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Blue-green algae and their toxins
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Low oxygen, death of wildlife







Overview..

. Status as of 2021
* Long-term-trends

» - Action to Improve conditions




Real-time monitoring buoy, rebuilt in 2020

Georgica Pond

Chart View Table View Site Information
GP_south
Site Id
40.934192 -72.22572
Latitude Longitude

Georgica Pond Buoy - The Gobler Lab of
Stony Brook University

Description

As part of The Georgica Pond Project, the
Gobler laboratory has installed a water
quality monitoring buoy in Georgica Pond.
This device is making continuous, real-time
measurements of key water quality
indicators that are instantly telemetered to
this web site.




Georgica Pond
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Cut opened in spring, closed since March 315t




Salinity (PPT)
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Salinity (PPT)

Salinity, 2020 — quite a contrast

T Blue-green algae blooms
threat when salinity < 15
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Temperature (F)
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Dissolved oxygen (mg/L)

Dissolved oxygen, 2021
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DEC acute standard, 3.0 mg/L
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Chlorophyll a (ug/L)
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Chlorophyll a, 2021, buoy
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Blue-green algae (ug/L)

Blue green algae, 2021, buoy
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Blue-green algae, Fluoroprobe

40 o

o vl
1 1

o
1

R B'I_L\Je-g\r)eenl\a)llga&(uga_)
Ul (0]
| |

Pond —e—Cove

NYSDEC closure threshold

7-Aug




2021 bloom-former, Dolichospermum
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The macroalgae — blue green algae connection, 2015




Georgica Pond macroalgae

Macroalgae
bloom

\“ Collapsing
macroalgal
bloom
regenerates
nutrients



2016 - 2018: NYSDEC permitted
harvesting of macroalgae funded by FoGP

FRIENDS OF
GEORGICA POND
FOUNDATION



Blue-green algae blooms, 2014-2020
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Summer dissolved oxygen minimum by year

Dissolved oxygen (mg/L)
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Summer dissolved oxygen minimum by year

Harvester used

4.5

‘| Highly statistically f \
4 4 significant trend
35 | p<0.00001

B L B
—
o 25 - No
é 2 - harvester
c |
& 1.5 - J \
> No
) 1 harvester
9 0.5; A
Q
T
-é’ 2013 2014 2015 2016 2017 2018 2019 2020

Cove only



Five Year authorization for harvester
granted by DEC, August 2021




Bioextraction by the harvester

% summer N

Lbs lbs N input
2016 55,740 501.66 13%
2017 26,480 238.32 6%
2018 93,140 838.26 15%

2020* 20,000 180 -
Total 195,360 1,758



What is promoting algal blooms and low oxygen in
Georgica Pond?




‘Code Red For Humanity’:
Humans Driving ‘Unprecedented’

CLIMATE I
A link exists between global warming and

1 the worldwide proliferation of harmful
Blooms lee It HOt cyanobacterial blooms.
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Nutrients controlling blue-green algae
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Nitrogen loading model

Atmospheric
deposition

j Geese, swans

Wastewater

Sediment flux




Reclaim @ur Water

SUFFOLK COUNTY
SUBWATERSHEDS
WASTEWATER PLAN

“We are in a county that will no longer
allow our water quality crisis to go
unaddressed, but will come together
to Reclaim Our Water”

Suffolk County Executive Steve Bellor
2014 State of the County

Adopted, summer 2020



Atmospheric

Atmospheric Deposition to Sewage Treatment|
Deposition to Surface Water, Plant Discharge to
Subwatershed, 2.0% Surface Water,
6.9% 0.0%

Pets, 2.6%

200 Year Aggregated Nitrogen Load Ci

Y.

Contributing
Area

(%)

Cumulative
Contributing Area (%)

Travel Time
Interval (Years)

Oto2 30.2% 30.2%
2to 10 34.3% 64.5%
10 to 25 16.3% 80.8%
25to 50 15.8% 96.6%
50 to 100 2.9% 99.5%
100 to 200 0.5% 100%

Management Wavel Tise Subwatersned is Wastewater Management and
. (Yours)
Area/Nitrogen | =, [ Poorly Characterzed — Water Quality Characterization
Reduction Goal ree [ wines N 25 Year Contributing Area
] J 0 1250 2500 1701-0145
13 63% WS Sewee: Ava ica Pond
B 2510 50 (7] w conni Firefox[ Ft




Suffolk County Subwatershed Nitrogen
reductions for Georgica Pond

Approach N reduction recommended

Gobler mass balance, cut 0
open two months 90 /O

Gobler mass balance, cut 0
open ten months 60 /0
Suffolk County, final 63%

recommendation




Georgica Pond is priority #1 for nitrogen load
reductions; one of the highest N reductions required

management area ID: load

reduction goal for ideal water quality

Priority Rank # of Parcels

! 116,835 Ranking Group

cwm| FlemE B[

2
3 39,994
4

14,501 } Sewered Area




Long Island household wastewater system

Leaching
Pool
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.':I:' Nltrogen >80 mg N/L

i Groundwater




PROVISIONALLY APPROVED systems: Reduce N below 19 mg/L

System

Pl ,
Norweco B R Norweco
Hydrokinetic Orenco Advantex AX-RT Singlair TNT



q\\\‘ Stony Brook University

The New York State Center for
Clean Water Technology:
Innovating solutions to protect our
most vital resource

Director, Dr. Chris Gobler

FAR
BEYOND



Nitrogen Removing Biofilters (NRB)

Home

Nitrogen
Removing  Pump  Septic
Biofilter = Chamber Tank

aE T

Nutrogen <10mg/l .. Groundwater "
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Ecological Engineering 161 (2021) 106157
Contents lists available at ScienceDirect
Ecological Engineering

FI SEVIFR journal homepage: ww

Removing 80%-90% of nitrogen and organic contaminants with three
distinct passive, lignocellulose-based on-site septic systems receiving
municipal and residential wastewater

Christopher J. Gobler ™ , Stuart Waugh “, Caitlin Asato”, Patricia M. Clyde ™",

Samantha C. Nyer ™", Molly Graffam ™", Bruce Brownawell °, Arjun K. Venkatesan™*,
Jennifer A. Goleski”, Roy E. Price ™", Xinwei Mao ™, Frank M. Russo ™, George Heufelder ‘,
Harold W. Walker '

FAR
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Comparison of I/A performance in Suffolk County

q\\\‘ Stony Brook University
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50 — 100% removal of two dozen drugs, pharmaceuticals, personal care

products by NRBs in Suffolk County

EET

ulfamethoxazole
iphenhydramine
rimethoprim
iprofloxacin
tenolol
etoprolol
iltiazem

albutamol
anitidine
iclofenac
ropranolol
enlafaxine
luoxetine
amotrigine
Primidone

Use Removal (%)
NSAID 94 - 100
stimulant 99 -100
human metabolite of caffeine 98 — 99
mosquito repellant 82-96
stimulant 92 -97
human metabolite of nicotine 86 —98
antibiotic 85-97
antihistamine 97 -95
antibiotic 87-90
antibiotic 64 -78
beta blocker 88 —97
beta blocker 85-90
calcium channel blocker 76 -90
anticonvulsant 51 -60
NSAID 68 —-74
flame retardant 60-70
bronchiodialator 50-78
anti-acid 82 -100
NSAID 76
beta blocker 98 — 100
antibiotic 98
antidepressant (SSRI) 64 — 66
anticonvulsant 82
anticonvulsant 58




q\\\\ Stony Brook University

Science of the Total Environment 771 (2021) 144806
Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Removal of 1,4-dioxane during on-site wastewater treatment using
nitrogen removing biofilters

Cheng-Shiuan Lee ", Caitlin Asato®, Mian Wang *“, Xinwei Mao**,
Christopher J. Gobler *”, Arjun K. Venkatesan *<*

- 1,4-dioxane is listed asE%&obable carcinogen by US

- Not removed by most water treatment approaches

FAR
BEYOND a5
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NRBs remove ~60% of 1, 4-dioxane down below the NYS
drinking water standard of 1 ppb

1,4-Dioxane (ug/L)

) 56 + 20%
Nitrogen ~ Removal

Removing

Biofilter septic ~ NRB

Tank Effluent

.** 1,4-Dioxane < 1 pg/L .Gr.ou.hdwater'..'.,'

FAR
BEYOND a6



Nitrogen Removing Biofilters (NRB)

* NRB installations ~S25K
(in range of other
systems; covered by
grants).

* In final ‘piloting stage’ of
approval process.

* Provisional approval in
Suffolk County expected
in 2022

47



Woodchip boxes as ‘polishing units’ for I/A
systems across Suffolk County, available now,
full price covered grant

<[ w E
: = Effluent from

Effluent from
Suffolk County
approved system,

~19mgN /L .
gN/ NRB box, with
—— towern—)
£ane
PIPE (DR-35) \.. & @ PVE PIPE (DR
INV, 2134 | .23
Trrzz|| =38 OF
WOODCHIPS
F OF PEASTONE
: [ i i * L &
= 0 - PERFORATED
BVC PIPE

Designed by Dr. Stuart Waugh and Frank Russo, P.E.



Improving the performance of Fuji Clean CEN 5
with CCWT WCB polishing units on Georgica Pond

Fuji Clean CEN 5 CCWT Woodchip Box

i T 2 MAX
LA D
T ¥
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How do we know how well on-site
septic systems are performing?

How variable is their performance?

What drives that variance?

FAR
BEYOND



U.S. ENVIRONMENTAL PROTECTION AGENCY 5‘
at
‘ \

WWW.EPA.GOV/NEWSROOM

Long Island Scientist Wins EPA Advanced Septic System Nitrogen Sensor Challenge

and his nitrogen sensor

 Autonomously quantifies nitrate and ammonium in a single unit

51



CCWT Nitrogen Sensor

Patent pending, filed by SBU.
Won the US EPA sensor challenge.

Received ISO 14034 ETV

certification by the International
Organization for Standardization after
passing six-month performance test.

Start-up company being formed to fill
orders from municipalities.

Sensors assures optimal performance
of any advanced septic system.




CCWT is ideally positioned to help Friends of Georgica
Pond upgrade septic systems

* Access to cutting edge
technology that maximally
reduces nitrogen and other

contaminants. NYS
* Access to cutting edge CENTER FOR

technology that can assess
system performance in real-

CLEAN WATER
time. TECHNOLOGY

* University-level science to assure
the most protective solution on
a home-by-home basis.

* Collaboration the University’s
Geospatial Center to assure a
whole-ecosystem approach.



Permeable reactive barriers

Septic System

Permeable Reactive Barrier
Water Table

It will take decades to upgrade hundreds of thousands septic systems on Long Island
and for legacy contamination to flush out of the aquifer.

PRBs allow for the removal of legacy N before entering ecosystems or well heads.

54



PRB can be complex and expensive to install

Deep trenching with heavy equipment in
tandem with dewatering of groundwater
is a logistical and financial challenge.

55



PRBs are not always suitable
solutions for shorelines
Complex and expensive to install
Lower nitrogen conditions
Dominance of ammonium
Slow groundwater flow

Sub-oxic conditions



Solution: The carbon array

2%.” holes,15” deep, filled with woodchips

one meter one meter

Installed with Geoprobe = smaller, faster,
simpler, less expensive.

Denitrification in ‘reactive rod’ creates nitrate

. . . one meter
gradient away from rod drawing more nitrate
t It.
owards it 4
R &
Carbon diffuses outwards creating enhanced ‘% @6\
zone of denitrification. % R
» N
Size, concentrations, and configuration , .
. . . . . Denitr lon zone
optimized via University lab experiments ‘
* 1
’bé’\e(\ O\P
) s
Q)
N %



Ease of carbon array installation
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Carbon array installation, Georgica Pond,
May 2021; analyses in progress

59



Other carbon array opportunities?







Oysters are ‘Ecosystem Engineers’

Oysters are filter feeders, and when abundant can:
— Control phytoplankton abundance
— Reduce harmful algal blooms
— Improve water clarity
— Create habitat




Georgica Pond may
provide an ideal habitat
for oyster restoration

» QOysters thrive in brackish
waters

* Low salinities provide a
disease refuge

Salinity (PSU)

WN

Cut closed
5 t

Cut open

5/1/2019 6/1/2019 7/1/2019 8/1/2019 9/1/2019 10/1/2019 11/1/2019



Georgica Pond may
provide an ideal habitat

for oyster restoration
» QOysters thrive in brackish
waters

* Low salinities provide a
disease refuge

» Restricted circulation with
ocean may result in high
retention of larvae




Georgica Pond may
provide an ideal habitat
for oyster restoration

» Oysters thrive in brackish
waters

* Low salinities provide a
disease refuge

» Restricted circulation with
ocean may result in high
retention of larvae

» Nearby and very similar
Mecox Bay has most robust
oyster population on Long
Island’s South Shore




Can oysters survive, grow and reproduce in
Georglca Pond?

VR FET R
B TR 4

= : g R e o i iR A 0y
S > Compare oyster performance with identical study in
Consciénce Bay, an.embayment with-a permanent inlet,

higher and.more 'stable sallnlty, and natural oyster
populatlon




Phase 1 of Study s oS

» Commenced in summer 2t Y
2019

» Established three study
sites accessible from
shore g soun sie




Phase 1 of Study

» Commenced in summer
2019

» Established three study
sites accessible from

shore
» Deployed two size/age

classes of oysters in cages

2019 year-class
“zero-year olds”

2018 year-class
“one-year olds”




Phase 1 of Study

» Commenced in summer
2019

» Established three study
sites accessible from

shore
» Deployed two size/age

classes of oysters in cages

* Predators excluded
* Focus on water quality

2018 year-class
“one-year olds”




Phase 1 of Study

Commenced in summer
2019

Established three study
sites accessible from
shore

Deployed two size/age
classes of oysters in cages

 Predators excluded
* Focus on water quality

Monitored growth,
survivorship, disease, and
reproduction to present
(~two years)




Survivorship
Phase 1 Results rTT——

100

» High survivorship of both N
size classes across all sites in
Georgica Pond after one
year
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Phase 1 Results

2018 Year Class

85.0

» High survivorship of both

size classes across all sitesin § =
Georgica Pond after one "
ear , 2 oo

> gtrong growth during

warmer months

45.0
May-19 Aug-19 Dec-19 Mar20 Jun-20 Sep-20 Jan-21  Apr-21  Jul-21

GP-North —#— GP-Central GP-South
2019 Year Class
65 -
55 NW
£ 7
é 45 4 /
-
£
20
2 35 g ol
3 Vo '
£
v 25 4 3
4
|
15 By
5

May-19 Aug-19 Dec-19 Mar-20 Jun-20 Sep-20 Jan-21  Apr-21  Jul-21

GP-North =@ GP-Central GP-South




Phase 1 Results

High survivorship of both
size classes across all sites in
Georgica Pond after one

gear _
trong growth during
warmer months

Oysters were reproductive
in second summer (one-
year-olds)




Phase 1 Results

High survivorship of both
size classes across all sites in
Georgica Pond after one

gear .
trong growth during
warmer months

Oysters were reproductive
in second summer (one-
year-olds)

Lower prevalence and
intensity of disease (Dermo)
in Georgica Pond than in
Conscience Bay after one
year; Lower salinities are a
disease refuge.

100

Disease

2018 year class (2-year old oysters)
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Phase 2 of
Study

» Commenced in Summer
2020

> Added new cohort of
oyster seed to cages
e Smallest size added




Phase 2 of
Study

» Commenced in Summer
2020

> Added new cohort of
oyster seed to cages
e Smallest size added

» Added spat on shell

* More natural oyster
set

* Exposed to predators

* Packaged in mesh bags
following techniques
used for reef
restoration




Phase 2 Results

» Higher mortality of 2020
year class. Smaller seed
more sensitive.

Survivorship of seed

2018 Year Class

Dec-19 Jun-20 Jan-21
GP-North —e—GP-Central

Jul-21

. 2019 year class

May-19

Dec-12p_NortHY"2%— gp-ciitAt

Jul-21

2020 Year Class

Uask

Dec-19 Jun-20 Jan-21
GP-North —&— GP-Central

Jul-21




Phase 2 Results

Higher mortality of 2020
year class. Smaller seed
more sensitive.

2020 year class grew less
than 2019 year class during
first year after deployment.
May also reflect smaller
starting size.
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Growth of seed

2019 Year Class
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2020 Year Class
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High mortality of spat-on-shel

Phase 2 Results e

» Higher mortality of 2020
year class. Smaller seed
more sensitive.

» 2020 year class grew less
than 2019 year class during
first year after deployment.
May also reflect smaller
starting size.

» High mortality of oyster
spat-on-shell. May be due
to low salinity when
deployed, and/or blue crab
predation




Phase 3 of

Commené;rlﬁl-QXmer 2021

Produced spat-on-shell at the
Southampton Marine Station

Running experiments to test
causes of spat mortality in 2020

To test salinity hypothesis:
Acclimating spat to low salinity
and deploying acclimated and
unacclimated spat into Georgica
Pond when salinity is low before
the cut is open. Also holding spat-
on-shell at lab to deploy after cut
is opened.

To test predation hypothesis:
Deploying spat-on-shell inside and
outside of predator exclusion
cages.




First eight NYSDEC permitted oyster reefs in NYS
constructed across western Shinnecock Bay, 2017 - ‘\

2021 _ /:’}i i

A SBU marine station
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Canal reefs

Photo: Matt McGrath



Sedge reef, November 2020




Conclusions:

Georgica Pond suffers from algal blooms, blue-green algae, low
oxygen, and fish kills.

Harvesting macroalgae has been coincident with improved
conditions.

Algal blooms are promoted by excessive nitrogen.

Most of the nitrogen entering Georgica Pond comes from
wastewater.

Accelerating the removal of nitrogen from wastewater is the central
long-term solution.

Oysters and bioextraction via the harvester are effective short-term
solutions.
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