Harmful algal blooms: links to
nitrogen overloading

Christopher J. Gobler




All of Long Island is a watershed -

Materials from land are washed into our sole source aquifer and surface waters.




Expanding population, nitrogen levels
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Suffolk County public water is in the top 5% of
nitrate levels in the US

250
Drinking water nitrate levels above 2 mg/L have been
associated with increased the risk of gastric, colon, bladder,
200 kidney, and ovarian cancers (Wyer et al., 2001; Ward et al 2015. 2018,
Schullener et al., 2018; Tempkin et al 2019; Barry 2020; Stayner et al 2021;
Tarigi and Naughton, 2021; Richards et al., 2021; Picetti et al 2022; Chambers
et al 2022; Richards et al 2022).
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Most nitrogen loading from wastewater

((Kinney and Valiela, 2011; Lloyd 2014, 2016; Gobler and Stinette, 2016; SCSWP, 2020; NCSWP, 2020, 2022)







Harmful algal blooms across Long Island

PSP Toxic blue green algae DSP Brown tide  Seaweeds Rust Tide
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Blue-green algae (cyanobacteria) and their toxins

. . O
Microcystin - |
Y # Found on two dates in

November Lionhead Pond more
at levels than two-fold above
NYSDEC regulatory limits.
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Article

Canine Cyanotoxin Poisonings in the United States
(1920s-2012): Review of Suspected and Confirmed
Cases from Three Data Sources

Lorraine C. Backer 1’*, Jan H. Landsberg :, Melissa Miller 3‘4, Kevin Keel * and

Tegwin K. Taylor :

I National Center for Environmental Health.|Centers for Disease Control and Prevention.
4770 Buford Highway NE. MS F-60, Chamblee, GA 30341, USA

~400 confirmed cases: “The canine cyanotoxin
poisoning events reviewed here likely represent a
small fraction of cases that occur throughout the U.S.
each year.” - CDC




NYSDEC blue green algae page
Blooms across NYS tracked weekly May - Nov




Blue-green algae blooms, NYS
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53 of 62 counties with blooms (Nassau
green algae blooms compare to next highest NYS county.

Number of waterbodies with blue-green algal blooms per county, 2021
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Microcystin, 10 N atoms




Alexandrium HABs and paralytic shellfish
poisoning (PSP)

POISON

Alexandrium Saxitoxin




Waste
water

“Wastewater-derived nitrogen
(N) loading can promote intense
and toxic A. fundyense blooms.”
— Hattenrath et al 2010



Cochlodinium rust tides, 2004-2022




Bay scallops exposed to rust tide
bloom
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Rust tide and nitrogen
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Dasy: Long Island’s new HAB

Dasysiphonia japonica

Great South Bay, summer 2019




Overgrowth of seaweeds: public health threat

* High concentrations of hydrogen sulfide cause potentially fatal hypoxic
pulmonary, neurological, and cardiovascular lesions (Resiere et al 2018; The

Lancet).

* Subchronic and chronic exposures can cause airway irritation, headaches,
vestibular syndrome, memory loss, and modification of learning abilities

(Resiere et al 2018: The Lancet).
Great South Bay, July 2018




Invasion by Dasysiphonia japonica
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Spread of Dasysiphonia across south shore
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Larval fish exposed to decayed Dasysiphonia

=@~ M. beryllina (control) =@~ M. beryllina (filt. decayed)

=& (. variegatus (control) =&~ C. variegatus (filt. decayed)
=& C. variegatus (filt. decayed; no air)
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Young et al, in revision *M. berylinna bubbled; DO high; ammonia levels non-toxic



Why did Dasy take up residence on Long Island?



Growth of Dasysiphonia exposed to elevated CO, concentrations with
and without nitrogen additions
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Young and Gobler, 2021, Biological Invasions
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Tissue content indicates the invasive algae
IS fueled by wastewater-derived nitrogen
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History of Long Island, 1950 - 2022
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bay scallop
landings




History of Long Island, 1950 - 2022
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More nitrogen makes harmful algae on Long Island grow faster
and/or more toxic
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Studies: Hattenrath et al 2010; Gobler et al 2011, 2012;
Gobler and Sunda 2012; Harke and Gobler 2013, 2015
Hattenrath-Lehmann et al 2015A&B; Gobler et el 2016;
Harke et al 2016.




Hope

Mitigating N loading works...




Long Island Sound oxygen improvements

\ 4

60% reduction in nitrogen loading since 2000.






Long Island Sound hypoxia and N load
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Hope

Policies and practices to reduce nitrogen loading are underway...




SUFFOLK COUNTY
SUBWATERSHEDS WASTEWATER PLAN

JUNE 2020

FROM WORST TO FIRST!

This presentation was prepared with funding provided by the New York State Department of
Environmental Conservation as part of the Long Island Nitrogen Action Plan and by New York State
Department of State under the Environmental Protection Fund



Subwatershed Plan Implementation Phases




400,000 septic tank question

How will Long Island deal with 400,000 unsewered homes?

60 — 200 mg/L



Provisionally approved low N septic systems (<19 mg N/L)

Fuji Clean
Hydro-Action System
Norweco Norweco

Hydrokinetic Orenco Advantex AX-RT Singlair TNT



‘\\\‘ Stony Brook University

FAR
BEYOND



Nitrogen Removing Biofilters (NRB)

Lignocellulose = wood, chips

—

Carbon source to promote denitrification
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Wastewater contains more than nitrogen




products by NRBs in Suffolk County

ulfamethoxazole
Diphenhydramine
rimethoprim

Use

NSAID

stimulant

human metabolite of caffeine
mosquito repellant
stimulant

human metabolite of nicotine
antibiotic

antihistamine

antibiotic

antibiotic

beta blocker

beta blocker

calcium channel blocker
anticonvulsant

NSAID

flame retardant
bronchiodialator
anti-acid

NSAID

beta blocker

antibiotic
antidepressant (SSRI)
anticonvulsant
anticonvulsant

Removal (%)
94 - 100
99 - 100

98 — 99
82 -96
92 -97
86 — 98
85-97
97 -95
87-90
64 — 78
88 — 97
85-90
76 — 90
51 -60
68 — 74
60-70
50-78
82 -100
76
98 — 100
98
64 — 66
82
58

50— 100% removal of two dozen drugs, pharmaceuticals, personal care

Data courtesy
of Dr. Tricia
Clyde
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A World of

Difference

Red Implementation of Suffolk County
’ subwatersheds plan

orange,

>4mg/L



Thank you for your attention




