excess gastrointestinal illness to
recreational users. As part of assessing this issue, I performed a recreational risk assessment based on
microbial concentration data from water quality sampling performed by the Mystic River Watershed
Association (MyRWA) and the Massachusetts Water Resources Authority (MWRA). A significant
difference in the bacterial data from the two organizations, in which samples are taken approximately one
mile from each other, was found. This indicated the possibility of significant bacterial variability in the
River and, therefore, risk was calculated separately for each data set. The Wiedenmann (2007) dose
response model was used to analyze risk; however, not all site-specific parameters were known. Overall
risk, risk after significant rainfall, and seasonal risk were all analyzed. Using the Wiedenmann risk model,
I determined that after 0.5 inches of rain in 72 hours, exposure associated with primary and secondary
recreation causes the incremental risk to double. The overall and seasonal risk analysis showed that the

risks associated with the MyRWA sampling location were consistently at least twice that of the MWRA
location.
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1. Background

This section describes the geography of the Maiden River, including important landmarks and
characteristics, followed by an overview of the history of the Malden River. A summary of the watershed's
stormwater and sewer systems is also included. The last part of the section provides the current status of
the River, including community groups and ongoing studies.

1.1 Introduction
The Malden River, located in the Greater Boston area of Massachusetts, has an extensive history of
industrial activity and urbanization along its banks. Centuries of abuse by these activities have reduced the
river to a degraded condition, leading to concern about the River's ecological health and its suitability for
recreational use. The Malden River is classified as a Class B warm water. and as such, should be suitable
for primary and secondary recreation; however, it is currently listed on the Massachusetts '303(d)' list of
Impaired Water Bodies (MADEP 2014b). Over the past few decades, the communities surrounding the
Malden River have become interested in improving its condition. This thesis presents one portion of a joint
effort at the Massachusetts Institute of Technology (MIT) to provide the community with further scientific
information about the Malden River. Studies include a hydrological runoff model, an evaluation of
stormwater Best Management Practice (BMP) alternatives and an investigation of sediment contamination.
This report focuses specifically on providing a better understanding of the microbial risks associated with
recreational use of the Malden River.

1.2 Geography of the Malden River

The Malden River is a tributary to the much larger Mystic River which is located within the 76-square-mile
Mystic River Watershed. The Malden River Sub-Watershed covers 11 square miles in the towns of Everett,
Malden, Medford, Wakefield, Stoneham and Melrose within the Mystic River Watershed (Figure 1-1).

Stoneham

Melrose

Eastern
MA

Maiden

~/ .......

Medford

Map by. Sara Greenberg
Civil & Enviornmental MEng. 2015

Massachusetts institute of Technology

Figure 1-1: Maiden river sub-watershed.
Source: (ArcMap 10.2.2 2010)

13

Legend

Study Area Outlet Location

Town Boundanres
Subwstersheso

0 1.050 2100 4200 Meters
I Iw -



Much of the Malden River flows underground, where it is hidden from view by the urban landscape. The
River begins at Spot Pond in the Fells Reservation and flows completely covered beneath the cities of
Melrose and Malden. The River re-surfaces from two stormwater culverts, shown circled in red in Figure
1-3, near the center of Malden. From the two culverts, the River flows aboveground for two miles, before
discharging into the Mystic River. The Amelia Earhart Dam is located a short distance downstream of
where the Malden and Mystic Rivers converge.

A e*

Figure 1-2: Geography surrounding the Maiden River.
Source: Google Maps (2015)
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Figure 1-3: Maiden River stormwater outfall locations.

Source: (Nangle Associates 2014)

1.3 History of the Malden River

This section describes the impact of human activity on the Malden River beginning with the industrial

and urban legacy and how this has contributed to the River's degraded state. The section concludes with

the man-made features of the River including both the stormwater and the sewer system.

1.3.1 Industrial and Urban Legacy

The Malden River has a legacy of abuse as a result of industrial activity (U.S. Army Corps of Engineers

2008). During the Industrial Revolution, the River provided an essential means of transportation and waste

disposal for chemical, coal gasification, and, manufacturing plants. In order to support these industries,

much of the wetlands were dredged and filled to straighten the river channels. Many of these historical

activities resulted in the release of oil and hazardous materials (OHM) into the River. These contaminants

include fuel by-products, volatile organic compounds, and various metals, which can leach into the

groundwater or directly contaminate the River through natural hydrological pathways. Although many of

the industrial plants were relocated after World War 1I, industrial waste and dredged materials remain.

The surrounding towns of Malden, Medford, and Everett have continued to develop since the Industrial

Revolution, creating an increasingly urban environment. Urban environments are characterized by large

areas of impervious surfaces, such as roadways, buildings, and parking lots, which prevent natural ground

infiltration of rainfall. Instead of percolating through the ground, rainfall runs off into the storm drainage

15



system and eventually into the River, which increases the frequency and intensity of flooding in extreme
rain events. This increased volume of stormwater runoff can cause a variety of environmental problems,
including increased erosion and reduced base flows into the river. These reduced base flows result in low
water velocities and poor mixing conditions between storm run-off events, which ultimately contributes to
high bacteria concentrations in the Malden River (Herron 2014).

Just downstream from the confluence of the Mystic and Malden Rivers, the Amelia Earhart Dam changes
the height of the river and controls the flow and flushing of the Malden River upstream (U.S. Army Corps
of Engineers 2008). The Dam, completed in 1966, was intended to provide flood control; however, the
water column has become stratified, and stagnant with low dissolved oxygen which ultimately prohibits a
healthy, thriving ecosystem. The dam is currently controlled by the Metropolitan District Commission
(MDC).

The industrial activity, urbanization of towns surrounding the Malden River, and the construction of the
Amelia Earhart Dam all have contributed to the current state of the River. Stormwater and sewage systems
also have impacted the natural state of the River and will be discussed in Sections 1.3.2 and 1.3.3,
respectively.

1.3.2 Stormwater System

Much of the flow into the Malden River enters from stormwater drainage systems of the towns located
along the River. For example, the city of Malden has a series of conduits that connect to form a stormwater
drainage system, shown in Figure 1-4.

44

Eastern
MA

L Legend

Study Area Outlet Location

Town Boundaries

--- Stornwater Drainage

Map by: Sara Greenberg 0 So0 1 000 2,000 Meters
Civil & Enviornmental MEng 2015 1 t

Massachusetts Institute of Technology

Figure 1-4: Stormwater drainage system within the town of Maiden
Source: (ArcMap 10.2.2 2010)
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1.3.3 Sewer System

Sewer systems in older cities such as Boston, and the surrounding communities, commonly include

Combined Sewer Overflows (CSO's), which are a result of combined sewer and stormwater systems.

CSO's discharge into rivers when extreme rain events occur because the volume of water exceeds system

capacity. The communities surrounding the Malden River have separate storm water and sewage systems;

therefore, CSO's are not an issue and are not a potential source of bacterial contamination. The surrounding

communities do have, however, sanitary sewer overflow (SSO) occurrences. Under extreme wet weather

conditions, groundwater or stormwater can enter the sewer system at vulnerable points (such as blockages

and line breaks) and cause sewage to overflow downstream (US EPA 2014). Unlike CSO's, these

discharges are unanticipated. SSO's are required to be reported to the Massachusetts Department of

Environmental Protection (MA DEP) (Coughlin 2015).

Figure 1-5 and Figure 1-6 show known locations of SSO's in the Malden River watershed. Figure 1-5 is

especially pertinent to this report because it shows an SSO at 4+25 along the Malden River right next to the

Tufts University boathouse. The only reported occurrence of sewage overflowing and discharging directly

into the Malden River, occurred at 1+26 on Figure 1-6 on March 29, 2010. This particular SSO was

quantified at over 1 million gallons of raw sewage. The other SSO's denoted on this map discharged into

basements or streets (MADEP 2015).

SSO map#: 15

Figure 1-5: SSO map #15 of reported SSO's in the Maiden River watershed.

Source: (MWRA 2015).
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BL~f f"" fm o"m W~c -LOOMOfn SSO map #:* 16
Figure 1-6: SSO map #16 of reported SSO's in the Maiden River watershed.
Source: (MWRA 2015).

1.3.4 Malden River Regulatory Framework

The Massachusetts Surface Water Quality Standards (314 CMR 4.00) categorize the Malden River as a
Class B warm water. Class B waters are designated as "a habitat for fish, other aquatic life, and wildlife"
and for "primary and secondary contact recreation." Class B waters should be "suitable for irrigation and
other agricultural uses and for compatible industrial cooling and process uses" and should have
"consistently good aesthetic value" (MADEP 2014a). The standards that apply to the Malden River, under
this framework, are summarized in Table 1-1 below.
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Table 1-1: Summary of surface water quality standards for class B warm waters

Parameter Class B Standard

>5.0 mg/1
Dissolved Oxygen Where natural background conditions are lower. DO shall not be less than natural

background conditions. 1

Temperature <83-F
The rise in temperature due to a discharge shall not exceed 51F 1

pH 6.5-8.3
No more than 0.5 units outside of the natural backarotmd range. 1

Bathing (non-bathing): E.coli as indicator - geometric mean of five most recent samples
taken during the same bathing season (within the most recent six months) shall not exceed

Bacteria 126 colonies per 100 m and no single sample shall exceed 235 colonies per 100 ml
Bathing (non-bathing): Enterococci as indicator- geometric mean of five most recent
samples taken during the same bathing season (within the most recent six months) shall not
exceed 33 colonies per 100 m and no single sample shall exceed 61 colonies per 100 ml

Shall be free from floating. suspended and settleable solids in concentrations and

Solids combinations that would impair any use assigned to this Class, that
would cause aesthetically objectionable conditions. or that would impair the benthic biota or
degrade the chemical composition of the bottom.

Color and Turbidity Shall be free from color and turbidity in concentrations or combinations that are aesthetically
objectionable or would impair any use assigned to this Class.

These waters shall be free from oil. grease and petrochemicals that

Oil and Grease produce a visible film on the surface of the water. impart an oily taste to the water or an oily
or other undesirable taste to the edible portions of aquatic life, coat the banks or bottom of
the water course. or are deleterious or become toxic to aquatic life.

None in such concentrations or combinations that are aesthetically
Taste and Odor objectionable. that would impair any use assigned to this Class. or that would cause tainting

or undesirable flavors in the edible portions of aquatic life.

PNatural seasonal and daily variations that are necessary to protect existing and designated uses shall be maintained.
Source: (MADEP 2014a)

Currently, the Malden River is not in compliance with these surface water quality (MADEP 2013). Section
303(d) of the Clean Water Act requires each state to publish a list of water bodies that do not meet state

water quality standards. In compliance with this mandate, the Malden River is included on the

Massachusetts' 303(d) list (MADEP 2013). The specific causes of impairment are listed in Table 1-2 below.
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Table 1-2: Water quality impairment causes on the Malden River.

Maiden River Impairment Causes

(Debris/Floatables/Trash*) PCB in Fish Tissue

Chlordane Phosphorus (Total)

DDT Secchi disk transparency

Dissolved oxygen saturation Secchi disk transparency
Escherichia coli Sediment Bioassays -- Chronic Toxicity

Fecal Coliform Freshwater

Foam/Flocs/Scun/Oil Slicks Taste and Odor

High pH Total Suspended Solids (TSS)

Oxygen. Dissolved

TMDL not required (Non-pollutant)
This table is in agreement with the version in the proposed 2014 Integrated List of Waters report.
Source: (MassDEP, 2013)

After identifying the impaired water bodies, each state is also required to establish priorities for
development of Total Maximum Daily Loads (TMDL) that specify "the maximum amount of a pollutant
that a water body can receive and still meet water quality standards". Massachusetts's current schedule for

TMDL development makes no specific reference to the Malden River (MADEP 2013). However, the
Malden River is included under a broader priority to develop watershed wide bacteria TMDLs for Boston
Harbor. The proposed Massachusetts Year 2014 Integrated List of Waters anticipates that final EPA
approval of Boston Harbor bacteria TMDLs will occur in Fiscal Year 2015 (MADEP 2014b).

1.3.5 River Rehabilitation Efforts

In response to the Malden River's degraded water quality, there has been a growing community effort to
transform the River into a healthy ecosystem that can provide recreational space to the public. Some key
organizations leading this effort include the Mystic River Watershed Association (MyRWA), Friends of
the Malden River (FOMR), and the Army Corps of Engineers.

The Mystic River Watershed Association (MyRWA) works to protect the entire Mystic River watershed
through advocacy, outreach and education, water quality monitoring, and restoration efforts. MyRWA
manages an extensive water quality monitoring program across the Mystic River Watershed, including a
sampling site on the Malden River at which samples have been collected since July 2000.

The Friends of the Malden River (FOMR) is a community group that advocates for a healthier ecosystem.
FOMR's vision is to one day see the Malden River utilized for recreation and community events.

The Army Corps of Engineers (2008) evaluated several strategies for ecosystem restoration along the
Malden River. This report expressed concern about the potential for toxic pollution in sediments in the
banks of the Malden. This type of toxic contamination would seriously threaten the local ecosystems and
could potentially inhibit recreational use of the river. The report also includes an environmental assessment
of the Malden River, an analysis of several restoration activities, and a final recommended plan for
ecosystem restoration. The final plan recommends the creation of a wetland habitat through deposition of
sand and gravel and the removal of invasive plant species in various sub-areas along the Malden River.
These activities aim to reduce the inflow of contaminated sediments, groundwater and urban stormwater

20



runoff, which have all been identified as major sources of water contamination on the Malden (U.S. Army
Corps of Engineers 2008).

1.4 MIT Studies

Several MIT studies were conducted to provide the communities surrounding the Malden River with a
better understanding of its current state. This report presents a microbial risk assessment of the Malden
River. Other studies include a hydrological runoff model, an analysis of potential (BMP's) along the River,
and an investigation of sediment conditions. Brief summaries are presented below.

Hydrologic Runoff Model

The hydrology portion of the Malden River watershed was modeled using the Environmental Protection
Agency's Stormwater Management Model (SWMM) (Greenberg 2015). The model quantifies volume and
flow rates of rainfall runoff as it travels across the watershed, through the drainage system, and into the
River.

BMP Analysis

The BMP analysis presents alternatives to manage stormwater runoff along the Malden River (Smith 2015).
A feasibility and performance analysis of proposed BMP's is also included.

Investigation of Sediment Contamination

Investigations of the sediment contamination of the Malden River were conducted (Sylman 2015; Khweis
2015; Oehmke 2015). Sediment quality data was used to calculate the potential concentration distributions
of various contaminants in the Malden River. The potential for sediment suspension in the water column
was also calculated. Further, this information was used to conduct a preliminary risk assessment of the
sediment exposure during recreational activities.

1.5 Microbial Risk Assessment for Recreational Use of the Malden River

This report presents a microbial risk assessment conducted to determine the potential health hazards to
recreational users of the Malden River. Section 1.6 provides a basic description of the steps involved in a
recreational risk assessment. Section 2 includes a literature review of key topics related to conducting a

microbial risk assessment. Section 4 presents the risk assessment results, and Section 5 discusses the results
of the analysis. Appendices provide supporting information.
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1.6 Steps in a Recreational Risk Assessment

The purpose of this recreational risk assessment is to determine human health risk associated with activity
on or in the Malden River due to microbial populations. In this case, the recreational risk assessment is a
combination of an environmental risk assessment and a quantitative microbial risk assessment (QMRA).
An environmental risk assessment is comprised of three steps: site characterization, risk quantification, and
risk management and communication(Salhotra 2014). Within the risk quantification step is where the
QMRA occurs. The steps of a QMRA are: hazard identification, exposure assessment, dose-response
analysis and risk characterization (Haas, Rose, and Gerba 1999). These steps are summarized in Table 1-3.

Table 1-3: A comprehensive guideline of the steps involved in a recreational risk assessment.

Environmental Risk Assessment'

1. Site Characterization

2. Risk Qua ntif ication

Quantitative 2a. Hazard Identification

Microbial 2b. Exposure Assessment
Risk 2c. Dose-Response Analysis

Assessment2 2d. Risk Characterization

3. Risk Management & Communication
Source: 'Haas, Rose, and Gerba 1999, 2Salhotra 2014

1.6.1 Site Characterization

Site characterization involves the collection and analysis of field data which is used later in the assessment
process to quantify the risk (US EPA 2015a). Site characterization commonly includes both characterization
of environmental media through sampling and chemical analysis and evaluation of the physical and social
setting for the site. The appropriate scope for a risk assessment, in terms of the actual or desired activity
patterns, is also commonly part of the site characterization.

1.6.2 Risk Quantification

The QMRA step includes the four steps shown in Table 1-3, each of which is discussed below.

1.6.2.1Hlazard Identification

Microbial hazard identification involves identifying specific microorganisms that can cause of human
illness (Haas, Rose, and Gerba 1999). QMRA's conducted on recreational waters use concentrations of
fecal indicator organisms (FIO's) to identify potential microbial hazards. An indicator organism must be
exclusively of fecal origin, occur in greater numbers than associated pathogens, be resistant to
environmental stresses, must not proliferate to any great extent in the environment, and detection must be
simple and inexpensive. Two bacteria that fit this criteria are enterococci and Escherichia coli (Sloat and
Ziel 1992). High concentrations of FIO suggest the possibility of disease causing pathogens that cause
gastro-intestinal illness (GI) in humans (Haas, Rose, and Gerba 1999).
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1.6.2.2 Exposure Assessment

The exposure assessment identifies sources of contamination, exposure routes, and potential receptors

(Haas, Rose, and Gerba 1999). In a microbial risk assessment, the sources of potential microbial

contamination include water, sediment and surficial soil. The exposure routes for a microbial risk

assessment focused on water are: dermal contact, inhalation, and ingestion. Potential receptors for this risk

assessment include recreational users of the river. A complete exposure pathway is one in which a potential

receptor is exposed to bacteria through an exposure route. A complete and detailed exposure model for the

Malden River is described in Section 3.3.

An exposure assessment also estimates the number of organisms that correspond to a single exposure,
otherwise known as the dose. The dose is found by determining three variables: the pathway of exposure,

the concentration of bacteria in the medium, and the amount of medium the user is exposed to. The pathway

of exposure is how one would come in contact with the hazard of concern. Enterococci and Escherichia
coli, are the indicators used to indicate pathogens for recreational waters, are transmitted only through
ingestion, as shown in Table 1-4; therefore, only ingestion will be considered as an exposure route in this

study.

Table 1-4: Transmission pathways for waterborne pathogens.

Ingesion Inhalation Contact Wound Infections
V. cholem Legionefla spp. P. aenrginosa Aemmonas spp.
Salmonella spp. Mycobaceria spp. Aemmonas spp. Pseudomonas spp.
E. cofi M obacteia spp. Vbno vunkcus
Shigella spp. Acanthamoeba spp. Vibo pamthaeoIvytiks
CL zcterpp. Naegleria spp.
Heiiobacter spp. Schistosoma.
Entmuvises
Norovinses
Hepatovmses
Rotavikses

Source: (Pond 2014)

The concentrations of bacteria in a river vary, so a geometric mean of the concentrations is usually taken

as a representative value (Haas, Rose, and Gerba 1999). The amount of exposure per event is found by

multiplying the geometric mean bacteria concentrations by the volume of medium ingested. The exposure

duration is the length of time a human is exposed to the medium containing the contaminant (Park 2014).

Characterizing the ingestion rate of water during recreational activity is complex and will be discussed

further in Section 2.2.

1.6.2.3 Dose-Response Analysis

A dose-response analysis is conducted using a dose-response model or equation. The model represents a

relationship between the amount of microbial exposure and adverse health effects (Haas, Rose, and Gerba

1999). The first step involves choosing an appropriate dose-response model. The dose-response relationship

depends on a variety of epidemiological factors but all models assume that risk increases with increased

dose due to increased exposure (Wiedenmann 2007). Section 2.3 presents an analysis of four dose-response

models, and selection of the model used in this risk assessment.
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1.6.2.4 Risk Characterization

Risk characterization combines the results of the exposure assessment and dose-response analysis to give
an estimate of risk (Haas, Rose, and Gerba 1999). In this risk assessment, the risk is stated in terms of the
incremental probability of incurring gastrointestinal illness (GI) due to the exposure.

1.6.3 Risk Management and Communication

Risk management is the process of mitigating excess risks and risk communication is the process of
communicating the results to the public. Regulatory agencies frequently take the lead for both risk
management and communication (Salhotra 2014). A common approach is to set acceptable standards for
concentrations of bacteria and restricting access to the water body when those criteria are exceeded
(Dixon 2009). The United States currently uses the US EPA's Recreational Water Guidelines, which are
discussed further in Section 2.3.1.1.

24



2. Literature Review

The literature review focuses on several key areas that are needed to evaluate microbial risk including the
potential sources of bacterial contamination, the characterization of ingestion rates, and the selection of an
appropriate dose-response model.

2.1 Potential Sources of Bacterial Contamination

Although bacteria and pollutants can originate from many possible sources, there are two general routes
though which they can enter waterways: point source run-off or non-point source run-off.

2.1.1 Point Sources

According to the EPA (2015), a point source of pollution refers "any discernible, confined and discrete
conveyance from which pollutants are or may be discharged." Wastewater treatment plants, combined
sewer overflows (CSO's), sanitary sewer overflows (SSO's), and illicit connections (US EPA 2014) are all
examples of sewage system components than can discharge raw sewage directly into a waterbody. SSO's
on the Malden River were discussed in more detail in Section 1.3.3. Sewage systems can get overwhelmed
by heavy rainfall and cause direct fecal input into the waterbody (Shehane et al. 2005). In dry weather,
these locations are rarely the cause of bacterial contamination.

2.1.2 Non-Point Sources

The EPA (2015) defines non-point source pollution as "pollution generally resulting from land runoff,
precipitation, atmospheric deposition, drainage, seepage or hydrologic modification." Urbanized

communities contain impervious surfaces that do not allow infiltration of rainwater and also cause

significant increases in rainfall run-off. The run-off can accumulate bacteria and potentially disease causing
pathogen populations that can then contaminate waterbodies (US EPA 1983).

A study done on South Shore Beach located on Lake Michigan (McLellan and Salmore 2003) attempted to
find the source of high bacteria concentrations because they were causing the beach to be closed. Water

samples were collected at sites varying in distance from the shore during both dry and wet conditions.

Environmental factors including precipitation, hours from last rainfall, and wind speed were recorded so

that they could be tested for significance. All of the water samples were tested for E. coli concentrations.

One of the major conclusions was that there was a significant increase in bacteria levels at the shoreline

after precipitation events.

Another study was conducted on St. John's River in Florida (Shehane et al. 2005). Seven sites were tested

regularly for water quality, while the team also collected rainfall data. Several analyses were done to

determine when and where microbial contamination was the highest, including a seasonal assessment and

a spatial assessment. Changes in faecal indicator densities during changing rainfall patterns strongly

suggested that precipitation plays a major role in microbial pollution in urban areas.

It is apparent through the review of literature that both point-source and non-point source bacterial

contamination occur because of, or are made significantly worse by, precipitation events. Fifty-one percent
of disease outbreaks in the United States between 1948 and 1994 followed rain events (Shehane et al. 2005).
When considering risk of illness by recreational activity on the Malden, therefore, precipitation is
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considered as a factor that can increase risk. An analysis of microbial concentrations following precipitation
events can be found in Section 3.1.3.

2.2 Characterization of Ingestion Rates

The amount of water ingested during recreational activity is an extremely difficult variable to quantify. The
EPA's Exposure Factors Handbook (US EPA 2011) provides estimates for primary contact recreation, but
does not provide estimates for limited contact recreation. The volume of water ingested through recreational
activity is primarily estimated by survey, but there have been attempts to quantify it.

In a microbial risk assessment on the risk of GI among surfers in Oregon (Stone et al. 2008), volume of
water ingested was quantified using a web based survey. The survey was approved by the Oregon State
University's Institutional Review Board for protection of human subjects. Surfers were asked to estimate
the amount of water accidentally ingested through the nose or mouth and were given the following options:
"a few drops or 1-3 teaspoons," "amount in a shot glass or 1-2 ounces," or "amount in a small juice glass."
The majority of surfers reported swallowing 1-2 ounces of water.

Dutch divers were also asked to estimate volume of water ingested through a survey (Schijven and Husman
2006). The survey was designed to be user friendly so that participants could easily estimate the amount
ingested. Diver were given the following options: "none," "a few drops (0.5-5mL)," "a shot glass (20-
30mL)," "a coffee cup (80-120mL)," or "a soda glass (170-21 OmL)." Overall, experienced sport divers, not
wearing a mask, ingested the most water (approximately 100-250mL), followed by occupational divers (2-
10mL), and then sport divers wearing masks (0-5mL).

Dorevitch et al. (2011) attempted to actually quantify the amount of water ingested during secondary
recreation. Primary and secondary recreational users in the Chicago area were first asked to self-report
estimated volumes. For actual quantification, Cyanuric Acid was added to the pool water as a tracer.
Participant's urine was then analyzed for concentrations of the tracer. Less than two percent of participants
reported swallowing approximately a teaspoon of water. Based on the study using the Cyanuric Acid tracer,
less than 0.5 percent of participants swallowed a teaspoon or more.

Dose calculations for this study will be discussed further in Section 3.3.

2.3 Dose-Response Model Analysis

This section first provides the history of the United States recreational water quality guidelines. An analysis
of several dose-response models is then presented. The analysis describes the theory and components of the
Dufour risk model, the Fleisher risk model, Wymer and Dufour risk model, and the Wiedenmann model.

2.3.1 History of Recreational Water Quality Guidelines

This section summarizes the history and epidemiological studies used to develop the Recreational Water
Guidelines in the United States.
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2.3.1.1 United States Standards

The perennial question in the history of recreational water quality standards in the United States has been
what to use as an indicator of the water's potential for inducing human illness. Historically, diseases of
concern that were spread through water included cholera and typhoid fever. Both of these diseases are
spread through fecal contamination. Testing for elevated concentrations of bacteria known to be associated
with feces would potentially indicate sickness causing pathogens (Cabelli et al. 1983).

The first standards adopted by the US EPA for recreational water quality were put forth by the National
Technical Advisory Committee (NTAC) to the Federal Water Pollution Control Administration in 1968.
To properly assess location for possible recreational activities, the committee advised that five samples
should be collected over a 30-day period, and the log mean fecal coliform concentration not exceed 200 per
100 mL. Another requirement was that no more than 10 percent of the samples taken should exceed 400
per 100 mL. The epidemiological evidence used to produce these guidelines was collected by the United
States Public Health Service (USPH) from 1948-1950 (Dufour 1984). These guidelines were criticized by
Cabelli (1983), who emphasized the need for recreational water quality guidelines that were supported with
epidemiological evidence. Although rejecting the rationale of NTAC's suggested guidelines, Cabelli
concurred that fecal coliform concentrations were the appropriate standard to use. Total coliforms were
deemed insufficient as indicators because many bacteria belonging to the group are not fecal specific
(Cabelli et al. 1983).

In 1979, the EPA launched a program with the intention of developing a recreational criteria for marine
waters (Cabelli et al. 1983). The study was conducted at three locations: Coney Island Rockaways in New

York, Levee Fontainebleau in Louisiana, and Revere and Nahant beaches in Massachusetts. Participants
were found at these beaches on the weekends and were limited to family groups so as to limit exposure to
one or two days. Water samples were collected during periods of maximum swimming activity and tested

for concentrations of total coliforms. The concentrations were quantified using the most probable number

procedure. Follow-up interviews were conducted by phone 8-10 days after the exposure to the marine

waters. Participants were asked if they had experienced any GI symptoms. The swimming-associated GI
symptoms per 1000 participants were plotted against indicator densities and analyzed using regression

analysis. It was determined that of all the coliforms the samples were analyzed for, the fecal coliforms

enterococci and E. coli had the strongest correlation to GI symptoms (Cabelli et al. 1983).

To determine freshwater recreational standards, Dufour (1984) used the same methodology as in the marine

study (Cabelli et al. 1983). Dufour conducted his study at two locations: Keystone Lake near Tulsa and

Oklahoma and Lake Erie near Erie, Pennsylvania. The only change between Cabelli (1983) and Dufour's

(1984) study was how the follow-up interviews were conducted. In the initial interview, demographic
information was collected from the participants as well as how long they swam, how many times they

immersed their head and face, and finally, if they had had any GI symptoms in the previous week. Both

enterococci and E. coli were used to assess water quality in this study. In the marine (Cabelli et al. 1983)
study, only the correlation coefficient was used to assess "strength of association." In this study, the slope

of the regression equation, the standard error and the correlation coefficient were all used to classify the

"strength of association." It was determined that E. coli had the strongest relationship to swimming related

GI.

Using both epidemiological studies, Dufour (1984) was able to develop recreational water criteria, as well

as a model that relates recreational activity, illness and water quality. Dufour suggested the criteria shown

in Table 2-1. The Dufour (1984) model will be discussed further in Section 2.3.2.Dufour Model
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Table 2-1: Current EPA recreational water quality standards.

Single-Sample Maximum Allowable Density
(Enterococi/l00mL)

Steady State
Geometric Moderate Lightly Used Infrequently
Mean Full-Body- Full-Body- Used Full-
Indicator Designated Contact Contact Body-Contact
Density Beach Area Recreation Recreation Recreation
(Enterococci/1 (upper 75% (Upper (upper 90% (upper 95%
OOmL) C.L.) 90% C.L.) C.L.) C.L.)

Enterococci 33 61 78 107 151
E. Coli 126 235 298 409 575

Source: (Dufour 1984; US EPA 1986)

In 1986, the U.S. EPA (1986) adopted the criteria of water quality standards in found in Table 2-1.The EPA
derived these criteria using an acceptable incremental risk of GI sickness was 0.8 percent. They used
Dufour's (1984) equations to solve for the FIO concentration at which the incremental probability of GI
was 0.8 percent. In addition to the FIO density guidelines, the EPA also recommended testing the
recreational water of interest based on its intended frequency of usage. In peak season, the water should be
tested weekly. During non-peak season, it is sufficient to test bi-weekly or monthly. Testing should also be
done during dry weather to evaluate such conditions. These criteria are still in use today. These guidelines
are, however, only relevant to full contact recreation (swimming). Many states use the "Moderate Full-
Body-Contact Recreation" seen in Table 2-1 as the standard for secondary recreation that includes boating,
fishing and wading. The "Designated Beach Area Single-Sample Maximum" is commonly used as the
primary recreational standard (Dixon 2009).

2.3.2 Dufour Model

In both the marine (Cabelli et al. 1983) and freshwater (Dufour 1984) studies, participants were separated
into two categories: those with highly credible GI (HCGI) symptoms, and those with total GI symptomatic
illness. Both Dufour and Cabelli defined HGCI as any one of the following: vomiting, diarrhea with a fever
requiring the individual to stay at home or refrain from usual activity or a stomach ache or nausea along
with a fever. Dufour (1984) only used the data from the participants that claimed to have HGCI symptoms
because the credibility of the data was better; however, the correlation between the indicators and the HCGI
symptoms was less than the correlation between total GI symptoms and indicators.
Dufour (1984) plotted the concentrations of EnterococcilE. Coli versus the number of swimming-associated
HCGI per 1000 swimmers, and used using log-linear regression to derive the relationships given below in
Eq. 1 and 2.

Pi = -11.74 + 9 .3 9 7 (logCE.coli) (1)

Pi = -6.28 + 9.40(log CEnterococci) (2)

Where Pi = probability of GI
CE.col= concentration of E. coli.
Centerococci = concentration of enterococci

Although Dufour's equations were the first to relate FIO with the probability of GI, they were criticized
and deemed insufficient by others (Fleisher 1991; Wymer and Dufour 2002).
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2.3.3 Fleisher Risk Model

In Fleisher's (1991) analysis of Dufour's dose-response models, he first criticized the methodology of
Cabelli's (1983) epidemiological study from which the equations were derived. The main criticism was that
the three study sites used in Cabelli's study were pooled as one when deriving the equations. The sites in
Boston and New York are both marine waters, while Lake Pontchartrain is brackish. This is problematic
because fecal indicator survival and salinity has an inverse relationship (Gerba et al. 1979). This also holds
true for pathogenic organisms. Fleisher (1991) also claimed that because immunities among swimmers and
pathogen composition varies with location, all three should not have been analyzed as one.

Fleisher (1991) agreed that the R2 values, found by Cabelli, for the HCGI symptoms and total GI symptoms
provided a reasonably good fit, 0.56 and 0.67 respectively. The HCGI symptoms were expected to be more
credible, but never the less produced a less reliable R2 value. Fleisher reevaluated the data from Cabelli's
(1983) study and attempted to reproduce Dufour's analysis. Fleisher discovered that Dufour neglected three
data points in the regression analysis for HCGI. Two were dropped by Dufour because the trials had no
reported GI symptoms among non-swimmers and the third because it had an unusually low non-swimmer
rate. Fleisher included these points in his analysis, and an R2 value of 0.16 was determined for HCGI
symptoms, which is not a good fit (Fleisher 1991).

Fleisher (1991) deduced the logistic regression relationship shown in Eq. 3.

P = 1 (3)
1+e-a-flx

Where P = total probability of GI illness
x = logio(FIO density)
a, P = These terms are fitting parameters that shape the risk curve. They can be determined by
fitting the risk curve to a specific site's data from an epidemiological study.

Fleisher (1991) separated the data from the three locations, but did not account for non-swimmer risk. Using
the data from one of the three locations and plotting it, risk could be assessed for that specific site by fitting
Eq. 3 to the data points. Fleisher concluded that the risk varied so greatly between the three locations, that
the Dufour risk models and the standards set by the EPA for recreational water use were not sufficient or
accurate (Fleisher 1991).

2.3.4 Wymer & Dufour Risk Model 2002

Wymer and Dufour (2002) reanalyzed the original equations derived by Dufour (Eq. 1, 2). Unlike Dufour
(1984), they did account for non-swimmer risk.

In = a + Jx (4)

Where P = total probability of GI
Po = non-swimmer risk of GI
x = logio(FIO density)
a, = These are terms that shape risk curve. They can be determined by fitting the risk curve to a
specific site's data from the epidemiological study.

The left side of Eq. 4 represents the odds ratio of contracting GI between a swimmer and a non-swimmer.
In waters with low risk, the odds ratio of getting sick is almost equal between swimmers and non-swimmers.
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Wymer and Dufour considered their model an improvement over the Dufour's (1984) original equations
because it included the non-swimmer's risk of GI. Wymer and Dufour (2002) concluded that the
background illness rates were the biggest variations between locations in the marine study and probably
accounted for most of the discrepancy in the results.

2.3.5 Wiedenmann Model

Wiedenmann (2006) conducted an epidemiological study at a freshwater bathing site in Germany that was
performed in an effort to provide an improved scientific basis for recreational water quality standards.
Participants were recruited from the local population and randomly divided into bathers and non-bathers.
Wiedenmann's study was the first to be both controlled and randomized. Those in the bathing category
were required to submerge their head at least three times and were exposed to the water for 10 minutes.
Water samples were collected from the site for microbiological analysis every twenty minutes.
Wiedenmann developed no-observed-adverse-effect-levels (NOAEL's), which he defined as "the
concentration of fecal indicator organisms below which the illness rates for recreational users is not
significantly different than those of non-users." Wiedenmann suggested that "standards should be based on
rates of compliance with NOAEL's rather than on attributable risks determined above NOAEL's, because
the risks depend mainly on the unpredictable susceptibility of the cohorts." An attributable risk is the
difference between the exposed population and the unexposed population. The NOAEL's developed by
Wiedenmann, based on swimmer ingestion rates of 30 mL and are summarized in Table 2-2.

Table 2-2: NOAEL values from Wiedenmann's epidemiological study.

Wiedenmann (2006) NOAEL's
(FIO/OOmL)

E. coli 100
Enterococci 25

Wiedenmann (2007) derived a statistical model based primarily on his epidemiological study to relate
exposure risks to concentrations of indicator bacteria. This model incorporated more variables into the
calculated risk than the three others discussed in Sections 2.3.2-2.3.4. This is the first model presented that
considers the concentration of fecal indicators in the water as well as the volume of water ingested
(Wiedenmann 2007) . The general equation for the Wiedenmann dose-response model is shown in Eq. 5.

Risk = (AR) * {1 - [1 - p(l)]z} (5)

Where p() = The estimated risk of GI from ingesting a single pathogen organism
Z= Actual number of pathogen organisms ingested

The first part of the equation represents attributable risk (AR), which is the GI risk that is potentially directly
associated with exposure to pathogens in the water.

AR = (MR - BR) (6)

Where MR = the maximum rate of disease in the population if everyone was exposed.
For GI illness, MR = 0.1.

BR = the base rate (rate that the illness occurs naturally in the population)
For GI illness, the BR is 0.01-0.03.
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Both the maximum rate and the base rate can vary between locations based on population susceptibility and
immunities as well as pathogen variability (Wiedenmann 2007).

Single pathogen risk, or p(l) in Eq. 5 is the risk of getting sick from ingesting a single pathogen. Water
related diseases that can cause GI illness can be related to several types of pathogens. This term expresses
the average single pathogen infectivity. The risk of infection from ingesting a quantity of z pathogens is
defined as p(z). The probability of not getting sick is calculated using Eq. 7.

Probability of Not Getting Sick = [1 - p(z)] (7)

According to Wiedenmann (2007), Eq. 7 can be transformed into Eq. 8.

Probability of Not Getting Sick = [1 - p(1)]z (8)

Finally, setting Eq. 7 and 8 equal to each other, Eq. 9 is derived, which is the risk of getting sick from z
pathogens, p(z).

p(z) = {1 -[ -p(1)]Z} (9)
Several parameters must be known in order to quantify z, shown in Eq. 10.

Z = Vin_00mL * XFIo/100mL * PIR (10)

Where VinI mL = the number of 100 mL volumes of water ingested during the exposure event
PIR = Pathogen-Indicator Ratio, or the number of pathogenic organisms divided by the number of

FIO

XFIO/lOOmL= the number of FIO per 100 mL

The volume ingested must be expressed in 100 mL units so that it can be multiplied by the concentration
of FIO, which is expressed as per 100 mL.
According to Wiedenmann (2007), it is difficult to quantify the PIR because of varying decay rates,
disruption of aggregates and sedimentation. Eq. 11 relates FIO concentrations to pathogenic organism
concentrations. This equation was derived through experimental observation (Wiedenmann 2007).

log10 x = a + b * log10 x lom

Eq. 11 is equivalent to Eq. 12.

(x 1 L)10a+b logl(io1 ) (12)

PO

PIR = 1FIL and therefore is can now be substituted into Eq. 10, producing Eq. 13.
OOmL

PO

Z = Vin_100mL * XFIO/1OOmL * (x (1
(ioomL)

Eq. 12 is then substituted into Eq. 13, which produces the final equation for the number of pathogens, z.

Z = Vinl00mL * 1 0 a+b*logo( X ) 4

Wbere a,b = site specific parameters indicating pathogenic presence

CFIO/100nL= concentration of FIO (FIO/lOOmL)
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Although variables a and b are supposed to be site specific parameters, most of the time the specific kinds
of pathogens are in the water of interest are not known. This feature of the model can be very useful in
customizing it to fit a specific location, but this data is difficult to collect and not very often available.
Since these are not available, the default values were used in this model and are discussed further in
Section 3.1.

In this study, a variety of exposure scenarios are evaluated with varying ingestion rates; therefore, through
this analysis, it is clear that the Wiedenmann (2007) model is superior to the original Dufour (1984)
model, the Fleisher (1991) risk model, and the Wymer and Dufour (2002) model. The Wiedenmann
model will be used in this risk analysis and more specific information on the parameters used in this study
can be found in Section 3.4.
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3. Risk Analysis

This section follows the outline of a recreational risk assessment described in Section 1.6.

3.1 Site Characterization

As discussed in Section 1.6.1, site characterization involves the compilation of field data necessary to
perform the risk assessment. In this study, the MWRA and MyRWA had databases of water quality
sampling done on the Malden River. Data collection methods used by both organizations are discussed
further in section 3.1.1. In this step, the field data are also analyzed. In this study, the two data sources were
compared (Section 3.1.2), and also analyzed for the effect of precipitation on bacterial concentrations in the
river.

3.1.1 Data Compilation

Bacterial data and rainfall data were compiled into a master spreadsheet, shown in Appendix D. The
bacterial data came from the water quality sampling conducted regularly by MyRWA and the MWRA on
the Malden River. Rainfall data was collected from the National Oceanic and Atmospheric Association.

MyRWA collects water quality data monthly from the shores of the Malden River just adjacent to the

Medford Street Bridge (Adams and Larsen 2015). The location is labeled "MyRWA Testing Site" in Figure
3-1 below. While still at the testing site, the volunteers from MyRWA test the samples for temperature and

turbidity. The water samples are then driven to MWRA's lab and tested by professionals for pH, dissolved
oxygen, percent saturation, fecal coliform, specific conductance and E. coli concentrations. The E. coli

concentrations are found using IDEXX Colilert kits (Herron 2014).

Figure 3-1: Testing sites used by the MWRA and MyRWA on the Malden River
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The MWRA also collects water quality data monthly, but they do so from a boat in the center of the channel,
downstream, towards the mouth of the Malden (Ducott 2015), as seen in Figure 3-1. They test for the same
parameters as MyRWA; however, in addition to E. coli, they also quantify concentrations of enterococci
which are quantified using Enterolert kits (Herron 2014).

NOAA collects hourly rainfall data at Logan Airport in Boston Massachusetts which was the closest
location to the study site (NOAA 2014). Precipitation from the 24, 48, and 72 hours preceding the date of
sample collection done by MyRWA and the MWRA was researched in the NOAA database and added to
the master spreadsheet.

3.1.2 MyWRA-MWRA Data Comparison

The master spreadsheet compiled in this study contains more than 13 years of water quality data collected
by MyRWA and the MWRA. In order to summarize all the data and give an idea of the distribution of the
concentrations, a table of summary statistics has been provided in Table 3-1.

Table 3-1: Summary statistics of Maiden River bacteria sampling.

sumnsuams sem 04 ~ e Obm imt
Source Fecal Indicator Mean St. Dev Minimum 25%tile Median Geometric Mean 75%tile Maximum

MyRWA Ecoli (F 1O/100ml-) 1598 9814 5 103 442 412 1598 71,000
MWRA Ecoli (FIO/100ml-) 260 2242 5 20 63 150 260 24,200
MW RA Enterococci (FIO/100 mL) 295 1068 5 10 10 27 50 9,000

From the summary statistics, it apparent that on average MyRWA's E. coli data is significantly higher
that the MWRA's and MyRWA's data set has a greater range. Because Enterococci is only collected by
the MWRA (Section 3.3.2), E. coli will be used in all analyses to allow comparison between data sets. All
Enterococci analyses can be found in the Appendix.

In order to get a better visualization of the distribution of the data sets, Figure 3-2 was created. The values
on the horizontal axis are the E. coli concentrations on a logarithmic scale. The vertical axis gives the
percent of concentrations greater than the specific concentration. Figure 3-2 indicates that the distribution
is indeed significantly different for the two data sets. For example, at 100 FIO/100mL, MWRA has 40
percent of its data greater than that while MyRWA has 75 percent of its data greater. At 1000
FIO/100mL, MWRA has 13 percent of its data greater, and MyRWA has 35 percent greater. Figure 3-2
highlights the difference in distribution, and indicates that MyRWA's sampling location regularly has
higher bacterial concentrations. This possibility was analyzed further by filtering the data set for samples
taken on the same day by both MyRWA and the MWRA.
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Figure 3-2: Frequency diagram of E. coli concentrations.

On ten days during 2002 to 2011, both the MWRA and MyRWA collected water quality samples on the

same day. A comparison of the E. coli concentrations collected on these dates is shown in Figure 3-3.
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Figure 3-3: Difference in same day concentrations of E.Cofi for MyRWA and MWRA.
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Four out of the ten sampling dates have similar E. coli concentrations, with all of them being very close to
the minimum of 5 FIO/100 mL. The remaining sample concentrations, all above 0 FIO/100 mL, do not
seem to correlate well, with MyRWA always having significantly higher sample concentrations of E. coli.

After analyzing E. coli concentrations for same day testing, monthly and yearly variations of concentrations
were then investigated. Figure 3-4 depicts monthly means of E. coli, excluding the winter months. The
graph shows an upward trending pattern, with a spike in the fall months. MyRWA's mean concentration
during some months are more than an order of magnitude greater than the MWRA mean concentration.
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Figure 3-4: Monthly variations of E.coli geometric means, 2002-2013.

Figure 3-5 depicts annual geometric mean concentrations from 2002 to 2013. MyRWA's data points are
again higher than the MWRA's, and both are generally trending upward.

1600
MIget:
MWR4: MyRWA:

1400 Jan '02-11,13 Jan'02,'04,'09,10
Feb'02-'13 Feb'02,'03,'09
March'02-'13 March'02 '05
April'02-'12 April '02

E 1200 August'09 May'12
Oct.'03 July'13
Nov.'09, 12,'13 Sept.'05, '07, 09

1000 Dec.'03 '04,07, November'05
'09,10, '12, 13 Dec. '03,'07, '13

800
5 '-0- MVRWA

600 -@-MWRA

0 400

200

2000 2002 2004 2006 2008 2010 2012 2014

Year

Figure 3-5: Annual variations in E.coli geometric mean, years 2002-2014.
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3.1.3 Rainfall/Bacterial Concentration Evaluation

Section 2.1 described potential sources of bacterial contamination and how rainfall can mobilize and

increase the concentrations of bacteria in waterbodies. This section analyzes bacterial concentrations in the

Malden River after significant rainfall.

Figure 3-6 gives a visual summary of the relationship between significant rainfall, of greater than 0.5 inches,

and elevated bacteria for the MyRWA and MWRA data sets. The first set of columns show the geometric

mean of E. coli when there is rain only in the 24 hours prior to sampling, and no rainfall in the 24-72 hours

preceding that. The second set of columns show the geometric mean of E. coli when there is precipitation

in the 24-48 hours prior to sampling, and no rainfall in the 0-24 and 48-72 hours. The third set of columns

show the geometric mean of E. coli when there is rain during the 48-72 hours prior to sampling, and no

rainfall in the 0-48 hours before testing. The mean E. coli concentrations are highest when rain falls within

24 hours, then within 48-72 hours and the lowest being between 24-48 hours. These results indicate that

when rain falls in the Malden River watershed, the run-off reaches the River quickly, accumulating bacterial

contaminants along the way. When there is enough time between rainfall and testing, the bacteria

concentrations decrease.

The last two sets of columns show the bacterial concentrations when there is precipitation anytime in the

72 hours prior to sampling and when there was absolutely no precipitation in the 72 hours prior to sampling.

The lowest geometric mean of bacteria concentrations is when there is no rain in the 72 hours prior to

sampling, demonstrating that rainfall does increase bacteria concentrations in the River.

6,000

7

A

17

Rain within 24 Hours

52

Rain within 24-48 Rain Within 48-72 Rain Within 72 Hours No Rain within 72
Hours Hours hours

Testing Locations Along Maiden River

a MyRWA 8 MWRA

*Number above columns indicates number of samples in the dataset

Figure 3-6: Geometric mean of E. coli concentrations compared with rainfall preceding sampling.

Note: All E. coli concentrations taken after precipitation of greater than 0.5 inches was included in the analysis.
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In addition to the information about bacteria concentrations after rainfall, it is also important to again point
out the differences in the concentrations of E. coli. MyRWA's geometric mean concentrations, shown in
Figure 3-6, are all greater than that of the MWRA.

Due to the significant difference in concentration between the MyRWA and MWRA data sets, instead of
combining these data sets into an integrated representation of FIO concentrations, I chose to perform two
parallel sets of calculations, one for each of the data sets. At this time I have not determined the reasons
for the substantial difference between the two data sets and suggest in Section 4.3 that additional data on
bacterial concentrations may be useful.

3.2 Hazard Identification

As described in Section 1.6.2.1, concentrations of FIO's are used to identify potential pathogenic hazards
in recreational risk assessments. High concentrations of FIO suggest the possibility of disease causing
pathogens that cause gastro-intestinal illness (GI) in humans (Haas, Rose, and Gerba 1999). The bacteria
that fit this criteria, and that are used in this study are enterococci and Escherichia coli (Sloat and Ziel
1992).

3.3 Exposure Characterization

As described in Section 1.6.2.2, the exposure routes of E.coli and enterococci are through ingestion, thus,
it will be the only route of exposure considered in this study. The volumes of water ingested while
participating in recreation, are shown below in Table 3-2. For this study, both primary contact (swimming)
and secondary contact (boating and rowing) recreation are considered. Secondary recreational users have
less direct contact with the water and therefore typically have less exposure. I assumed an exposure event
in boating or rowing to be a practice or a race, and an exposure duration for swimming to be approximately
45 minutes in the water (US EPA 2011).

Table 3-2: Dose (mL) per event for primary and secondary contact recreation and volume of water ingested as they are put
into the Wiedenmann (2007) risk equation.

Full Contact

Swimming Adult' 16 0.160
Child1  37 0.370

Limited Contact

Boating/Rowing Adult2  2.8 0.028
Child 6.4 0.064

Source:IUS EPA 2011, 2MIT Crew Club Survey 2015

The volume of ingestion during swimming came from the EPA (2011), specifically, page 3-7. The volume
of ingestion during boating and rowing came from a survey done on the MIT Club Crew Team, approved
by the MIT's Institutional Review Board, Committee on the Use of Human as Experimental Subjects. The
complete survey and supplemental documents can be found in Appendix A.

Nine out of the ten rowers interviewed claimed that they ingested between 0.5-5 mL of river water per
exposure event, regardless of whether it was a practice or a race. The mid-point of this range, 2.8 mL, was

chosen to represent the volume of water that adults ingest per rowing event. Children were not interviewed
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to quantify the amount of water ingested. For swimming, the ingestion rate for children is 2.3 times higher
than adults; therefore, I assumed that the ingestion rate for children rowing/boating was 6.4 mL. When the
volumes of water ingested are inserted into the Wiedenmann (2007) equation, they must be transformed
into 100mL units, also found in Table 3-2.

For this study, both primary contact (swimming) and secondary contact (boating and rowing) recreation are
considered. Secondary recreational users have less direct contact with the water and therefore typically have
less exposure. I assumed an exposure event in boating or rowing to be a practice or a race, and an exposure
duration for swimming to be approximately 45 minutes in the water (US EPA 2011).

3.4 Dose-Response Model Parameters

The Wiedenmann (2007) dose-response model was discussed in detail in Section 2.3.5. The parameters

and assumptions used in this study are shown in Table 3-3 below.

Table 3-3: Wiedenmann dose-response model inputs and parameters used for this study.

Inputs for Wiedenmann Fecal Indicator
Model Intestinal Enterococci Escherichia Coli

MR' 0.1 0.1

BR' 0.02 0.02

p)(1), 0.17 0.17
a1 -0.67 -2.17

bl 0.98 1.46

Vintake2" Refer to Table 3-2

CFIO (FIO/1OOmL)
4 5 5-9000 5-71000

Source: 'Wiedenmann 2007, 2US EPA 2011, 'MIT Club Crew Team Survey, Section 3.2, 'MyR WA, 5MWRA

Because there is no pathogen specific data on the Malden River, the default values were used for the MR,

BR, p(]), a, and b. The quantities for the volume of medium ingested were discussed in Section 3.3.

3.5 Risk Characterization

Due to the variability between the two data sets, discussed in Section 3.1.2, risk analyses were done

separately. This section analyzes overall risk, risk following significant precipitation, and seasonal risk.

The Wiedenmann (2007) risk model (Eq. 15) applied to the complete set of MWRA E. Coli measurements

with the parameters discussed above (Tables 3-2 and 3-3) generates the curve shown in Figure 3-7, which

represents the overall risk associated with recreational activity in the Malden River.
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Figure 3-7: Risk curves showing probability of GI illness corresponding with the E. coli concentrations in the MWRA's data set.

-2.17+1.46*loglo(1 XFIom
Risk = (0.1 - 0.02) * {1 - [1 - 0.17](Vin-00Omg ko oomLI) (15)

Each curve represents a different ingestion rate for the respective recreational activity and user (found in
Table 3-2).

An example of how to read this figure is as follows: First select one of the exposure scenarios represented
in the figure, such as adult rowing, the blue curve. For adult rowing, if the E. coli concentration was at
1,000 FIO/100mL, the incremental risk of GI associated with an adult rowing would be approximately 5
percent. All of the curves in Figure 3-7 reach a maximum risk of 8 percent, which comes from the
attributable risk parameter in the Wiedenmann (2007) model. The attributable risk parameter can be site
specific, but in this case it is generic due to the lack of site-specific pathogen data.

I also show several reference concentrations on Figure 3-7. The solid green line in Figure 3-7 refers to the
US EPA's E. coli guideline concentration for primary contact recreation (Section 2.3.1). The solid black
line represents the geometric mean of the E. coli samples for the specific data set being analyzed. Four
dashed lines represent the adjusted NOAEL's based from the Wiedenmann (2006) NOAEL for E. coli
which is 100 FIO/100 mL. Wiedenmann describes the NOAEL as "the concentration of fecal indicator
organisms below which the illness rates for recreational users is not significantly different than those of
non-users." The NOAEL is basically a detection limit where Wiedenmann started to see a correlation
between bacterial concentrations and GI in his epidemiological study. Below Wiedenmann's NOAEL, the
risk becomes uncertain and may not be significantly different than zero. Weidenmann's NOAEL was
calculated using an ingestion rate of 30 mL per swimming event. In this study, the ingestion rates are
different, shown in As described in Section 1.6.2.2, the exposure routes of E.coli and enterococci are
through ingestion, thus, it will be the only route of exposure considered in this study. The volumes of water
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ingested while participating in recreation, are shown below in Table 3-2. For this study, both primary
contact (swimming) and secondary contact (boating and rowing) recreation are considered. Secondary

recreational users have less direct contact with the water and therefore typically have less exposure. I
assumed an exposure event in boating or rowing to be a practice or a race, and an exposure duration for

swimming to be approximately 45 minutes in the water (US EPA 2011).

Table 3-2, and therefore NOAEL values were recalculated. The boating ingestion rate for a child is 4.7

times smaller than Wiedenmann's NOAEL for swimming. If the NOAEL increased accordingly, it would

be 470 FIO/100 mL. This method of adjustment was applied to all the ingestion rates in this study, and are

shown in Table 3-4.

Table 3-4: Wiedenmann (2006) NOAEL and the adjusted NOAEL's for this study.

Wiedenmann (2006)
Ingestion Rate (mL) NOAEL (FIO/100 mL)

Swimming Adult 30 1 100

Maiden River Study
Ingestion Rate (mL) Adjusted NOAEL (F1O/100 mL)

Adult 16 188
Swimming Child 37 81

Adult 2.8 1071
Boating Child 6.4 470

Figure 3-7 shows the overall geometric mean of the MWRA sample as 151 FIO/100mL. This is below all
of the adjusted NOAEL's with the exception of the NOAEL for swimming children. The overall risk of GI
illness for a child swimming is above that of a non-recreational user of the Malden River.

Figure 3-7 is shown here as an example set of results. Appendix B shows all of the risk curves and associated
tables prepared as part of this evaluation.

3.5.1 Overall Risk

This section first analyzes the distribution of the samples and their corresponding risks, and then looks at

the overall risk associated with recreational activity on the Malden River.

Figure 3-8 and Figure 3-9 show the distribution of calculated GI illness risks associated with the MyRWA

data and the MWRA data, respectively. These figures were created using the following procedure:

* Empirical frequency distributions for each data set were calculated based on rank ordering the

data and calculating a non-parametric frequency distribution using the equation n/(m+1), where n

is the concentration rank and m is the number of data point. This produces an exceedance

probability for each sample concentration.

" Each sample concentration may be associated with an incremental GI risk for a given exposure

scenario using the risk assessment methods described here and illustrated in Figure 3-7.

" Plotting the incremental risk calculated for a given sample value against the associated

exceedance probability produces Figure 3-8 and 3-9.
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Figure 3-8: Probability distribution of overall incremental GI risk based on the MyRWA E. Coli data.
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Figure 3-9: Probability distribution of overall incremental GI risk based on the MWRA E. Coil data.

Figure 3-2 allows one to determine the percentage of E. coli concentrations that are above the NOAEL's,
seen in Table 3-5.
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Table 3-5: Percent of E.coli concentrations that are above associated NOAEL's.

MWRA
Child-Swimming 81 47%

Adult Boating 1071 12%

Child Boating 470 25%

Adult-Swimming 188 71%

MRWA Child-Swimming 81 78%

Adult Boating 1071 32%

Child Boating 470 53%

Table 3-6 shows the GI risks associated with the overall geometric mean of E. coli concentrations for both

the MWRA and MyRWA. Table 3-6 also shows the adjusted NOAEL values as reference values. The

NOAEL values do not impact the risk calculations, but as discussed earlier, the computed risks for FIO

concentrations below the NOAEL are highly uncertain and may not be significantly different that zero.

The geometric mean of the MWRA data is above the NOAEL for the child swimming exposure scenario.

The geometric mean of the MyRWA data is above the NOAEL for both adult and child swimming

exposure scenarios.

AUUIt 188
wimming I Child 81Overall

Risk Rowing

2.2%
4.0%
0.4%
1.0%

Adult 188 5.6%

Overall MyRWA Child 81 412 7.0%

Risk ll.Mg R Adult 1071 1.0%
Rwing Child 470 2.2%

3.5.2 Risk Following Significant Rainfall

Section 3.1.3 indicated that bacterial concentrations in the Malden River significantly respond to

precipitation. This section evaluates the potential impacts of significant rainfall on GI risk for the same four

exposure scenarios described above. During sampling that was preceded by at least a half an inch of rain,

the overall geometric means of E. coli were 687 and 2009 FIO/mL for the MWRA and MyRWA,

respectively. Table 3-7 shows that the risk posed to recreational users from the geometric mean E. Coli

concentrations after greater than 0.5 inches of rain in the previous 72 hours is substantially higher than the

overall risk based on the geometric mean of all sample concentrations (Table 3-6).
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Table 3-7: Incremental risk of GI associated with the geometric mean of E. coli concentrations after 0.5 inches of
rain or greater in the previous 72 hours.

Risk After
>0.5

inches
Rain

MWRA

Adult 188
5wimming IChild 81

Rowing
Adult
Child

1071
470

687

6.5%
7.8%
2.0%
3.9%

Risk After Adult 188 8.0%

>0.5 MyRWA Child 81 2009 8.0%

inches . Adult 1071 7.0%
Rowing

Rain Child 470 7.8%

The geometric mean of E.
evaluated activities except

coli concentrations for the MWRA samples exceed the NOAEL's for all

for an adult rowing. The MyRWA sample geometric mean exceeds the

NOAEL's for every recreational activity. The risk of GI when rowing within 72 hours of a 0.5 inches of

more of rain more than doubles when compared with the calculated overall risk (Section 3.5.1).

3.5.3 Seasonal Risk

Since water quality can vary significantly with time due to seasonal fluctuations of weather, it is often

useful to analyze seasonal risk. The incremental GI risk posed to users of the Malden River associated

with seasonal geometric mean E. coli concentrations is shown in Table 3-8. I excluded the winter months

from this analysis because I assumed recreational activity would not take place during that time.

Spring
(March-

May)

MWRA

Swimming

Rowing

Spring Swimming
(March- MyRWA

May) Rowing

Summer
(June-

August)

MWRA
Swimming

Rowing

Child

Adult
Child

87
2
0
0

Adult 3
Child 302 5

-Adult 0
Child ___________ 1

188 Adult

81 Child
1071 Adult
470 IChild

51

0

0
0

0

.1%

.2%

.4%

.2%

.3%

.7%

.4%

-4%

.8%

.1%

.2%

Summer Swimming 188 Adult 4.0%

(June- MyRWA 81 Child 395 6.3%

August) Rowing 1071 Adult 1.0
Augut) Rwing 470 Child _________ 2.0%r/

Fall Swimming 188 Adult 2.2%

(Sept.- MWRA 81 Child 142 3.7%
Nov) RowingAdult 

%
Nov) ow~ng 470 Child ________ 1.09A

Fall Swimming 188 Adult 4.0%

(Sept- MyRWA 81 Child 497 6.2%

Nov) Rowing 1071 Adult 1.0%
T -:Nr n rs)sct w470 Child gemerc n 2.2%

Table 3-8: Incremental risk of GI associated with seasonal geometric mean E. coi concentrations.
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In the spring months, at the MWRA sampling location, the geometric mean of E. coli concentrations is only
slightly above the NOAEL for a child swimming. The MyRWA location, however, had a geometric mean
of E. coli that was greater than the NOAEL for all primary recreation.

In the summer months, the MWRA's geometric mean of E. coli concentrations that was less than all of the
NOAEL's and all of the calculated risks were less than 1 percent. The MyRWA geometric mean of E. coli
concentrations again exceed the NOAEL's for all primary recreation.

In the fall, the MWRA's geometric mean of E. coli concentrations was less than all of the NOAEL's with
exception for the child swimming NOAEL. The MyRWA geometric mean of E. coli concentrations again
exceed the NOAEL's for all primary recreation as well as the NOAEL for a child rowing.

A trend in all seasons analyzed is that the risks associated with the MyRWA sampling location were
consistently at least twice that of the MWRA location.
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4. Conclusions

This section summarizes the risk analysis and presents uncertainties in the study as well as suggestions
for future work.

4.1 Risk Management and Communication

The goal of this study was to assess the microbial risk associated with using the Malden River for recreation.
The initial analysis of the two data sets concluded that there is a significantly variation in the range of
concentrations. The reasons for the variations are currently not known, but the data may study indicate that
the microbial water quality conditions worsen as one travels upstream away from the junction with the
Mystic River. Due to these differences, each data set was analyzed separately.

The examination of microbial populations in the Malden River after rainfall indicated that there is a
significant bacterial response to rainfall, with the highest geometric mean of E. coli occurring in the first
24 hours after a rain event of greater than 0.5 inches. These results indicate that when rain falls in the
Malden River watershed, the run-off reaches the River quickly, accumulating bacterial contaminants along
the way. When there is enough time between rainfall and testing, the bacteria concentrations decrease.

The risk analysis provides insight to the risk of GI for recreational activity on the Malden River. The
MyRWA sampling location very consistently has double the risk of GI associated with recreational activity
in comparison to the MWRA location. The E. coli geometric means for the MyRWA location were
consistently greater than the NOAEL's for primary recreation.

4.2 Uncertainties

Though the bacterial concentrations used in this study are based on real data, the other parameter selections
for the Wiedenmann (2007) model are potentially subject to further development, which would then change
the risk values.

4.3 Future Work

In order to determine if there is a significant spatial distribution of bacteria in the River, water sampling
must be done at more locations in the River and more frequently. MyRWA is implementing a thorough
bacterial study on the Malden in summer 2015 to determine specific areas of concern. The bacterial analysis
and utilization of Greenberg's (2015) hydrological model of the Malden River watershed would be
beneficial to implementing Smith's (2015) proposed BMP's and improve the water quality of the Malden
River.
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Appendix A

MIT Club Crew Team Survey

Informal interview questions for "Microbial Risk Assessment for Recreational Use of the Malden
River Study"

Investigator: Margaret Jacques, CEE, maggiej@mit.edu
Faculty Sponsor: David Langseth, CEE, langseth@mit.edu
COUHES number: 4725934

Members of the MIT rowing club will be asked a series of questions in survey relating to their
experiences rowing on a river.

Below is the question bank for the informal interviews with the rowing team:

1. Please classify yourself as a rower:
a. Novice/beginner (0-1 years experience)
b. Intermediate (1-3 years experience)
c. Advanced/Expert (3+ years experience)

2. On average, approximately how much water do you ingest per practice?
a. None. (0 mL)
b. A few drops. (0.5-5mL)
c. About a shot glass. (20-3OmL)
d. Soda glass. (170-200mL)

3. On average, approximately how much water do you ingest per race?
a. None. (0 mL)
b. A few drops. (0.5-5mL)
c. About a shot glass. (20-3OmL)
d. Soda glass. (170-200mL)

4. How many times have you fallen into the water in which your head was completely submerged?
a. Never.
b. Once.
c. Twice.
d. Three or more times.
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Survey Responses

Please classify yourself as a rower:

NoviceiBeginner (0-1
years of experience)

Intermediate (1-3
years of experience)

Advanced/Expert (3+
years of experience)

On average, approximately how much river
water do you ingest per practice?

About a shot
glass. (20-30mL)

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%
None. (0 mL) A few drops.

(0.5-5mL)
Soda glass.
(170-210mL)
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On average, approximately how much river
water do you ingest during a race?

100%

80%

60%

40%

20%

0%
None. (0 mL) A few drops.

(0.5-5mL)
About a shot
glass. (20-3MmL)

Soda glass.
(170-210mL)

How many time have you fallen into the
water in which your head was completely

submerged?

100%

Never. Once. Twice. Three or more
times.

60%

40%

20%

0%
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LRB Application

Massachusetts Institute of Application #
Technology (assigned by

Committee on the Use of COUHES)
Humans as ExperimentalSubjects

Date

APPLICATION FOR APPROVAL TO USE HUMANS AS EXPERIMENTAL
SUBJECTS (EXEMPT STATUS FORM)

Please answer every question. Positive answers should be amplifted with details. You must mark
N/A where the question does not pertain to your application. Any incomplete application will be
rejected and returned for completion.

I. BASIC INFORMATION

Microbial Risk Assessment for Recreational Use of the Malden River

Name: Margaret Jacques Building and Room#: 1-143
Tidle: Grdute Stimdent Eail: m=&4tejmit.edt
Department: Civil and EvrmntlPhone: (978) 471-2859

Name: David Lang Email: s t2edu
Title: Lecturer Phone: 781-254-6335
Affifiation- Civil and Environmental

I Enrineerin2 I I

APPLICATION FOR APPROVAL TO USE HUMANS AS EXPERMENTAL SUBJECTS
(EXEMPTFORM) - revised 10/30/2014

-1-
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[]Current Proposal Proposal #

Sponsor
Title

Z Current Award Account #
Sponsor
Title

3. Tnisi=Fiu~g-

Gift
~Drnmts____Resources

[]Other (explain)
2 No Funding

Does the principal investigator or any ky pRsn1 mvolved in the study have any financial
inl.cest in the research?
E Yes 0 No
If yes then attach a Supplumeut for Disclosure of Fbacial Interest for each individual with
an interest ThIs supplanent, together with detailed guidance on this subject and definions of
the Ated trms, is awiilable on the COUMES web

David L= eeft- Has - the: bunan sbects tra~ coursie.

SatDate: Api 20, 2015 CopeinDate: Api 25, 20 15

I STUDY INFORMATION

ThIe purpose of this study as to quantify the amount of river ingested by rowers or boaters per

exposure event (practice, couqpetitilan, outing). The amount fD river water ingested is referred to
as the dose. This along with bacteria cknce tations are inputs to the risk model which will

predict the probbility of gastrointesfinal Muss.n

APPLICATION FOR APPROVAL TO USE HUIIANS AS EXPEUMENTAL SUBJECTS
(EXEMPTFORM) - revised 10/30/2014

-2-

57436.1
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A. uLperUDeIu precetuuIm;
I will ask the MIT club rowing team a series of 4 questions:
1.) Please classify yourself as a rower

-novice/beginner
-intermediate
-expert/advanced

2.) On average, how much water do you ingest per practice?
-None (0mL)
-A few drops (0.5-5mL)
-About a shot glass (20-30mL)
-Soda glass (170-210mL)

3.) On average, how much water do you ingest per race?
-None (0mL)
-A few drops (0.5-5mL)
-About a shot glass (20-3OmL)
-Soda glass (170-210mL)

4.) How many times have you fallen into the water when your head has been completely
submerged?

-Never
-Once
-Twice
-Three or more times

B. Type and number of subjects involved:
MIT Club Rowing Team- Approximately 20 rowers
C. Subject Compensation: (describe all plans to pay subjects in cash or other forms of
payment i.e. gift certificate).
There will be no forms of compensation.
D. Method of recruitment (attach recruitment materials flyer, poster, email message, Internet
posting, etc.)
Email
E. Length of subject involvement:
The survey will last about 5 minutes.
F. Location of the research:
Cambridge, MA
G. Procedures for obtaining informed consent (if a waiver ofwritten informed consent is
requested an explanation of an alternative consent mechanism must be submitted):
I am hoping that this reseach be deemed exempt, and the requirement for written informed
consent be waived.
H. Procedures to ensure confidentiality:
Anonymous survey, names of those on MIT Club Rowing Team will not be identified in my
thesis.
3. HIPAA Privacy Rule. If you are in any way working with individually identfiable health

APPLICATION FOR APPROVAL TO USE HUMANS AS EXPERMNTAL SUBJECTS
(EXEMPTFORM) - revised 10/30/2014

-3-

57436.1
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mformation for a research study that is sponsored by MiT Medical, an MiT Health Plan or
another healthcare provider, then the Health insurance Portability and Accountability Act
("IPAA ") likely applies to your study and you must comply with JIIPAA in the conduct ofyour
study. Howe, we expect that ifyou are applying for exempt status, you will only receive de-
identifed health nformationfrom particpants in connection with your study .f you expect to
receive identflable health information from or about research paricipants in your study, you
should complete the standard COU7IES applicanaform rather than this application form. You
may consult with COUHES staffyou have questions about the exmapt/non-exempt status of
your proposed research study.

Signature of Inestigator Date

Signature of Faculty Spowsor Date

Signature of Department Head Date

Print Full Name and Title

The electronit fle should be sent as an attachment to an e-mail: coukes(amit.edn. In addition,
two hard copies (one with original signatures) should be sent to the COUHES office: Building
E2S-Room 143B.

APPLICATIONFOR APPROVAL TO USE HUMANS AS EXPERJMENTAL SUBJECTS
(EXEUPT FORM) - revised 10/30/2014

-4-

57436.1
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COUHES Approval Documents

MIT ~[Comrnittee On *hp Use of Humans asI Experimental Subjects
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
77 Massachusett Avenue
Cambridge, Massachusetts 02139
Bulding E 25-14 36
(617) 253-6787

To:

From:

Date:

Committee Action:

Committee Action Date:

COUIIES Protocol #:

Study Title:

Margaret Jacqe

Leigh Firn, C

03/25/2015

Exemption Granted

03/25/2015

1503007019

Microbial Risk Assessment for Recreational Use of the Malden River

The above-referenced protocol is considered exempt after review by tle Committee on the Use of Humans as Experimental
Subjects pursuant to Federal regulations, 45 CFR Part 46.10l(b)(2) .

This part of the federal regulations requires that the information be recorded by investigators in such a manner that subjects cannot
be identified, directly or through identifiers linked to the subjects. It is necessary that the information obtained not be such that
if disclosed outside the research, it could reasonably place the subjects at risk of criminal or civil liability, or be damaging to the
subjects' financial standing, employability, or reputation.

If the research involves collaboration with another institution then the research cannot commence until COUIIES receives written
notification of approval from the collaborating institution's IRB.

Any changes to the protocol that impact human subjects, including changes in experimental design. equipment, personnel or
funding, must be approved by COUIIES before they can be initiated. You should retain a copy of this letter for your records.
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Appendix B
Comparison of Data Sets
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Probability of GI Illness VS. E. Col After >0.5in of Rain
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Probability of GI Illness VS. E.Coli (June-August)
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MWRA E. coli Risk Curves
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Probability of GI Illness VS. E.Coli (March-May)
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Probability of GI Illness VS. E.Coli (Sept.-Nov.)
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MWRA Enterococci Risk Curves
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Appendix C

Additional Rainfall Analysis

E. Coli VS. Total 24 Hr Rainfall
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E. Coli VS. Total 72Hr Rainfall
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E. Coli VS. 48 Hr Rainfall (>0.5in)
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E. Coli VS. Total 24 Hr Rainfall
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E. Coli VS. Total 72 Hr Rainfall
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E.Coli Vs. 48 Hr Rainfall (>0.5in)
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Enterococci VS. 24 Hr Total Rainfall
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Enterococci VS. 72 Hr Total Rainfall
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Enterococci VS. 48 Hr Rainfall (>0.5in)
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Appendix D

Master Spreadsheet

Rainfall Rainfall
Rainfall (current (current

Date (current day + day +
Data Sample Time of Location (FIO/ day), in. previous previous 2

Source Taken Sample ID FIO 100ml) day), in. days), in.

MyRWA 5/16/2002 9:00 AM MWRA176 ENT 40 0 0 0.3

MyRWA 1/11/2006 6:00 AM MAR036 ECOLI 5 0.05 0.05 0.05

MyRWA 10/8/2003 7:00 AM MARO36 ECOLI 10 0 0 0

MyRWA 6/26/2002 9:00 AM MWRA176 ENT 20 0 0 0

MWRA 6/27/2002 9:31 AM MWRA176 ENT 5 1.32 1.32 1.32

MyRWA 6/26/2002 9:00 AM MWRA176 ECOLI 20 0 0 0

MWRA 6/27/2002 9:31 AM MWRA176 ECOLI 0 1.32 1.32 1.32

MWRA 7/3/2002 7:46 AM MWRA176 ENT 15 0 0 0

MWRA 7/3/2002 7:46 AM MWRA176 ECOLI 30 0 0 0

MyRWA 2/11/2004 6:00 AM MARO36 ECOLI 10 0 0 0

MWRA 7/17/2002 9:12 AM MWRA176 ENT 5 0 0 0.05

MWRA 7/17/2002 9:12 AM MWRA176 ECOLI 30 0 0 0.05

MWRA 7/18/2002 9:03 AM MWRA176 ECOLI 30 0 0 0

MWRA 7/18/2002 9:03 AM MWRA176 ENT 5 0 0 0

MWRA 8/6/2002 9:22 AM MWRA176 ECOLI 20 0 0 0

MyRWA 3/10/2004 6:00 AM MARO36 ECOLI 10 0.01 0.19 0.19

MyRWA 4/13/2005 6:00 AM MARO36 ECOLI 10 0 0.03 0.03

MWRA 8/6/2002 9:22 AM MWRA176 ENT 5 0 0 0

MWRA 9/11/2002 7:51 AM MWRA176 ECOLI 10 0 0 0

MWRA 10/2/2002 9:46 AM MWRA176 ECOLI 60 0 0 0

MWRA 9/11/2002 7:51 AM MWRA176 ENT 5 0 0 0

MWRA 10/3/2002 9:33 AM MWRA176 ECOLI 200 0.01 0.01 0.01

MyRWA 5/11/2005 6:00 AM MARO36 ECOLI 10 0 0 0
MWRA 10/24/2002 9:28 AM MWRA176 ECOLI 10 0 0.28 0.28

MWRA 10/25/2002 8:02 AM MWRA176 ECOLI 10 0 0 0.28

MWRA 10/2/2002 9:46 AM MWRA176 ENT 10 0 0 0
MyRWA 4/12/2006 6:00 AM MARO36 ECOLI 10 0 0 0
MWRA 10/3/2002 9:33 AM MWRA176 ENT 5 0.01 0.01 0.01
MWRA 11/19/2002 9:03 AM MWRA176 ECOLI 600 0 0.19 1.44

MWRA 10/24/2002 9:28 AM MWRA176 ENT 5 0 0.28 0.28

MWRA 11/20/2002 8:40 AM MWRA176 ECOLI 240 0 0 0.19
MWRA 10/25/2002 8:02 AM MWRA176 ENT 50 0 0 0.28
MyRWA 2/21/2007 6:00 AM MARO36 ECOLI 10 0 0 0
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MWRA 12/16/2002 8:57 AM MWRA176 ECOLI 870 0.12 0.12 2.11

MWRA 11/19/2002 9:03 AM MWRA176 ENT 1050 0 0.19 1.44

MyRWA 9/11/2002 6:00 AM MARO36 ECOLI 20 0 0 0

MyRWA 1/12/2005 6:00 AM MARO36 ECOLI 20 0.1 0.49 0.57

MWRA 11/20/2002 8:40 AM MWRA176 ENT 385 0 0 0.19

MyRWA 10/17/2007 6:00 AM MAR036 ECOLI 20 0 0 0

MWRA 12/16/2002 8:57 AM MWRA176 ENT 2700 0.12 0.12 2.11

MWRA 5/7/2003 9:28 AM MWRA176 ECOLI 10 0 0.02 0.02

MWRA 5/7/2003 9:28 AM MWRA176 ENT 5 0 0.02 0.02

MWRA 5/8/2003 9:00 AM MWRA176 ECOLI 5 0.12 0.12 0.14

MWRA 5/8/2003 9:00 AM MWRA176 ENT 10 0.12 0.12 0.14

MyRWA 11/14/2007 6:00 AM MARO36 ECOLI 20 0 0.22 0.22

MWRA 6/4/2003 9:20 AM MWRA176 ENT 40 0.03 0.03 0.03

MWRA 6/4/2003 9:20 AM MWRA176 ECOLI 180 0.03 0.03 0.03

MWRA 6/5/2003 9:20 AM MWRA176 ECOLI 100 0.13 0.16 0.16

MyRWA 11/19/2008 6:00 AM MARO36 ECOLI 20 0 0 0

MWRA 6/25/2003 7:36 AM MWRA176 ECOLI 90 0 0 0.03

MWRA 6/5/2003 9:20 AM MWRA176 ENT 25 0.13 0.16 0.16

MWRA 6/26/2003 7:45 AM MWRA176 ECOLI 45 0 0 0

MWRA 6/25/2003 7:36 AM MWRA176 ENT 5 0 0 0.03

MyRWA 7/21/2010 6:00 AM MARO36 ECOLI 20 0.05 0.05 0.05

MWRA 7/16/2003 9:11 AM MWRA176 ECOLI 490 0.02 0.02 0.02

MyRWA 7/9/2003 6:00 AM MARO36 ENT 30 0.1 0.1 0.1

MWRA 7/17/2003 8:46 AM MWRA176 ECOLI 10 0 0.02 0.02

MWRA 6/26/2003 7:45 AM MWRA176 ENT 5 0 0 0

MWRA 7/16/2003 9:11 AM MWRA176 ENT 30 0.02 0.02 0.02

MWRA 8/13/2003 8:57 AM MWRA176 ECOLI 110 0.05 0.09 0.09

MWRA 7/17/2003 8:46 AM MWRA176 ENT 50 0 0.02 0.02

MyRWA 2/8/2006 6:00 AM MARO36 ECOLI 30 0 0 0

MWRA 8/13/2003 8:57 AM MWRA176 ENT 80 0.05 0.09 0.09

MWRA 8/14/2003 9:32 AM MWRA176 ECOLI 40 0 0.05 0.09

MWRA 8/14/2003 9:32 AM MWRA176 ENT 10 0 0.05 0.09

MWRA 9/3/2003 9:14 AM MWRA176 ECOLI 10 0 0.4 0.4

MWRA 9/3/2003 9:14 AM MWRA176 ENT 5 0 0.4 0.4

MWRA 9/4/2003 9:14 AM MWRA176 ECOLI 445 0.41 0.41 0.81

MWRA 9/4/2003 9:14 AM MWRA176 ENT 895 0.41 0.41 0.81

MyRWA 10/11/2006 6:00 AM MARO36 ECOLI 31 0.33 0.33 0.33

MWRA 9/24/2003 8:56 AM MWRA176 ENT 9000 0 1.05 1.05
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MWRA 9/24/2003 8:56 AM MWRA176 ECOLI 6800 0 1.05 1.05
MWRA 9/25/2003 9:11 AM MWRA176 ENT 490 0 0 1.05
MWRA 9/25/2003 9:11 AM MWRA176 ECOLI 1500 0 0 1.05
MWRA 11/4/2003 8:44 AM MWRA176 ENT 130 0.01 0.31 0.34

MyRWA 5/28/2002 7:00 AM MARO36 ECOLI 40 0 0 0
MWRA 11/4/2003 8:44 AM MWRA176 ECOLI 260 0.01 0.31 0.34

MWRA 11/5/2003 8:35 AM MWRA176 ENT 40 0.69 0.7 1
MWRA 11/5/2003 8:35 AM MWRA176 ECOLI 30 0.69 0.7 1
MyRWA 3/21/2012 6:00 AM MARO36 ECOLI 41 0 0 0
MyRWA 3/12/2003 6:00 AM MARO36 ECOLI 50 0 0 0
MyRWA 6/11/2003 6:00 AM MAR036 ECOLI 50 0.21 0.21 0.21
MyRWA 6/9/2004 6:00 AM MARO36 ECOLI 50 0.12 0.12 0.12
MWRA 5/5/2004 9:47 AM MWRA176 ENT 100 0 0.2 0.81
MWRA 5/5/2004 9:47 AM MWRA176 ECOLI 1660 0 0.2 0.81
MWRA 5/6/2004 9:06 AM MWRA176 ECOLI 550 0 0 0.2
MyRWA 9/8/2004 6:00 AM MARO36 ECOLI 50 1.63 1.63 1.63
MWRA 5/26/2004 9:18 AM MWRA176 ECOLI 140 0.08 0.08 0.75
MWRA 5/6/2004 9:06 AM MWRA176 ENT 25 0 0 0.2
MyRWA 7/16/2008 6:00 AM MARO36 ECOLI 52 0 0 0.07
MWRA 5/26/2004 9:18 AM MWRA176 ENT 200 0.08 0.08 0.75
MWRA 6/14/2004 9:41 AM MWRA176 ECOLI 30 0 0 0
MWRA 6/17/2004 9:12 AM MWRA176 ECOLI 5 0.01 0.01 0.01
MWRA 6/14/2004 9:41 AM MWRA176 ENT 15 0 0 0
MWRA 6/17/2004 9:12 AM MWRA176 ENT 135 0.01 0.01 0.01
MWRA 7/8/2004 9:28 AM MWRA176 ECOLI 20 0.06 0.06 0.06
MWRA 7/9/2004 10:00 AM MWRA176 ECOLI 15 0 0.06 0.06
MWRA 7/8/2004 9:28 AM MWRA176 ENT 5 0.06 0.06 0.06
MyRWA 12/14/2005 6:00 AM MARO36 ECOLI 60 0 0 0
MWRA 8/2/2004 9:39 AM MWRA176 ECOLI 5 0 0 0
MWRA 7/9/2004 10:00 AM MWRA176 ENT 25 0 0.06 0.06
MWRA 8/3/2004 8:17 AM MWRA176 ECOLI 5 0 0 0
MyRWA 5/21/2008 6:00 AM MARO36 ECOLI 62 0 0.33 0.33
MWRA 8/2/2004 9:39 AM MWRA176 ENT 5 0 0 0
MWRA 8/23/2004 9:41 AM MWRA176 ECOLI 180 0 0 1.05
MWRA 8/3/2004 8:17 AM MWRA176 ENT 15 0 0 0
MWRA 8/24/2004 9:28 AM MWRA176 ECOLI 100 0 0 0
MWRA 8/23/2004 9:41 AM MWRA176 ENT 55 0 0 1.05
MyRWA 9/13/2006 6:00 AM MARO36 ECOLI 63 0 0 0
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MWRA 9/14/2004 9:33 AM MWRA176 ECOLI 50 0 0 0

MWRA 8/24/2004 9:28 AM MWRA176 ENT 10 0 0 0

MWRA 9/15/2004 9:06 AM MWRA176 ECOLI 70 0 0 0

MWRA 9/14/2004 9:33 AM MWRA176 ENT 5 0 0 0

MWRA 10/7/2004 9:32 AM MWRA176 ECOLI 30 0 0 0

MWRA 9/15/2004 9:06 AM MWRA176 ENT 15 0 0 0

MWRA 10/8/2004 9:03 AM MWRA176 ECOLI 5 0 0 0

MyRWA 10/15/2008 6:00 AM MARO36 ECOLI 63 0 0 0

MWRA 10/27/2004 9:31 AM MWRA176 ECOLI 30 0 0 0

MWRA 10/7/2004 9:32 AM MWRA176 ENT 5 0 0 0

MWRA 10/28/2004 9:24 AM MWRA176 ECOLI 10 0 0 0

MyRWA 8/19/2009 6:00 AM MAR036 ECOLI 63 0 0 0

MWRA 10/8/2004 9:03 AM MWRA176 ENT 10 0 0 0

MWRA 11/22/2004 10:39 AM MWRA176 ECOLI 20 0 0.01 0.09

MWRA 10/27/2004 9:31 AM MWRA176 ENT 10 0 0 0

MWRA 11/23/2004 10:42 AM MWRA176 ECOLI 20 0 0 0.01

MWRA 10/28/2004 9:24 AM MWRA176 ENT 10 0 0 0

MWRA 11/22/2004 10:39 AM MWRA176 ENT 15 0 0.01 0.09

MyRWA 11/10/2004 6:00 AM MARO36 ECOLI 70 0 0 0

MWRA 11/23/2004 10:42 AM MWRA176 ENT 25 0 0 0.01

MyRWA 7/18/2007 6:00 AM MARO36 ECOLI 74 0.17 0.17 0.17

MyRWA 2/9/2005 6:00 AM MARO36 ECOLI 80 0 0 0

MyRWA 7/9/2003 6:00 AM MARO36 ECOLI 90 0.1 0.1 0.1

MWRA 5/4/2005 8:18 AM MWRA176 ENT 85 0 0 0.04

MWRA 5/4/2005 8:18 AM MWRA176 ECOLI 75 0 0 0.04

MWRA 5/6/2005 7:57 AM MWRA176 ECOLI 10 0.04 0.04 0.04

MyRWA 9/10/2003 7:00 AM MARO36 ECOLI 100 0 0 0

MWRA 6/2/2005 9:44 AM MWRA176 ECOLI 25 0 0 0.01

MWRA 5/6/2005 7:57 AM MWRA176 ENT 5 0.04 0.04 0.04

MWRA 6/3/2005 10:01 AM MWRA176 ECOLI 25 0 0 0

MWRA 6/2/2005 9:44 AM MWRA176 ENT 40 0 0 0.01

MyRWA 11/12/2003 6:00 AM MARO36 ECOLI 100 0 0.14 0.14

MWRA 6/20/2005 9:04 AM MWRA176 ECOLI 15 0 0 0

MWRA 6/22/2005 9:21 AM MWRA176 ECOLI 10 0.03 0.03 0.03

MyRWA 4/16/2008 6:00 AM MARO36 ECOLI 110 0 0 0

MWRA 7/13/2005 9:25 AM MWRA176 ECOLI 40 0 0 0

MWRA 6/3/2005 10:01 AM MWRA176 ENT 15 0 0 0

MWRA 7/14/2005 9:40 AM MWRA176 ECOLI 35 0 0 0
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MWRA 6/20/2005 9:04 AM MWRA176 ENT 5 0 0 0

MWRA 6/22/2005 9:21 AM MWRA176 ENT 15 0.03 0.03 0.03

MWRA 8/2/2005 9:43 AM MWRA176 ECOLI 125 0.01 0.57 0.57

MWRA 8/3/2005 10:52 AM MWRA176 ECOLI 15 0 0.01 0.57

MWRA 7/13/2005 9:25 AM MWRA176 ENT 10 0 0 0

MyRWA 8/20/2008 6:00 AM MARO36 ECOLI 110 0 0 0.02

MWRA 7/14/2005 9:40 AM MWRA176 ENT 15 0 0 0

MWRA 8/24/2005 9:10 AM MWRA176 ECOLI 5 0 0 0

MWRA 8/25/2005 9:46 AM MWRA176 ECOLI 5 0 0 0

MWRA 8/2/2005 9:43 AM MWRA176 ENT 20 0.01 0.57 0.57

MWRA 8/30/2005 7:54 AM MWRA176 ECOLI 4400 0.33 0.66 0.66

MWRA 9/13/2005 7:47 AM MWRA176 ECOLI 35 0 0 0

MWRA 8/3/2005 10:52 AM MWRA176 ENT 5 0 0.01 0.57

MyRWA 9/14/2005 8:00 AM MWRA176 ECOLI 25 0 0 0

MWRA 9/14/2005 8:24 AM MWRA176 ECOLI 25 0 0 0

MWRA 8/24/2005 9:10 AM MWRA176 ENT 10 0 0 0

MWRA 10/4/2005 7:44 AM MWRA176 ECOLI 15 0 0 0

MWRA 8/25/2005 9:46 AM MWRA176 ENT 20 0 0 0

MWRA 8/30/2005 7:54 AM MWRA176 ENT 1460 0.33 0.66 0.66

MWRA 10/5/2005 8:50 AM MWRA176 ECOLI 25 0 0 0

MyRWA 3/18/2009 6:00 AM MARO36 ECOLI 110 0 0 0

MWRA 9/13/2005 7:47 AM MWRA176 ENT 30 0 0 0

MWRA 10/26/2005 7:00 AM MWRA176 ECOLI 4100 0 1.26 1.37

MWRA 11/1/2005 11:00 AM MWRA176 ECOLI 50 0 0 0

MyRWA 9/14/2005 8:00 AM MWRA176 ENT 20 0 0 0

MWRA 11/4/2005 9:55 AM MWRA176 ECOLI 5 0 0 0

MWRA 9/14/2005 8:24 AM MWRA176 ENT 20 0 0 0

MWRA 11/10/2005 8:39 AM MWRA176 ECOLI 0.36 0.58 0.58

MWRA 11/21/2005 10:13 AM MWRA176 ECOLI 70 0.16 0.16 0.16

MWRA 10/4/2005 7:44 AM MWRA176 ENT 25 0 0 0

MWRA 11/23/2005 8:15 AM MWRA176 ECOLI 1900 0 1.61 1.77

MWRA 10/5/2005 8:50 AM MWRA176 ENT 80 0 0 0

MWRA 10/26/2005 7:00 AM MWRA176 ENT 5300 0 1.26 1.37

MWRA 12/1/2005 9:35 AM MWRA176 ECOLI 1160 0 0.64 0.64

MyRWA 6/17/2009 6:00 AM MARO36 ECOLI 110 0 0 0
MWRA 11/1/2005 11:00 AM MWRA176 ENT 75 0 0 0
MyRWA 6/20/2012 7:00 AM MARO36 ECOLI 134 0 0 0
MyRWA 8/11/2004 6:00 AM MARO36 ECOLI 140 0 0 0
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MWRA 11/4/2005 9:55 AM MWRA176 ENT 5 0 0 0

MWRA 11/10/2005 8:39 AM MWRA176 ENT 180 0.36 0.58 0.58

MyRWA 12/13/2006 6:00 AM MARO36 ECOLI 146 0.1 0.1 0.1

MWRA 11/21/2005 10:13 AM MWRA176 ENT 25 0.16 0.16 0.16

MyRWA 8/15/2012 6:00 AM MARO36 ECOLI 148 0.83 0.83 0.83

MyRWA 7/13/2005 6:00 AM MARO36 ECOLI 150 0 0 0

MWRA 5/16/2006 7:59 AM MWRA176 ECOLI 6300 0.52 0.88 4.65

MyRWA 8/10/2005 6:00 AM MARO36 ECOLI 150 0 0.02 0.02

MWRA 5/18/2006 8:11 AM MWRA176 ECOLI 370 0 0 0.52

MWRA 5/31/2006 9:20 AM MWRA176 ECOLI 25 0 0 0

MWRA 6/1/2006 9:21 AM MWRA176 ECOLI 235 0.12 0.12 0.12

MWRA 11/23/2005 8:15 AM MWRA176 ENT 4200 0 1.61 1.77

MyRWA 8/14/2002 6:00 AM MARO36 ECOLI 160 0 0 0

MWRA 12/1/2005 9:35 AM MWRA176 ENT 2040 0 0.64 0.64

MyRWA 5/12/2004 6:00 AM MARO36 ECOLI 160 0 0 0

MWRA 5/16/2006 7:59 AM MWRA176 ENT 5000 0.52 0.88 4.65

MWRA 6/27/2006 9:22 AM MWRA176 ECOLI 180 0 0 0.95

MWRA 5/18/2006 8:11 AM MWRA176 ENT 130 0 0 0.52

MWRA 6/28/2006 11:07 AM MWRA176 ECOLI 185 0.05 0.05 0.05

MyRWA 9/18/2013 6:00 AM MARO36 ECOLI 169 0 0 0

MWRA 7/19/2006 8:46 AM MWRA176 ECOLI 30 0.19 0.41 0.41

MWRA 5/31/2006 9:20 AM MWRA176 ENT 5 0 0 0

MWRA 6/1/2006 9:21 AM MWRA176 ENT 5 0.12 0.12 0.12

MWRA 7/20/2006 8:27 AM MWRA176 ECOLI 30 0 0.19 0.41

MWRA 8/7/2006 9:26 AM MWRA176 ECOLI 45 0.04 0.04 0.04

MWRA 6/27/2006 9:22 AM MWRA176 ENT 55 0 0 0.95

MWRA 8/8/2006 8:54 AM MWRA176 ECOLI 10 0 0.04 0.04

MWRA 6/28/2006 11:07 AM MWRA176 ENT 45 0.05 0.05 0.05

MyRWA 5/20/2009 7:00 AM MARO36 ECOLI 189 0 0 0

MWRA 8/21/2006 9:16 AM MWRA176 ECOLI 70 0 0.8 0.8

MWRA 7/19/2006 8:46 AM MWRA176 ENT 5 0.19 0.41 0.41

MWRA 8/22/2006 8:38 AM MWRA176 ECOLI 55 0 0 0.8

MWRA 7/20/2006 8:27 AM MWRA176 ENT 5 0 0.19 0.41

MyRWA 10/13/2004 6:00 AM MARO36 ECOLI 190 0 0.05 0.05

MWRA 9/14/2006 9:30 AM MWRA176 ECOLI 15 0.3 0.3 0.3

MWRA 8/7/2006 9:26 AM MWRA176 ENT 35 0.04 0.04 0.04

MWRA 9/15/2006 8:57 AM MWRA176 ECOLI 10800 0 0.3 0.3

MWRA 10/2/2006 10:09 AM MWRA176 ECOLI 70 0 0.38 0.38
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MWRA 8/8/2006 8:54 AM MWRA176 ENT 5 0 0.04 0.04

MWRA 10/3/2006 9:12 AM MWRA176 ECOLI 65 0 0 0.38

MWRA 8/21/2006 9:16 AM MWRA176 ENT 20 0 0.8 0.8

MyRWA 4/9/2003 7:00 AM MARO36 ECOLI 200 0.09 0.13 0.13

MWRA 10/16/2006 9:21 AM MWRA176 ECOLI 20 0 0 0

MWRA 10/17/2006 8:45 AM MWRA176 ECOLI 35 0.13 0.13 0.13

MWRA 8/22/2006 8:38 AM MWRA176 ENT 5 0 0 0.8

MWRA 10/31/2006 8:38 AM MWRA176 ECOLI 870 0 0 0

MWRA 11/1/2006 9:48 AM MWRA176 ECOLI 280 0.09 0.09 0.09

MWRA 9/14/2006 9:30 AM MWRA176 ENT 5 0.3 0.3 0.3

MyRWA 7/20/2011 7:00 AM MARO36 ECOLI 203 0 0 0

MWRA 9/15/2006 8:57 AM MWRA176 ENT 1200 0 0.3 0.3

MWRA 11/20/2006 10:05 AM MWRA176 ECOLI 220 0 0 0

MWRA 10/2/2006 10:09 AM MWRA176 ENT 50 0 0.38 0.38

MWRA 11/21/2006 9:20 AM MWRA176 ECOLI 120 0 0 0

MyRWA 5/21/2014 6:00 AM MARO36 ECOLI 218 0 0 0

MWRA 12/19/2006 8:55 AM MWRA176 ECOLI 10 0 0.02 0.02

MWRA 10/3/2006 9:12 AM MWRA176 ENT 15 0 0 0.38

MWRA 12/20/2006 8:58 AM MWRA176 ECOLI 20 0 0 0.02

MyRWA 3/8/2006 6:00 AM MARO36 ECOLI 240 0 0 0

MWRA 10/16/2006 9:21 AM MWRA176 ENT 5 0 0 0

MWRA 10/17/2006 8:45 AM MWRA176 ENT 10 0.13 0.13 0.13

MyRWA 7/15/2009 6:00 AM MARO36 ECOLI 243 0 0 0
MWRA 10/31/2006 8:38 AM MWRA176 ENT 1720 0 0 0

MWRA 11/1/2006 9:48 AM MWRA176 ENT 340 0.09 0.09 0.09

MyRWA 3/19/2008 6:00 AM MAR036 ECOLI 246 0.47 0.47 0.47

MyRWA 10/16/2013 6:00 AM MARO36 ECOLI 246 0 0 0

MWRA 11/20/2006 10:05 AM MWRA176 ENT 240 0 0 0

MyRWA 4/18/2012 6:00 AM MARO36 ECOLI 253 0 0 0
MWRA 5/9/2007 9:42 AM MWRA176 ECOLI 41 0 0 0

MWRA 11/21/2006 9:20 AM MWRA176 ENT 105 0 0 0

MWRA 12/19/2006 8:55 AM MWRA176 ENT 105 0 0.02 0.02

MWRA 5/10/2007 9:06 AM MWRA176 ECOLI 20 0 0 0

MWRA 12/20/2006 8:58 AM MWRA176 ENT 60 0 0 0.02

MWRA 6/6/2007 9:20 AM MWRA176 ECOLI 1940 0 0 1.46

MWRA 6/7/2007 9:34 AM MWRA176 ECOLI 231 0 0 0

MWRA 5/9/2007 9:42 AM MWRA176 ENT 10 0 0 0
MWRA 6/20/2007 9:45 AM MWRA176 ECOLI 413 0.16 0.16 0.16

82



Rainfall Rainfall
Rainfall (current (current

Date (current day + day +

Data Sample Time of Location (FIO/ day), in. previous previous 2

Source Taken Sample ID FIO 100ml) day), in. days), in.

MWRA 5/10/2007 9:06 AM MWRA176 ENT 20 0 0 0

MWRA 6/6/2007 9:20 AM MWRA176 ENT 109 0 0 1.46

MyRWA 5/15/2013 6:00 AM MARO36 ECOLI 259 0 0 0

MWRA 6/21/2007 9:21 AM MWRA176 ECOLI 41 0.09 0.25 0.25

MWRA 7/10/2007 9:13 AM MWRA176 ECOLI 10 0 0.23 0.25

MWRA 6/7/2007 9:34 AM MWRA176 ENT 10 0 0 0

MWRA 6/20/2007 9:45 AM MWRA176 ENT 10 0.16 0.16 0.16

MWRA 7/11/2007 9:26 AM MWRA176 ECOLI 31 0 0 0.23

MWRA 6/21/2007 9:21 AM MWRA176 ENT 10 0.09 0.25 0.25

MyRWA 6/8/2005 6:00 AM MARO36 ECOLI 260 0.5 0.5 0.5

MWRA 8/1/2007 8:11 AM MWRA176 ECOLI 30 0 0 1.72

MWRA 8/2/2007 7:50 AM MWRA176 ECOLI 10 0 0 0

MWRA 7/10/2007 9:13 AM MWRA176 ENT 10 0 0.23 0.25

MyRWA 6/14/2006 6:00 AM MARO36 ECOLI 260 0 0 0

MWRA 8/22/2007 9:40 AM MWRA176 ECOLI 10 0 0 0

MWRA 7/11/2007 9:26 AM MWRA176 ENT 10 0 0 0.23

MWRA 8/23/2007 9:09 AM MWRA176 ECOLI 20 0 0 0

MWRA 8/1/2007 8:11 AM MWRA176 ENT 10 0 0 1.72

MWRA 9/11/2007 9:03 AM MWRA176 ECOLI 265 1.28 1.29 1.32

MWRA 9/12/2007 7:35 AM MWRA176 ECOLI 24200 0 1.28 1.29

MWRA 9/13/2007 9:24 AM MWRA176 ECOLI 5790 0 0 1.28

MWRA 8/2/2007 7:50 AM MWRA176 ENT 20 0 0 0

MWRA 10/2/2007 9:51 AM MWRA176 ECOLI 10 0 0 0

MWRA 10/3/2007 9:22 AM MWRA176 ECOLI 10 0 0 0

MWRA 8/22/2007 9:40 AM MWRA176 ENT 10 0 0 0

MyRWA 6/18/2014 5:00 AM MAR036 ECOLI 262 0 0.02 0.02

MWRA 8/23/2007 9:09 AM MWRA176 ENT 10 0 0 0

MWRA 9/11/2007 9:03 AM MWRA176 ENT 131 1.28 1.29 1.32

MWRA 10/24/2007 9:33 AM MWRA176 ECOLI 63 0.04 0.05 0.05

MWRA 10/25/2007 9:23 AM MWRA176 ECOLI 74 0.01 0.05 0.06

MWRA 9/12/2007 7:35 AM MWRA176 ENT 7700 0 1.28 1.29

MWRA 11/13/2007 9:28 AM MWRA176 ECOLI 10 0.19 0.22 0.22

MWRA 9/13/2007 9:24 AM MWRA176 ENT 86 0 0 1.28

MyRWA 6/16/2010 6:00 AM MARO36 ECOLI 275 0.02 0.02 0.02

MyRWA 5/9/2007 6:00 AM MARO36 ECOLI 292 0 0 0

MWRA 10/2/2007 9:51 AM MWRA176 ENT 10 0 0 0

MyRWA 6/14/2006 6:00 AM MARO36 ECOLI 305 0 0 0

MWRA 10/3/2007 9:22 AM MWRA176 ENT 10 0 0 0
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MWRA 10/24/2007 9:33 AM MWRA176 ENT 10 0.04 0.05 0.05

MyRWA 4/15/2009 6:00 AM MARO36 ECOLI 350 0 0 0

MWRA 10/25/2007 9:23 AM MWRA176 ENT 97 0.01 0.05 0.06

MyRWA 8/21/2013 6:00 AM MARO36 ECOLI 384 0 0 0

MyRWA 7/18/2012 6:00 AM MARO36 ECOLI 399 1.74 1.74 1.74

MWRA 11/13/2007 9:28 AM MWRA176 ENT 10 0.19 0.22 0.22

MyRWA 3/24/2010 6:00 AM MAR036 ECOLI 435 0.02 2.24 2.32

MyRWA 4/21/2010 7:00 AM MARO36 ECOLI 448 0 0 0

MyRWA 4/17/2013 6:00 AM MARO36 ECOLI 479 0 0 0

MWRA 5/14/2008 9:38 AM MWRA176 ENT 10 0 0 0

MWRA 5/14/2008 9:38 AM MWRA176 ECOLI 20 0 0 0

MWRA 5/15/2008 8:54 AM MWRA176 ECOLI 10 0 0 0

MWRA 5/15/2008 8:54 AM MWRA176 ENT 10 0 0 0

MyRWA 6/12/2002 6:00 AM MARO36 ECOLI 550 0.16 0.4 0.4

MWRA 6/2/2008 9:30 AM MWRA176 ENT 20 0 0 0.02

MWRA 6/2/2008 9:30 AM MWRA176 ECOLI 10 0 0 0.02

MWRA 6/3/2008 9:20 AM MWRA176 ENT 74 0 0 0

MWRA 6/18/2008 8:30 AM MWRA176 ENT 31 0 0 0.44

MWRA 6/3/2008 9:20 AM MWRA176 ECOLI 63 0 0 0

MWRA 6/18/2008 8:30 AM MWRA176 ECOLI 1020 0 0 0.44

MWRA 6/19/2008 9:08 AM MWRA176 ENT 10 0 0 0

MyRWA 1/8/2003 7:00 AM MARO36 ECOLI 550 0 0 0.03

MWRA 7/7/2008 8:27 AM MWRA176 ENT 10 0 0 0.01

MWRA 6/19/2008 9:08 AM MWRA176 ECOLI 345 0 0 0

MWRA 7/7/2008 8:27 AM MWRA176 ECOLI 63 0 0 0.01

MWRA 7/8/2008 8:32 AM MWRA176 ENT 10 0 0 0

MWRA 7/8/2008 8:32 AM MWRA176 ECOLI 10 0 0 0

MyRWA 12/16/2009 6:00 AM MARO36 ECOLI 583 0.01 0.01 0.01

MWRA 7/29/2008 7:32 AM MWRA176 ENT 20 0 0 0.19

MWRA 7/29/2008 7:32 AM MWRA176 ECOLI 31 0 0 0.19

MWRA 7/30/2008 7:56 AM MWRA176 ECOLI 20 0 0 0

MyRWA 12/14/2011 6:00 AM MARO36 ECOLI 620 0 0 0

MWRA 7/30/2008 7:56 AM MWRA176 ENT 10 0 0 0

MWRA 9/11/2008 10:37 AM MWRA176 ENT 10 0 0 0.28

MyRWA 4/14/2004 6:00 AM MARO36 ECOLI 630 0.26 2.25 2.27

MWRA 9/11/2008 10:37 AM MWRA176 ECOLI 471 0 0 0.28

MWRA 9/12/2008 7:33 AM MWRA176 ENT 10 0.11 0.11 0.11

MWRA 9/12/2008 7:33 AM MWRA176 ECOLI 354 0.11 0.11 0.11
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Rainfall (current (current

Date (current day + day +
Data Sample Time of Location (FIO/ day), in. previous previous 2

Source Taken Sample ID FIO 100mL) day), in. days), in.

MWRA 9/29/2008 8:16 AM MWRA176 ENT 262 0.08 0.61 1.51

MWRA 9/29/2008 8:16 AM MWRA176 ECOLI 1720 0.08 0.61 1.51

MWRA 9/30/2008 10:08 AM MWRA176 ECOLI 240 0 0.08 0.61

MWRA 9/30/2008 10:08 AM MWRA176 ENT 63 0 0.08 0.61

MWRA 10/9/2008 8:55 AM MWRA176 ECOLI 31 0.01 0.01 0.01

MWRA 10/10/2008 7:29 AM MWRA176 ECOLI 41 0 0.01 0.01

MWRA 10/9/2008 8:55 AM MWRA176 ENT 10 0.01 0.01 0.01

MyRWA 11/18/2009 6:00 AM MARO36 ECOLI 663 0 0 0

MWRA 10/10/2008 7:29 AM MWRA176 ENT 20 0 0.01 0.01

MWRA 10/28/2008 10:15 AM MWRA176 ENT 199 0.4 0.4 0.73

MWRA 10/28/2008 10:15 AM MWRA176 ECOLI 2910 0.4 0.4 0.73

MWRA 10/30/2008 9:54 AM MWRA176 ECOLI 301 0 0 0.4

MWRA 11/18/2008 9:40 AM MWRA176 ECOLI 583 0 0 0.37

MWRA 10/30/2008 9:54 AM MWRA176 ENT 10 0 0 0.4

MyRWA 8/15/2007 6:00 AM MARO36 ECOLI 677 0 0 0

MWRA 11/18/2008 9:40 AM MWRA176 ENT 86 0 0 0.37

MWRA 11/20/2008 9:45 AM MWRA176 ECOLI 161 0 0 0

MWRA 11/26/2008 7:59 AM MWRA176 ECOLI 4350 0 1.77 1.77

MWRA 11/20/2008 9:45 AM MWRA176 ENT 31 0 0 0

MWRA 11/26/2008 7:59 AM MWRA176 ENT 1990 0 1.77 1.77

MWRA 12/12/2008 8:23 AM MWRA176 ECOLI 1070 2.29 3.44 3.84

MWRA 12/12/2008 8:23 AM MWRA176 ENT 1660 2.29 3.44 3.84

MyRWA 1/16/2013 6:00 AM MARO36 ECOLI 677 0.37 0.37 0.37

MyRWA 8/17/2011 6:00 AM MARO36 ECOLI 706 0 0.01 1.44

MyRWA 3/19/2014 6:00 AM MARO36 ECOLI 816 0 0 0

MWRA 5/11/2009 9:47 AM MWRA176 ENT 10 0 0 0.19

MWRA 5/11/2009 9:47 AM MWRA176 ECOLI 98 0 0 0.19

MWRA 5/13/2009 9:15 AM MWRA176 ECOLI 160 0 0 0

MyRWA 5/14/2003 6:00 AM MARO36 ECOLI 850 0.04 0.07 0.18

MWRA 5/13/2009 9:15 AM MWRA176 ENT 10 0 0 0

MWRA 6/1/2009 9:41 AM MWRA176 ENT 20 0 0.03 0.17

MWRA 6/1/2009 9:41 AM MWRA176 ECOLI 243 0 0.03 0.17

MWRA 6/3/2009 8:55 AM MWRA176 ECOLI 10 0 0 0

MWRA 6/15/2009 9:43 AM MWRA176 ECOLI 74 0 0.2 0.2

MWRA 6/3/2009 8:55 AM MWRA176 ENT 10 0 0 0

MWRA 6/16/2009 9:18 AM MWRA176 ECOLI 52 0 0 0.2

MWRA 6/15/2009 9:43 AM MWRA176 ENT 20 0 0.2 0.2

MyRWA 2/20/2008 6:00 AM MARO36 ECOLI 855 0 0 0
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Rainfall (current (current

Date (current day + day +
Data Sample Time of Location (FIO/ day), in. previous previous 2

Source Taken Sample ID FIO 100ml) day), in. days), in.

MWRA 6/30/2009 9:17 AM MWRA176 ECOLI 1440 0.07 0.52 0.55
MWRA 6/16/2009 9:18 AM MWRA176 ENT 20 0 0 0.2

MWRA 7/1/2009 9:47 AM MWRA176 ECOLI 487 0.61 0.68 1.13
MyRWA 3/21/2007 6:00 AM MARO36 ECOLI 959 0 0.02 0.07
MWRA 6/30/2009 9:17 AM MWRA176 ENT 183 0.07 0.52 0.55
MWRA 7/20/2009 10:12 AM MWRA176 ECOLI 52 0 0 0.24

MWRA 7/1/2009 9:47 AM MWRA176 ENT 74 0.61 0.68 1.13
MWRA 7/22/2009 10:28 AM MWRA176 ECOLI 663 0 0.52 0.52
MWRA 7/20/2009 10:12 AM MWRA176 ENT 10 0 0 0.24

MWRA 8/10/2009 10:14 AM MWRA176 ECOLI 20 0.01 0.01 0.01
MWRA 7/22/2009 10:28 AM MWRA176 ENT 10 0 0.52 0.52
MWRA 8/11/2009 10:25 AM MWRA176 ECOLI 10 0.05 0.06 0.06
MyRWA 10/21/2009 7:00 AM MARO36 ECOLI 960 0 0 0
MWRA 9/2/2009 9:17 AM MWRA176 ECOLI 31 0 0 0
MWRA 8/10/2009 10:14 AM MWRA176 ENT 10 0.01 0.01 0.01
MWRA 9/3/2009 10:34 AM MWRA176 ECOLI 62 0 0 0
MWRA 8/11/2009 10:25 AM MWRA176 ENT 10 0.05 0.06 0.06
MWRA 9/22/2009 10:04 AM MWRA176 ECOLI 31 0 0 0
MWRA 9/23/2009 9:55 AM MWRA176 ECOLI 52 0 0 0
MWRA 9/2/2009 9:17 AM MWRA176 ENT 10 0 0 0
MWRA 10/5/2009 10:26 AM MWRA176 ECOLI 1210 0 0 1.18
MWRA 9/3/2009 10:34 AM MWRA176 ENT 10 0 0 0
MWRA 10/6/2009 9:13 AM MWRA176 ECOLI 160 0 0 0
MyRWA 2/6/2008 12:00 PM MARO36 ECOLI 1017 0.73 1.16 1.51
MWRA 9/22/2009 10:04 AM MWRA176 ENT 10 0 0 0
MWRA 10/27/2009 9:13 AM MWRA176 ECOLI 1210 0 0 0.03
MWRA 10/28/2009 9:17 AM MWRA176 ECOLI 135 0.66 0.66 0.66
MWRA 9/23/2009 9:55 AM MWRA176 ENT 10 0 0 0
MWRA 10/5/2009 10:26 AM MWRA176 ENT 86 0 0 1.18
MyRWA 9/21/2011 6:00 AM MARO36 ECOLI 1020 0 0.13 0.13
MyRWA 2/6/2008 1:00 PM MARO36 ECOLI 1050 0.73 1.16 1.51
MyRWA 9/15/2010 6:00 AM MARO36 ECOLI 1050 0 0.05 0.15
MWRA 10/6/2009 9:13 AM MWRA176 ENT 10 0 0 0
MyRWA 1/17/2007 6:00 AM MARO36 ECOLI 1090 0 0.06 0.6
MWRA 10/27/2009 9:13 AM MWRA176 ENT 41 0 0 0.03
MWRA 10/28/2009 9:17 AM MWRA176 ENT 52 0.66 0.66 0.66
MyRWA 6/15/2011 6:00 AM MAR036 ECOLI 1110 0 0.04 0.09
MWRA 5/5/2010 9:22 AM MWRA176 ECOLI 85 0 0.02 0.04
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Rainfall Rainfall
Rainfall (current (current

Date (current day + day +
Data Sample Time of Location (FIO/ day), in. previous previous 2

Source Taken Sample ID FIO 1OOmI) day), in. days), in.

MWRA 5/7/2010 8:43 AM MWRA176 ECOLI 240 0 0 0

MWRA 5/5/2010 9:22 AM MWRA176 ENT 10 0 0.02 0.04

MyRWA 1/15/2014 6:00 AM MAR036 ECOLI 1110 0 0.79 0.79

MWRA 5/25/2010 9:09 AM MWRA176 ECOLI 20 0 0 0

MWRA 5/7/2010 8:43 AM MWRA176 ENT 10 0 0 0

MWRA 5/27/2010 8:42 AM MWRA176 ECOLI 10 0.05 0.11 0.11

MWRA 5/25/2010 9:09 AM MWRA176 ENT 10 0 0 0

MyRWA 12/11/2002 7:00 AM MARO36 ECOLI 1160 0.07 0.07 0.07

MWRA 6/23/2010 9:10 AM MWRA176 ECOLI 134 0.06 0.06 0.06

MWRA 5/27/2010 8:42 AM MWRA176 ENT 10 0.05 0.11 0.11

MWRA 6/25/2010 8:36 AM MWRA176 ECOLI 20 0 0.05 0.11

MWRA 6/23/2010 9:10 AM MWRA176 ENT 10 0.06 0.06 0.06

MWRA 7/20/2010 9:06 AM MWRA176 ECOLI 31 0 0 0

MWRA 6/25/2010 8:36 AM MWRA176 ENT 20 0 0.05 0.11

MyRWA 1/16/2008 6:00 AM MARO36 ECOLI 1170 0 0 0.55

MWRA 7/20/2010 9:06 AM MWRA176 ENT 10 0 0 0

MWRA 7/21/2010 8:43 AM MWRA176 ECOLI 10 0.05 0.05 0.05

MWRA 7/21/2010 8:43 AM MWRA176 ENT 10 0.05 0.05 0.05

MWRA 8/2/2010 8:56 AM MWRA176 ECOLI 52 0 0 0

MWRA 8/2/2010 8:56 AM MWRA176 ENT 10 0 0 0

MWRA 8/4/2010 9:03 AM MWRA176 ECOLI 10 0 0 0

MyRWA 8/18/2010 7:00 AM MARO36 ECOLI 1200 0 0 0.21

MWRA 8/4/2010 9:03 AM MWRA176 ENT 10 0 0 0

MWRA 8/31/2010 9:52 AM MWRA176 ECOLI 20 0 0 0

MWRA 8/31/2010 9:52 AM MWRA176 ENT 10 0 0 0

MWRA 9/1/2010 9:45 AM MWRA176 ECOLI 10 0 0 0

MyRWA 10/19/2011 6:00 AM MARO36 ECOLI 1220 1.17 1.17 1.17

MWRA 9/1/2010 9:45 AM MWRA176 ENT 10 0 0 0

MWRA 9/15/2010 10:00 AM MWRA176 ECOLI 233 0 0.05 0.15

MWRA 9/15/2010 10:00 AM MWRA176 ENT 10 0 0.05 0.15

MWRA 9/16/2010 9:41 AM MWRA176 ECOLI 96 0.14 0.14 0.19

MWRA 9/16/2010 9:41 AM MWRA176 ENT 10 0.14 0.14 0.19

MWRA 10/4/2010 9:35 AM MWRA176 ENT 31 0.51 0.51 0.51

MWRA 10/4/2010 9:35 AM MWRA176 ECOLI 160 0.51 0.51 0.51

MWRA 10/5/2010 9:51 AM MWRA176 ECOLI 512 0.09 0.6 0.6

MyRWA 6/20/2007 6:00 AM MARO36 ECOLI 1290 0.16 0.16 0.16

MWRA 10/21/2010 8:56 AM MWRA176 ECOLI 85 0.02 0.02 0.02

MWRA 10/5/2010 9:51 AM MWRA176 ENT 98 0.09 1 0.6 0.6
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Rainfall (current (current

Date (current day + day +
Data Sample Time of Location (FIO/ day), in. previous previous 2

Source Taken Sample ID FIO 100mL) day), in. days), in.

MWRA 10/22/2010 10:42 AM MWRA176 ECOLI 10 0 0.02 0.02

MWRA 11/10/2010 12:05 PM MWRA176 ECOLI 1440 0.07 0.13 0.56

MWRA 10/21/2010 8:56 AM MWRA176 ENT 10 0.02 0.02 0.02

MWRA 11/12/2010 12:29 PM MWRA176 ECOLI 63 0 0 0.07

MyRWA 2/15/2012 7:00 AM MARO36 ECOLI 1290 0 0 0

MWRA 10/22/2010 10:42 AM MWRA176 ENT 10 0 0.02 0.02

MWRA 11/10/2010 12:05 PM MWRA176 ENT 294 0.07 0.13 0.56

MyRWA 1/18/2012 6:00 AM MARO36 ECOLI 1310 0 0.14 0.15

MyRWA 2/20/2013 6:00 AM MARO36 ECOLI 1330 0.03 0.46 0.46

MWRA 11/12/2010 12:29 PM MWRA176 ENT 63 0 0 0.07

MyRWA 4/20/2011 6:00 AM MARO36 ECOLI 1370 0 0.15 0.15

MyRWA 3/20/2013 6:00 AM MARO36 ECOLI 1440 0 0.71 0.73
MyRWA 12/19/2012 6:00 AM MARO36 ECOLI 1560 0 0.89 1.4

MWRA 5/3/2011 9:34 AM MWRA176 ENT 10 0 0 0

MWRA 5/3/2011 9:34 AM MWRA176 ECOLI 10 0 0 0

MWRA 5/5/2011 9:41 AM MWRA176 ENT 31 0.01 0.38 0.38

MWRA 5/5/2011 9:41 AM MWRA176 ECOLI 63 0.01 0.38 0.38

MyRWA 12/15/2010 7:00 AM MARO36 ECOLI 1610 0 0 0.38
MWRA 5/23/2011 9:26 AM MWRA176 ENT 10 0.11 0.11 0.11

MWRA 5/23/2011 9:26 AM MWRA176 ECOLI 63 0.11 0.11 0.11

MWRA 5/25/2011 9:24 AM MWRA176 ENT 20 0 0.17 0.28

MWRA 5/25/2011 9:24 AM MWRA176 ECOLI 987 0 0.17 0.28

MWRA 6/7/2011 9:03 AM MWRA176 ENT 10 0 0 0
MWRA 6/7/2011 9:03 AM MWRA176 ECOLI 97 0 0 0
MWRA 6/8/2011 9:47 AM MWRA176 ENT 10 0 0 0
MWRA 6/8/2011 9:47 AM MWRA176 ECOLI 10 0 0 0
MyRWA 1/19/2011 7:00 AM MARO36 ECOLI 1660 0.19 1.14 1.14
MWRA 6/28/2011 9:21 AM MWRA176 ENT 10 0 0 0
MWRA 6/28/2011 9:21 AM MWRA176 ECOLI 20 0 0 0
MWRA 6/29/2011 9:30 AM MWRA176 ENT 10 0.18 0.18 0.18
MWRA 6/29/2011 9:30 AM MWRA176 ECOLI 108 0.18 0.18 0.18
MyRWA 7/14/2004 7:00 AM MARO36 ECOLI 1710 0.43 0.59 0.59
MWRA 7/27/2011 9:00 AM MWRA176 ECOLI 10 0 0.01 0.16
MWRA 7/27/2011 9:00 AM MWRA176 ENT 10 0 0.01 0.16
MWRA 7/28/2011 8:39 AM MWRA176 ECOLI 20 0 0 0.01
MyRWA 2/6/2008 2:00 PM MARO36 ECOLI 1860 0.73 1.16 1.51
MWRA 8/30/2011 9:22 AM MWRA176 ECOLI 450 0 0 0.91

MWRA 7/28/2011 8:39 AM MWRA176 ENT 10 0 0 0.01
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Source Taken Sample ID FIO 1OOmI) day), in. days), in.

MWRA 8/30/2011 9:22 AM MWRA176 ENT 30 0 0 0.91

MWRA 8/31/2011 9:09 AM MWRA176 ECOLI 175 0 0 0

MWRA 9/13/2011 9:27 AM MWRA176 ECOLI 41 0 0 0

MWRA 8/31/2011 9:09 AM MWRA176 ENT 10 0 0 0

MWRA 9/14/2011 9:38 AM MWRA176 ECOLI 63 0.08 0.08 0.08

MWRA 9/13/2011 9:27 AM MWRA176 ENT 10 0 0 0

MyRWA 4/16/2014 6:00 AM MARO36 ECOLI 1920 0.36 0.98 0.98

MWRA 9/26/2011 9:15 AM MWRA176 ECOLI 350 0 0 0.43

MWRA 9/14/2011 9:38 AM MWRA176 ENT 10 0.08 0.08 0.08

MWRA 9/28/2011 9:00 AM MWRA176 ECOLI 109 0 0 0

MWRA 10/12/2011 9:38 AM MWRA176 ECOLI 134 0.08 0.08 0.08

MWRA 9/26/2011 9:15 AM MWRA176 ENT 31 0 0 0.43

MWRA 10/13/2011 9:25 AM MWRA176 ECOLI 4880 0.93 1.01 1.01

MWRA 9/28/2011 9:00 AM MWRA176 ENT 10 0 0 0

MWRA 10/19/2011 8:52 AM MWRA176 ECOLI 187 1.17 1.17 1.17

MWRA 10/12/2011 9:38 AM MWRA176 ENT 20 0.08 0.08 0.08

MyRWA 5/10/2006 6:00 AM MARO36 ECOLI 2000 0.57 1.51 1.51

MWRA 10/13/2011 9:25 AM MWRA176 ENT 2140 0.93 1.01 1.01

MWRA 10/20/2011 9:07 AM MWRA176 ECOLI 5470 0.47 1.64 1.64

MWRA 10/19/2011 8:52 AM MWRA176 ENT 10 1.17 1.17 1.17

MWRA 10/28/2011 9:44 AM MWRA176 ECOLI 3870 0 1.02 1.04

MWRA 10/20/2011 9:07 AM MWRA176 ENT 2910 0.47 1.64 1.64

MyRWA 12/17/2008 6:00 AM MARO36 ECOLI 2020 0.47 0.49 0.49

MWRA 11/17/2011 10:21 AM MWRA176 ECOLI 7700 0.13 0.91 0.91

MWRA 10/28/2011 9:44 AM MWRA176 ENT 959 0 1.02 1.04

MWRA 11/30/2011 9:19 AM MWRA176 ECOLI 11200 0.7 0.76 0.76

MyRWA 11/17/2010 7:00 AM MARO36 ECOLI 2060 0.93 0.94 0.94

MWRA 11/17/2011 10:21 AM MWRA176 ENT 1220 0.13 0.91 0.91

MWRA 12/22/2011 12:15 PM MWRA176 ECOLI 168 0.41 0.5 0.5

MWRA 11/30/2011 9:19 AM MWRA176 ENT 3870 0.7 0.76 0.76

MyRWA 3/16/2011 9:00 AM MARO36 ECOLI 2140 0.54 0.54 0.54

MWRA 1/27/2012 12:38 PM MWRA176 ECOLI 1210 0.89 1.06 1.06

MyRWA 10/17/2012 6:00 AM MARO36 ECOLI 2140 0 0.06 0.08

MyRWA 11/14/2012 6:00 AM MARO36 ECOLI 2250 0 0.29 0.29

MWRA 12/22/2011 12:15 PM MWRA176 ENT 10 0.41 0.5 0.5

MWRA 1/27/2012 12:38 PM MWRA176 ENT 275 0.89 1.06 1.06

MyRWA 12/8/2004 6:00 AM MARO36 ECOLI 2810 0.03 1.01 1.02

MWRA 5/17/2012 9:05 AM MWRA176 ECOLI 384 0 0.06 0.56
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Rainfall (current (current

Date (current day + day +
Data Sample Time of Location (FIo/ day), in. previous previous 2

Source Taken Sample ID FlO 100ml) day), in. days), in.

MWRA 5/17/2012 9:05 AM MWRA176 ENT 52 0 0.06 0.56

MWRA 5/18/2012 8:43 AM MWRA176 ECOLI 63 0 0 0.06

MWRA 6/4/2012 9:36 AM MWRA176 ECOLI 1180 0.13 0.14 1.27

MWRA 5/18/2012 8:43 AM MWRA176 ENT 20 0 0 0.06

MWRA 6/4/2012 9:36 AM MWRA176 ENT 97 0.13 0.14 1.27

MWRA 6/6/2012 9:20 AM MWRA176 ECOLI 171 0 0.13 0.26

MyRWA 5/18/2011 6:00 AM MARO36 ECOLI 2910 0.05 0.31 0.63

MWRA 6/20/2012 10:03 AM MWRA176 ECOLI 41 0 0 0

MWRA 6/6/2012 9:20 AM MWRA176 ENT 10 0 0.13 0.26

MWRA 6/21/2012 9:33 AM MWRA176 ECOLI 98 0 0 0

MWRA 6/20/2012 10:03 AM MWRA176 ENT 62 0 0 0

MWRA 7/9/2012 9:19 AM MWRA176 ECOLI 10 0 0 0

MWRA 6/21/2012 9:33 AM MWRA176 ENT 10 0 0 0

MWRA 7/10/2012 8:50 AM MWRA176 ECOLI 10 0 0 0

MWRA 7/9/2012 9:19 AM MWRA176 ENT 10 0 0 0

MyRWA 11/16/2011 6:00 AM MARO36 ECOLI 2910 0.78 0.78 0.78

MWRA 7/10/2012 8:50 AM MWRA176 ENT 10 0 0 0

MWRA 8/8/2012 8:52 AM MWRA176 ECOLI 30 0 0 0

MWRA 8/8/2012 8:52 AM MWRA176 ENT 10 0 0 0

MWRA 8/9/2012 8:23 AM MWRA176 ECOLI 52 0 0 0

MyRWA 11/20/2013 6:00 AM MARO36 ECOLI 3080 0 0 0.18

MWRA 8/9/2012 8:23 AM MWRA176 ENT 10 0 0 0

MWRA 8/22/2012 8:25 AM MWRA176 ECOLI 31 0 0 0

MWRA 8/22/2012 8:25 AM MWRA176 ENT 10 0 0 0

MWRA 8/23/2012 9:26 AM MWRA176 ECOLI 10 0 0 0

MWRA 8/29/2012 8:31 AM MWRA176 ECOLI 52 0 0.15 0.15

MWRA 8/23/2012 9:26 AM MWRA176 ENT 10 0 0 0

MWRA 8/30/2012 8:43 AM MWRA176 ECOLI 10 0 0 0.15

MWRA 8/29/2012 8:31 AM MWRA176 ENT 10 0 0.15 0.15

MWRA 9/4/2012 8:41 AM MWRA176 ECOLI 10 0.44 0.44 0.44

MWRA 8/30/2012 8:43 AM MWRA176 ENT 10 0 0 0.15

MWRA 9/5/2012 9:07 AM MWRA176 ECOLI 8160 0.66 1.1 1.1

MyRWA 10/20/2010 7:00 AM MARO36 ECOLI 3260 0.02 0.02 0.02

MWRA 9/26/2012 9:22 AM MWRA176 ECOLI 85 0 0 0

MWRA 9/4/2012 8:41 AM MWRA176 ENT 10 0.44 0.44 0.44

MWRA 9/5/2012 9:07 AM MWRA176 ENT 5480 0.66 1.1 1.1

MWRA 9/27/2012 8:58 AM MWRA176 ECOLI 41 0 0 0

MWRA 10/3/2012 8:23 AM MWRA176 ECOLI 288 0.08 0.11 0.11
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MWRA 9/26/2012 9:22 AM MWRA176 ENT 10 0 0 0

MWRA 10/4/2012 8:15 AM MWRA176 ECOLI 158 0.03 0.11 0.14

MWRA 9/27/2012 8:58 AM MWRA176 ENT 20 0 0 0

MyRWA 8/9/2006 6:00 AM MARO36 ECOLI 3360 0 0 0.04

MWRA 10/3/2012 8:23 AM MWRA176 ENT 10 0.08 0.11 0.11

MyRWA 6/19/2013 6:00 AM MARO36 ECOLI 3650 0.01 0.63 1.07

MyRWA 6/18/2008 6:00 AM MARO36 ECOLI 3870 0 0 0.44

MyRWA 4/18/2007 7:00 AM MARO36 ECOLI 4110 0.05 0.21 1.32

MWRA 10/4/2012 8:15 AM MWRA176 ENT 20 0.03 0.11 0.14

MyRWA 8/13/2003 6:00 AM MARO36 ECOLI 4200 0.05 0.09 0.09

MyRWA 2/6/2008 11:00 AM MARO36 ECOLI 5209 0.73 1.16 1.51

MWRA 4/25/2013 8:36 AM MWRA176 ENT 10 0.03 0.03 0.16

MyRWA 10/12/2005 6:00 AM MARO36 ECOLI 6100 0.02 0.24 0.33

MWRA 5/8/2013 8:53 AM MWRA176 ENT 30 0.37 0.37 0.37

MWRA 4/25/2013 8:36 AM MWRA176 ECOLI 86 0.03 0.03 0.16

MWRA 5/9/2013 9:13 AM MWRA176 ENT 41 0.61 0.98 0.98

MWRA 5/8/2013 8:53 AM MWRA176 ECOLI 556 0.37 0.37 0.37

MWRA 5/20/2013 9:04 AM MWRA176 ENT 41 0.04 0.21 0.21

MWRA 5/9/2013 9:13 AM MWRA176 ECOLI 187 0.61 0.98 0.98

MyRWA 2/17/2010 7:00 AM MARO36 ECOLI 6490 0 0.4 0.4

MWRA 5/24/2013 8:01 AM MWRA176 ENT 143 0.57 0.62 0.67

MWRA 6/10/2013 9:01 AM MWRA176 ENT 10 0.88 0.88 1.42

MWRA 5/20/2013 9:04 AM MWRA176 ECOLI 73 0.04 0.21 0.21

MWRA 5/24/2013 8:01 AM MWRA176 ECOLI 318 0.57 0.62 0.67

MWRA 6/10/2013 9:01 AM MWRA176 ECOLI 309 0.88 0.88 1.42

MWRA 6/11/2013 8:30 AM MWRA176 ENT 2010 1.38 2.26 2.26

MWRA 6/11/2013 8:30 AM MWRA176 ECOLI 2360 1.38 2.26 2.26

MyRWA 11/13/2002 7:00 AM MARO36 ECOLI 6800 0.58 1.27 1.32

MWRA 7/16/2013 8:48 AM MWRA176 ENT 20 0.01 0.01 0.01

MWRA 7/16/2013 8:48 AM MWRA176 ECOLI 31 0.01 0.01 0.01

MWRA 7/18/2013 8:59 AM MWRA176 ECOLI 259 0 0 0.01

MWRA 7/18/2013 8:59 AM MWRA176 ENT 10 0 0 0.01

MWRA 8/13/2013 9:01 AM MWRA176 ECOLI 1940 0 0 0

MWRA 8/13/2013 9:01 AM MWRA176 ENT 10 0 0 0

MWRA 8/14/2013 8:42 AM MWRA176 ECOLI 1310 0 0 0

MyRWA 5/19/2010 6:00 AM MARO36 ECOLI 7270 0.47 1.08 1.08

MWRA 8/14/2013 8:42 AM MWRA176 ENT 10 0 0 0

MWRA 8/28/2013 8:54 AM MWRA176 ECOLI 20 0 0.01 0.02
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Rainfall Rainfall
Rainfall (current (current

Date (current day + day +
Data Sample Time of Location (FIO/ day), in. previous previous 2

Source Taken Sample ID FIO 100mL) day), in. days), in.

MWRA 8/29/2013 8:47 AM MWRA176 ECOLI 52 0 0 0.01

MWRA 8/28/2013 8:54 AM MWRA176 ENT 20 0 0.01 0.02

MWRA 9/10/2013 8:45 AM MWRA176 ECOLI 160 0.03 0.03 0.03

MWRA 9/11/2013 9:27 AM MWRA176 ECOLI 132 0 0.03 0.03

MyRWA 11/8/2006 6:00 AM MARO36 ECOLI 9210 1.17 1.31 1.31

MWRA 8/29/2013 8:47 AM MWRA176 ENT 10 0 0 0.01

MWRA 9/23/2013 8:53 AM MWRA176 ECOLI 9800 0 0.37 0.37

MWRA 9/25/2013 9:42 AM MWRA176 ECOLI 408 0 0 0

MyRWA 2/16/2011 7:00 AM MARO36 ECOLI 9210 0 0 0

MWRA 9/10/2013 8:45 AM MWRA176 ENT 10 0.03 0.03 0.03

MWRA 10/21/2013 9:33 AM MWRA176 ECOLI 10 0 0 0

MWRA 9/11/2013 9:27 AM MWRA176 ENT 20 0 0.03 0.03

MWRA 10/22/2013 9:06 AM MWRA176 ECOLI 41 0 0 0

MWRA 9/23/2013 8:53 AM MWRA176 ENT 10 0 0.37 0.37

MWRA 10/31/2013 9:25 AM MWRA176 ECOLI 20 0.03 0.08 0.08

MWRA 9/25/2013 9:42 AM MWRA176 ENT 10 0 0 0

MyRWA 5/16/2006 6:00 AM MARO36 ECOLI 10810 0.52 0.88 4.65

MWRA 10/21/2013 9:33 AM MWRA176 ENT 10 0 0 0
MyRWA 9/10/2008 6:00 AM MARO36 ECOLI 24200 0 0.28 0.28
MWRA 10/22/2013 9:06 AM MWRA176 ENT 10 0 0 0
MyRWA 9/19/2012 6:00 AM MARO36 ECOLI 24200 0.61 0.7 0.7
MyRWA 10/9/2002 6:00 AM MARO36 ECOLI 49000 0 0 0
MyRWA 7/12/2006 6:00 AM MARO36 ECOLI 70400 1.02 1.04 1.04

MyRWA 7/10/2002 7:00 AM MARO36 ECOLI 71000 0.08 0.62 0.62
MWRA 10/31/2013 9:25 AM MWRA176 ENT 10 0.03 0.08 0.08
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