Nitragen Reducing Biofilter for Realdences at Mashashimuet Park, Sag Harbor
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Nitrogen Reducing Blofilter for Residences at Mashashimuet Park, Sag Harbor

A. Community Preservation Fund (CPF) Water Quality Improvement
Program Proposal Summary
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TOWN OF SOUTHAMPTON C13107 fray OL/2019)
Department of Community Preservation

24 W Montauk Hwy, Hampton Bays, NY 11946

Ph: 631-287-5720 Fx: 631-728-1920

WWW SOUTHAMPTONTOWNNY.GOV/CPF

WATER QUALITY IMPROVEMENT PROGRAM
PROPOSAL SUMMARY

Project Applicant; Park & Recreation Association of Sag Harbor, NY, Ing. (PRASH)

Praject Title: Hllrn“n Hlil‘!'lﬂvl-'rl'llgl E!uﬂﬂﬂl‘l for Residences at Mashashimuet Park, Sag Harbor

Project Manager: NYS Center for Clean Water T-uhnulniz nt ﬂtuﬂ Brogk l.lniv.rimq_' ;EGE

Name Frank Russo S
Title Associate Director -
Organization NYS Center for Clean Water Technology at Stony Brook University (CCWT)
Address 1000 Innovation Rd, Suite 100, Stony Brook, NY 11784-6044
Phone 631-252-3787
Email o frl.ﬂk.ruun.ﬂqnnnyhrn-uk.-du
Property Ownaer (If differant from Project Manager organization):
Name Park & Recreations Association of Sag Harbor, NY Inc.
Affiliation Park & Recreation Association of Sag Harbor, NY, Inc. (Mashashimuel Park)
Malling Address  |P.O. Box 1653, Sag Harbor, NY 11863
Phone 631-725-4522
Emall ~ |Joftrey Robinson <lar7jar@hoimail.coms
Project Location
Address 205 Main St, Sag Harbor, NY 11863
“SCTMMs) 003-5-2-4,1
of Project (eheck all that apply):
Reduction
[] Remediation
[ ] Restoration

Project Summary: (add text 2-3 Sentences anly)
Facilitated by CCWT, PRASH sesks funding to replace exisiing cesspocl systems with nitrogen reducing biofliters (NRE) at

bwis raaldences in Mashashimuel Park, NitBs have shown total nitregen in nal alfluant ot = § mg-NL. Park is In 8 high priorly location




TGWN DF EDUTI'IAMH EFIRLEY e B 2019
Department of Community Preservation

24 W Montauk Hwy, Hampton Bays, NY 11946

Ph; 631-287-5720 Fx; 631-728-1920

WWW.SOUTHAMPTONTOWNNY.GOV/CPF

1. PRODJECT TYPE
Must meet at least one of the definitions of “Water Quality Improvement Project” per State Law
Ehapter 551 cited above. Check all that apply.

Wastewater Treatment Improvement Project

Non-point source abatement and control

Aguatic habitat restoration

Pollution prevention

Operatlon of Paconic Bay National Estuary Program (Grant Match)

Noto: Monitoring costs are only potentially eligible for CPF funding within Aquatic hahbitat
restoration projects.

2. PRIORITY AREA(S)
Priority areas are defined In the Water Quality Improvement Praject Plan (WQIPP),

High
303(d) impalred
|| Medium
[ outside High and Medium priority areas*

*If Outside High and Medium priority areas, explain how the project is relevant to WQIPP goals.

3. PROIJECT DESCRIPTION

3a. Existing conditions of applicable groundwater/sub-watershed/waterbody and most recent and
relevant data available (provide sources).
See Project Narrative

3b. How the proposed solution addresses the issue In the context of Reduction, Remediation
and/or Restoration as per the CPF Water Quality Project Plan. Note all remediation and
restoration projects must assure that reduction measures are also addressed.

See Project Narrative

3c. Describe the proposed technology and its demonstrated efficacy In simllar settings. May
include published data.

Sea Project Narrative



TOWN OF SOUTHAMPTON EMLOT (ow 01720401
Department af Community Préservation

24 W Montauk Hwy, Hampton Bays, NY 11946

Ph: 631-287-5720 Fx: 631-728-1920

WWW.S0UTHAMPTONTOWNNY.GOV/CPF

3d. How the project supports Town of Southampton, Suffolk County, NYSDEC, Long Island Nitrogen
Action Plan (LINAP) or other adopted goals/policies (provide references with pages numbers).

Sea Project Narrative

3e. Review the following statements and Indicate whether they are applicable to your project. For
all “Yos"” responses, please Indicate how your project addresses the requirements indicated.

Yes  NSA
E] If stormwater system or drainage is proposed: The project must indicate
compliance with the New York State Stormwater Design Manual (2015 and as

updated).

] E‘j If project is related to farmiland: Describe any Agricultural Stewardship Plan
or other long term strategy for Nitrogen abatement.

E] [ ] Ifthe project is for habitat restoration: The narrative must address how
underlying causes are being ameliorated and expected outcomes for local
specles populations or other ecological considerations are given.

[ ] [#] f projectis a Sewage Treatment Plant (STP) or cluster treatment system:
Fund allocation request is based on cost for reduction of pre-existing
conditions and not for purpose of accommodating new density (describe pre-
existing density and associated flow (gallons per day) and total projected
nitrogen reduction In narrative), Include detalled information on how many
homaes the system would treat as well as potential for formation of Sewer
District, If required by Suffolk County Health Department or Town Law.,

] m If the project Is requesting grant match for the Peconic Estuary Program:
Include Iinformation related to funding program source and purpose of
application and any relevant items on this checklist, Note: A Town Board
resolution will be required In order to encumber matching funds for grant
applications.



TOWN OF SOUTHAMPTON CHINIAY frev 0142010
Department of Community Preservation

24 W Montauk Hwy, Hampton Bays, NY 11946

Ph: b31-287-5720 Fx: 631-728-1920

WWW.SOUTHAMPTONTOWNNY.GOV/CPF

4. WATER QUALITY BENEFIT

da. Identify Nitrogen, Pathogen or Pollutant of Concern (POC) including Existing Condition and
Target Reduction.
See Projact Narrative

ab. Describe plans for eollecting and reporting on water quality over time.
Sea Project Narrative

4e, Indicate useful life of proposed technology (must meet or exceed flve years),
See Project Narrative

5. COST FACTORS

5a. Explain how you have eonfirmed that the proposed budget is reasonable, appropriate and

necessary. If avallable, provide third party estimates or other documentation of how costs were
determined.
See Project Narrative

5b. Describe any matching funds to be provided.
See Project Narrative

Sc. Explain: I. Why project cannot proceed and intended benefits cannot be achieved without
external funding. Il. If funds are awarded at a lower level than requested, or if there are cost
overruns, explain how the project will proceed.

See Project Narrative



PFDWH D]" SﬂUTHH MFTDN EFLAI0Y frev Dol v)
Bepartment of Community Preservation
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Ph: 631-287-5720 Fx: 631-728-1920
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5.

MANAGEMENT, EXPERIENCE, ABILITY

6a, Describe applicant’s experience In completing simlilar projects.
See Project Narrative

Gb. Describe community support or opposition to project. If thore Is opposition, explain how this is

to be addressed,
Sea Project Narrative

Ge. Describa any parmits needed and time frame/status of approvals. If permits are approved,
indicate same.

Sea Project Marrative

. MAINTENANCE, MONITORING, EVALUATION

Estimate ongolng maintenance costs and explain how these will be supported. Explaln stewardship
and monlitoring activities planned for ensuring sustainability of the project.
See Project Marrative

. DURATION OF PROJECT

Ba. Pravide a projected project timeline. Mote: The Committes will only make recommandations
far shoval-ready projects that can commence this fiscal year,
see Project Narrative

8b. If project Is multl-year or phased, provide a breakdown of budget and milestones for each year
and phase.

Sea Project Narrative

ATTESTATION
Allocation of CPF funds wlill not be for the purpose of accommaodating new growth, as this is
prohibited by State law.
Check box to certify that funds will not be directed for projects for the purpose of
accommodating new growth,

_
5|lﬂltl.iﬂ'-:_-=q:_}:ﬁ.-_.’ﬂ:_w . I‘H Date 8‘/ ]T/‘E"’

| 5



TOWN OF SOUTHAMPTON CH13107 irev 01/2010]
Dapartmant of Community Preservation

24 W Montauk Hwy, Hampton Bays, NY 11946

Ph: 631-287-5720 Fx: 631-728-1920

WWWSOUTHAMPTONTOWNNY.GOV/CPF

10, REQUIRED ATTACHMENTS
Confirm that the fellowing required documents are attached to this application:

[] Photos of existing conditions

Location Map

D state Environmental Quality Review Act (SEQRA) Long or Shart Environmental Assessment
Form (EAF) (https://www.dec ny.gov/permits/6191 html)

D Completed EPA Spreadsheet Tool for Evaluating Pollutant Load (STEPL) hitp://ittetratech-
fx.com/steplweb/ or similar standardized methodology {describe)

B Project budget (see attached template)
Ownership commitment is provided via letter of intent (LOI) for non-municipal owners or
municipal resolution for municipal owners

11. OTHER ATTACHMENTS

List other attachments provided, including cost estimates, bids, plans, documentation of matching
funds, and other as appropriate to demonstrate project readiness, quality, feasibllity, and cost
effectiveness.



1 VT Qs AFMITEE

TOWN OF SOUTHAMPTON
Department of Community Preservation

24 W Montauk Hwy, Hampton Bays, NY 11546
Ph: 631-287-5720 Fx: 631-728-1920

WWW SOUTHAMPTONTOWMNNY.GOV/CPF

COMMUNITY PRESERVATION FUND (CPF)
WATER QUALITY IMPROVEMENT PROGRAM

LETTER OF INTENT

CONTACT INFORMATION
Municipality Sag Harbor ——

Contact First and Last Name: Jeff Robinson
Contact Address Mashashimuet Park, Jermaine Avenue, Sag Harbor, NY
Contact Phone: 831-725-4522

Contact Email: lar7jar@hotmail com

PROJECT INFORMATION
Project Title Mashashimuet Park Managers House

Project Location Mashashimuet Park, Managers House, Jermain Ave, Sag Harbor, NY

Praject Deseription (1-3 sentences) R@place existing conventional septic system with an NRB and
monitor the new system (performed by CCWT) in order to promulgate this technology which
produces best in class total nitrogen removal

ANTICIPATED PROJECT TIMELINE
Begin; Dec 1, 2020

c“mplete D.ﬂ 4 E‘DED
Notes: Eagin date will dﬂp&nd on when the CPF complatas the 2020 contracts
and releases the funds.

Page Bof 8



Nitrogen Reducing Biofilter for Residences at Mashashimuet Park, Sag Harbor

B. Project Narrative

For Park & Recreation Association of 5ag Harbor, NY, Inc. (PRASH), a 501.3.¢ Not for Profit Organization
that owns and manages the park

Type of Project:
= Reduction
= Wastewater Treatment Improvement, |fA OWTS
& High Priority Aria

Project Summary

Facilitated by the NY5 COWT, PRASH seeks funding to replace existing cesspools with Nitrogen Reducing
Blofilters (NRBs) at the Park Manager and Rental Residences within the Mashashimuet Park, In testing at
in-ground installations in Suffolk County and at the Massachusetts Alternative Septic Systems Test
Center, NRBs have shown average total nitrogen in final effluent at ~ 8 mg-N L-1 over the last 1- 3.5
years, CCWT is facilitating the design and installation of 16 additional systems like these in order 1o
promulgate this technology for provisional and, eventually, general use in Suffolk County. The pervasive
use of this technology would have a significant impact on the water enviranment. Ta that end, COWT
has hired a PE to complete the survey, soil boring, site assessment, deslgn and permit application, which
has been submitted for approval by Suffolk County Dept of Health Services (SCDHS).

3. Project Description

3a. Existing conditions of applicable groundwater/sub-watershed /waterbody and most recent and
relevant data avallable (provide sources).

Mashashimuet Park Is located In a highest priority water quality Improvement zone. The Park Manager
Residence, s located within 250 feet, and the Rental Residence s located within 1000, of Otter Pond, a
tributary of the Upper Sag Harbor Cove, which has been subject to repeated episodes of low DO and
blaoms of harmful algal blooms over the past several years. The Suffelk County Subwatersheds plan
demonstrated that the homes within Mashashimuet Park are within the Sag Harbor Cove watershed,

During the past slx years, a series of impairments (measurements below state or federal guidance
values) have been observed within Sag Harbor Cove. Hypoxia (dissolved oxygen < 3 mg L-1) and anoxla
(0.5 mg L-1) were observed In Upper Sag Harbor Cove, and, to a lesser extent, within 5ag Harbor Cove,
Water clarity at most stations was < 2 meters during summer and sometimes < 1 meter within Upper
5ag Harbor Cove.

Lavels of algae (chlorophyll a) were always above the EPA ideal value of § jg L-1 and at times excesded
the maximal guidance value of 20 pg L-1 in Upper Sag Harbor Cove. High levels of the ichthyotoxic rust
tide algae, Cochlodinium, were detected annually within Upper 5ag Harbor Cove. The Paconic Estuary
has a target total N level of 0.4 mg L-1 and this level was occasionally exceeded in Sag Harbor Cove.
Experiments pérformed during bath summers demonstrated that nitrogen was clearly the slement
limiting the growth of algae In Sag Harbor Cove and Upper 5ag Harbor Cove,

Nitrogen loading analyses indicated that septic tanks and cesspools were the strongest source of N for
both the Cove and the Harbor, representing 70 and 90% of the total load, respectively. Given the abllity
of M to increase phytoplankton biomass, the exceedance of guidance values for total N, algae, and water
clarity, and the occurrences of harmful rust tides that are promoted by excessive N, reductions in N

pE. 3



Nitragen Reducing Biofilter for Residences at Mashashimuet Park, Sag Harbor

Ipading across the region are warranted. Glven that the overwhelming majority of N entering this region
emanates from onsite septic systems, upgrading these systems would be the most effective approaches.

1b. How the proposed solution addresses the Issue In the context of Reductlon, Remediation and/or
Restoratlon as per the CPF Water Quality Project Plan, Note all remediation and restoration projects
must assure that reduction measures are also addressed.

NRB's have demonstrated the capacity to remove = 80% of nitrogen (N} from most residential
wastewater influent, Using median values of 60 mg- nitrogen (N) L-1 in septic tank effluent (Lowe et al
2007) and an estimated average daily generation of 100 gallons of wastewater per person, these two
NAB installations will save ~ 73 Ibs of N annually from leaching to groundwater at sites very close to
Otter Pond,

3c. Describe the proposed technology and its demonstrated efficacy In simllar settings. May Include
published data.

The proposed technology treats N in wastewater with a very simple but effective configuration. Aside
fram ane pump which assures dosed pulsing to a distribution system (Geomat or Inflltrator) overlaying a
drainfield, wastewater flows are entirely gravity-driven and treatment occurs as wastewater simply
percolates down thru the layers of sand and sand/woodchip. Agueous ammanium is nitrified with
oxygen in the sand bed and then the water drips down Into the anoxlc sand/lignocellulose layer where
the resulting nitrates are denitrifled.

Based on ~ 3.5 years of monitaring 3 variations of the basic NRB design (lined NRB with saturated
woadchip biofilter; sand bed with woodchip box and unlined NRB) at Massachusetts Alternate Septic
System Test Center, each system has averaged total nitrogen (TN} of ~ 8 mg-N L-1 in final effluent at
recommended loading rates compared with ~ 43 mg-N L-1 in septic tank effluent. Results from these 3
NRB designs under Suffolk County’s Article 19 Septic Permitting program Installed during the past 2
years have produced average TN in final effluent of 13.8 (lined n=3), 5.6 (woodchip box n=1) and 5.1
{unlined n=2). (see charts 1 & 2, slightly older data set). The higher average TN in the final effluent of the

pg. 4



Nltrﬂgrn HLdUﬂ'lﬂg Biafilter for Residencoes at Mashashimuot Park, Sag Harbor

lined system (still far below Article 19 regulatory limit of 19 mg-N L) arises from one unit receiving
influent with highly elevated N concentrations {~ 200 mg- N L)

159 1 w066 Glsqd (10/16- 7118) 119
1.0 Gfsq ft d (7/18- mns} :

101 7979

TN (mg- N L)
o o™

lined unlined

Chart 1. Results of increased wastewater loading rates at the Massachusetts Alternative Septic System
Test Center. The NYS Center for Clean Water Technology recommends slzing for NRB at loading rates of
1.0 G f-2 d-1 for lined and woodchip box systems and 0.75 G 1-2 d-1 based on results fram installations
in suffelk County.
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Chart 2, Total nitrogen In influent (left bar) and final effluent (Fight bar) from installations in Suffolk
County since incaption (between April 2018 and August 2019,

3d. How the project supports Town of Southampten, Suffolk County, NYSDEC, Long Island Nitrogen
Action Plan {LINAP) or other adopted goals/policles (provide references with pages numbers).
Aslde from the Immediate reduction in N loadings to local groundwater and Otter Pand, the primary
benefit to Southampton estuaries is in advancing NRB technology under Suffolk County's Article 19

Pg. 5



Nitrogen Reducing Biofllter for Residences at Mashashimuot Park, Sag Harbor

septic permitting program from Experimental to Pilot and then Provisional phase testing, a critical step
to general use status on Long Island. The benefit to water quality Is expected because the N removal
efficiency of NRBs represents a substantial Improvement over levels achieved in 2019 by commercial
systems provisionally approved by Suffolk County which averaged 15 mg-N L-1.

4, Water Quality Banefit

4a. ldentify Nitrogen, Pathegen or Pollutant of Concern (POC) Including Existing Conditlon and Target
Reduction.

Mitrogen has led to the degradation of salt marshes, which provides buffering against storm surges. High
nitrogen levels lead to algal blooms. (Gobler et al.,, 2004, 2011). MRBs will provide Nitrogen reduction
fram residential wastewater by B0% or greater.

Attachment 7 (Gobler, ASSESSMENT OF WATER QUALITY IN MARINE WATERS SURROUNDING 5AG
HARBOR VILLAGE, 2018-2019, page 33 and fig 5.3), shows that within Sag Harbor Cove alone,
cesspools/septic systems and atmospheric deposition contribute 13,500 kg N per year and 2,100 kg N
per year, respectively.

4b. Describe plans for collecting and reporting on water quality over time.

SCOHS Article 19 regulations for reporting nitrogen levels are required. In addition, the NYS Center for
Clean Water Technology will monitor wastewater analytes In the final effluent of these systems once
installation Is complete and report results to the public broadly Including to SC DHS, NYS DEC and as part
of designed based articles in engineering journals. Wastewater analytes will Include Total Kjeldah
Nitrogen, ammanium, nitrate/nitrite, cBODS, alkalinity, DO, pH, and temperature (final effluent and alr),
which will be measured on site. The Center has over four years experience collecting and measuring
thedse analytes; its labs are certifled by the NYS Environmental Laboratory Assessment Program (ELAP)
for these analytes.

de, Indieate usaful life of proposed technology (must meet or exceed five yoars).

The useful life is greater than 15 years. Published articles In sclentific journals (e.g., Robertson, Logan &
Lombardo 2008; Groundwater Monitoring & Remediation 28) indicate woodchips continue to provide
carbon for nitrate removal for at least 15 years; anecdotal evidence suggests woodchips may continue
to pravide carbon for nitrate removal for decades beyond, The other components of the systems have
been widely In use across the Unites States for decades.

5. COST FACTORS

Sa. Explain how you have confirmad that the proposed budget is reasonable, appropriate and
nacessary. If available, provide third party estimates or other documentation of how costs were
determined.

The proposed itemized budget was based on actual costs for installed NRBs aeross Suffolk County and
prepared by, Tom O Dhavyier of Homepart Engineering, an independent professional engineer, His cost
estimate for each site is provided In Section H (you need to double it for two sites). Total project cost
would be 595,966, Of that amount, 533,066 In matching funds would be provided by NYS COWT. We
are requesting 562,900 from the CPF.

5b. Describe any matching funds to be provided.

Matching funds are broken out in a separate sheet below. COWT has pald 514,400 for upfront design
fees for the survey, soll boring, utility location, site evaluation and project design by the professional
engineer already.

pg. 6



Nitrogen Reducing Biofilter for Residences at Mashashimuet Park, Sag Harbor

Also, COWT will be contributing 518,666 in services for project management, monitoring services
including collection and field sampling, lab costs (511,160), analysls, and reporting services as in-kind
matching funds, CCWT's lab Is NY5 ELAP certified for measurement of wastewater analytes,

5¢. Explain: i. Why project cannot proceed and Intended benefits cannot be achleved without external
funding. And Ii. If funds are awarded at a lower level than requested, or if there are cost overruns,
axplain how the project will proceed,

Grants through the Suffolk County SIF and NYS are not eligible untll the I/A process achleves Article 19
Provislonal Phase approval, In order to gain SCOHS acceptance, eight pilot systems must be installed and
operated for at least 2 years. The NYSDEC grant to CCWT does not provide sufficlent funds to install that
many I/A systems. PRASH does not have the funds to make up for lower levels than requested, The
CCWT would have to cover cost overruns out of the NYSDEC grants.

6. MANAGEMENT, EXPERIENCE, ABILITY

Ba. Describe applicant’s experience in completing similar projects.

NYS Center for Clean Water Technology at Stony Brook University was founded by NY Governor Andrew
Cuomao In 2015 to promote technologies to reduce residential nitrogen Inputs to groundwater and
maring ecosystems. Since inception, COWT has facllitated the installation of 7 onsite, residential
wastewater treatment systems (Nitrogen Removing Biofilters) at locations aeross Suffolk County. To
advance its designs to the pilot phase of 5C Department of Health Services (5€ DHS) Article 19
permitting process, CCWT plans to Install 16 additional systems, These installations have all be
completed within several days and each design is exceeding Article 19 requirements. There have been
no instances of hydraulic or operating problems.

COWT has hired Tom O'Dwyer, PE, with Homeport Engineering to evaluate the sites, design the system,
estimate the budget, submit the parmit application, and make sure the system is properly Installed,

6b. Describe community support or opposition to project. If there is opposition, explain how this is to

be addrossed,

There is na known opposition for these specific projects at this time, Community support for OWTS's is
well established, Community opposition to the Subwatershed Plan is largely about expense. By showing
the community how to install this technology, we hope to mitigate some of that expense,

&6¢, Describe any permits needed and time frame/status of approvals. If permits are approved,
indicate same,

SCOHS Article 19 compliance is required., SCDHS permitting |s under way using the design by P.E Tom
O'Dwyer. Approval Is expected within several weeks,

7. MAINTENANCE, MONITORING, EVALUATION Estimate ongoing malntenance costs and explain how
these will be supported. Explain stewardship and monitoring activities planned for ensuring
sustainabllity of the project.

PRASH (Owner) will budget for ongoing maintenance and Article 18 reporting compliance by a licensed
service provider. CCOWT will monitor the performance of the system for research purposes,

8. DURATION OF PROJECT

pg. /



Nitrogen Reducing Biofilter for Residences at Mashashimuet Park, Sag Harbor

a, Pravide a projected project timeline. Note: The Committee will only make recommandations for
shovel-ready projects that ean commence this fiscal year.

Project will be shovel-ready. COWT has already funded land survey, a professional engineer has been
engaged, design drawings and 5C DH5 permit application are in process. Upon funding, construction will
take 5-7 days, CCWT will then commence monitoring wastewater effluent for 24 months.

Bb. If project Is multl-year or phased, provide a breakdown of budget and milestones for each year
and phase.

Mot Phased.

CCWT will monitor the site, collect and analyze samples, and report results for 24 months after
construction as part of matching funds.
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Nitrogen Reducing Biofilter for Residences at Mashashimuet Park, Sag Harbor

COMMURITY PRESERVATION FUND(CPF)
WATER QUALITY IMPROVEMENT PROGRAM
BUDGET PROPOSAL
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Nitrogen Reducing Biofiltar for Residences at Mashashimuet Park, Sag Harbor
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Nitrogen Reducing Biofilter for Residences at Mashashimuet Park, Sag Harbor

In kind Contribution Schadule
NYS Centaer for Clean Water Technology
Analytical Services: cost’sample mo. samples duration {mo)
NH4+ $20 3 12 $720.00
NO3-/NO2- $12 2 12 $288.00
NO2- $12 1 12 $144.00
TkN 528 a 12 $1,008.00
Alkalinity 316 3 12 $640.00
BODS $30 2 12 £720.00
TOC $80 2 12 $1,920.00
TSS $20 1 12 $240.00
PO43- 520 0 0 $0.00
1.4 dioxana 5200 0 0 $0.00
Sampling & Analical Services per site $5,580.00
Sites per project 2
Subtotal Analytical costafyr $11,160.00
hours hourly rate
Wastewater Analyst Analysis & Reporting 12 $35.79 $429.51
Field Technician 96 $25.76 $2472.92
SubTotal Monitoring Laborfyr $2,902.43
Subtotal Monitoring Costs $14,062.43
Managemant & Installation Oversight hours hourly rate
Project Manager  pre- installation select & coor a2 $6237 $1875.73
installation (on-site inspection 32 $5237 3167573
Analysis & reporting 12 $62.37 $628.40
Administrator administrative 12 $52.00 %624.00
SubTotal Managemant and Admin Costs $4 603,87
Total NYS CCWT $18,666.30
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D. Project Schedule (subject to performance by third parties)

B/7/20 - Review completed Design from Homeport Engineers

8/14/20 - Submit permit application to Suffolk County Dept of Health Services
8/30/20 — Receive SCDHS Permit

10/15/20 - Receive notice of CPF grant award

11/15/20 — Complete contract for CPF funding

11/16/20 = Put out RFP to installers

12/1/20 - Begin Construction

12/8/20 — Complete Construction

Meonthly after that for 24 months, CCWT to monitor site, collect samples, lab
analyze samples, produce reports.
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E. Location Map, Location of sites within the park
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Fark
Manager's
Residence
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Nitragon Reducing Biofiltar for Residences at Mashashimueat Park, Sag Harbor

Photo of Park Manager's Residence and first site where NRB will be located (right
of sidewalk)

Photo of Rental Residence and second site where NRB will be located (left of
fence)

PE. 15
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PE's Design of Park Manager's Residence Site PE's Design of Rental Residence
(Wast) Site
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G. Dr Christophar Gobler, ASSESSMENT OF WATER QUALITY IN MARINE
WATERS SURROUNDING SAG HARBOR VILLAGE, 2018-2019, pg 1

EXECUTIVE SUMMARY

Sag Harbor is a village of historic significance and a popular reglonal destination, During the past decade,
there has been Increasing concern regarding water quality on eastern Long Island and in 2012, Sag
Harbor Cove experienced shellfizh bed closures due a bloom of the toxic dinoflagellate, Alexandriuirm.
This two-year study was initiated in 2018 to: 1. Assess water quality across Sag Harbor and Sag Harbar
Cove, 2. To identify causes of water quality impalrment, and 3. To identify managerial actions that could
be taken to improve water quality. While the majority of samples collected In 2018 and 2019 displayed
pood water quality, a series of impalrments (measurements below state or federal guldance values)
during each summer was also observed, Hypoxia (dissolvad oxygen < 3 mg L-1) and anoxia (<0.5 mg L-1)
were observed both years in Upper Sag Harbor Cove, and, to a lesser extent, within Sag Harbor Cove and
the inner harbor, Water clarity at most stations was < 2 meters during summer and sometimes < 1
mater within Lipper 5ag Harbor Cove. Levels of algae (chlarophyll a) were always above the EPA deal
value of 5 ug L-1 and at times exceeded the maximal guldance value of 20 pg L-1 In Upper Sag Harbor
Cove and Otter Pond. While levels of harmful algal blooms caused by Alexandrium and Dinophysis never
rose to a level of concern elther year, high levels of the ichthyotoxic rust tide algae, Cochlodinium, were
detected both years in Upper Sag Harbor Cove and In the inner harbor in 2019. The Peconic Estuary has
a target total N level of 0.4 mg L-1 and this level was occasionally excesded in Otter Pand, the inner
harbor, and at Haven's Beach. Experiments perfarmed during both summers demonstrated that
nitrogen was clearly the element limiting the growth of algae In Sag Harbor Cove and Upper Sag Harbor
Cove, Levels of fecal coliform bacteria exceeded guldance values for shellfishing on occasion In Otter
Pond, the inner harbor, and at Haven's Beach, with the later location being open to shelifishing.
Microbial source tracking revealed the sources of fecal bacteria differed by time and location and
primarlly Included dogs, small mammals, humans, and birds, The human signal was strongest within the
Inner harbor, while dogs, small mammals, and birds were strongest for Otter Pand and Haven's Beach,
Sediment surveys revealed the presence of thick and arganie rich muds in Upper Sag Harbor Cove as
will a8 isolated regions in the Cove and Inner harbor. Nitrogen loading analyses Indicated that septic
tanks and cesspools were the strongest source of N for both the Cove and the Harbor, representing 70
and 50% of the total load, respectively. Given the ability of N to increase phytoplankion biomass, the
axceedance of guldance values for total N, algae, and water clarity, and the accurrences of harmful rust
tides that are promoted by excessive N, reductions in N loading across the region are warranted. Glven
the that averwhelming majority of N entering this reglon emanates from onsite septic systems,
upgrading these systems and/or connecting homes to the sewage treatment plant would be the most
effective approaches. While a more fine-scale study of pathogenic bacteria may be needed to optimize
remedial approaches, minimizing or rerouting surface discharge of water from the Haven's Beach sump
or Otter Pond may be effective management approaches,
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H. Cost estimate by Tom O'Dwyer, PE, Homeport Engineering

HCMEPORT

ENGINEERING PC.

PO BOX 1111 SETALUCED MY DN s (A0 -0 w TORASH DAL DR TING T ORS C0RA

July ¥, 2020

Dr. Staurt Waugh
Stony Brook Universty
Center lor Cleon Waler Technology

RE: Residential NRB Piot System - Moshashimuet Pork. 5og Horbor MY, Corelaker Home
Preliminary Sile Evalualion and Feasibility Study lor NRE Pilal Syslem al Carelaker Home

This report has been prepared by Thomas O'Dwyer, PE. of HomePor Engineerng, PC, Thomas has
practiced o3 a lcented Envirornmental Engineer lor 7 year: and it experenced within the indusiries of
Erviranmanial Engineenng, Waostewater Trealment, Onsle Wastewater Technology and SCOHS IfA OWTS

Detign.
Symmary/Recommended NRB Svslem:

It i3 the Engineer's opnion that a Lned NEB plot smatem is feasible for this property. There & omple space
of this property and there is opprodmalely 1 &leot separalion to groundwaler, The hame appearn: o be
vied a: a ful-lime residence by the park carelaker and his fomily. The watlewaler flow should be
conatlent with a slandord reddential dwesling.

Bawed on the preliminary site evolualion the Enginesr recommend: o d4-bedroom Lined NRB sylem
comprising of: 1250-gallon repfic tank. biolubs stlvent pumping syriem and ned MNEE woodship syilem
beaneath o pressunzed infilirolor aborplion bed sized al 443 5F. The final sifluent will drain io precast
concrele leaching pesls, The inlerer plumbing within the unfinithed basement will need to be modified
la locale the waslewaler pipe o the West dde of the bosement foundafion. Mole an unlined MEB
systern would also fit this locafion.

Exisling SHle Condilions

The exdsting property SCTMe 903-00502-004.001 localed at 2 Jerman Ave in Sag Harbor is owned by the
Park & Recreation Amocialion of 3og Harbor. The property is 41 27 ocores in size and is used a3 o Vilage
Park, Thete are numerou: building: throughou! the properly which all operale with individual onsite
waitewaler disposal syalems teplic systerms and cexpools). The overall propery would be clesifed a2
commercial use per SCOHS. The individual carelaker hame which iz the locus of this study would be
clauified a: retidential ute,

The Carelaker home localed on the Norh end ol the propary is Being evaluated i o palential le lo

plat the NRB woodehip tephic splem which i3 being developed by the Center for Clean Waler

"l:n"ﬂhmlnnr This d-bedmeom home/bulding i cocupied full-ime by the pork ronger / coretoker and kis
Y.

The properly was evaluoted by the Enginesr on Wednesdoy July 19, 2020 and was accompanied by
represantatives from the Center for Clean Waoler Techralogy.
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Ediling Hame: Carelaker hame, accupied full ime by carelaker and family, 4-bedroars latal, Resdential
type wastewater flow calculoted ot 440 GPD.

Existing Woslewaler Swater: The Cospool it located appradmaltely 25' +/- 1o the Nerth of the home
towarnds Jermain Ave. The coupasl it lecaled on a fairly tleep tiope. The ceupoal e and carskuction
tyvps Lo, precatt va block i3 urknown al ik Bre,

Esdihng Waler Soutcs: Puble waler tarvice pipe enlen the front of the home from Jermain Ave.

Eziting Sile Ulifas: Overhsad slacincal ufility from Jermain Avanue, Posible buned electncal and rince
ulilitiss rom homa io garage. The garags i a dry bulding vath no balrvoom facllliss. Pubic vateriervice
anten tha frant of home, the woste pipe leave: the front of home. The home has an unfinished bozsment,
waste plumnbing s occeuible and can be relocoted o necesary o 1 leaves the Weait dde ol home
lowards a betier sie localion for the proposed NRB syatemn.

ﬂm&mﬁmﬂjmﬁulﬁmxmlmh wasle pipe leaves Ihe lrant of hame Bul there iz a
sleep slope in the front yard h walld moet work lor e NRB. The waler tervice anlars the hoyie wilh a
Mool separation to the culgaing waile pipe. Nate SCOHS minimum separation between e waler
iupply and wails pipe of extenar ol loundahan il 10-leal, The waile piping con be rerouted wihin the
bowement so thot it leoves ihe Soutweest comer of the batemen, this localion has a genller dops in the
grade and is wide open with plenty of usable space lor a Ined NRE syilem, The invert depth it salilactony
for a standord 1epiie lark.

ﬂﬂm Exiling 100D Amp iervice panel localed in the boisment. Thers it one open breaker
are roam 1o splil breakers a3 necasary,

ameunding Sle Uis: The areq turaunding the homes i mostly open grass lawn with o sidewalk and a few
wallered iree:. The open area o ihe Wesl of the home vwould be the bast locafion for the NER vystam,
The area has well defned diveways and wallwaoys, vehioular troffic should not be a problem.

lopography, The ferain i doped from the homs down towards Jerman Ave and bevond te Oller Pand.
The home is ioocoled of roughly slevalion 225", The wesl dde of ihe prepery kol gentle depe lrem Easl
to West, the area of ihe proposed HRE it around elevation 20' +/-, The adiacent pond [Otter pand) is
around elevation §' 4/~ The pond i locoled acrous Jermain Ave 10 il i lkely narqudsdicteanal fer DEC
walland requrementi. The Pond iz locoled opproximately 125 o the Horth of the home. [nole slevalion:
bared on Sulfolk Counly GIS maps).

20l Tvpe: The area s known fo be moslly good sand and drainage from experience with ather te:l holes
token in the area lor other /A OWTS design:. We anlicipale goad ol and groundwaler teibacks for final
dispozal wilh precatt conciete leaching siruciumes.

: The palenlial MRE sle & lbcoled ol slevalion 20 +/- The groundwaler iz
anlcipaled lo be argund slevabon 54/ per USEE grourdwaler dala mapes There it enough
greurdvaler sepanation for Bath o Ined or unlined MEB syslem,

Pobentigl HRA Localion: The grasy area with o genlle dope fo the West of the corefoker home o good
lecation for the NRB salem. The area s mostly open with o ddewalk and a few small irees. Thee does
not oppear to be any vehioular fralfic in this area olher thon grow cutting. This gie wil il Boih o ined o
unlined NRB sysfem. This would be on ideal iocalion e pilol ke ined HREB syilem willh o gravily lssshing

yslem.

: Thets is fo sile turvey avalable fof 1his property, The overall property
i d1+ oores in sze. A full properly survey s nol practicol or cost effeclive. A localized spol wvey willh
elevalions and ufiily mar-ouls surounding this heme woluld be tha mail cosl effective approachas long
at it meels SCOHS review dandards lor & cesposl replacement prajeet [ne conslructian). Olher die

oo | 2
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inlarmalian reguired for SCDHS wanitary syelem design includes: ulily mark-out and ol bonng el hols
fram the propoted NEES lbealion,

Machne Acces Maehine acces it avalable kom the diveway o smounding site,
Rough Cosl Esfimate (approximae +/-)

Design Fees;

Prefiminary inspection: $1000.

Erginearng Desugn: 33500 +/-

Spol Survey: $2500 +/- [anuming hull survey iz not necesary)

Test Hole / Soil Bardng: $500 +/-

Lined HER Materncl Cosk:

1250 Galon Concrale Saptc Tank w/ balile, ftern, covern ond ocoesoress: 2000 +/-
Simplex Biotube Efffuent Pumping Syatem and Contral: 33000 +/=

Geomalix of Infillraler Leaching System Companent: and Piging: 52500 +/-

NRB Liner: 31500 +/-

£-33 Sand: 37 yards +/- @ $35/yard [varable): $1300 +/-

Ya=Inch Woadchips: 13 yards +/- @ $332/yord [vanoble): 3420 +/-

Freca:! Leaching Pools: $1500

Fan Lysimeten: TRD*

Lonstryction Costy:

Becommissoning and Pumping of Bxtling Ceuposl: $1500 +/-

Licamned Bectician $2000 +/-

Intedar Plurbing Madificabons: $1500 +/-

Extra Grading. Import and Export of Fil: TRD but Fkely minimal.

3 Day: Contraclor Canstruction, Labar, Mebilzation, Demoblzation, equipment cost: $15.000 +/-.
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I. Letter of intent by Owner
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Nitrogen Reducing Biofilter for Residences at Mashashimuet Park, Sag Harbor

J. Pollutant Loads In lieu of a STEPL calculation

CCWT used a Nitrogen Loading Model {NLM) described in Bowen, et al (2007) as described in
Attachment 7, section 5.2.2, of that paper. This method has recently been used by Suffolk
County, Inputs for the model are presented in Table 5.1 of that attachment.

That model shows very strong correlation to actual measurements and that within Sag Harbor

Cove, cesspools/septic systems and atmospheric deposition contribute the highest nitrogen
loads (~13,500 and ~2,100 kg N per year, respectively; Fig. 5.3.)
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L. Dr Christopher Gobler, ASSESSMENT OF WATER QUALITY IN MARINE
WATERS SURROUNDING SAG HARBOR VILLAGE, 2018-2019 — Full Report
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EXECUTIVE SUMMARY

Sag Harbor i a village of historic significance and a popular regional destination. During
the past decade, there has been increasing concern regarding water quality on eastern Long Island
and in 2012, Sag Harbor Cove experienced shellfish bed closures due a bloom of the toxic
dinoflagellate, Alexandrium, This two-year study was initiated in 2018 to: 1. Assess water quality
across Sag Harbor and Sag Harbor Cove, 2, To identify causes of water quality impairment, and
3. To identify managerial actions thut could be taken to improve water quality. While the majority
of samples collected in 2018 and 2019 displayed good water quality, & series of impairments
(measurements below state or federal guidance values) during each summer was also observed,
Hypoxia (dissolved oxygen < 3 mg L") and anoxia (<0.5 mg L") were observed both years in
Upper Sag Harbor Cove, and, to a lesser extent, within Sag Harbor Cove and the inner harbor,
Water clarity at most stations was < 2 meters during summer and sometimes < 1 meter within
Upper Sag Harbor Cove. Levels of algae (chlorophyll a) were always above the EPA ideal value
of 5 pg L' and at times exceeded the maximal guidance value of 20 pg L' in Upper Sag Harbor
Cove and Otter Pond. While levels of harmful algal blooms caused by Alexandrium and
Dinaphysis never rose to o level of concern either year, high levels of the ichthyotoxie rust tide
algae, Cochlodinium, were detected both years in Upper Sag Harbor Cove and in the inner harbor
in 2019. The Peconic Estuary has a target total N level of 0.4 mg L' and this level was occasionally
exceaded in Oter Pond, the inner hurhur, und at Haven's Beach, Experiments pl:rﬁ:rrm:d during
both summers demonstrated that nitrogen was clearly the element limiting the growth of algae in
Sag Harbor Cove and Upper Sag Harbor Cove. Levels of fecal coliform bacteria exceeded
guidance values for shellfishing on oecasion in Oter Pond, the inner harbor, and at Haven's Beach,
with the later location being open to shellfishing. Microbial source tracking revealed the sources
of fecal bacterin differed by time and location and primarily included dogs, small mammals,
humans, and birds, The human signal was strongest within the inner harbor, while dogs, small
mammals, and birds were strongest for Otter Pond and Haven's Beach. Sediment surveys revealed
the presence of thick and organic rich muds in Upper Sag Harbor Cove as well as isolated regions
in the Cove and inner harbor, Nitrogen loading annlyses indicated that septic tanks and cesspools
ware the strongest source of N for both the Cove and the Harbor, representing 70 and 90% of the
total load, respectively. Given the ability of M to incrense phytoplankton biomass, the exceedance
of guldan-:s values for total N, ilgae, and waler uluril}', and the occurrences of harmful rust tides
that are promoted by excessive N, reductions in N loading across the region are warranted, Given
the that overwhelming majority of N entering this region emanates from onsite seplic systems,
upgrading these systems and/or connecting homes to the sewage treatment plant would be the most
effective approaches. While a more fine-scale study of pathogenic bacleria may be needed to
optimize remedial approaches, minimizing or rerouting surface discharge of water from the
Haven's Beach sump or Otter Pond may be effective management approaches.



1. WATER QUALITY

1.1, Background

Over an annual cyele, a serles of parameters central to the functioning of Sag Harbor were
carefully monitored. Sampling was frequent during months of high recreational use and known
water quality problems (summer, fall) and less frequent at other times. Discrete samples were
collected to measure temperature, salinity, dissolved oxygen, pH, phytoplankion biomass, levels
of multiple species of harmful slgae, bacterinl contumination (see Chapier 3: Microbial Source
Tracking), nitrogen levels, and phosphorus levels, These measurements characterize the basic
condition within Sag Harbor as well as the extent of some of the alrendy known problems with
n‘:gurd L algar_-, bacterial nunmrninu.tinn, and nutrients [nilmg:n and phn:iphuru:i}.

Blooms of the dinoflagellate Alexandrium are common to coastal regions around the world
and are particularly harmful because they produce saxitoxing, the sulte of toxing that cause the
potentinlly fatal human health syndrome, paralytic shellfish poisoning (PSP; Anderson, [994;
Anderson, 1997; Van Dolah, 2000; Glibert et al., 2005). Alexandrfum blooms are especially
commaon along the northenst coast of the United States where they occur as both large-scale coastal
events (Anderson, 1997, Anderson et al., 2005a; Anderson et al., 2005b; Townsend et al., 2005)
as well as regional events in estuaries and coastal embayments (Anderson and Morel, 1979;
Anderson, 1997; Hattenrath et al., 2010). The presence of A, fundyense on Long Island was first
documentied during the early 1980's (Anderson et al., 1982; Schrey et al., 1984). At that time,
moderate densities of A. fundvense (=100 cells L'y were found on the north shore of Long Island
in Morthport Bay and Mattituck Inlet (Schrey et al,, 1984); these blooms, however, were not
associnted with PSP events (e.g. toxic shellfish or human illness; Anderson et al., 1982; Schrey et
al., 1984), NYSDEC marine bio-toxin monitoring program has also identified recent A, fundvense
blooms al two locations (Meetinghouse Creek and Sag Harbor Cove) in the Peconic Estuary,
Interestingly, these are their only two locations that are routinely monitored for bio=toxins in the
Peconic Estuary.

In contrast to PSP, diarrheic shellfish poisoning (DSP) is globally less common with
recurring cases primarily occurring In Europe and Southeast Asla (HallegraefT, 1993; Van Dolah,
2000}, Both, Prorocentrum lima and other bloom forming dinoflagellates of the Disophysis genus
have been implicated in DSP events and closures around the world (HallegraefY, 1993; Van Dolah,
2000; Reguern et al,, 2012). While over a decade of menitoring on Long Island showed that twelve
species of Dinaphysis were present ncross multiple harbors, cells densities were generally low
(<104 cells L") and toxic shellfish were not observed in these regions (Freudenthal and Jijina,
1988). During a recent investigation of Alexandrium in Northport Bay, NY (Hattenrath et al,,
2010y, Dinophysis densities were found at levels several orders of magnitude greater than those
reported by Freudenthal and Jijina (1988) over 25 years ago. Because A. fundyvense is apparently
within the Peconic Estuary system and the fact that recent investigations found Dimophysis



densities on the rise, a re=evaluation of DSP and comprehensive assessment of the spatial extent
of these organisms that cause PSP and DSP within the Peconie Estuary is warranted,

Rust tide caused by Cochlodinium polvkrikeides have become annual occurrences in many
temperate zones of the Northern Hemisphere (Gobler et al., 2008; Kudela et al., 2008; Kudela and
Gaobler, 2012) including Peconic Estuary (Griffith et al., 2019). While the alga does not pose a
threat to human health, it has been shown to cause mortality in finfish and shellfish at densities
exceeding 300 cells mL~' (Tang and Gobler, 2009; Kudeln and Gobler, 2012).

1.2 Methods

L.2.1. Continuous menitoring

Water quality parameters (temperature, dissolved oxvgen, salinity, chlorophyll a, and
phycoerythrin) were monitored continuously by use of monitoring sensors deployed by Stony
Brook University at Sag Harbor Bay (SAG 2; Fig. 1). Continuous data from this site was provided
as part of the Long Island Marine Monitoring Metwork of Stony Brook University. Data from the
buoy was collected vin use of Y51 EXO2 water quality sondes. Additionally, HOBO temperature
and dissolved oxygen loggers were deployed at SAG 3, 4, 5, and 6 to continuously monitor
temperatiire and dissolved oxygen.

122 Field sampling

Discrete field sampling occurred at all sites from spring until fall in 2018 and 2019 (Fig.
13, At each site, a Y51 handheld meter was used to take measurements of temperature, dissolved
oxygen, and salinity at the surface. Water samples were collected by use of | L bottles, which were
washed with 10% HC, liberally rinsed with deionized water prior to use, On site, a bucket or Yan
Darn bottle was lowered to the desired depth (0.5 m) and collected in the | L bottle. Once the
water was collected on=site, the sampling bottle was transferred and kept in a dark, cool container
{=5°C) until laboratory analyses could be performed within <6 hours of collection,

1.2.3. Quantification of chlorophyll a

Upon the return of water samples to the laboratory at Steny Brook Southampion, 100- 300
mlL of water from each site, in triplicate, were passed through a glass fiber filter (size GFF = pore
size = 0,7 pwm) within a filter tower, A vacuum pump was used to drain the water through the filter
tower, which was thoroughly rinsed with 0.2 pm filiered seawater. Upon complete filtration, filters
were removed, placed in scintillation vials, and frozen at -20°C until analysis could take place. For
analysis, 4 mL of 90% acetone was added to each scintillation vial and placed back in the freczer
for 24 h, After 24 h, 1,5 mL of sample was extracted and placed in a 1.8 mL glass scintillation vial.
Vials were placed into a Trilogy fluorometer for final analysis,



124, Quantification of harmful algal bloom species

Upon receiving water samples collected from feld sites, enumeration of Alexandrium
Jundyense, Dinophysis acuminata, and Cochlodinium  polvkrikoides was performed. For
Alexandrivm and Dinophysis, a concentrated (1 L) sample was preserved in acidie Lugol's solution
ut a final volume of 2% (v/v). To decrease the limit of detection of Alexandriim and Dinephysis
in water samples, concentrated water samples were made by sieving | L of seawater through a 200
pm mesh (1o eliminate large zooplankton) and then onto a 20 um sieve and backwashed into a 15
mL centrifuge tube. Alexandrium and Dinophysis concentrations were quantified as cells L. For
Cochlodinium, u whole water sample was preserved in acidic Lugol's solution, Cell densities for
all species were enumerated using a | mL Sedgewick-Rafter slide under n compound microscope,
Cochlodinium concentrations were quantified as cells mL",

1.2.5. Analysis of dissolved nutrienis

Upon the return of water samples Stony Brook Southampton, 20 mL ol seawater was
remaved from collection bottles from each site and filtered by passing the seawater through a pre-
combusted (4 h at 450°C) glass fiber filter (size GFF = pore size = 0.7 pm). Samples were collected
in duplicate, The filtrate was frozen in acid-washed scintillation vials for later analysis. The filtrate
was analyzed colorimetrically for nitrate (NO3?), ammonium (NH4"), and total nitrogen by a
QuikChem 8500 (Lachat Instruments) flow injection analysis system using methods for analysis
of nutrients highlighted by Parsons et al. (1984).

1.2.6. Water quality standards

For water quality parameters, there are various standards for marine waterbodies in New
York, According to the New York State Department of Environmental Conservation (NYSDEC),
dissolved oxygen concentrations are considered not conducive for aquatic life below 4.8 mg L
and should never fall below 3.0 mg L™, The NYSDEC and the National Oceanic and Atmospheric
Administration (NOAA) state that secchi disk depth, a proxy for water clarity, should be above
2.0 m. According to NOAA, the maximum concentration for chlorophyll # should be 20 ug L.
The NYSDEC establishes that pH values should not fall below 6.5 nor nbove 8.5 units, For harm ful
algal blooms, such as those caused by Alexandrium, Dinophysis, and Cochlodinium, standards for
what is considered a bloom varles by species. For Alexandrium, a bloom is generally classified as
densities at or exceeding 1,000 cells L', which is associated with paralytic shellfish poisoning
(PSP) events (Anderson, 1997, Hattenrath et al.,, 2010). For Dinophysis, a bloom is generally
classified as densitics at or exceeding 10,000 cells L', which has been associated with diarrhetic
shellfish poisoning (DD5P) events (Hattenrath-Lehmann et al., 2013). For Coclilodinium, the alga
does not pose a threat to human health but has been shown to cause mortality in finfish and shellfish
at densities at or exceeding 300 cells mL"', which is what would be considered a bloom for the
alga (Tang and Gobler, 2009), For total nitrogen, the Peconic Estuary guidance value is setm 0.4
mg L,



L3 Results

1.3.1. Continuous and discrete monitoring - 2018

During 2018, water temperatures in Sag Harbor Bay steadily increased throughout June
from —18°C at the beginning of the month to =21°C by the end (Fig. 1.2A). By the beginning of
luly, temperatures increased to ~24°C and remained at 24 — 25°C for the duration of the month.
This steady increase finally peaked at ~27°C on | 1-August-2018 (Fig. 1.2A}). For the rest of the
month, tempernture was ~24 — 26°C. Water temperatures began to decline by the beginning of
September, By |1-September-2018, temperatures declined to ~21°C, While there was a brief
increase to ~24°C by 19-5eptember-2018, temperatures declined to ~20°C by the end of the month
(Fig. 1.2A). Throughout October, temperatures continued to decrease from ~20°C on 1-October-
2018 to —~11°C by the end of the month (Fig. 1.2A).

Salinity values had little to no variation for the duration of June through October in 2018,
On average, salinity in Sag Harbor was =29 psu, with the highest and lowest values being 29.5 and
23.1 psu, respectively (Fig. 1.2B). For May through September, salinity was consistently above 28
psu at SAG Buoy, SAG 2 and 5AG 5 sites. At SAG 2 and 5AG 35, throughout October, salinity
decrensed to ~26 psu and remained at ~29 psu, respectively (Fig. 1.2B). At SAG 3, salinity was
consistently 26 ~ 28 psu from May through October, A similar trend occurred at SAG 4, except
from September and into October, when salinity increased to 29 psu (Fig, 1.2B). At SAG 1, salinity
was =27 psu during May but decreased to ~23 psu by the beginning of June, By the beginning of
July, salinity at the site increased to =29 psu, where it remained constant lowards the end of
October (Fig. 1.2B).

Dissolved oxygen levels during 2018 at the SAG Buoy and SAG 3 sites were consistently
5=7mglL" and 7=9mg L', respectively, throughout June, July, and August with little variation
in values between days (Fig, 1.2C), Throughout September at the SAG Buoy, there was a gradual
increase in levels to ~7.5 mg L™ by the end of the month (Fig. 1.2C). Levels declined to <7 mg L
'by 10-October-2018, but gradually increased to =8 mg L' by mid-October, where they remained
for the rest of the month (Fig. 1.2C). At SAG 3, dissolved oxygen levels were <5 mg L' for the
first half of September. However, throughout the rest of the month and October, concentrations
increased from ~6 mg L' to =10 mg L' (Fig. 1.2C). With some fuctuation, dissolved oxygen
concentrations were 6 — & mg L' at SAG 2 until mid-September, when concentrations increased
to =8 mg L™ (Fig. 1.2C). Dissolved oxygen at SAG 1 and SAG 5 was 7 -9 mg L' for May through
October. However, concentrations at SAG | and SAG 2 Increased to =10 mg L' during the second
half of October (Fig, 1.2C). At SAG 4, concentrations gradually decreased throughout the second
half of May and first half June from ~8 mg L' to <3 mg L', With some peaks (~6 mg L"),
concentrations remained <3 mg L”' throughout the rest of June and into the first half of July, For
several days during mid-July, concentrations were <1 mg L' (Fig. 1.2C). However, these levels
increased to ~2 =4 mg L' by the end of the month, With some variation, dissolved oxygen levels



gradually increased throughout August and September from -2 mg L' 10 ~6 mg L. However, by
mid-October, concentrations decreased to ~2 mg L' but returned to =6 mg L' by the end of the
month (Fig. 1.2C). According to the eriteria for dissolved oxygen established by the NYSDEC, all
sites, except for SAG 4, remained above the chronic (4.8 mg L") and acute (3.0 mg L") minimum
disgolved oxygen standard throughout 2018. From June through the first half of September,
dissolved oxygen concentrations at SAG 4 were consistently below the chronic minimum standard
and oftentimes below the acute minimum standard, Throughout the second half of September and
October, dissolved oxygen ot SAG 4 remained nbove the chronic minimum standard, except for
the middle of October (Fig. 1.2C),

With little variation, chlﬂruphy" a concentrations i‘.lurinﬂ 20018 were 5= 10 pg L at the
SAG Buoy throughout June and most of July (Fig. 1.2D2). At all other sites during May,
concentrations varied between 0 — 10 ug L' but all decreased to <5 pug L' by the beginning of
June and increased to 5— 10 g L' at SAG 1, 2, and 5, and ~12 g L' at SAG 3 and 4 (Fig. 1.2D).
Throughout July, chlorophyll & concentrations were 5 — 10 pg L' at the SAG Buoy, SAG |, and
SAG 5. During the same time period, concentrations were 10— 12 pg L™ at SAG 2, 3, and 4. By
the end of July, concentrations sharply increased to =20 ug L' at the SAG Buoy and SAG 4, 10—
12 pg L' ot SAG |, 2, and 3, and ~5 pg L' at SAG 5 (Fig. 1.2I3). On 26-August-2018 and 30-
August-2018, chlorophyll & concentrations peaked at ~23 and ~25 pg L' at the SAG Buoy before
dmmulng w 10 LE L by the hﬁginning of September, At all sites, with the exception of SAG 4,
concentrations were 3 pg L' or lower (Fig. 1.21). Concentrations remained <5 pg L' for the first
half of September at all sites and remained at that concentration for the remainder of September
and most of October (Fig. 1.2D). According to the maximum concentration for chlorophyll a (20
ug L") established by NOAA, all sites across 2018, except for SAG 4 during the beginning of
August and SAG 6 during several days at the end of July and end of August, remained below the
standard (Fig. 1.2D2).

During 2018, secchi disk depths at SAG | and 5 were consistently 0.1 m from the beginning
of June until the end of July (Fig. 1.3). At SAG 4, secchi depths were 1.5 m at the end of May but
decreased 10 0.1 m by the middle of June. From that point until the end of July, secchi depths were
0.1 m (Fig. 1.3). At 5AG 3, secehi depths were 1.1 — 1.2 m from the end of May until the beginning
of July. Secchi depths increased to 1.9 m by the middle of the month, decreased to 1.3 m by the
end of July and increased to 1.8 m by the end of August (Fig. 1.3). Secchi depths at SAG 2 were
3.0 m at the end of May, were 1.3 — 1.4 m during June, and decreased to 1.0 m by the middle of
July (Fig. 1.3). According to the minimum standard for secchi disk depths established by NOAA
and the NYSDEC (2.0 m), all measurements, except for SAG 2 at the end of May, were below the
minimum standard for the duration of summer 2018 (Fig. 1.3).



1.3.2, Continuous and diserete monitoring - 2019

Continuous water temperature messurements during 2019 from the Sag Harbor buoy (SAG
2} showed a gradual increase in the parameter throughout May and June from ~16°C to ~19°C
(Fig. 1.4). There was a significant increase in temperature during the end of June into the beginning
of July fram —19°C 1o <25°C. Temperature remaingd between 25 and 26°C throughout July and
peaked at 26.5°C on 2-August-2019 (Fig. 1.4), Temperature declined below 25°C throughout
August but had a brief peak towards the end of the month to ~26°C. Following this peak,
temperature has continued to decling into the beginning of September. From that point until the
beginning of December, temperature decreased to ~4°C (Fig. 1.4). Continuous measurcments
made at SAG 5 followed similar trends ns ot SAG 2 from early June through the beginning of
December (Fig. 1.4). Water temperature measurements made at SAG 3, 4, and 6 showed a similar
trend compared to the buoy at SAG 2 from the middle of June until the beginning of December.
However, for SAG 3 and 4 from the middle of June until the end of August, and for SAG 6 during
June, temperatures were geierally | — 2°C higher than at the buoy and peaked at ~30°C at the end
of July (Fig. 1.4).

Continuous dissolved oxygen concentrations at the telemetry buoy at SAG 2 during 2019
declined during the second half of May to the middle of July from =10 mg L' to 5.3 mg L, with
some variability. Throughout the rest of July, August, and the first half of September,
concentrations ranged between 5.5 and 7.2 mg L. From that point until the beginning of
December, dissolved oxygen gradually increased to ~11 mg L' (Fig. 1.5). There was much
variability in dissolved oxygen concentrations at SAG 3 from early June through the end of July,
with concentrations ranging from 6 16 9 mg L. There was a decline in concentrations to <6 mg L
"by the end of the first week of August. Throughout the rest of the month, concentrations incrensed
and generally ranged from 7 to 8.5 mg L. Throughout the first half of September, dissolved
oxygen concentrations decreased to ~1 — 2 mg L' but increased to ~10 mg L' by the end of
October, Throughout November and the beginning of December, concentrations ranged 6 — 10 mg
L' (Fig. 1.5). Continuous dissolved oxygen at SAG 4 varied between 7 and 10 mg L™ throughout
June. However, dissolved oxygen significantly declined throughout the first half of July to <1 mg
L ut the middle of the month. Throughout the rest of the month, dissolved oxygen increased to 4
— 6 mg L' but declined at the beginning of August. Throughout August and the first half of
September, concentrations were 2 — 4 mg L', During the second half of September, concentrations
were <2 mg L' but increased to 8 — 9 mg L' by the beginning of October. Throughout October,
concentrations ranged 8 — 10 mg L' (Fig. 1.5). At SAG 5, dissolved oxygen was ~7 to 8 mg L'
throughout June. However, during the first half of July, concentrations decreased 1o =5 mg L',
There was variability in measurements during the second half of the month, with concentrations
ranging from 4 — 6 mg L', While there was a slight increase to ~5.3 mg L' at the beginning of
August, dissolved oxygen decreased to ~2.6 mg L' towards the middle of the month. There was a
slight increase from this low value back to ~4 mg L' at the beginning of August and an increase
to~9 mg L' by the middle of the month, Throughout the rest of August and first half of September,



concentrations were 7 = 9 mg L' but u decrease to ~6 mg L' by the end of September (Fig. 1.5).
AlLSAG G during mid=-June to early July, dissolved oxygen concentrations ranged from 5,510 8.5
mg L. Dissolved oxygen measurements at the site followed a similar trend as that of the buoy
during the time in which measurements were made 15-August-2019 to 26-August=2019 (Fig, 1.5).
Continuous measurements show that dissolved oxygen at SAG 2 and 6 consistently remained
above the NYSDEC chronic and acute minimums (4.8 and 3.0 mg L', respeetively). At 5AG 3,
dissolved oxygen remained above the chronic minimum until the beginning of September. From
that point until the beginning of October, concentrations fell below the acute minimum but
increased nbove the chronic minimum by the middle of October and remained above this level
throughout the rest of the month and through the beginning of December (Fig. 1.5), At SAG 4,
concentrations were above the chronic minimum from the beginning of June through the beginning
of July. However, concentrations rapidly declined below the acute minimum by the middle of July,
briefly returned above the chronie minimum during the second half of July and decreased below
the acute minimum from the end of July through the end of September. While concentrations at
SAG 4 increased above the chronic minimum during October, concentrations were below the acute
minimum during the first half of November (Fig. 1.5). At 8AG 5, concentrations were above both
minimums from May through the end of July. Dissolved oxygen increased above the chronie
minimum during the beginning of October and remained at that level until the beginning of
December (Fig. 1.5). During the first half of August, concentrations decreased below the acute
minimum but increased above the chronic minimum by the middle of the month and remained
above it from September through the beginning of December (Fig, 1.5).

Continuous salinity measurements during 2019 increased from <25 psu o =27 psu during
the second half of May. Values ranged from 26.5 to 27.5 throughout June into early July (Fig. 1.6).
There was a significant decrease in salinity to 25 psu on 1-July-2019 but increased back to 27 psu
by the end of the first week of July. While salinity ranged from 26 to 27 psu throughou July,
vulues increased to and remained consistently at ~28 psu throughout August and the first half of
seplember, From that point until the beginning of December, salinity was ~29 psu (Fig. 1.6),

While continuous chlorophyll-a concentrations varied from week to week during 2019,
concentrations generally increased from -6 pg L' to ~10 pg L' from the middle of May to the
middle of June. Concentrations ranged from S5t 15 g LA throughout the rest of the second half
of June (Fig. 1.7). Concentrations were ~10 pg L' throughout the first half of July and ranged
from 20 to 30 pg L' during the second half of the month. Chlorophyll-a decreased to ~15 pg L'
during the first half of August and ranged from =8 to =17 g L*' during the second half of the
month, On 31-August-2019, concentrations significantly increased to =29 pg L' but decreased to
~10 pg L' during the first half of September (Fig. 1.7). From the middle of September until the
middle of November, concentrations decreased to ~2 pg L' but increased to ~7 ug L' by the
beginning of December (Fig. 1.7), From the end of May through the end of July, chlorophyll &
concentrations remained below the NOAA maximum for chlorophyll a (20 pg L"), During the



first week of August, concentrations increased above the maximum, decreased below the
maximum through the end of August, increased above the maximum at the beginning of
September, and remained below the maximum from September through the beginning of
December (Fig. 1.7).

Continuous phycoerythrin concentrations during 2019 inereased from ~10 pg L' to ~19
pg L' ot the end of May to the middle of June (Fig. 1.8). During the second half of June,
concentrations were varinble and ranged 10 to 25 pg L. Throughout July, concentrations were |5
— 16 pg L' by penked at ~46 pg 1! by the end of the month (Fig. 1.8), By the end of the first week
ol August, concentrations decreased to ~25 pg L and ranged from ~14 = 29 ug L throughout
the rest of the month. Concentrations peaked onee more at —43 pg L' on 31-August=2019 but
gradually decreased to 5 pg L' by the middle of November, From that point until the beginning
of December, concentrations increased to ~15 pug L™ (Fig. 1.8).

Continuous pH measurements during 2019 showed a decrease from ~7.9 on 21-May-2019
to ~7.8 by the end of the month. Throughout June and the first half of July, pH ranged between 7.7
and 7.8, Throughout the second half of July, August, and the first half of September, pH varied
week to week but generally ranged from 7.8 to 7.9 (Fig. 1.9). From the middle of September until
the beginning of December, pH increased to ~8,2 (Fig. 1.9). The NYSDEC criteria for pH show
that Sag Harbor falls well within the upper (8.5) and lower (6.5) limits for pH (Fig, 1.9).

During 2019, discrete surface water temperatures were consistent throughout all stations,
On 9-April-2019 and 22-April-2019, temperatures were ~11-12°C and ~14-15°C, respectively. On
9-May-2019, 31-May-2019, and 5-June-2019, temperatures were 13-15°C, 16-17°C, and ~18°C,
respectively (Fig. 1. 10A). Throughout June and the beginning of July, temperatures increased (o
22.25°C ot all stations. On 12-July-2019 and 17-July-2019, temperatures at all station, except for
SAG 6, was ~25°C, At SAG 6, surface temperatures were 28-30°C on 12-July-2019 and 1 7-July-
2019. On 31-July=2019, surface temperatures were ~25°C at SAG |, 2, and 5, ~28°C at SAG 3,
=30°C at SAG 4, and 31°C at SAG 6 (Fig. 1.10A). Surface temperatures at all stations were 24-
26"C on 15-August-2019 and 23-25°C throughout the second half of August and the first half of
September. The only exception was SAG 6, where the temperature was —=27°C on 26=August=2019
(Fig. 1.10A). During the second hall of September through the end of October, lemperatures
decreased 1o <15°C (Fig. 1.10A). Bottom water temperatures al SAG 2 and 3 gradually increased
from = 0°C during the beginning of April to 26°C at the end of July. From that point on and into
the first half of September, bottom temperatures steadily decreased to ~20°C. A similar trend was
observed at SAG4, However, bottom temperatures at that station peaked at 29°C before the end of
July before steadily decreasing to ~20°C by the end of the first half of September. Bottom
temperatures were only recorded at SAG 6A during the first half of September, which were ~24°C
(Fig, 1.10B). During the second half of September through the end of October, temperatures
decreased to ~14°C (Fig. 1.108),



In 2019, discrete surface dissolved oxygen concentrations were high (8 — 12 mg L) at all
stations throughout April and into the first half of May (Fig. 1.11A). Concentrations decreased to
~6mg L' at SAG 2, 3, and 4 into the first halfl of June. At these sites, dissolved oxygen remained
6 — & mg L' throughout June, July, August, September, and October. The only exception to this
trend was SAG 4, which had a concentration of ~10 mg L' on 31-July-2019 (Fig. 1.11A).
Dissolved oxygen at SAG | varied throughout the spring and summer but were generally 7 < 10
mg L throughout. At SAG 5, dissolved oxygen was =10 mg L*' throughout April, May, and the
first half of June. However, concentrations decreased to ~7.5 mg L' by the end of June and
remained = 6 mg L' throughout July, August, September, and October (Fig. 1.11A). There was
variability in dissolved oxygen concentrations at SAG 6. Concentrations increased from 8 mg L
" at the beginning of June to =16 mg L' by the middle of July. Concentrations significantly
decrensed to <5 mg L' by the middle of August. Despite a significant increase in concentrations
to ~16 mg L' at the end of August, concentrations fell to ~7 mg L™ by the middle of September
and remained at those levels throughout October (Fig, 1.11A), Bottom dissolved oxygen
concentrations started high (~10 mg L") during the first half of April at SAG2, 3, and 4 but
gmdunlly decreased 1o 5 - 6 mg Lt by the middle of June (Fig. 1.118). Concentrations sl SAG2
continued to decrease to ~4 mg L' by the middle of July and remained consistently ~4 — 6 mg 1.
throughout July, August, and the first half of September. During the second hall of September
through October, concentrations increased to ~8 mg L™ (Fig. 1.11B). At SAG 3, concentrations
increased from ~5 mg L' during the middle of July to 6 = 7 mg L' during August, September, and
October (Fig. 1.11B). At SAG 4, concentrations increased from ~5 mg L' during the middle of
June to ~9 mg L' at the end of July. Concentrations fell to 3.5 mg L' by the middle of August but
increased above 6 mg L' throughout the rest of the month, September, and October (Fig. 1.1 11)
Contrary to continuous measurements of dissolved oxygen, discrete sampling of surface dissolved
oxygen showed that concentrations were above the NYSDEC chronic and acute minimums for
dissolved oxygen throughout 2019 (Fig. 1.11A). Bottom dissolved oxygen concentrations fell
below the chronic minimum sporadically at all siies throughout summer 2019 but never fell below
the ncute minimum (Fig. 1.11B).

Discrete surface salinity was consistently 25-28 psu at SAGI, 2, 2A, 3, and 5 throughout
April through the end of October, The only exception was significant but temporary decline in
salinity at SAG 1 on 31-July-2019 and 21-October-2019 to ~17 - 18 psu (Fig, 1.12A), At SAG 4,
surface salinity was congistently =25 psu from April until the end of October (Fig. 1.12A), AtSAG
6, surface salinity was <20-21 psu throughout the end of May until the end of the first half of July,
Salinity decreased to ~16 psu on 31-July-2019 but gradually increased to ~20-21 psu throughout
August and by the end of October (Fig. 1.12A). Surface salinity was <21 psu during September
and October at SAG 6A (Fig. 1.12A). Bottom salinity at SAG 2, 3, and 4 was consistently ~25-27
from April through the end of October, At SAG 6A, bottom salinity was ~25 during September
and October (Fig, 1.12B).



Secchi disk depth during 2019 at SAG 2 was ~3.5 m throughout April but decreased below
2.0 m by the end of May, Secchi depths were consistently 1.0-1.2 m throughout June, July, and
the first half of August, Secchi depths increased to ~1.5 m during the first half of September and
increased again to ~3.0 by the end of October (Fig, 1.13), At SAG 2A, secchi depths were ~1.0 -
2.0 m during September and October (Fig, 1.13). At SAG 3, secchi depths were ~2.0 m throughout
April and May. However, by the first half of June, secchi depths decreased to ~1.0 m, and
consistently remained at such levels throughout June, July, and the first hall of August, During the
first half of September, secchi depths Increased to 1.5 m and increased above 2.0 m throughout
the rest of September and October (Fig. 1.13). During April, secchi depths were —1.0 m at SAG 4
but decreased below 1.0 m throughout May. By the end of May, secchi depths increased 1o ~1,0
m and remained consistently above 1.0 m throughout June and the first half of July. However,
during the second half of July and first half of August, secchi depths were <1.0 m. Throughout
September and October, secchi depths were ~1.2 m (Fig. 1.13), The NYSDEC and NOAA
establish that secchi disk depth should never fall below 2.0 m, According to measurements made
in 2019, secchi depths at SAG 2A, 3, and 4 were below the minimum across the entirety of 2019,
except for SAG 3 during the beginning April and second half of October, At SAG 2, secchi depths
were above the minimum from the beginning of April through the middle of May, were below the
minimum from the end of May through the end of September, and above the minimum throughout
October (Fig, 1.13).

Chlorophyll @ concentrations during 2019 at all sites were <5 jig L' throughout the second
hall of April. At SAG 1, 2, and 4, concentrations increased to 7 — 8 pg L' by the middle of May
and remained at those levels until the end of the month, During this same period, concentrations
at SAG 3 and 5 to ~10 and ~5 pg L', respectively (Fig. 1.14). At SAG 1 and 5, chlorophyll-a
varied significantly, with concentrations ranging from 0 = 10 pg L' from June through the end of
October (Fig. 1.14). A similar trend occurred at SAG 3 but concentrations exceeded 10 pg L
during the first half of September but decreased below 5 jig L' by the end of October (Fig. 1.14),
At SAG 2 and 4, concentrations were 0 — 10 pg L' from June through the first half of July, At
SAG 2, concentrations were 10 = 15 pug L' throughout July, August, September, and Oclober,
while concentrations at SAG 4 peaked at ~25 pg L' at the end of July before decreasing to —4 pg
L' during August, September, and October (Fig. 1.14). At SAG 6, concentrations were <5 pg L'
throughout June and the first half of July but peaked at =20 pg L' by the middle of July.
Concentrations at the site decreased to below 5 jug L' by the end of the month but peaked again at
~20 pg L' at the end of August. From that point until the end of October, concentrations decreased
o ~5 pug L' (Fig. 1.14), At SAG 2A and 6A, concentrations were 5 — 10 pg L' (Fig. 1.14).
Chlorophyll a concentrations were below the NOAA maximum for chlorophyll @ (20 ug L")
throughout 2019, with the exception of SAG 4 and SAG 6 on 31-July-2019 (=25 pg L") and 26-
August-2019 (20.3 jug L"), respectively (Fig. 1.14).



1.3.3. Harmful algal blooms

During 2018, Alexandrium was present at all Sag Hurbor sites on 16-May-2018, albeit at
low concentrations (at or below 56 cells L''; Fig. 1.15A), The dinoflagellate was only present at
SAG 2 and SAG 3 on 30-May-2018, and only present at SAG 2 on 10-June-2018 at concentrations
below 50 eells L™ (Fig. 1.15A). At no point in 2018 did Alexandrium concentrations exceed the
concentration {1,000 cells L'} at which the alga is considered blooming (Fig. 1.15A). Dinophysis
was only present at the SAG 1 site at concentrations =50 cell L', However, the dinoflagellate was
present at all sites, except SAG 5, on 30-May-2018 at concentrations of =380, 560, —1040, and
~60 cells L' at SAG 1, 2, 3, and 4, respectively (Fig. 1.15B). Dinophysiz on 10-June-2018 were
present at SAG 2, 3, and 4 at concentrations 1000 — 1500 cells L', and at <50 cells L' at SAG §
(Fig. 1.15B). At no point in 2018 did Dinephysis concentrations exceed the concentration (10,000
cells L) at which the alga is considered blooming (Fig. 1.15B). Cochlodinium was at very low
concentrations at SAG | throughout the summer and fall (at or below 5 cells mL™'; Fig, 1.15C), At
the SAG 2 site, Cochlodinium was at low concentrations (<5 cells mL™") throughout May, June,
and July, peaked at ~160 cells mL"' during early August, decreased to below <50 cells mL! by
September, and was largely absent by October (Fig, 1.15C). At the S5AG 3 and 4 sites,
Cochlodinium was absent or at low concentrations (=50 cells mL"") throughout May, June, and the
first half of July. At both sites, concentrations were ~80 cells mL*' on 24-July-2018. On 7-August-
2018, SAG 3 and 4 had concentrations at ~630 and ~1560 cells mL"', respectively, During early
September, concentrations at both sites were <50 cells mL™" and the dinoflagellate was largely
absent by October (Fig. 1.15C). Lastly, Cochlodinium was absent at SAG 5 from May until the
early August, when concentrations were ~30 cells mL', Concentrations at the site decrensed to 10
cells mL' by early September and the dinoflagellate was absent by October (Fig. 1.15C).
Throughout 2018, Cochlodinfum concentrations remained below the concentration at which the
nlga is considered blooming (300 cells mL™"), with the exception of SAG 3 and 4 on 7-August-
2018 (Fig. 1.15C),

During 2019, Alexandrium in Sag Harbor Bay on 10-April-2019 was present af
concentrations of 14, 28, and 140 cells L' at SAG 1, 3, and 4, respectively, and were not present
at SAG 2 and SAG 5 (Fig. 1.16). On 23-April-2019, concentrations were 14, 28, and 14 cells L'
at SAG 1, 3, and 4, rti]:u.-uli\rl':l}r, and were not present at SAG 2 and 5 (Fig. 1.16), On I‘.']-Mﬂy-
2019, Alexandrium was only present at SAG | at concentrations of 14 cells L' but was not present
at the other sites. From the end of May through June, Alexandrium was not present at any site (Fig.
1.16). At no point in 2019 did Alexandrium coneentrations exceed the concentration (1,000 cells
Ly at which the alga is considered blooming (Fig. 1.16). Dinaphysis in the bay on 10-April-2019
was present at concentrations of 14 and ~150 cells L' at SAG | and 4, respectively, but not present
at any site (Fig. 1.17). During the second half of April and first half of May, Dinophysis was not
present at any of the sites, The alga reappeared at SAG 3 and 4 at concentrations of =130 and =170
cells L™, respectively (Fig. 1.17). On 5-June-2019, Dinophysis was present at SAG 1, 2, 3, 4, §,
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and 6 at concentrations of =40, ~110, =180, ~380, 70, and ~340 cells L, respectively (Fig. 1.17).
The last appearance of Dinophysis In Sag Harbor in 2019 was on 19-June-2019, with
concentrations of ~240 cells L' at SAG 2 and 3, and ~40 and 140 cells L' at SAG 4 and 6,
respectively (Fig. 1.17). At no point in 2019 did Dinephysis concentrations exceed the
concentration (10,000 cells L") at which the alga is considered blooming (Fig. 1.17).
Cochlodinium concentrations in Sag Harbor Bay were low (<30 cells mL™'") or absent from SAG
I, 6, and 6A throughout July, August, and September (Fig. 1.18), At SAG 2, the alga appeared at
the end of July at ~700 cells mL"', decrensed 1o ~40 cells mL™" at the middle of August, increased
again to 430 cells mL"' at the end of the month, and decreased until disappearing from the site by
the end of September (Fig. 1.18). At SAG 2A, concentrations were —400 cells mL"' in the
beginning of September but decreased and were not present at the site by the end of the month
(Fig. 1.18). Cachlodinium concentrations at SAG 3 appeared at 350 cells mL"' at the end of July
but decreased to ~20 cells mL™' by the end of August. Concentrations increased to ~180 cells mL°
" by 9-September-2019 but was absent from the site by the end of September (Fig. 1.18). AtSAG
4, concentrations peaked at 2,900 cells mL™" at the end of July but decreased to <10 cells mL™' by
the end of August. Concentrations increased to ~90 cells mL™' during the first half of September
but was absent from the site by the end of the month (Fig. 1.18). The alga was only present at SAG
5 on 31-July-2019 at concentrations of ~220 cells mL™' (Fig. 1.18). Cochlodinium concentrations
on 31-July-2019 exceeded the concentration at which the alga is considered blooming (300 cells
ml") at SAG 2 (670 cells mL'"), SAG 3 (351 cells mL™"Y, and SAG 4 (2,900 cells mL"), On 26-
Augusi-2019, concentrations exceeded the bloom-threshold at SAG 2 (433 cells mL"") and on 4-
September-2019 at SAG 2A (398 cells mL™") (Fig. 1.18).

[.3.4. Dissolved nutrients

Concentrations of nitrate at SAG | was 0.065 mg L' during the beginning of April,
decreased to 0.015 mg L' on 10-May-2019, and increased to 0.021 mg L' by the beginning of
July. During July and August, concentrations were ~0.013 mg L', decrensed to ~0.011 mg L' by
the beginning of September, and inéreased to 0.035 mg L' by the middle of October (Fig. 1,19},
Al SAG 2, nitrate concentrations increased from 0.008 mg L on 10-April=2019 to ~0.041 mg L*!
by the middle of June. Concentrations decreased to 0.009 mg L' by the middle of July, increased
to 0.022 mg L' by the middle of August, decreased to =0.010 mg L' by the beginning of
September, and increased to 0.027 mg L' by the middle of October (Fig. 1.19). At SAG 24,
concentrations increased from 0.012 mg L' in the beginning of September to 0.027 mg L' by the
middle of October (Fig. 1.19). Nitrate concenirations at SAG 3 were 0.016 mg L' during the
middle of May, 0.008 mg L' during the middle of June and increased to 0.014 mg L' by the
middle of August. Concentrations decreased to 0.010 mg L' by the beginning of September and
increased to 0,029 mg L' by the middle of October (Fig, 1.19), Concentrations at SAG 4 were
variable but generally ranged 0,011 =0.018 mg L' from April through the beginning of September.
By the middle of October, concentrations increased to 0.047 mg L7 (Fig. 1.19). At SAG 5,
concertrations were 0.006 = 0.007 mg L from April through the beginning of July and increpsed
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to 0.010 mg L' by the beginning of September (Fig. 1.19). Nitrale concentrations al SAG 6
decreased from 0,132 mg L' on 19-June-2019 to 0.009 mg L' by the middle of July and increased
to 0.169 mg L"' by the middle of October (Fig. 1.19). At SAG 6A, concentrations were 0.103 and
0.195 mg L' on 4-September-2019 and 14-October-2019, respectively (Fig. 1.19).

During 2019, concentrations of ammonium at SAG | decreased from 0.018 mg L™ in the
beginning of April to 0,014 mg L' by the beginning of July. Concentrations ranged 0.009 - 0.010
mg L' throughout July, August, and the beginning of September, and increased to 0.036 mg L'
by the middle of October (Fig. 1.20). At SAG 2, ammaonium increased from 0.012 mg L in the
beginning of April to 0.099 mg L' by the middle of June, decreased to 0.013 mg L' by the middle
of July, and increased to 0.035 mg L' by the middle of August. On 4-September-2019 and 14-
October-2019, concentrations were 0.013 and 0,083 mg L', respectively (Fig. 1.20). At SAG 2A,
concentrations were only 0.010 mg L™ during the middle of September but increased to ~1.049
mg L' by the middle of October (Fig. 1.20). With much variability, ammonium concentrations at
SAG 3 ranged 0.010=0.015 mg L' from the beginning of April to the beginning of July, increased
to 0,051 mg L"' by the middle of August, decreased to 0,009 mg L' by the beginning of Seplember,
and increased to 0,058 mg L' by the middle of October (Fig. 1.20). At SAG 4, concentrations
ranged 0.012 = 0,021 mg L' from April through the beginning of July, increased to 0.034 mg L
by the middle of August, decreased 1o 0.011 mg L' by the beginning of September, and incrensed
to 0.035 mg L' by the middle of October (Fig. 1.20). Ammonium concentrations at SAG 5 were
0,007 —0.010 mg L' from the beginning of April until the middle of October (Fig. 1.20). At SAG
6, concentrations decreased from 0.056 mg L™ in the middle of June to 0.009 mg L' by the middle
of July and increased to 0.101 mg L' by the middle of October (Fig. 1.20). At SAG 6A, ammonium
concentrations were 0.053 and 0.103 mg L' on 4-September-20192 and 14-October-2019,
respectively (Fig. 1.20),

Total nitrogen concentrations at SAG 1 were 0,193 and 0.130 mg L' during April and the
fiest half of May, respectively, increased to 0.416 mg L*' by the middie of July, and ranged 0,229
—0.255 mg L' throughout August, September, and October (Fig. 1.21). Concentrations at SAG 2
increased from 0.172 mg L™ on 10-April-2019 to 0.479 mg L' on 19-June-2019, decreased 1o
0.146 mg L' by the middle of July, and increased to 0.415 mg L' by the middle of August.
Throughout September and October, concentrations were 0,233 = 0,247 mg L' (Fig. 1.21). At
SAG 2A, total nitrogen concentrations were 0,331 mg L' in the beginning of September but
increased to 1.105 mg L' by the middle of October (Fig. 1.21). At SAG 3, concentrations increased
from 0.144 mg L' in the beginning of April to 0.362 mg L' by the middle of August and were
0.152 - 0.184 mg L' during September and October (Fig. 1.21). Concentrations at SAG 4 were
0.240 - 0.0254 mg L during .ﬂtpriL May, and June, increased to 0.299 mg L' by the middle of
August, and were 0,198 and 0.215 mg L"' during September and October, respectively (Fig. 1.21).
Al SAG 5, tolal nitrogen concentrations were 0.142 - 0.216 mg L' from the beginning of April
until the middle of October (Fig. 1.21). At SAG 6, concentrations decreased from 0.449 mg L' in
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the middle of June to 0.332 mg L' by the beginning of July and increased to 0.849 mg L™ by the
middle of August. Concentrations decreased to 0,234 mg L' by the beginning of September but
increased o 0.388 mg L' by the middle of October (Fig. 1.21). At SAG 6A, total nitrogen
concentrations increased from 0.245 mg L' on 4-September-2019 to 0.411 mg L' during the
middle of October (Fig. 1.21). The total nitrogen guidance value for the Peconic Estuary is 0.4 mg
L', For SAG 3, 4, and 5, total nitrogen concentrations never exceeded this value, Concentrations
ot SAG | and 6A only exceeded this guidance value in the beginning of July and middle of
October, respectively, At SAG 2, concentrations exceeded this value In the middle of June and
middle of August, At SAG 2A, concentrations significantly exceeded this value in the beginning
of October, Lastly, total nitrogen concentrations at SAG 6 exceeded this guidance value for the
duration of July and August (Fig, 1.21),

2. NUTRIENT ENRICHMENT BIOASSAYS

2.1, Backgrounid

A growing concern of urbanization of coastal zones is the increase in nutrient loading into
surfoce waters, which increases the production of organic matter and resulting in eutrophication
(Nixon, 1995). Eutrophication in estuarine waters can cause hypoxia/anoxia (Valiela et al., 1992),
loss of seagrass beds (Orth et al,, 2006; Valiela et al,, 1997), and declines in populations of shell fish
and finfish (Lotze et al., 2006; Valiela et al., 1992), These negative consequence are a direct result
of excessive nutrient loading promoting the proliferation and overgrowth of phytoplankton during
the year, specifically during the summer and fall (Anderson et al., 2002; Nixon, 1995; Valiela et
al,, 2002). In order to evaluate the nutrients that limit the growth of phytoplankton in Sag Harbor,
nutrient amendment experiments were performed during 2018 and 2019. Understanding the factors
controlling phytoplankton communities in areas throughout Sag Harbor (Sag Harbor Bay and
Cove, SAG 3 and SAG 4, respectively; Fig. 1.1) is needed to mitigate the larger environmental
problems associated with eutrophication,

2.2, Methods

Monthly nutrient amendment experiments were performed 1o assess nutrient limitations of
the phytoplankton community in Sag Harbor during 2019, On the day of each experiment, 10 L of
water was collected from a site representative of Sag Harbor Bay (SAG 3) and Sag Harbor Cove
(SAG 4). Prior to filling ench 150 mL experimental bottle, the collection bottle was mixed, and
the experimental bottles were rinsed with water from the site, For each site, 12 150-mL bottles
were filled completely with water from their respective site and assigned, in triplicate, 1o one of
four treatments: a control with no nutrient additions, a treatment with nitrate additions (300 uL of’
0.01 M stock; final concentration = 20 pM), a treatment with phosphate additions (225 uL. of0.001
M; final concentration = 1.5 pM), and a treatment with nitrate and phosphate additions (300 L of
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0.01 M and 225 puL of 0,001 M stock solutions, respectively; final concentrations = 20 pM and 1.5
pM, respectively). All bottles were placed in an incubator set at o consistent temperature (21°C)
for 24 h. Initial samples were taken from the collection bottle: 25 ml. to be measured with o
fluoroprobe, 15 mL. to be preserved with Lugol’s iodine solution, and 15 mL (in duplicate) passed
through a pre-combusted 25 mm GF/F for dissolved nutrients analyses, 15 mL (in duplicate) for
whole nuirients analyses. Al the end of the 24 h incubation period, from each bottle, 25 mL was
removed to be measured with a Muoroprobe, 15 mL to be preserved with Lugol’s iodine solution,
|5 mL passed through a pre-combusted 25 mm GF/F for dissolved nutrients analyses.

2.3 Resulty

For the July 2018 experiment, initial chlorophyll @ concentrations for all treatments were
=25 pg L. At the conclusion of the 24 h incubation period, concentrations in control treatments
were ~63 pg L' (Fig. 2.1). Phosphorus smendment treatments only yielded final concentrations
of =65 pg L. However, treatments amended with nitrogen and both nutrients yielded final
chlorophyll & concentrations of =78 and =77 pg L' (Fig. 2.1},

For nutrient amendment experiments for water collected from Sag Harbor Bay (SAG 3)
during 2019, results varied based on the month the experiment was performed. During the June
experiment, there was no significant difference in total chlorophyll @ concentrations between any
treatments, with concentrations being ~20 pg L™ for all treatments (One-way ANOVA and Tukey
HSDY, p== 0.05; Fig. 2.2; Table 2.1). During the July experiment, there was no significant difference
in concentrations between the phospharus-smended and control treatments (~28 and ~25 pg L7,
respectively; One-way ANOVA and Tukey H5D; p = 0.05; Fig. 2.2; Table 2.1}, However,
concentrations in treatments amended with nitrogen (—46 jig L") and both nutrients (=40 ug L")
were significantly higher than phosphorus-amended and control treatments (One-way ANOVA
and Tukey HSD; p < 0.05; Fig. 2.2; Table 2.1) but were not significantly different from each other
{One-way ANOVA and Tukey HSD; p = 0.05; Fig. 2.2; Table 2.1). For the August experiment,
there was no significant difference in concentrations between the phosphorus-amended and control
treatments (=25 and ~24 pg L7, respectively; One-way ANOVA and Tukey HSD; p = 0.08; Fig.
2.2: Table 2. ). However, concentrations in nitrogensamended treatments (<77 1T I,,'t:l nnd
treatments amended with both nutrients (=73 pg L") were significantly higher than phosphorus-
amended and control treatments (One-way ANOVA and Tukey HSD; p < 0.05; Fig. 2.2; Table
E.I}. Concenteations in the former two treatments were not :\nigniﬁuuntly different [ﬂn:-wny
ANOVA and Tukey HSD; p > 0.05; Fig. 2.2; Table 2.1). During the September experiment,
concentrations in phosphorus-amended treatments (=30 ug L") were higher than concentrations in
control treatments (=26 g L") but were not significantly different (One-way ANOVA and Tukey
HSD; p = 0.05; Fig. 2.2; Table 2.1). Concentrations in nitrogen-amended treatments (=39 ug L)
and treatments amended with both nutrients (=54 pg L) were significantly higher than in
phosphorus-amended and control treatments (One-way ANOVA and Tukey HSD; p = 0.05; Fig.
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2.2; Table 2.1} but were not significantly different from each other (One-way ANOVA and Tukey
HSD; p = 0,05; Fig. 2.2; Table 2,1),

For nutrient amendment experiments for water collected from Sag Harbor Cove (SAG 4)
during 2019, results varied based on month but followed similar trends as experiments conducted
with water from Sag Harbor Bay. During the June experiment, there was no significant difTerence
in total chlorophyll @ concenirations between any treatments, with concentrations being ~ 15 pg L
" for all treatments (One-way ANOVA and Tukey HSD; p = 0.05: Fig. 2.3; Table 2.1). During the
July experiment, there was no significant difference in concentrations between the phosphorus-
amended and control treatments (~23 and ~24 pg L', respectively; One-way ANOVA and Tukey
HSD; p = 0.05; Fig. 2.3; Table 2.1). However, concentrations in treatments amended with nifrogen
(~42 pg L") and both nutrients (~41 pg L") were significantly higher than phosphorus-amended
and control treatments (One-way ANOVA and Tukey H5D; p < 0.05; Fig. 2.3; Table 2.1) but were
not significantly different from each other (One-way ANOVA and Tukey HSD; p > 0.05; Fig, 2.3;
Table 2.1). For the August experiment, there was no significant difference in concentrations
between the phosphorus-amended and control treatments (~20 pg L' for both; One-way ANOVA
and Tukey HSD; p = 0.05; Fig. 2.3; Table 2.1). However, concentrations in nitrogen-amended
trentments (~83 g L") and treatments amended with both nutrients (<81 pg L) were significantly
higher than phosphorus-amended and control treatments (One-way ANOVA and Tukey HSD; p <
0.05; Fig. 2.3; Table 2,1}, Concentrations in the former two treatments were not significantly
different (One-way ANOVA and Tukey HSD; p = 0.05; Fig, 2.3; Table 2.1). During the September
experiment, concentrations in phosphorus-amended treatments (~27 pg L) were higher than
concentrations in control treatments (~22 g L) but were not significantly different (One-way
ANOVA and Tukey HSD; p > 0.05; Fig. 2.3; Table 2.1). Concentrations in nitrogen-amended
treatments (~45 pg L") and treatments amended with both nutrients (~44 ug L™') were significantly
higher than in phosphorus-amended and control treatments (One-way ANOVA and Tukey HSD;
p = 0.05; Fig. 2.3; Table 2.1) but were not significantly different from each other (One-way
AMOVA and Tukey HSD; p = 0.05; Fig. 2.3; Table 2,1,

3. MICROBIAL SOURCE TRACKING

3.4, Backgroumd

Pathogenic bacteria that commonly co-occur with Indicator bacieria are a hazard to humans
recreating within affected waters by infecting the alimentary canal, ears, eves, nasal cavity, skin
or upper respirstory tract, which can be exposed through immersion or the splashing of water
{Thompson et al,, 2005), Fecal coliform bacterin and Emferococeus are the recommended
indicators for human pathogens in marine waters (Thompson et al,, 2005). The presence of high
levels of fecal coliform bacteria and/or Enterococcus may trigger action by a municipal agency to
remediate such conditions. One key obstacle 1o generating a suceessful remediation plan for high
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levels of indicator bacteria such as fecal coliform bacterin and/or Emerococcus is that the source
of the pﬂl[untiﬂlljf palhugrniu bacterin i% often unknown, That is, I',Iﬂl.hﬂﬂ_l:nil:. fecn] bacierin co-
present with fecal coliform bacteria and/or Enterococcus may be derived from any animal,
including humans and remedial plans for mitigating bacteria from human wastewater will differ
radically from plans focused on the mitigation of animal feces. Moreover, mitigation of leces-
derived bacteria from birds that live on the waterbody would differ radically from plans to
minimize dog or deer feces that might emanate from road run-off. Recently, advances in molecular
technigques have facilitated the identification and quantification of the ultimate source of bacterial
contumination derived from feces (Harwood et al, 2014). For this project, microbial source
tracking has been implemented to identify the source of fecal contamination in Sag Harbor, Using
cutting-edge approaches and a newly acquired digital polymerase chain reaction machine, the
genes associated with fecal bucterin originating from humans, dogs and small mammals, deer, and
birds have been quantified across multiple locations and dates in Sag Harbor 2019, This definitive
and quantitative information will now allow concrete and successful plans to be developed to
greatly reduce fecal bacterial contamination of Sag Harbor.

1.2 Methods

3.2 1. Sample collection

Samples from each site (Fig. 1.1) were collected in sterile 2 L containers and kept cold
(=3"C) until analysis could be performed. The filtration units used to concentrate the water samples
were sterilized with 70% ethanol and liberally rinsed with deionized water, Triplicate whole water
samples were collected for DNA analysis in which samples were well-mixed o ensure even
distribution of biomass prior to filtering 25 — 100 mL onto a 0.2 pm Millipore polycarbonate filter,
depending on water turbidity, Samples were immediately frozen In liquid nitrogen and stored at -
R0°C until further processing. For quantification of fecal coliform bacteria, sterile filter membranes
were placed on the filter bases and the sterilized filter tower was attached. A quantity of seawater
that would achieve a recommended count of 20 ~ 60 colonies was extracted from the containers
and placed through a filter membrane and the filter tower libernlly rinsed with 0.2 pm filtered
seawater. The filter membrane was placed on m-FC agar in a petri dish, taking care to avoid air
bubbles, and the petri dish was covered. Within 30 minutes of filtering, all petri dishes were placed
in an incubation chamber at 44.5°C for 24 h. After 24 h, the typical blue colonies on plates for
were counted. Enterococci were quantified using Enterolert/Quanti-tray kits using a similar
method as for fecal coliforms, with the exception of a slightly lower incubation temperature
(#41°C).

3.2.2. DNA Extraction

Total cellular genomic DNA was extracted using the Qiagen DNensy PowerWater Kit per
the manufacturer’s instructions, Briefly, the polycarbonate filters were transferred to a 5 mL bead
beating tube and treated with a lysis buffer, including a detergent to chemically lyse all cells and
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remove non-DNA organic and [norganic material, for chemical and mechanical lysis. The
supernatant was then treated with an inhibitor removal solution to remove remaining proteins and
other inhibitors, The total genomic DNA was subsequently captured on a silica column via
centrifugation (13,00 g; Polycarbonate filters using a high-concentration salt solution, washed with
ethunol to remove residunal salts and contaminants, followed by elution of high-quality DNA with
75 L nuclense free water, The eluted samples were analyzed on a Qubit Fluorometer (Invitrogen,
Carlsbad, CA, USA) and Nanodrop Spectrophotometer (Thermo Scientific, Waltham, MA, UUSA)
to ensure nuclele acid recovery and quality. The purified DNA samples were stored at -80°C until
digital polymerase chain reaction (dPCR) analysis.

3.2.3. Digital PCR

Digital PCR analysis was conducted using the chip-based Applied Biosystems™
QuantStudio™ 3D Digital PCR System (Applied Biosysiems, Foster City, CA, USA) to
quantitatively identify sources of fecal contamination originating from human, avian (gulls, geese,
chickens, and ducks), ruminant (deer) and dog (small mammals) fecal-associated bacterial phyla.
Specifically, one general and four host-specific qPCR nssays targeting conserved genetic regions
in the 165 rRNA region were adapted for use with digital PCR; the enterococeus marker used as o
total fecal indicator (EPA. Washington 2012, Cao, Raith et al. 2016), the HF 183 (Haugland, Varma
et al. 2010, Layton, Cao et al. 2013, Green, Haugland et al. 2014, Harwood, Staley et al. 2014},
BacR (Reischer, Kasper et al. 2006, Mieszkin, Yala et al. 2010, Boehm, Van De Werlhorst et al,
2013) and BacCan-UCD (Kildare, Leutenegger et al, 2007, Boechm, Van De Werfhorst etal, 2013)
markers used to identify human-, ruminant- and canine- fecal-assoclated Bacteroidales, and the
GFD marker used to identify avian fecal-associated Heliobacter (Green et al, 2012; Ahmed et al.
2016). These four host=specific assays were chosen as they have been previously shown to have
the greatest sensitivity and specificity of assays developed for each host to date and have been
validated with both fecal and environmental water samples (reviewed in Boehm et al. 2013).
Samples were amplified using a Tagman-based assay and the exact primer and probe sequences
from the qPCR assays found in Kildare et al. (2007), Leutenegger et al. (2007), Mieszkin et al,
(2010), Yala et al. (2010), Green et al. (2012), Dick et al. (2012), Layton et al. (2013), and Cao et
al, (2013) with the exception of the GFD probe which was created during this study using Primer
Quest software and modifications to fluorescent dyes attached to the HF 183 and BacR probes to
allow for nssay duplexing (Table 3.1).

Each assay was validated and optimized using the dPCR system prior to sample analysis
using synthetic double-stranded DNA fragments of the target genes as standards (gBlocks,
Integrated DNA Technologies). Specifically, the target sequences specified in the original gPCR
studies for the HF 183 (Green, Haugland et al. 2014), GFD (Ahmed, Harwood et al, 2016) assays
were used while target sequences for the BacR, BoacCan-UD and enterococous nssays were
constructed in house as they were not specified in the original studies (Table 3.1). Lyophilized
gBlocks were resuspended in 25 pL. of IDTE buffer + 100 ng/ul. polyA carrier (Roche, Catalog
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no, [0108626001) used to increase the recovery of the synthetic standards (Miyaoka, Berman et al.
2016), quantified using a Qubit, and serially diluted to prepare standards with final concentrations
of 800 copies pl.”'. Optimization trials testing gradients of annealing temperature, primer-probe
concentrations and numbers of cycles were conducted to identify optimal thermocycling
conditions for each assay, Additionally, to confirm the ability to multiplex the Entero/HF 183 and
BacR/BacCan-LID assays these assuys were run in simplex and multiplex to identify any nssay
inhibition or cross reactivity.

Digital PCR amplifications were performed in 14.5 L reaction mixtures consisting of 7.25
pL of Quanti Studio 3D digital PCR Master mix v2 (2x stock solution), 0.725 pul. Tag Man assay
primer and probe mix (20x stock solution, see Table 3.1 for final concentrations), 1.525 uL
nuclense free water and 5 ul sample DNA. All samples were originally run using maximum 5 ul
of extracted DNA 1o try to achieve an on-chip concentration in the optimal range of 200-2000
c/uL; if target concentrations exceeded this concentration samples were rerun using 2.5 pL. DNA/
2.5 uL. NFW. The dPCR reactions were loaded onto QuantStudio™ 3D Digital PCR Chip V2 chips
containing 20,000 well partitionings with the QuantStudio™ 3D Digital PCR Chip loader (Applied
Biosystems, Foster City, CA, USA), sealed with immersion fluid and the chip lid per the
manufacturer's instructions. All chip preparation was performed in less than one hour per
manufacturer's recommendations to prevent against degradation. Loaded chips were then
amplified using a ProFlex™ 2x Flat PCR System thermocyeler (Applied Blosystems, Foster Clty,
CA, USA) using thermocycling conditions adapted from previously published gPCR assays (Table
3.1). Amplified chips were brought to room temperature to prevent condensation before imaging
oii the Quuhlﬂiudinm iD Digilﬂl PCR instrument (Applied Biosystems, Foster Cii}-', CA, USA),
All samples were run in duplicate, along with a negative (nuclease free water) and positive (dBlock
standards, 800 coples uL"' concentration) control.

3.2.4. Sample analysis

Imaging data derived from the QuantStudio™ 3D Digital PCR instrument was analyzed
using the Applied Biosystems QuantStudio® 3D AnalysisSulie™ cloud software. This software
provided quality control steps on a per chip basis determining wells suitable for further analysis.
In this study the default quality threshold of 0.5 was used for all chips, Chips were also manually
inspected for equal distribution of positive wells ncross the chips and chip damage, such as large
bubbles or evaporation, resulting in loss of readable wells in which chips were omitted and the
sample rerun. Software derived fluorescence (call) thresholds delineating the unamplified wells
{negative calls) and amplified wells (positive calls} were manually reviewed for each chip and
adjusted to a common threshold per assay based on the ranges of the positive control and negative
control clusters. Additionally, spread of reads along the secondary assay (non-target dye) was
manually reviewed in which wells identified as positive located largely oulside the range of the
positive control clusters on the secondary axis were identified as no amplification to reduce false
positives, The negative and positive well couni was then converted to absolute quaniification
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(copies pl."} by the soltware using Poisson statistics, and corrected for dilution/concentration
factors during sample collection (filtration), DNA extraction, and PCR reaction preparation.
Sample concentrations have been reported in copies per 100 mlL per host marker.

1.3, Resulis and Discussion

Fecal coliform bacterin were detected at the SAG 2, SAG 3, and SAG 5 sites on 16-May-
2018 ot concentrations of 62, 46, and 4 cells per 100 mL (Fig. 3.1). Fecal coliform bacterin were
present at the SAG 1 and SAG 4 sites on 30-May-2018 at concentrations of 186 and 2 cells per
100 mL (Fig. 3.1). Levels of fecal coliform on 10-June-2018 were low (<5 cells per 100 mL) at
the SAG 1, 2, and 4 sites, absent at SAG 3, and present at concentrations of 65 cells per 100 mL
at SAG 5 (Fig. 3.1). Recently, the NYSDEC established that fecal coliform concentrations should
not exceed 49 cells per 100 mL. For enterococci, the Mew York State Department of Health
(MYSDOH) states that concentrations should not exceed 104 cells per 100 mL for recreational
water use. During 2018, on 16-May-2018, 30-May-2018, and 10-June-2018, concentrations at
SAG 2, SAG 1, and SAG 5, respectively, exceeded the previous NYSDEC standard (Fig. 3.1).

There was strong variability in fecal coliform concentrations across all stations from April
through September 2019, Throughout April, May, June, and the first half of July, fecal coliform
concentrations were <10 cells per 100 mL at 5AG 1. However, on 12=July-2019, concentrations
were ~400 cells per 100 mL. Concentrations fell below 10 cells per 100 mL by the end of July but
ingreased to 34 and <150 cells per 100 mL on 15-August-2019 and 26-August-2019, respectively.
Concentrations were at or below 13 cells per 100 mL during September. From that point until the
end of October, concentrations increased to ~60 cells per 100 mL (Fig. 3.2). At 5AG 2, fecal
coliform concentrations were <3 cells per 100 mL during April but increased to ~60 cells per 100
mL on 10-May-2019 and to ~4,500 cells per 100 mL on 31-May-2019, While concentrations fell
to 22 cells per 100 mL on 5-June-2019 but increased to ~300 and 200 cells per 100 mL on 19-
June-2019 and 2-July-2019, respectively. Throughout the second half of July and into the end of
October, concentrations typically ranged from 20 to 60 cells per 100 mL, except for 26-August-
2019 and d-EEpmml:n:r-iﬂl?. where concentrations were 24 and 8 cells per 100 ml., r:spa:cti\rcly
(Fig. 3.2). Fecal coliform cencentrations ranged from 10 to 40 cells per 100 mL during the first
half of September ai SAG 2A (Fig. 3.2). At SAG 3, fecal coliform concentrations were generally
less than 10 cells per 100 mL, except for 31-May-2019 and 19-June-2019, where concentrations
were |8 and 29 cells per 100 mL, respectively (Fig. 3.2). At SAG 4, fecal coliform concentrations
were less than 10 cells per 100 mL, except for 19-June-2019 and 31-July-2019, where
concentrations were 20 and 15 cells per 100 mL, respectively (Fig. 3.2). At SAG 5, concentrations
wiere <5 cells per 100 mL, except for 31-May-2019, 9-September-2019, and 25-September-2019,
where concentrations were 160, 17, and 55 cells per 100 mL, respectively (Fig. 3.2), Fecal coliform
concentrations al SAG 6 inereased (rom <5 cells per 100 mL: to R0, ~20, and ~500 cells per 100
mL on 19-June-2019, 2-July-2019, and 12-July-2019, respectively. While concentrations
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decreased below 50 cells per 100 mL on 17-July-2019, they significantly increased to ~560 and
~620 cells per 100 mlL on 31=July-2019 and 15-Augusi-2019, respectively. For the remaining
sampling dates on 26-August-2019, 4-5eptember-2019, and 9-5eptember-2019, concenimations
were ~300, ~20, and =75 cells per 100 mL, respectively. By the end of September, concentrations
decreased to =50 cells per 100 ml, increased to —140 cells per 100 mL by the middle of October,
and decreased to =50 cells per 100 mL by the end of the month (Fig, 3.2). At SAG 6A,
concentrations were 30 — 60 cells per 100 mL throughout September, increased to —180 cells per
100 mL by the middle of October, and decreased 1o =70 cells per 100 mL by the end of the month
(Fig. 3.2). Fecal coliform concentrations at SAG 1, 2, 5, 6, and 6A, were lrequently above the
NYSDEC standard (49 cells per 100 mL) during 2019, At SAG 3 and 4, fecal coliform
concentrations never increased above the NYSDEC standard (Fig. 3.2).

Concentrations ol enterococei varied by site throughout the summer 2019, At SAG |1,
Enterococci increased from <20 cells per 100 mL on 2=July-2019 to ~120 cells per 100 mL on 12-
July-2019, decreased 1o <25 cells per 100 mL on 17-July-2019, and increased to ~180 cells per
100 mL at the end of the month. However, by the middle of August, concentrations incressed to
~1,500 cells per 100 mL. Following this peak, Enterococei decreased to =100 cells per 100 mL by
the beginning of September, During the second half of September, concentrations were <5 cells
per 100 mL but increased to ~30 cells per 100 mL by the end of October (Fig. 3.3). For 5AG 2,
enterococei increased from <5 cells per 100 mL to ~30 cells per 100 mL throughout July, increased
again to 75 cells per 100 mL by the middle of August, and decreased to 10 cells per 100 mL by
the beginning of September. There was a small increase in enterococei to ~40 cells per 100 mL on
9-September-2019, a decrease to 2 cells per 100 mL by the end of the month, an increase to 25
cells per 100 mL by the middle of October, and a decrease to 10 cells per 100 mL by the end of
the month (Fig. 3.3). At SAG 2A, enterococei ranged from 10 = 30 cells per 100 mL during
September and October (Fig. 3.3). Enterococel at SAG 3 increased from <10 cells per 100 mL at
the beginning of July to ~430 cells per 100 mL at the end of the month. By the middle of August,
concentrations were ~60 cells per 100 mL and decreased to <10 cells per 100 mL at the end of the
manth. During the first half of September, concentrations were ~20 cells per 100 mL. By the end
of the month and throughout October, concentrations were <10 cells per 100 mL (Fig. 3.3). At
SAG 4, enterococci increased from 20 cells per 100 mL on 2-July-2019 to 60 cells per 100 mL on
17-July-2019 and then to ~1,800 cells per 100 ml. at the end of July, Throughout August and the
first half of September, concentrations varied but ranged from 45 to 65 cells per 100 mL.
Concentrations were <10 eells per 100 mL at the end of September and throughout October (Fig.
3.3). AtLSAG 5, concentrations of enterococci were <10 cells per 100 mL throughout July, August,
September, and October (Fig. 3.3). Enterococci concentrations at SAG 6 were ~200 cells per 100
mL at the beginning of July but decreased to 30 cells per 100 mL at the middle of the month,
However, by the end of July, concentrations peaked at 3,000 cells per 100 mL. Throughout
August, concentrations were ~1,000 cells per 100 mL. On 4-September-2019, concentrations
increased to ~1,850 cells per 100 ml. but decreased to ~350 cells per 100 mL on 9-September-
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2019, Concentrations decreased to ~75 cells per 100 mL by the end of September, increased to
~140 cells per 100 mL by the middle of October, and decrensed to ~30 cells per 100 mL by the
end of the month (Fig. 3.3). Enterococei concentrations st SAG 6A were ~160 cells per 100 mL
during the first hall of September and ranged from 15 = 34 cells per 100 mL during the second
half of September and October (Fig. 3.3). Enterococci concentrations, most notably at SAG 1, 4,
and 6 greatly exceeded the NYSDOH standard for recreational use (104 cells per 100 mlL)
throughout July, August, and the first half of September. Concentrations at SAG 3 and 6A
exceeded this minimum but only at the end of July and beginning of September, respectively, At
SAG 2 and SAG 2A, concentrations never increased above this standard (Fig. 3.3).

During the sampling period the dPCR-determined general indicator enterococeus bacteria
signal paralleled the IDEXX-determined enterococeus levels, with significantly higher levels at all
sites during the peak of the summer from 12-July-2019 to 26-August-2019 at =1000 copies per
100 mL and dropping below 1,000 copies per 100 mL on all other dates (Fig, 3.4A), The highest
enterococcus levels were observed at SAG 6 on 3 1-July-2019 at nearly 22,000 copies per 100 mL
(Fig. 3.4A). Across sites enterococcus levels varied across dates, however levels were typically
highest at SAG 2 in May and June and again in September and October, and highest at SAG | and
6 in July and August, while remaining low at SAG 3 and 4 throughout the study (Fig. 3.4A),

Microbial source tracking results indicated that both animal- and human-derived bacteria
dominated inventories within Sag Harbor in 2019 (Fig, 3.4B), The dog / small mammal-derived
bacteria was consistently a dominate source across all dates and sites sampled, with levels = 100
copies per 100 mL on over 80% days sampled peaking at SAG 6 on 2-July-2019 at nearly 12,000
copies per 100 mL (Fig. 3.4B), and accounting for around 20-90% of the copies (Fig. 3.4C), While
there was not a clear temporal trend in the dog / small mammal derived bacterial signal (Figs, 3.4B
and 3.4C) the signal did vary spatially, with dog / small mammal derived-bacteria being the
dominant source at all sites except SAG 2 which was dominated by human-derived bacteria (Fig.
3.5). Although not a primary component overall, the human- and bird-derived bacterial were
dominant sources of fecal bacterin ot select sites and on select dates. Specifically, human derived
bacteria were a dominated source at SAG 2, on average sccounting for =70% of the copies (Fig.
3.5B) peaking on 2-July-2019 and 26-August-2019 at 4,952 copies per 100 mL and 8,712 copies
per 100 mL respectively (Fig. 3.5B8), while only accounting for <30% copies at all other sites (Fig.
3.5B). The bird-derived bacteria were most prominent at SAG 1, 4, 5 and 6 accounting for up to
80% of the copies, but <5% at SAG 2 on most dates and completely absent at SAG 3 (Fig. 3.5B).
Bird derived bacteria were present throughout the sampling period but typically more abundant
after 19-June-2019, with peak concentration at SAG 1 on 26-August-2019 (-3,500 copies per 100
mL) and SAG 6 on 15-August-2019 and 16-August-2019 (=3,200 and 2,000 copies per 100 mlL,
respectively; Fig. 3.4B). Deer-derived bacteria was the least abundant source of lecal bacteria on
average accounting for ~70 copies per 100 mL (Fig. 3.4B) and 6% of the copies (Fig. 3.5B), overall
being more abundant at SAG 5 and 6 peaking at 504 copies per 100 mL on 26-Augusi-2019 at

23



SAG 6 (Fig. 3.5). Overall SAG | and 6 exhibited similar sources and quantities of host-specific
fecal bacteria and SAG 2 exhibiting the most unique hosi-specific fecal bacteria sources, with total
levels ot all sites typically peaking in the middle of the sampling periods (Figs. 3.4 and 3.5),

Fecal-derived bacterin levels have been noted in other systems within the area to be
responsive to rain evens, in particular the dog / small mammal-, deer- and bird-derived bacterin
which can be washed into the system via surface runolf, While this likely contributed to the signals
detected in Sag Harbor it was difficult to determine the strength of the effect as all samples were
collected on dates with rain évents or | 1o two days post large riin events except on 3 1-July-2019
when the fecal-derived bacteria levels were relatively low (Fig. 3.6). There was low correlation
between fecal bacterial abundance and cumulative precipiiation which is likely in part because
precipitation experienced prior to sampling is not reflected for samples collected during rain
events,

With regard to the percent contribution of ench type of source bacteria nssayed, human-
derived bacterin comprised less than 30%, on average, of the total copies throughout the sampling
period at all sites except SAG 2 and 2A where it was the dominant source, nccounting for more
than 80% of the copies on average (Fig. 3.7). Among animal-derived bacteria, those detected by
dog-specific primers were most abundant at all sites except SAG 2, 2A and 4 (averaging 62% of
total) followed by bird-specific primers were most abundant at all sites except SAG 2, 2A and 3
(30%), which highest absolute abundances at SAG 6. Bacterla detected with the deer-specific
primers were the least abundant across sites and only present in significant amounts at SAG 4, §,
6 and 6A (12%; Fig. 3.7). Overall SAG |, 4, 5, 6 and 6A had similar distributions of bacteria,
however the dog / small mammal and bird derived bacteria were more abundant at SAG 6, while
SAG 2, 2A and 3 exhibited similar distributions of bacteria however SAG 3 had the lowest absolute
abundance of all the sites (Fig. 3.7).

This study used state-of-the-art molecular methods to identify the source of fecal bacterial
contamination across the Sag Harbor system. Results indicated both human- and animal-derived
bacteria were a major source of fecal bacteria 1o this system, however souices were site specific,
Maost notable human-derived bacteria dominated the fecal bacteria at SAG 2 and 2A while being
one of the smallest sources at all other sites. The high levels of human fecal bacteria at these sites
is somewhat expected ns they ore located near n sewnge treatment plant outfall, Other possible
sources of human=derived bacteria include wastewater discharge from septic systems or human
discharge from boating activity, Wastewater traveling 100 = 400 Rt in sandy aquifers experience a
1 2-order of magnitude reduction in fecal bacteria (Blaschke et al., 2016) and most septic systems
are more than this distance away from Sag Harbor in this watershed, Hence, it would seem that
fecal bacteria emanating lrom household wastewater is retained within the sands of aquifers before
it discharges into Sag Harbor via groundwater. The low human-derived bacteria levels of the
nearby Site 5 suggest that the human signal is not derived from boat activity which is similar
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amongst these sites. Not only were the human-derived bacteria the most abundant at SAG 2 and
2A but these sites had some of the highest total fecal-bacterin levels throughout the sampling
period despite being a well-flushed site in the outer harbor suggesting that there is a constant
source, Together these findings suggest that the sewage trentment plant outflow is likely the
primary source of the fecal contamination of SAG 2, It is also worth mentioning that human-
derived bacteria made up a significant Frhpl;trlinn of the fecal bacteria at site 3 (=30 % of copies
per 100 mL), which is likely due 1o boater activity as it i3 located at a marina, however this site
had the lowest total fecal bacteria of all sites tested likely due to the high tidal Mushing at this site
but also suggesting that fecal bacteria emanating from human sources was not a significant source
throughout the rest of the harbor, Human-derived bacteria signals were also low at SAG | which
15 located at Haven's beach, specifically during July and August when bathing activity would be
at its peak, further supporting that the human signal is not from recreational activities within the
system.

In contrast 1o SAG 2 and 2A, amimal-derived bacleria were the primary source of
pﬂlhi}gﬁlﬂﬂ bacteria at all ather sites with several lines of evidence 1ndiuuling the moin source of
this bacteria to Sag Harbor is from surface run-off, The dog / small mammal assay, while designed
to be dog-specific also detects other small mammals which are commonplace in the region (i.e
cats, mice, racoons, rabbits) which helps explain the presence of this signal at almost all sites on
all dates sampled (30 of 33 samples), While the dog /small mammal derived bacteria were a
significant proportion of the fecal bacterin ot all the sites, it was particularly more abundant at SAG
I and 6. SAG 1 is located near o dog park, which is less than 100 ft from shore, while SAG 6 is
located at Otter pond which is surrounded by a park used for dog walking, and therefore both likely
experience a higher proportion of animal waste than surrounding areas which can be washed into
Sag Harbor during rain events. Additionally, SAG | is located near a large sump which is also less
than 100 ft from shore, which receives drainage from the village including road runofT that likely
includes dog waste that could be washed into the harbor. Supporting this the largest dog /small
mammal levels (2-July-2019, 12-July-2019, 15-August-2019) at these sites were on dates when it
wais raining or had rained | day prior during July and August when people are most likely in the
parks with their dogs, particularly with the seasonal influx of people along the south fork in the
summer months, The highest dog levels were on 2-July-2019 at SAG 6 at greater than 10 times
mare abundant than the other samples, which followed a period of multiple days of rain,

Similarly, high levels of bird-derived bacterin were detected ot SAG | and 6. While a bird
signal was detected al almost all sites on all dates (except SAG 3) likely due to the common
presence of bird populations in coastal areas, the high levels at these sites were also likely
attributed to animal waste in surface runofT from the beach at SAG 1 and the surrounding park ot
SAG 6 which typically host populations of larger birds (i.e. gulls, swans, geese) which produce
high amounts of waste, as well as run-off from the sump at SAG 1. Additionally, the bird signal
may also be due to direet input from birds, particularly at site 6 which is known to harbor a large
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resident goose population. Evidence supporting the importance of this direet input is that on 4-
September-2019 when both SAG 6A, which is in the middle of Ouer pond, and SAG 6, which is
on the shore of Otter pond, were sampled the bird-derived bacieria levels were higher within the
center of the pond. The bird signal was highest in both sites in August, which could in part be due
to seasonal migrations of birds, for example Canadian geese are typleally in the region during the
summer months, However, some of the fluctuation in the bird signal at sites such as SAG 6 where
geese are known to be a common presence throughout the sampling period may be due to
differences in DNA quantities obtained from feces depending on the time of year and diet as fecal
bacteria vary according to dietary substrate provide by the host which was noted for Canadian
geese in Green et al (2016).

Deer-derived bacteria were found to be of the least concern across the whole system ns it
often necounted for the lowest proportion of the pathogenic bacteria, however were found to be
mare abundant at the more western sites (SAG 4, 5 and 6) than the eastern sites (SAG | and 2).
The higher abundance at SAG 4 and 6 is likely due to the denser tree coverage in the surrounding
area than near the village which is likely a more preferable location for the deer population.
However, deer-derived pathogenic bacteria was also detected at SAG 5 which is adjacent 1o the
village which suggests deer are a source of pathogenic bacteria throughout the harbor, The lack of
a deer signal at SAG 3 despite being in a less populated area is likely due to the high tidal flushing
at this site. As with the dog- and bird-derived bacteria surface run=ofT is the most probable source
of the deer- derived bacteria in Sag Harbor.

Together these findings indicate that the direct input from run-off was the primary source
of unimal-derived pathogenic bacteria to Sag Harbor as total animal derived fecal coliform as well
a5 enterococous levels were highest at SAG 1 and 6 with known sources of direct inputs. This is
in contrast to the very low levels observed at SAG 3 and 4 within the inner harbor that do not
exhibit sources of direct run-off. The low pathogenic bacterin levels at SAG 3 are expected due to
the high tidal flushing at this site, however they were also low at SAG 4 in Sag Harbor cove despite
the water being relatively stagnant and receiving drainage from Otter pond which exhibited high
pathogenic bacteria concentrations, supporting that the fecal bacteria is coming from direct land
sources instead of being indirectly washed into the sites.

Microbinl source tracking has been a molecular technique used 1o identify bacteria in
nquatic water bodies for more than two decades and has become more advanced and refined
through the years, particularly with the advent of digital PCR {(Huggeti et al., 2015) which was
used in this study. 5till, one of the on-going challenges of microbial source tracking iz designing
primer sets that maximize specificity and minimize cross-reactivity, All primer sets used in the
current study have proved to be highly specific, generating 100% positive results when bacteria
from a source in quuminn wis present (Bohem et al., 2013). Maoreover, of muItile: dog=specific
primer sets available, the primer set used in this study (BacCan-UCDY) hos been shown to be the
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maost precise and specific (Bohem et al,, 2013). In multiple studies it was shown to always deteet
the presence of dog-derived bacteria (100% specificity; Schriewer et al,, 2013). Moreover, as a
quality control measure, our dog primers were tested against plasmids containing sequences from
deer, humans, and birds and displayed no cross-reactivity. Still, these primers have also been
shown to have minor cross-renction with fecal bacteria derived from other animals including cats,
cattle, pigs, humans, and gulls, Since the human- and bird-specific primers used in this study were
designed to detect the latier two groups and since those primers are generally 1009 specific
(Bohem et al., 2013}, the dog signal may be indicative of other mammals including cats, raceoons,
opossum, and possibly rodents, which may be numerically one of the largest groups of animals
within the watershed.

4. SEDIMENT SURVEYING
4.1. Background

Excessive loading of nutrients such as nitrogen and phosphorus promote the environmental
prablems that plague Sag Harbor. However, it 1% unclear whether the majority of nutrients originate
in groundwater, streams, run-off, sediments, or the atmosphere, and if fertilizer or wastewater are
the main sources. One of the prominent gaps in knowledge regarding Sag Harbor includes the
sediment composition of the different sections of the walerbody. This data, along with
measurements of nutrient levels from multiple sources, were used to develop quantify the amounts
of nitrogen entering Sag Harbor (see Chapter 5: Nutrient Loading).

4.2, Methods

During 2019, several sediment surveys of Sag Harbor Bay were performed to assess
sediment organic matter, depth of mud, and sediment type of 18 locations throughout the bay to
ensure that the analysis was representative of the bay (Fig. 4.1). The coordinates of each site were
taken. The initial samples included a qualitative observation of sedimeni type, a measurement of
mud depth when in the presence of mud and dry and combusted weights of each sample to
determine percent organic matter. The sediment samples were collected by a syringe at the end of
a long probe that could reach the bottom from the surface, with the plunger of the syringe being
pulled by a string at the surface (Hattenrath et al., 2010). When the sample was brought 1o the
surface it was evaluated to determine sediment type. The probe was also marked every 0.1 m so
that the mud depth could be measured. The probe was forced Into the mud until sand could be felt
underneath. When sand was hit, the mud depth was taken for that site. Each sample was transferred
from the syringe (o a falcon tube to be brought back to Stony Brook Southampton for analysis
{Hattenrath et al,, 2010), Each sample was dried for 48 h in & drying oven at 60°C then weighed
before being transferred to a combustion oven, Samples were combusted at 450°C for 4 h then
weighed again to calculate percent organic matter, A fter completion of the initial survey, sub-cores
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were collected from three selected sites. The cores were obtained by a diver and brought back to
Stony Brook Southampton to be incubated and analvzed.

4.3. Resulis

The highest percent of sediment organic matter in Sag Harbor was found in the southern
enclosed section of the bay (sampling stations 15 = 18; near SAG 4) being 11 = 15% (Fig. 4.2A),
There were small sections throughout the bay with moderate levels of sediment organic matter (4
— 8%; sampling stations 1, 5, 7, 10, 12, and 13; near sites SAG 1, SAG 2, and SAG 3) (Fig, 4.2A),
All other sections of the bay had low levels (<2%) of sediment organic matter, near sites SAG 2A
and SAG 5 (Fig. 4.2A). In the southern enclosed section of the bay, mud depth was =0.7 m (Fig.
4.2B). At sampling stations 1, 5 and 7, despite the lower levels of sediment organic matier (4 -
8%), mud depths were =0.9 m (Fig. 4.28). Despite this, at other sampling stations (10, 12 and 13)
where sediment organic matter was moderate, mud depths were <0.1 to 0.5 m (Fig. 4.2B). At the
remaining stations (2 =4, 6, 8, 11 and 14), where sediment organic matter was low (=2%), mud
depths were 00,1 m, except for station 9, which had a mud depth of 0.3 m (Fig. 4.2B). Beginning
at the northenstern section of Sag Harbor, sediment types were mud (station 1), sand (station 2),
or undocumented (station 3) (Fig. 4.2C). Further west, sampling stations 5 and 7, which had
moderaie levels of organic matter (~7%) and mud depths >0.9 m, the dominant sediment type was
mud. The immediate three stations (4, 6, and 8) had sandy or muddy sand sediment types (Fig.
4.2C). To the southwest, the sediment types of stations 9 and | 1 were sandy mud and muddy sand,
respectively, while stations 10 and 13 had black mud and mud sediment types, respectively (Fig.
4.2C), In the southwestern station (12), the sediment type was black sulfidic mud. In the
southernmost section of the bay (sampling stations 4 — 18), the dominant sediment type was black
mud, except for station 14, which had a sand sediment type (Fig. 4.2C).

5. NUTRIENT LOADING
5.1, Background

Nitrogen (N) found in coastal environments is derived from natural and anthropogenic
sources, As the human population within a watershed grows so does the magniiude and proportion
of anthropogenic nitrogen to coastal waters (Valiela et al.,, 1992}, Eutrophication of a watethady
is a nntural process that occurs over very long periods that can become accelerated when there is
an excessive input of anthropogenic nuirients, such as nitrogen, and is one of the most pressing
contemporary environmental concerns in constal areas. Microscopic marine planis, known &s
phytoplankton, are normally controlled by periodic nutrient limitation and predation, but in the
face of nutrient overloading can become dense and pervasive waters (Valiela et al,, 1992}, Such
algal blooms can attenuate light penetration through the water column, decreasing the depth at
which benthic phototrophs, such as seagrasses, can survive in waters (Wayeotl et al., 2009),
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Additionally, oxygen concentrations can decrease sharply beneath the surface of the water due Lo
the respiration and decomposition of the excessive organic matier from decaying algal blooms
{Gobler and Baumann, 2016). In this way, eutrophication often leads to hypoxia (very low levels
of oxygen) or anoxia (zero oxygen), which can be deleterious to fish and benthic communities
living in and on the sea floor (Diaz and Rosenberg, 2008).

Harmful algal blooms (HABs) are also an environmental problem initisted by nutrient
overload, which have increased in their geographic extent, intensity, duration, and diversity in
recent decades [Hﬁialar el al., 2008: Anderson et al., 2008), There are clear Iinlmgr.s hetween
increased loading of N in coastal waters and the presence and prevalence of HABs in many
ecosystemns (Helsler et al., 2008; Anderson et al., 2008). In some coastal areas such as Long lsland,
HABs promoted by N have become annual occurfences. The phytoplanktlon that compose these
HABs are diverse and can affect ecosystem conditions, commercial and recreational fisheries, and
human health, For example, wastewater-derived nitrogen (i.e. from sewage) has been shown o
support the proliferation of saxitoxin-producing blooms of Alexandrium carenella that can cause
paralytic shellfish poisoning (Hattenrath et al.,, 2010) and okadaic acid producing blooms of
Dinophysis acuminata (Hattenrath et al,, 2013),

Since nitrogen limits primary production (Nixon et al., 1995; Valiela et al., 2004) by plants
al the base of the marine food web, it is often the nitrogen delivery rate (weight of nitrogen
delivered per land area or water body volume per year) coupled with hydraulic flushing that
influences the prevalence of algal blooms, intensity of hypoxia, and the loss of seagrass beds
{Bowen and Valieln, 2001, 2004; Valiela ¢t al,, 1992). In Suffolk County, NY, the major sources
of nitrogen to waterbodies in the north shore, south shore, and cast end are, in order, wastewater,
fertilizer, and the atmosphere (Kinney and Valiela, 2011; Lloyd, 2014; Lloyd et al., 2016, SCSWP,
2019). However, the relalive importance of a nitrogen source can vary over even small geographic
distances (Kinney and Valiela, 2011; Lloyd, 2014; Lloyd et al., 2016, SCSWP, 2019), As a result,
nitrogen loading models are required 1o predict the amount of nitrogen that various sources
contribute to estuaries and how those spatial differences in nitrogen load relate to coastal land use,

Despite the prevalence of environmental problems within Sag Harbor's surface waters, the
rates and sources of nitrogen loads to these waters have never been comprehensively quantified.
This knowledge gap prohibits the formulation and evaluation of management plans to ameliorate
nitrogen loads to these bays, Given the large costs associated with many nitrogen mitigation
strategies, it is important to quantify the relative contribution of all the major sources of nitrogen
to the bays. This information can then be used to determine cost effectiveness of different strategies
for reducing nitrogen loads. Quantifying the current nitrogen loads entering Sag Harbor as well
as quantifying how those loads would change under different nitrogen mitigation scenarios is a
vital tool for proper witer quality management.
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5.2, Methaods

3.2 1. Watershed/Subwatershed disaggregated

The surface extents of the watersheds in the study area were obtained from the LS.
Geological Survey regional MODFLOW maodel of 1968-1983. The study area was expanded 1o
include the full extent of the watersheds so that all the N sources to the drainage areas were
necounted for, We assume that groundwater flow roughly follows hydraulic gradients established
by surfuce topography (Schubert, 1998},

5.2.2. Nitrogen lpading model (NLM)

The model used to predict nitrogen lond is the NLM described in Bowen et al, (2007) and
recently used in Kinney and Valiela (2011), Lloyd (2014), Lloyd et al, (2016), Stinnette (2014),
and Suffolk County (SCSWP, 2019) to quantily N loads to Long Island waterbodies, MLM has
been used extensively by the US EPA in the Northeast US (Latimer and Charpentier, 2010) and
altered significantly for use by NYSDEC Long Island Nitrogen Action plans study of nilrogen
loading to Suffolk County subwaterheds by the consultants, CDM. The NLM uses information
about land use in a defined watershed o predict both the amount of nitrogen that is released into
the watershed from various sources and how much of it ends up in a corresponding bay. This model
requires accurate local land-use information, such as area of agriculture, residential areas and
impervious surfaces as well as other environmental data gathered from Long Island-based
sclentific lterature via the Sulfolk County subwatersheds study as well us from NYSDEC, NYS,
and GIS portal.

NLM assumes that the transport mechanism for nitrogen entering the bay from the
watershed is primarily ground water. This Is a good assumption for coastal regions of Suffolk
County as geologically, Long Island is composed of unconsolidated sands that allow for relatively
easy trunsport of groundwater to constal zones (Kinney and Valiela, 201 1; Stinnette, 2014). The
MLM breaks down the nitrogen input into three sources: atmospheric deposition, wastewater and
fertilizer. Valiela et al. (2000) validated this model by comparing its nitrogen load prediction to
empirically measured nitrogen levels. They found NLM's resulis to be siatisiically
indistinguishable from mensured concentrations and found a linear relationship between the
percent coniribution from wastewater that NLM predicted and the stable isotope signature for
wastewater expected from known values of 8'°N of nitrate in ground water,

The source of all data used within NLM are shown in Table 5.1. The details of all rates,
attenuations, constants, and assumptions used within the NLM model for this project are found in
Table 5.1, In nearly every case, the assumptions, rates, and constants used for this project matched
those used for Suffolk County's subwatersheds study (SCSWP, 2019),
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3.2.3. Atmospheric depoxition

Atmospheric nitrogen is delivered vin precipitation (wet) or via dust (dry). Nitrogen that
artives in the watersheds through wet and dry deposition may have a varied contribution to
waterbody nitrogen load depending on where the nitrogen lands. Different land use types
(Impervious, vegetation, developed) alters the amount of nitrogen that makes it to the waterbody.
Nitrogen landing on vegetation has time to be assimilated by plants and organisms in the soils,
and/or may be denitrified in the aguifer. Nitrogen that lands on impervious surfaces can runofT
directly into n stream, or bay, skipping assimilation. It may also flow through a municipal separate
stormwater sewer system (MS54) where it eventually seeps into sandy soils and discharges into
constal zones, In general, when stmospherically deposited nitrogen lands on impervious surfaces,
significantly less is removed before entering the waterbodies, For this project, an effort was made
to separate N from run-off given that once such N enters the water table, there is little is an N
attenuation within the sandy aquifer ol Long Island {Kinney and Valiels, 2011; SCSWS, 2019),
Hence, to isolate M that is loaded o surface waters as o consequence of surface run=off, the sum
of atmospheric M landing on impervious surfaces including roads, driveways, sidewalks, roofs,
parking lots, and other impervious surfaces was summed and deemed N load from run-off,

Impervious land areas were estimated by finding where the Normalized Difference
Vegetation Index (NDVI) was low (NDVI<90), The NDVI was created from the USGS's high
resolution orthoimagery. Parcels that were known by land type to not have any impervious surfaces
were removed to improve the accuracy. The removal included the classes open water, vacant land,
preserved/forested land, and agricultural land. Road area was estimated by expanding road line
data into pnlygcms obtained from the US Census Bureau. Lines for primur_'f road, secondary ronds,
local roads, and ramps were expanded to a width of 12,5 m, 10 m, 5 m, and 5 m, respectively.
Areas of the polygons were then calculated and summed for each watershed. Residential
impervious areas were estimated by limiting the impervious layer to residential parcels.

All other ntmospheric deposition ealculations based on land use areas were derivatives of
the above processes or taken from source data, Area of turl was calculated from golf course, parks,
und residential lawn ares, The area of lawns was determined by combining NDVI data with LIDAR
data. Any region with an elevated NDVI but was < 10 cm above road heights was deemed a lawn.
Agriculture area was obtained from Suffolk County parcel data, Ponds and wetland areas were
obtained from the USGS National Hydrography Dataset. Any aren that was not included in the
above categories was considered natural vegetation. Each one of these categories had appropriate
attenuation factors applied.

3.2.4. Wastewarer

The contribution of nitrogen load to the bays from wastewater treatment plants was added
directly to the model based on measurements of nitrogen output from the plants. Loads were
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assigned (o the various watersheds based on the trestment plant outfall locations. The loads were
nol attenuated and were directly added to the total nitrogen load for the eorresponding watershed.

For parcels that were not connected to the sewer system nitrogen output was calculated by
multiplying the nitrogen released per person by the number of occupants in the watershed. The
number of occupants for each parcel was determined from census tracks and parcel land use class,
The total count of individuals for each census track was divided up among the residential parcels.
The various types of residentinl parcels (one family, two family, apartiment) were weighted
accordingly. With each parcel assigned a number of occupants, parcels that were connected to
sewer systems were removed, Then the total number of occupants in ench watershed outside and
within 200 m of the water was tallied,

Differing levels of nitrogen were then removed from private sewer loading depending upon
the type of on-site sewage disposal system (septic or cesspool) and the system’s distance from
shore, as there is significantly less nitrogen removed when septic tanks and cesspools are within
200m of coastal waters, Residential parcels have elther an individual septic tank system or
cesspool, which differ slightly in the fraction of nitrogen released to the underlying aquifer, with
the less effective cesspools releasing more, For this study, half of the residential users were
assumed to have cesspools,

The NLM breaks down the nitrogen removal in septic lank and cesspool-based systems
into three steps: removal in the tank, removal in leach felds, and removal in septic plumes.
Cesspools on Long Island are typically composed of eylinders arranged vertically, eliminating any
traditional leach field and the associated nitrogen removal therein. Although there is a disposal pit
associnted with these vertically structured cesspools systems and only a small amount of nitrogen
is removed in this part of the system (<10%),

3.2.5. IFertilizer

The NLM considers fertilizer input from agricultural uses, golf courses, parks and athletic
field lawns, and manicured residential lnwns. The area of each type was caloulated using ArcGIS
processes; residential lawn areas were found by limiting high NDVI areas (NDVI>80) 1o
individual parcels and to areas where the LIDAR height layer was near zero (height=0. lm). The
height of objects on properties (trees, buildings, decks, ec.) was determined by sublracting a
Digital Elevation Model from a Digital Surface Maodel. These models were created from the same
USGS LiDAR point cloud data. Golf courses boundaries were provided by Suffolk County and
were combined with the lawn dataset to obiain golf course lawn area. Agricultural land was
extracted from the Suffolk County parcel data. Parks and athletic field parcels were also extracted
from the Suffolk County parcel dataset but were then further limited to lawn nreas within those
parcels with the sume process used for residential lawns,
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Details of the data sources used lor the NLM appear below in Table 5.1. Many data sources
have been generated as part of the NYSDEC Long Island Nitrogen Action Plan's nitrogen loading
study of Suffolk County's subwatersheds. Based on that project it is assumed that fertilizer
applications rates were 3.89 [bs per 1,000 square feet for golf courses and 1.84 Ibs per 1,000 square
feet for parks and athletic fields, For residential turf fertilization it was assumed that there isa 1.0
Ibs per 1,000 square feet per application with the assumption that 49% of homes have, on average
1.5 applications per year, 31% of homes have 1 application per year, 4.5% of homes have |
application every 3 years and 15.5% of homes do not use fertilizer (Vaudrey et al,, 2015),
Therefore, when &djl.lilﬁd 1o the mean number t,1|"upp|i:n'liunx per year por home, the residential
application rate was 2.04 1bs per 1,000 square feet per year,

3.2.6. Pers
A module was added to NLM to consider the contribution of pets to watershed N loading.

The assumptions of the module largely matched those of Suffolk County's subwatersheds studied
including that each residence had, on avernge, one dog, and one indoor cat, and 0.74 outdoor cats
per home. The 45-year old data regarding the N contribution of each animal type (Porter et al.,
1978) was updated 1o reflect more recent findings (Beynen et al 2001, 2002),

5.3, Results

Nitrogen loads into Sag Harbor varied by the source of nitrogen as well as the reglon of
the harbor contributing the nitrogen. Within Sag Harbor Cove, alone, cesspools/septic systems and
atmospheric deposition contribute the highest nitrogen loads (~13,500 and ~2,100 kg M per year,
respectively; IFig. 5.3.). There was o moderate contribution from pets, fertilizer from residential
lawns, and sediment Mux (—400, =700, and -830 kg N per year, respectively) with a minor
contribution (=170 — 180 kg M per year) from birds and fertilizer from parks and goll lawns (Fig,
5.3). Overall, the contributions of cesspools/septic systems, atmospheric deposition, residential
lawns, agriculture, and sediment flux to nitrogen loads into the cove 72%, 1 1%, 4%, 5%, 4%, and
1%, respectively (Fig. 5.4), There was only a | — 2% coniribution from parks and golf lawns, peis,
and birda and no contribution from sewage treatment plants to nitrogen loads into the cove (Fig.
3.4), There was an overwhelming nitrogen load contribute of Sag Harbor Village, alone, into Sag
Harbor Cove (=35,150 kg N per yenr; Fig. 5.3), Sediment flux and stmospheric deposition
contributed ~830 and 420 kg N per year, respectively, while the contribution of residential lawns,
parks and golf lawns only contributed 140 = 180 kg N per year (Fig. 5.3). Cesspools/septic sysiems,
sediment Mux, atmospheric deposition from the Village contributed 88%, 12%, and 7%,
respectively, 1o nitrogen loads into the cove (Fig. 5.5). All other sources contributed 2 - 3% to
nitrogen loading into the cove from the village (Fig. 5.5).

Within the bay section of Sag Harbor, cesspools/septic systems and atmospheric deposition
contributed ~8,000 and ~1,600 kg M per year, respectively (Fig. 5.3). Sewage treatment planis,
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agriculture, and residential lawns contributed ~620, ~715, and ~480 kg N per year, respectively
with a contribution of ~515 kg N per year from sediment flux (Fig. 5.3). There were smaller
contributions (~180 = 220 kg N per year) from pets and birds and only 60 kg N per year from parks
and golf lawns (Fig. 5.3). Overall, cesspools/septic systems, atmospheric deposition, parks and
goll” lawns, and sewage trealment plants contribute 67%, 14%, 7%, and 6%, respectively 1o
nitrogen loads in the bay (Fig. 5.6). Residential lawns and sediment fux contribute 4% of nitrogen
loads into the bay, while agriculture, pets, and birds all contributed 2% (Fig. 5.6). From Sag Harbor
Village, alone, cesspools/septic systema contributed 5,600 kg N per vear into Sag Harbor Bay (Fig.
5.3), Sediment flux and sewage treatment plants contributed ~500 and ~620 kg N per year,
respectively, while ntimospheric deposition contributed ~400 kg N per year (Fig. 5.3), Agriculture,
birds, and pets contributed ~140 — |80 kg N per year while residential lawns only contributed ~60
kg M per year (Fig. 5.3}, Overall, cesspools/septic systems, sewnge treatment plants, sediment flux,
and atmospheric deposition contributed 81%, 10%, 7%, and 6% to nitrogen loads into Sag Harbor
Bay from the Village (Fig. 5.7). All other sources contributed 1 = 2% to nitrogen loads into the
bay from the Village (Fig. 5.7).

Comparing nitrogen loads Into the subwatershed of Sag Harbor Cove revealed that nitrogen
loads from Sag Harbor Village and outside the Village were 34% and 66%, respectively (Fig. 5.8).
For the subwatershed of Sag Harbor Bay, nitrogen loads from Sag Harbor Village and outside the
Village were 56% and 44%, respectively (Fig. 5.8).

6. MANAGEMENT OPTIONS

There are multiple lines of evidence indicating that excessive nitrogen (N) loading is
impairing surface water quality across Sag Harbor. The Peconic Estuary has a target total N level
of 0.4 mig L' and this level was occasionally exceeded in Otter Pond (SAG 6 and 6A), the inner
harbor, and at Haven's Beach (near SAG 1). Experiments performed during both summers
demonstrated that nitrogen was the element limiting the growth of algae in Sag Harbor Cove (SAG
3) and Upper Sag Harbor Cove (SAG 4). Levels of algae (chlorophyll a) were always above the
EPA ideal value of 5 ug L' and, at times, exceeded the maximal guidance value of 20 jg L°' in
Upper Sag Harbor Cove and Otter Pond, These algae levels are promoted by high levels of N
qur]ing. ]-Iigh levels of the ir.hf,hyqtpxi; rusl tide nlgne, Cochlodinium, were detected both years
in Upper Sag Harbor Cove and in the inner harbor in 2019, and this alga has been shown to be
promoted by excessive N loading (Gobler et al., 2012).  Water clarity at most stations was < 2
meters during sumimer and thus less than the NYSDEC recommended value for seagrass growth
(2.0 m) and reduced water clarity was likely caused by high levels of algae. Hypoxia (dissolved
oxygen = 3 mg L) and anoxia (<0.5 mg L") were observed both years in Upper Sag Harbor Cove,
and, to a lesser extent, within Sag Harbor Cove and the inner harbor, and low oxygen occurs when
high levels of algae die off and decompose. Given these connection between excessive N and
water quality impairments, reductions in N loading across Sag Harbor and Sag Harbor Cove are
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warrnnted. Mitrogen loading analyses indicated that septic tanks and cesspools were the strongest
source of N for both the Cove and the Harbor, representing 70 and 90% of the total load,
respectively, Given this, upgrading these systems and/or connecting homes to the sewnge
treatment plant would be the most effective qppmm:hﬁ.,

In 2016, Suffolk County adopted Article 19 of the sanitary code which permitted the use
of innovative and alternative septic systems. Such systems must reduce total nitrogen levels in
septic effluent to less than 19 mg L' and, to date, five such commercially available systems have
been approved for use. Additional systems are in the piloting stage of approval, making the array
of choices even larger in the future, For example, the NYS Center for Clean Water Technology at
Stony Brook University is piloting Nitrogen Removing Biofilters as onsite septic systems which
have been achieving septic effluent of < 10 mg L' as well as >90% removal of drugs,
pharmaceuticals, personal care products, and other organic contaminants, Presently, Suffolk
County, the Town of East Hampton Town and the Town of Southampton all have grants available
io homeowners to install any of the Article |9-approved low nitrogen septic systems. The cost of
a ‘simple’ installation of the low nitrogen systems 18 presently <$25,000. The sum total of grants
available is often in excess of the cost of the full installation of the systems meaning that, in many
cases, they can be installed for free. In some cases, however, Installation can become more
expensive if, for example, major infrastructure or landscaping must be moved or replaced during
the installation process.

Beyond upgrading septic systems, there are likely opportunities to connect parts of Sag
Harbor Village to the existing sewage treatment plant, The plant is currently discharging very low
levels of N to surface waters, on average < 5 mg L', which is better than any approved onsite
septic system. For regions near the sewage treatment plant, it may be cost effective to hook up
homes and facilities to the existing plant. This must be fully investigated, however, as for some
parts of Long lsland such costs can exceed $50,000 per home and the installation of sewage lines
can be disruptive to neighborhoods,  Still, once connected, the installation would create a
maintenance-free solution for homeowners although the connection to the sewage treatment plant
will represent an additional ufility fee. For onsite systems, Suffolk County requires homeowners
li puh:hmm upun:lihn and maintenance controcts with certified m;:-mpuni:s who will inspm;:t
syslems one-to-two Limes per year to assure systems are functioning properly,

R-:«cﬂnlty. SufTolk ﬂﬂunl}' ':dmplc'l'.ud its Subwatersheds slud}' and declared that sag Harbor
Cove should strive for a 62% to 81% N reduction to achieve water quality improvements, levels
that could be achieved by upgrading septic systems. [n contrast, the same study declared Sag
Harbor was not a high priority for water quality improvement due 1o an absence of HABs and
hypoxin during Suffolk County monitoring during the past decade. These findings are generally
consistent with those of this study which also found water quality impairment was more significant
in Sag Harbor Cove and Upper Sag Harbor Cove compared to Sag Harbor, Our utilization of more
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high frequency monitoring compared to Sulfolk County allowed for the detection of transient
harmful algal blooms and hypoxia in Sag Harbor. Collectively, both studies prioritize N reductions
in Sag Harbor Cove over Sag Harbor,

Beyond nitrogen, management of pathogens in surface waters of Sag Harbor Village seems
warranted. Levels of fecal coliform bacteria exceeded guidance values for shellfishing on occasion
in Oter Pond, the inner harbor, and at Haven's Beach, with the later location being open to
shellfishing and n bathing beach locale, Only one sample within the inner harbor, however,
exceeded NYS Department of Health swimming standard, Microbial source tracking revealed the
sources of fecal bacterin differed by time and location and primarily included dogs, small
mamimals, humans, and birds, The human signal was strongest within the inner harbor, while dogs,
small mammals, and birds were the primary sources for Otter Pond and Haven's Beach.

Potential remediation options for pathogens would differ by site. For example, the Haven's
Beach site had elevated levels of pathogens originating from birds, dogs, and small mammals,
While there were only two dates when these waters were at or above the 200 colony forming units
per 100 mL shellfishing standard, these waters are presently open for shellfishing and near o
bathing beach. This site also hod consistently high levels of Emferococens ns measuried using
digital PCR, Maoreover, studies by the Gabler Lab a decade ngo also identified high levels of fecul
bacieria in this reglon. Given the location of the dog park and sump adjacent to these waters, the
creation of an expanded buffer system to intercept and divert run-off from these sites into surface
water would reduce the delivery of pathogens

Otter Pond also had elevated levels of pathogens originating from birds, dogs, and small
mammals and has a small park surrounding it as well as many resident birds, nccounting for these
observations, While vegetative buffers along Otter Pond or rain gardens to intercept run=ofT might
help minimize this situation 1o some extent, it would not mitigate direct bird contamination (i.e.
resident birds on pond). Moreover, unlike Haven's Beach, these waters are not used [lor
shellfishing or swimming, and thus may be a lower remediation priority.

Fecal contamination within the inner harbor presents a situation that is more
straightforward in some respects, but more complex in others. The inner harbor site (SAG 2) was
the only location during this study where the fecal contamination signal consistently originated
primarily from a human source. There are two potential sources of this contamination: boats and
the sewage treatment plant. In support of the vessel-source hypothesis, the next highest percentage
of contamination was from site 3, another harbor region (Ship-n-Shore marina), and n 2018 study
by the Gobler Lab found higher levels of human bacterin within a site in Three Mile Harbor located
at & marina where there was no sewage treatment plant, On the other hand, the inner harbor site
during this study was located directly adjacent to the Sag Harbor sewage treatment plant discharge
site. According to NYSDEC monitoring, 20% (11 of 51) of monthly samples from this plant from

36



January 2015 = April 2019 exceeded allowable levels of fecal coliform bacterin, sugpesting there
have been releases of indicator bacteria from this plant into the harbor. While methods for
distinguishing human bacteria oeriginating from boats compared o sewage treatment plants do not
exist, line scale sampling through the harbor, potentially coupled with measurements of sewage
tracers would help resolve the ultimate source of human fecal bacteria. While more consistent
treatment of pathogens at the sewage treatment plant and increased vigilance regarding vessel
discharge would both help address human fecal bacterial contamination in the inner harbor,
without further study, o recommendation of which approach to focus upon cannot be made,
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Yacht Club (SAG 2) and other various sites in Sag Harbor Bay during 2019,
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Harbor Bay, NY, during 2019
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Figure 1.12. A) Surface and B) Bottom salinity values (psu) from various locations in Sag Harbor
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Figure 1.20, Concentrations of ammonium (mg L) taken from various locations in Sag Harbor
Bay, NY during 2019,
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Figure 1.21. Concentrations of total nitrogen (mg L) taken from various locations in Sag Harbor
Bay, NY during 2019,
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Figure 2.1. Total concentrations of chlorophyll @ (measured in vivo) for nutrient amendment
experiments for Sag Harbor Bay (SAG 3) samples during July 2018,
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Figure 2.2, Total concentrations of chlorophyll @ (measured in vivo) for nutrient amendment
experiments for Sag Harbor Bay (SAG 3) samples during 2019,



Table 2.1, Tukey Honest Significant Difference tests for final chlorophyll @ concentrations from
nutrient amendments of water from Sag Harbor Bay (SAG 3) and Sag Harbor Cove (SAG 4) during
summer 2019, P-values in bold represent significant results (p < 0,05).

Sag Marbor Day (SAG 1) Sag Harbor Cova (SAG 4)
Nosh | mpsion T Upper  Povalis B T Upper  Pevilue
Contml va. Bolh 2000 9637 5619 ORI3 | 0641 8506 4224 0993
Nitrogen va. Both D300 7927 TA 0 0999 | 1368 3497 6233 (808
T Phosphorus va, Boih OB BA3S 6KI6 O8B5 | L7614 6626 0666
Mitrogen vs. Control 1709 5918 9337 08E7 | 2009 2856 6874 0575
Phosphorus va, Control | 1198 6430 K825 0956 | 2402 2463 7267 0430
Phusphoms vi, Mitrogen | <0812 K139 F006 099 | 0391 4473 5358 0840
Control vs. Boih 13343 20805 6280 0002 | 18314 22199 14420 <0001
Nitrogen v, Both S.168 2094 12431 0082 | 0450 3432 4336 0981
sy Fhonphorus va. Bath SIS0B1 22343 THIE 0001 | 19309 23,194 15424 <0001
Mimragen va, Contrl IRTIL 11449 35973 0000 | K767 148N 32032 <0000
Phosphorus vs. Control | =1.538 8800 5724 0903 | -0995 4880 2890 0843
Phosphorus ve. Nitrogen | 20249 27511 -12987 <0001 | -19762 -23.647 -15877 <0001
Control vs, Both ATATY -A1208 41TRDL =0001 | 60801 681357 -33430 <0001
Niiragen vs. Both IR0 1863 9361 0215 | 1914 5439 9268 0837
Augasi | iosphorus vi. Both 8569 54281 -4ZEST <0001 | -30925 67270 52572 <0001
itrgen va. Control 81043 45630 408 =000 | 62718 35064 FO0F1  =0001
Phosphorus v, Control | -1076  -6.788 4630 0928 | 0878 6470 8232 0980
Phosphorus ve. Mitogen | -52418  -58.130 46706 <0001 | -61.840 -69.193 54486 <0001
Control va. Both 20060 34032 23.IRR <0001 | 22617 -ZR9S3  -16.099  «0001
Mitrogen vs. Roth 4208 -1 10070 6087 | 0.031 52317 6329 L0
Septamber | FHOSBhONE Vi, Both 25082 -3L055  <19310 <0001 | 19260 25538 12982 <0001
Nitrogen vi. Contral 31358 274ES 30230 <0001 | 2272 16430 29006 <0001
Phosphorus v, Contrel | 3878 -19%8 9750 0237 | §417  -ZB61 9693 0064
Phosphorus vs, Nifrogen | -29.480 35352 23608 <0001 | -19311 25549 -13.033 <0001
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Figure 2.3, Total concentrations of chlorophyll @ (measured in vivo) for nutrient amendment
experiments for Sag Harbor Cove (SAG 4) samples during 2019,
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Table 3.1, Primers (F: Forward, R: Reverse), probes (P), and PCR conditions for each microbial
source tracking assay.
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Figure 3.1. Concentrations of fecal eoliform bacteria (¢ells 100 mL™") from various locations in
Sag Harbor Bay, NY during 2018.
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Figure 3.2, Concentrations of fecal coliform bacteria (cells 100 mL") from various locations in
Sag Harbor Bay, NY during 2019,
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Figure 3.3, Concentrations of enterococel (cells 100 mL*") from various locations in Sag Harbor

Bay, NY during 2019,
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Figure 3.4, Abundances of A) Enterococcus and B) Fecal derived bacteria emanating from
human, birds, deer, and dogs / small mammals (copies 100 per mL) across Sag Harbor during the
summer 2019 displayed temporally. C) Percent of total fecal derived bacteria measured during this
study including those emanating from human, bird, deer, and dog / small mammal sources.
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Figure 3.5, A) Abundances of fecal derived bacteria emanating from human, birds, deer, and dogs
{ small mammals (copies per 100 mL) across Sag Harbor during the summer 2019 per site over
time detected vis dPCR. B) Percent of total fecal derived bacteria emanating from human, bird,
deer, and dog / small mammual sources per site over time detected via dPCR.
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Figure 3.0, Precipitation st Sag Harbor during the study period retrieved from the Weather
Underground Sag Harbor Yacht Club station (SAG 2). Sampling dates are indicated by red dots.
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Figure 3.7, Total enterococcus bacteria, on average for the entire sampling season. Percent of total
fecal derived bacteria emanating from human, birds, deer, and dogs / small mammals at the eight
sites in Sag Harbor 2019, on average for the entire sampling season.
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Figure 4,1, Location of sampling sites sediment surveys in Sag Harbor Bay, NY during 2019,
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Figure 4.2, A) Organic matter; B) Mud depth; and C) Sediment type of Sag Harbor Bay, NY taken
from sediment surveys during summer 2019,
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Table 5.1, Constants used for the nitrogen loading model for Sag Harbor, NY in 2019,

Costants mid Calowlitions Wilie Wil
W npuns froon wet and dory deposiilon 447 ki pei s per vr
Forest M ujake 0,73 percent of depontion retabed
Farent M rolenss 015 paroant od depaeiton relessd
Vndlosg N uptake 0 pereent of deposition retained
Vadose M rulease 1 pereent of deposition relenied
Thiad W uplake 0.7 percent of depasiion retninad
Turf M roboas i3 peraent of deposition relensed
Agrigulire M relensg IS percenl of deponiiion released
M tirouglpul from freiliwiler ponds 1o aquifer T percant of mpuite
M thwreglgut frems wellucds 1o squifer hE] prarct of gty
M reloased por paruon per yoar 4.530 K i citfp et ¥7
Percent of ¥ inpuis released (rom seplio nks i8] pereel of adided M relenned
Lenching feld effnen o parcani of addaed W rolonsad
K releniwed from the plune of the septic systen (aquifer inex 0,04 peroent of added M reloased
M raleased from w4 sowars (advanced individual sowers) 1.8 ki pei newwer per v
Propoition of parcels with Cesspool 0.4 proportien
Proportion of parcels wiili Septic 0.3 oo
Pereent of buildings with fetilized lawny 0,8 pErcant
Fevtllizer applied @ lowpe 48.8 ki per lin per i
Fenilizar applied 1o golf conrses 1890 kg per b e v
Ferfillzer appiied io Parks & Athletic Flokls L H ] km per ba par yr
Furtilirer applizd to agricilhire 0.6 K Pt lin 97 VT
Craggina lons of ferilizer - resldantinl lnwne .3 Percwiil Tefiflizer lridinpaned
Ciaeous loms of fenilizer - golf courmes .1 Percent fertillzer trnsporied
Chivigdiia loa of feitilieer - parka & athletie Delds 0. Parcont ferilllzor imansporied
Clanseus ki af ferdifeer - Aprculiue i Pecent femlizer tansponed
Denitification in aquifer 0.0 percent of M enterig the aculfer that s lost
Desiltrifiention b neifer 0,923 povcent of W entering tha squifer thei I= rolesed
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Figure 5.1. Sag Harbor watersheds disaggregated and labeled,
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Figure 5.2. Watersheds and groundwater travel times of Sag Harbor Bay and Sag Harbor Cove,
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Figure 5.3. Estimated nitrogen londs (kg N per year) to Sag Harbor, NY during 2019,
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Figure 5.4. Percent nitrogen londs of various nitrogen sources to Sag Harbor Cove during 2019,
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Figure 5.5, Percent nitrogen loads of various nitrogen sources to Sag Harbor Cove from only Sag
Harbor Village during 2019.
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Figure 5.6. Percent nitrogen loads of various nitrogen sources to Sag Harbor Bay during 2019,
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Figure 5.7. Percent nitrogen loads of various nitrogen sources to Sag Harbor Bay from only Sag
Harbor Village during 2019,
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Figure 5.8. Fraction of nitrogen load to each subwatershed in Sag Harbor emanating from Sag
Harbor Village or outside the Village during 2019,
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