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We initiated a collaboration between local government, academia, and citizen scientists to investigate

high frequencies of elevated Escherichia coli bacteria levels in the coastal Short Beach neighborhood of

Branford, Connecticut. Citizen scientist involvement enabled collection of short-duration postprecipitation

outfall flow water samples (mean E. coli level54930 most probable number per 100 mL) and yielded

insights into scientific collaboration with local residents. A records review and sanitary questionnaire

identified aging properties with septic systems (3.3%) and holding tanks (0.6%) as potential sources of the

E. coli contamination. (Am J Public Health. Published online ahead of print July 7, 2022:e1–e4. https://doi.org/

10.2105/AJPH.2022.306943)

Long Island Sound has suffered ele-

vated levels of fecal bacteria for

decades.1 Although fecal contamina-

tion from stormwater outfalls is a rec-

ognized public health risk,2 the short

duration of stormwater outfall flows fol-

lowing rain events poses obstacles to

identification and monitoring of these

sources. Partnerships between health

departments and local citizen scientists

may enhance such outfall sampling.

INTERVENTION AND
IMPLEMENTATION

The coastal Short Beach neighborhood

of Branford, Connecticut, and its popu-

lar beach have experienced high fre-

quencies of elevated Escherichia coli

bacteria levels compared with nearby

waters,3 possibly from sanitary sewage

system breaches into stormwater.4,5

To better understand the influence of

compromised stormwaters on local

water quality in Long Island Sound, a

team of students and faculty collabo-

rated with the local health department

with the aims of mapping local sewage

disposal systems to assess possible

sources of contamination and using

local resident capability and expertise

by implementing a citizen science

water-sampling program.

Sewage Disposal Records

A 2017 report identified leaking holding

and septic tanks as a likely source of

water contamination.5 Similar to other

communities, the town of Branford did

not maintain sewage disposal records

until after most Short Beach homes

were constructed, so the sewage sys-

tem type of 383 coastal properties was

unknown. To assess these properties,

the student team reviewed records of

permits, construction documents, sew-

age hookup requests, and ownership

transferals maintained by Branford’s

Engineering Department. The team

investigated the properties without

records through a questionnaire asking

residents about their sewage disposal

method and year of connection. Ques-

tionnaire accuracy was verified by com-

paring answers with neighboring homes

and informally interviewing long-term

residents.

Volunteer Water Sampling

All eight stormwater outfalls in Short

Beach that flow directly into Long Island

Sound were sampled (Figure 1). In part-

nership with the Civic Association of

Short Beach, the health department

and students assembled a team of

eight citizen science volunteers, primar-

ily retirees, from association meeting
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attendees and their contacts. The vol-

unteers were trained and supplied a

written protocol for sample collection,

labeling, and delivery of water samples

to the state public health laboratory,

then tasked with collecting samples

from any outfalls that flowed intermit-

tently after every rain event. Volunteers

coordinated assignment of collection

dates and sampling locations among

themselves. The health department

supplied sampling bottles and paper-

work to the citizen scientists.

The Connecticut State Public Health

Laboratory processed samples to deter-

mine E. coli levels. Samples were tested

using the SM 9223B Enzyme Substrate

Test (IDEXX Laboratories, Westbrook,

ME) to determine the most probable

number (MPN) per 100 milliliters.6

PLACE, TIME, AND
PERSONS

The Short Beach neighborhood is

located at the southern end of the

Farm River Watershed in New Haven

County. This study was conducted in

spring, summer, and fall 2019 in collab-

oration with local residents and four

university students.

PURPOSE

To inform efforts to improve long-

impaired neighborhood recreational and

shell-fishing water quality,7 this study

aimed to (1) identify possible sewage dis-

posal system sources of beach water

E. coli contamination; (2) quantify and

identify outfall sources of this contamina-

tion; and (3) foster engaged relationships

between academia, local government,

and neighborhood residents.

EVALUATION AND
ADVERSE EFFECTS

The records review revealed potential

contamination from septic or holding

tanks, and the water sampling, con-

ducted by citizen scientists and students,

documented E. coli contamination of

outfall flows.
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FIGURE 1— Map of Short Beach Neighborhood: Branford, CT, 2019

Note. Volunteers checked eight outfalls (RA1, RA2, CA1, CA2, CA3, BS1, PS1, SD1) that discharge into the Long Island Sound for flow following rain events. The
majority of properties in Short Beach are connected to the municipal sewer, with a cluster of subsurface sewage disposal systems near outfalls RA1 and RA2.
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Sewage Disposal Records

Of the 383 properties with unknown

sewage system type, the type of 314

(82.0%) was determined from records

and 24 (6.3%) by questionnaire; the

type of 45 (11.7%) remained unknown

from lack of records or survey response.

Of the 338 properties with known type,

325 were connected to public sewage

(96.2%), 11 had septic tanks (3.3%), and

2 had holding tanks (0.6%). Thus, the

study identified several aging coastal

properties that lack public sewage

access, posing a possibly elevated risk

of water contamination from failing sep-

tic systems or holding tanks. Most

houses along public sewer lines are

attached to the public sewer system

with gasketed PVC (polyvinyl chloride)

and are considered unlikely to be dilapi-

dated enough for substantial sewage

leakage.8

Volunteer Water Sampling

Students and health department mem-

bers attended Civic Association meet-

ings to give project updates, answer

questions, and garner input. Meeting

attendees recommended policies for

improving local water quality based on

their experiences in the neighborhood

(e.g., observing dog walkers discard dog

feces into stormwater outfall grates,

which the health department subse-

quently investigated).

The volunteers and students collected

24 E. coli water samples from outfalls on

six different dates. The E. coli levels

ranged from 270 to 24196 MPN per 100

milliliters (mean54930 MPN/100 mL;

SD55147 MPN/100 mL; Table 1).

Strong engagement from community

members and the scientific integrity

of the volunteer samplers increased

research capacity. As some outfalls

flowed for only 15 minutes following a

rain event, many samples would have

been unattainable without citizen scien-

tists. Residents expressed concerns at

Civic Association meetings, including

whether they may be forced into costly

public sewer connections if failing septic

systems were found at fault and lack of

public access to past reports and data.

Full transparency with citizen science col-

laborators requires acknowledgment of

power differences and potential conflicts

of interest. Openly recognizing the legiti-

macy of resident concerns and the value

that cooperation brings to the health

department is key to maintaining bal-

ance between collaborators. The health

department is committed to ongoing

discussion, data sharing through its

Web site,9 and sensitivity regarding its

regulatory power to force public sewer

connections, preferring to work along-

side the community to achieve a mutu-

ally beneficial and mutually understood

outcome.10

SUSTAINABILITY

Strong engagement of citizen scientists

and students permitted minimal sam-

pling involvement by health department

staff, and the data obtained provided

unique insight into the state of water

contamination in the neighborhood.

Although the initiative ended owing to

the COVID-19 pandemic, with increased

citizen science involvement, the health

department–citizen scientist collabora-

tion has the potential to be sustainable

beyond student participation, with dis-

cussion of reinstatement ongoing.

Lessons learned by the local health

department on working with citizen sci-

entists during this project will facilitate

future intervention design. Communi-

cation is essential with all volunteers: to

maintain open communication and

trust, volunteers need to feel that the

value of their contributions is recog-

nized.10,11 To that end, the citizen sci-

entists were honored at a local awards

event. Engagement of dedicated

TABLE 1— Escherichia coli Results From the 8 Outfalls Sampled on 6 Dates: Branford, CT, 2019

Date

Escherichia coli (MPN/100 mL), Outfall Identification

BS1 CA1 CA2 CA3 PS1 RA1 RA2 SD1

July 12, 2019 NA NA NA NA NA 2300 NA 650

July 17, 2019 NA 270 NA NA NA NA NA NA

July 18, 2019 7 900 3400 24 000 7600 7 600 2000 NA 290

July 23, 2019 8 200 2400 3300 24 196 9 800 2300 4900 8700

July 24, 2019 NA 1300 810 NA NA NA NA NA

August 8, 2019 1 200 3100 8700 NA 6500 1200 NA 2300

Outfall average 5 767 2094 9203 15 898 7 967 1950 4900 2985

Note. MPN5most probable number; NA5nonflow.
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community members from the outset

of research design, establishment of all

parties’ expectations and a conflict-of-

interest policy, and health department

willingness to adapt in light of commu-

nity knowledge and concerns are cru-

cial to the vitality and sustainability of a

relationship with the community.11 Dis-

cussion of citizen science program

duration and funding commitment at

the outset may also increase initiative

longevity.

PUBLIC HEALTH
SIGNIFICANCE

Although neither the US Environmental

Protection Agency nor the Connecticut

Department of Public Health provide

threshold guidelines for E. coli levels

from stormwater outfalls, all samples

exceeded the Connecticut Department

of Public Health’s 235 MPN per 100 milli-

liters E. coli threshold for recreational

waters.12 This suggests that the outfalls

could be a critical pathway for transfer of

fecal matter and associated pathogens

to recreational bathing waters.

This project provided the students

with an opportunity to experience

real-world public health practice, and

their involvement enabled the records

review and established the framework

for the sampling campaign. Without citi-

zen scientists, the breadth and fre-

quency of sampling would not have

been possible. Furthermore, citizen sci-

entists identified an outfall, RA2, not in

the original sampling plan. Citizen sci-

ence can increase data capture in

water sampling as well as in other pub-

lic health programs relying on highly

time-sensitive collections.
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