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All of Long Island is a watershed -

Materials on land eventually enter our groundwater and surface water.
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Nutrient loading models

Describes movement of nutrients from land to sea
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Phytoplankton serve as the
foundation of marine food webs.
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Harmful Algal Blooms (HABS)

Growth of an algal species to densities which
negatively impact human health or an ecosystem.




Alexandrium red tides and pafalvtic shellfish

Saxitoxin




Mattituck Creek Biotoxin Closure
Effective April 3, 2012
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Presence of PSP-producing Alexandrium

Tarw g

‘1026f;time 'pomts

cells not detected
<100 cells L1

=> 1,000 cells L
=100 - 1,000 cells L1

**circles represent the highest observed densities at each site**

* Alexandrium found at 62 of 76 sites sampled (82%)



Riverhead LOCAL

https://www.riverheadlocal.com/2015/05/13/massive-die-off-of-turtles-dozens-of-dead-diamondback-terrapins-wash-up-along-flanders-
bay-beaches/

Hundreds
‘Massive’ die-off of turtles: Bozens of dead diamondback

terrapins wash up along Flanders Bay beaches
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Linking land-derived nitrogen to

turtle deaths

il
SRR
FI1 SFVIFR journal homepage: www.elsevier.com/locate/toxicon

The role of a PSP-producing Alexandrium bloom in an unprecedented @mm
diamondback terrapin (Malaclemys terrapin) mortality event in
Flanders Bay, New York, USA

Theresa K. Hattenrath-Lehmann *, Robert . Ossiboff ', Craig A. Burnell <,

Carlton D. Rauschenberg ©, Kevin Hynes ¢, Russell L. Burke °, Elizabeth M. Bunting °,
Kim Durham , Christopher J. Gobler **

Conclusion: PST in shellfish was likely high enough to cause or contribute to the mortality in

these small (<2.0 kg) animals.
12



Cochlodinium rust tides




Cochlodinium polykrikoides blooms in NY, 2004 — 2016:
Ichthyotoxic (Gobler et al 2008; Tang and Gobler 2009)




Scallop densities, Three Mile Harbor, 2012

Cochlodinium can be lethal to scallops (Gobler et al
2008; Tang and Gobler 2009).
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Dinophysis acuminata and diarrhetic shellfish
poisoning (DSP) due to okadaic acid
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DSP toxins in shellfish, Northport, June 2011 (ng/g)
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Presence of DSP-producing Dinophysis
In LIS: 2008-2017
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" **circles represent the highest observed densities at each site**

e Dinophysis was observed at 54 of 54 sites sampled, and 17% of those sites had higher
densities than those reported ~30 years ago (Freudenthal and Jijina, 1988).

e The largest blooms occurred in Northport Bay and Meetinghouse Creek. 18



Sources of Fecal Coliform Bacteria
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Shellfish bed closures
and pathogenic bacteria

* NYSDEC opens and closes
shellfish beds based on
levels of ‘indicator bacteria’
such as fecal coliform
bacteria are proxies for
pathogenic bacteria.

* Temporal and spatial
dynamics of these bacteria
are poorly understood.

Sag Harbor

| Northwest Creek

Shellfish Closures
BNYCRR Part 413 | o
Paragraph 5 (i \iii ix) 4

For shellfish closure

descriptions of inner

Sag Harbor, go to the
Town of Southampton page.




Microbial Source Tracking

» |dentify the source of fecal pollution in a watershed
* Provides basis for management strategies and efficient resource allocation

Fecal Bacteria: Target Host Organisms:
Bacteroides

Ruminant Birds Human

/Genetic Markers: h
Fluorescent Probe
Bacterial DNA I
Dye
\ .HLITCCT CCTCCTTCCACTCCTGCT

AGCACTCTAGGGAGACTGCCTTCOTAAGGAGGAGGAAGGTOGAGGACGACGTCAAGTCATCA

K / 21




Objectives:

* Assess the temporal and spatial dynamics of the PSP-causing
dinoflagellate Alexandrium, DSP-causing dinoflagellate,
Dinophysis, and the ichthyotoxic dinoflagellate,
Cochlodinium, and fecal coliform bacteria in the Village of
Sag Harbor’s marine waters.

* Provide fine temporal scale and spatial water quality
monitoring in the Village of Sag Harbor’s marine waters.

* Microbial source tracking of indicator and pathogenic
bacteria.

e Assessment of nitrogen loads to Sag Harbor



_ocation of sampling sites in Sag Harbor Bay, NY
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GENERAL WATER QUALITY CONDITIONS
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Concentrations of total nitrogen (mg L)
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Secchi disk depths (water clarity), 2018
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Secchi disk depths (water clarity), 2019
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Chlorophyll a (ug L-1)
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Chlorophyll a concentrations (algae) during 2018

30 -

25 -

N
o

=
ol
|

0

@sAGL (O SAG3 @ SAGHS
@ SAG2 @ SAG4 () SAG Buoy

NOAA maximum

5/1/2018 6/1/2018 7/1/2018 8/1/2018 9/1/2018 10/1/2018 11/1/2018

28



Chlorophyll a concentrations (algae) during 2019
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Dissolved oxygen (mg L-1)

Dissolved oxygen levels during 2018
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Dissolved oxygen levels during 2019
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Alexandrium and Dinophysis

Alexandrium

POISON

Dinophysis
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HABSs caused by Alexandrium and Dinophysis during 2018
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HABSs caused by Alexandrium during 2019
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HABSs caused by Dinophysis during 2019
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Cochlodinium rust tides




HABSs caused by Cochlodinium during 2018
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HABSs caused by Cochlodinium during 2019
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WHAT CONTROLS THE GROWTH OF ALGAE
IN SAG HARBOR?
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Response of algal populations to nitrogen and phosphorus, 2018

80 ~
—e—Control
——Nitrogen

70 - Phosphorus

——Nitrogen+Phosphorus

(o))
o
1

N
o

Total concentration (pg L-1)
Ul
o

w
o
1

20

Time (h)

40



Response of algal populations to nitrogen and phosphorus, Sag
Harbor / Sag Harbor Cove 2019
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Response of algal populations to nitrogen and phosphorus,
Upper Sag Harbor Cove 2019
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Nitrogen degrades water quality



WHAT ARE THE DOMINANT SOURCES OF
NITROGEN TO SAG HARBOR?
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Sag Harbor and Sag Harbor Cove watersheds

Legend
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Watersheds and groundwater travel times of Sag Harbor Bay
and Sag Harbor Cove.
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Percent organic matter of sediments across Sag Harbor and
Sag Harbor Cove
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Percent nitrogen loads from various sources to Sag Harbor Cove

Sediment flux, Birds, 1%
4% Pets, 2% /
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0%
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Percent nitrogen loads from various sources to Sag Harbor
Cove, Village boundaries only
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Percent nitrogen loads from various sources to Sag Harbor

AgricultureSediment flux, 4%
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Percent nitrogen loads from various sources to Sag Harbor,
Village boundaries only

Parks and Golf pets 29 Birds, 3%
Lawns 1%

Residential Lawns
2%

STP 10%
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Percent nitrogen loads to Sag Harbor and Sag Harbor Cove,
Inside and outside of Village boundaries

Bay Subwatershed Cove Subwatershed

Load From
Outside Village
44%

Load From
Outside Village
66%
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Sources of Fecal Coliform Bacteria

puof
R0 Misconnected
IDC| | sanitary sewers

Fecal Bacteria: Target Host Organisms:
Bacteroides

Birds Human



Fecal coliform bacteria during 2018
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Fecal coliform bacteria during 2019
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Average Enterococcus levels detected via digital PCR
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Abundance of fecal bacteria from four sources, digital PCR
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Percentages of fecal bacteria from four sources, digital PCR

B Dog / small mammals (BacCa-UCD) O Bird (GFD) B Human (HF183) B Deer (BacR)
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Percentages of fecal bacteria from four sources, digital PCR

HDog / small mammals (BacCa-UCD) O Bird (GFD) B Human (HF183) ®Deer (BacR)
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WHAT ARE THE OPTIMAL MANAGERIAL OPTIONS
TO IMPROVE WATER QUALITY IN SAG HARBOR?
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Steps to improve water quality

* Nitrogen was the main source of nutrients promoting algal
growth and, in turn, rust tides, low water clarity, and low
oxygen.

* Wastewater from on-site septic systems was the primary
source of nitrogen in Sag Harbor and Sag Harbor Cove.

* Upgrading septic systems and/or connecting homes to the
sewage treatment plant will reduced the incidence of rust tide,
algal blooms, and hypoxia while improving water clarity.

* A cost and feasibility study should be performed to identify
regions ideal for sewering vs regions where advanced on-site
systems would be optimal.



2k PROVISIONALLY APPROVED LOW N SEPTIC SYSTEMS

Fuji Clean
System

Norweco
Singlair TNT

The systom has fve main functional parts:

1. Sephic tank
2. Biotube® effiuent fittor

3. Textie sheets

4. Recirculating section of tank (with Biotube pump vault)

5. Discharge section of task (with discharge pemp in flow inducer)
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800 gl AX20-RT- Sice View

1000 gal. Primary Tank - Side View

Norweco
Hydrokinetic Orenco Advantex AX-RT ..
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Nitrogen Removing Biofilters (NRB)

Home

Nitrogen Well

Removing Pump Septic T
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q\\\‘ Stony Brook University

Comparison of I/A performance in Suffolk-County

B CCWT at Stony Brook systems (being piloted)
B Currently approved systems
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Addressing fecal bacteria contamination

Mitigating surface run-off from land to sea at Haven’s Beach to
reduce levels of fecal bacteria should be a priority; this region
is open for shellfishing and swimming.

Otter Pond also requires run-off mitigation, but is likely a
lower priority.

Further study is needed to affirm the source of fecal
contamination in the inner Harbor.

Assuring optimal functioning of the sewage treatment plant
and eliminating vessel wastewater discharge would both
minimize human fecal contamination.



Conclusions:

* Water quality conditions in Sag Harbor were, on average, good.

 Multiple water quality impairments were observed; Nitrogen, low
oxygen, reduced water clarity, algal blooms, rust tides, and
pathogenic bacteria were all detected at levels exceeding state and
federal guidance values.

* Nitrogen was the nutrient promoting algal growth and, in turn, rust
tides, low water clarity, and low oxygen.

* Wastewater from on-site septic systems was the primary source of
nitrogen in Sag Harbor and Sag Harbor Cove.

* Human waste was the primary source of fecal bacteria to the inner
Harbor, whereas dogs, small mammals, and birds contributed to
fecal bacteria near Haven’s Beach and Otter Pond.



Conclusions continued...

* Upgrading septic systems and/or connecting homes to the sewage
treatment plant will reduced the incidence of rust tide, algal blooms,
and hypoxia while improving water clarity.

* Mitigating surface from land to sea at Haven’s Beach to reduce levels
of fecal bacteria should be a priority; this region is open for
shellfishing and swimming.

* Further study is needed to affirm the source of fecal contamination in
the inner harbor.

* Assuring optimal functioning of the sewage treatment plant and
eliminating vessel wastewater discharge would both minimize human
fecal contamination.



Acknowledgements

* Thank you to:

 Mary Ann Eddy for her tireless efforts in organizing and supporting
this (complex) study.

 The Sag Harbor Water Quality Committee for their support and
patience.

e All other supporters of the project: East Hampton Town Trustees,
Southampton Town Trustees, Southampton Town, Sag Harbor
Village, individual donors.

e Students and scientists from the Gobler Lab including Jen Goleski,
Jenn Jankowiak, Craig Young, Ryan Wallace, Craig Schenone, Peter
Sylvers, Stephen Tomasetti, Tim Curtin, Mark Lusty, Ann Marie
Fallio, Sarah Milinski, Andrew Vernon, and many more...



