Managing Harmful Algal Blooms in
Tribal Waters Webinar Series

Day 1: Overview of HABs in Marine
& Fresh Waters

March 10, 2021
1:00 — 3:30 PM EST/10:00 AM —12:30 PM PST



Reminders

* Slide presentations and speaker bios are downloadable as handouts
* If you are having technical difficulties, let us know in the chat box

* If you have a question for a speaker, type it in the chat box

* Moderators will ask questions at the end of each session, time permitting

* Participants on the phone will be given an opportunity to ask live

guestions during each Q&A session



Welcoming Remarks

* Raymond E. Paddock Ill, Central Council Tlingit & Haida Indian Tribes
of Alaska and Southeast Alaska Tribal Ocean Research (SEATOR)

* Wenona Wilson, U.S. EPA Region 10



Roles of EPA & NOAA in

Managing HABs

* Deborah Nagle, Office of Science and Technology (OST), U.S. EPA
Office of Water

 Dave Kidwell, Competitive Research Program, NOAA/National Centers
for Coastal Ocean Science



Session 1: Harmful Algal Blooms Along

the Freshwater to Marine Continuum

* Jennifer Graham, U.S. Geological Survey
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Jennifer L. Graham
U.S. Geological Survey
U.S. EPA Managing Harmful Algal Blooms in

U.S. Department of the Interior Tribal Waters Webinar Series
U.S. Geological Surve
¢ March 10, 2021



»Algae are simple
photosynthetic plants

»Like all plants, algae have
chlorophyll-a, which is a
pigment used to capture light
for photosynthesis

»Algae are an important part of
the food web in aquatic
ecosystems and are eaten by
many simple animals and
some fish.




» Definition is subjective

»Common definitions
 High cell densities
« Dominance by a single or a few

species
 Visible accumulation of algae
»Not all algal blooms are
harmful, and not all harmful
blooms are toxic

Michalak and others, 2013

Photo Credits: B.

. Rosen, Florida Gulf Coast University




> Human Health

* |liness and death (rare cases in humans)

e  Multiple exposure routes: recreation,
drinking water, foods, aerosols, skin
contact

» Ecological Health
* Degraded water quality
* Food web alteration

* Mass mortalities of fish, birds, and
mammals

» Economics and Aesthetics
* Decreased tourism and property values
e Commercial fishery losses
* Increased drinking water treatment costs

Indian River Lagoon, Florida, 2016

Cape Cod, Massachusetts, 2007

Photo Credit: A. Gorichky

Photo Credit: G. Early
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Photo Credit: C. Churchill

New and Emerging
Technologies Allow Ground-to-
Space Assessment of HABs

Landsat 8, Public Domain
Photo Credit: A. Horner, USGS Photo Credit: PhycoTech, Inc

Photo Credit: Sentinel-2A Photo Credit: M. Broshnahan, WHOI

Photo Credit: USGS

Photo Credit: J. Graham, USGS Photo Credit: USGS Photo Credit: T. Davis Photo Credit: T. Davi
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conducted...toward the determination of causes
and control of algal blooms. An expansion and
integration of these studies is indicated as a very
real need.

~E. T. Rose, 1953

» Status and trends

» Environmental fate and transport

» Environmental drivers

» Ecosystem effects

» Exposure and health

» Drinking water and food impacts

» Mitigation and management

> Interactive influences of climate change

Photo Credit: B. Rosen

Photo Credit: J. Graham, USGS







Session 2: Case Studies in

Managing HABs

* Neil Harrington, Jamestown S’Klallam Tribe
* Linnea Jackson, Hoopa Valley Tribe
 Kari Lanphier, Southeast Alaska Tribal Ocean Research (SEATOR)

* Chuckie Green, Mashpee Wampanoag Tribe






Tribe retained fishing and
shellfish harvest rights in the
1855 Treaty of Point No Point

Shellfish remain important
subsistence, ceremonial and
economic resource

Commercial oyster farm and
clam beach




General Review of Harmful Algal
Blooms (HABs) in Sequim Bay

Paralytic Shellfish Poisoning
Alexandrium cattenella- dinoflagellate

Reoccurring blooms in SB since 1957
Saxitoxins: high doses lead to paralysis

Amnesiac Shellfish Poisoning
Pseudo-nitzschia spp. of diatoms

Domoic acid- loss of short term
memory

Diarrhetic Shellfish Toxins (DTXs)
* Dinophysis spp. of dinoflagellates
e (auses severe gastrointestinal distress

e 1Stconfirmed US cases at Sequim Bay S.P.
in 2011




HAB monitoring and shellfish
safety program

Started Soundtoxins sampling 2008

Submit shellfish samples to WDOH biotoxin lab (sampling
informed by phytoplankton)

Intensive study of PSP and ASP in 2009-2010 w/ NOAA
DSP Studies 2012-2016

Determined cell abundance thresholds for shellfish toxicity

Assisted WDOH and NOAA in getting routine DSP monitoring into
place




HAB monitoring informs management

September 30™ Alexandrium count
of 30,000cells/L (close fishery)

October 2™ mussels 1864
ug/100g shellfish (limit is 80

ug/100g )
October 7t 49,000cells/L of
Alexandrium

October 8™ mussels 6007 and
oysters 335 ug/100g




Managing Harmful Algal
Blooms In Tribal Waters

Linnea Jackson, General Manager
Hoopa Yalley Public Utilities District

opa Vdalley Tribe



Hoopa Valley Indian Reservation
Northern California




Humboldt County

d




PUD is as chartered entity of the Hoopa Valley Tribe. For the past 40 years, we have provided
tility services of high quality to the community including water (both irrigation and domestic),
sanitation facilities, solid waste management, electrical services and now wireless internet
services.

HVPUD manages the largest tribal water utility in the State of California. The Hoopa Valley Tribe
has one of the largest land bases in the State of California.



Julius Marshall Water Treatment Plant

3 PALL Aria AP-4 Microfiltration Systems
Each Skid can produce 350 gpm

Our Source Water is the Trinity River




Tenperature, water, degrees C

6.8

USGS 11530000 TRINITY R A HOOPA CA

Feb Feb Feb Har Har Har Har
26 27 28 a1 a2 a3 84
2821 2021 2821 2821 2021 2821 2821

---- Provisional Data S5ubject to Revision --—-

Temperature, water, degrees Fahrenheit

Trinity River Intake 3/4/2021, 48° F, 14.5 Feet




Samples taken by the Tribal Environmental
Protection Agency (TEPA) on 8/23/2014

Conditions on 08/23/2014
River Temperature 75°, 11.3 Feet



In 2015, the U.S. EPA awarded Hoopa a grant to address the algal blooms that
occur in the Trinity River due to drought, rising temperatures and climate change.
During the summer months when water consumption demands area at their
highest, the Trojan UV unit is utilized to oxidize and treat any cyanotoxins, including
anatoxin-a and microcystin. Note: No presence of cyanotoxins have been
detected in finished drinking water.



MANAGEMENT REQUIREMENTS FOR HABs

s Water Quality Testing schedule of raw water and finished drinking water

% Develop a system for evaluating potential contaminants, stringent monitoring
activities and communication methods to stakeholders

% Secure infrastructure for treatment methods to tfreat cyanobacteria and cyanotoxins

in source water
BﬁERS FOR MANAGING HABs

% Cost to procure treatment infrastructure

% Cost to maintain equipment, chemicals, test strips, lab fees
s Staff turnover and loss of operational knowledge
s Seasonal Use; retrain and relearn process and methodology

% Loss of chlorine residual due to use of hydrogen peroxide



As a Tribal nation, we are dependent on
water as a cornerstone of life, as well as
recreational and cultural uses. The Hupa
people have always lived along the Trinity
River and it is an intrinsic part of who we
are. We have a responsibility to protect
and maghage it.



Sitka Tribe of Alaska
Southeast Alaska Tribal Ocean Research







Southeast Alaska Tribal Ocean Research
Network

SEATOR Workshop, Sitka 2019



Phytoplankton Observations
Shellfish Toxin Testing
Communicating Results



Alexandrium

Pseudo-Nitzschia

Dinophysis

Prioritize HAB species in
microscopy

Categorized by abundance
(bloom, common, present,
absent)

Phytoplankton observations
inform shellfish testing

Over 3,000 phytoplankton
observations made by
SEATOR partners
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Kari Lanphier
Environmental Lab Manager
Sitka Tribe of Alaska
907-747-7111

Lav:i larnnhiarmMecitl a+rilha menrm vy s



mailto:chris.whitehead@sitkatribe-nsn.gov
mailto:ari.lanphier@sitkatribe-nsn.gov

Chuckie Green, Mashpee Wampanoag Tribe



BREAK AND AUDIENCE POLL

What is your biggest challenge in managing HABs?

Limited or no in-house expertise for sample collection and analysis

Limited or no equipped chemical/biological laboratory

Limited funding and support staff

Don’t know where and how to get started

Other (enter response in chat box)

The webinar will resume at 2:45 p.m.



Session 3: Understanding and

Communicating the Impacts of
HABs

* Lorraine Backer, CDC

* William Houle, Turtle Mountain Band of Chippewa Indians
* Willow Hetrick, Chugach Regional Resources Commission

* Maile Branson, Alutiiq Pride Marine Institute



Harmful Algal and Cyanobacterial
Blooms Overview

Lorraine C. Backer

Senior Environmental Epidemiologist

Tribal HABs Webinar Series
March 10, 2021

Disclaimer
The findings and conclusions in this report are those of the author(s) and do not necessarily represent the official position of
the Centers for Disease Control and Prevention/the Agency for Toxic Substances and Disease Registry.



Outline

 What are blooms?

» What makes some blooms harmful?
Marine algal toxins
Cyanobacterial toxins

 Emerging issues



What is a bloom?

« Whatis a bloom?

— A proliferation of microscopic and/or macroscopic
algae or phytoplankton in water
» Supported by nutrients, warm water temperatures

Karenia brevis red tide, Sarasota,
Florida; Photo by Lorrie Backer

Copco Lake, California, Summer
2007. Photo by Lorrie Backer



What makes a bloom harmful?

« Biomass limits sunlight penetration

« Senescence creates hypoxic
conditions
— Fish kills

— Release of irritant gases
* hydrogen sulfide

» Events cause substantial economic
damage
— beach and shellfish harvesting closures
— livestock deaths

« Organisms produce toxins

Photo courtesy of Allan Wilson

Photo by Lorrie Backer



Marine Algal Toxins that affect people
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Marine algal toxins: potential sources of
human and/or animal exposure

* Recreational waters
« Shellfish

* Finfish

* Aerosols

Photos by Lorrie Backer

Photo courtesy of Dr. Robert Dickey
Courtesy of Dr. Lora Fleming



Marine algal toxins produce named diseases

Shellfish Poisonings

— Diarrheic Shellfish Poisoning (okadaic acid)
— Neurotoxic Shellfish Poisoning (brevetoxin)
— Paralytic Shellfish Poisoning (saxitoxin)

— Amnesic Shellfish Poisoning (domoic acid)

Fugu (pufferfish) poisoning (tetrodotoxin)
Pufferfish poisoning (saxitoxin)
Respiratory distress (aerosolized brevetoxins)



Marine algal toxins: Ciguatera fish poisoning

 Most common food poisoning associated with a non-infectious agent
 Most common food poisoning associated with eating finfish
e ~50,000 cases annually world wide, many more unreported

Food web transfer

Gambierdiscus toxicus

Ciguatoxin



Diseases/conditions from algal toxins in seafood

Disease or | Toxin- Toxin(s) Acute Chronic
condition | producing symptoms | Symptoms
organism
Azaspiracid Dinoflagellates Azaspiracid Shellfish Gl distress, Unknown
poisoning Proroperidiunium diarrhea,
(AZP) species vomiting,
stomach pain
Diarrheic Dinoflagellates Okadaic acid  Scallops, Gastrointestinal  Unknown
shellfish Dinophysis mussels, distress,
poisoning species, clams, and diarrhea,
(DSP) Prorocentrum oysters nausea,
lima vomiting,
stomach pain,
possibly chills,
headache, fever
Domoic acid Diatoms Pseudo- Domoic acid  Scallops, Diarrhea, Possibly
poisoning nitzchia species oysters, vomiting, amnesia,
mussels, abdominal pain  impacts on
clams, oysters, cognitive

possibly fish function



Diseases/conditions from algal toxins in seafood, cont’d

Disease or | Toxin- Toxin(s) Acute Chronic
condition | producing symptoms | Symptoms
organism
Neurotoxic Dinoflagellates Brevetoxins Mussles, oysters, Gl distress, Unknown
shellfish Karenia brevis and scallops diarrhea, nausea,
poisoning (NSP) other Karenia vomiting,
species numbness of lips,
tongue, and throat,
dizziness
Paralytic Dinoflagellates Saxitoxins scallops, mussels, Gl distress, Unknown
shellfish Gymonodinium clams, oysters, diarrhea, nausea,
poisoning (PSP) catenatum, and cockles; vomiting,
Pyrodinium some fish and shortness of
bahamense, crabs breath, heart
Alexandrium arrythmias,
species numbness of
mouth and lips,
weakness
Ciguatera fish Dinoflagellates Ciguatoxins, Reef fish suchas Gl distress, Pain, weakness,
poisoning Gambierdiscus Maitotoxin, barracuda, diarrhea, vomiting  abnormal
toxicus, possibly Scaritoxin grouper, red sensations, low
others snapper, and blood pressure

amberjack



Marine Algal Toxins: Animal Health Impacts

« 2004 dolphin mortality in the Florida Panhandle

« Contaminated menhaden identified as the source of
brevetoxin poisoning

« Fish were vectors to transfer brevetoxins to higher
trophic levels.

Courtesy of Florida Fish & Wildlife Conservation Commission

Fleweling L., Naar J. et al. 2005 Nature 435:755-756



Marine Algal Toxins: Animal Health Impacts

California sea lions affected
by domoic acid exposure
from Pseudo-nitzchia bloom

Photos courtesy of Lori Schwacke



Marine Algal Toxins: Ecologic impacts

e« Karenia brevis

* Naturally-occurring dinoflagellate that
produces brevetoxin

« Documented in Florida since the
1800s

Karenia brevis courtesy of Dr. Karen Steidinger

Photo by Lorrie Backer



Marine Algal Toxins: Socio-economic
impacts
Karenia brevis red tide

Photo by Lorrie Backer



Marine algal toxins: public health challenges

« Harmful in minute (picogram) doses
Cannot be detected by taste or smell
Cannot be eliminated by storing or cooking
— Heat and acid stable

No cures for poisonings
— Supportive care
— For ciguatera, IV mannitol

Efforts to mitigate the blooms limited



Freshwater blooms: cyanobacteria

Utah Lake, Utah, summer 2016.
Photo by permission, Rick Egan, The Salt Lake

Tribune Algal bloom in Lake Okeechobee, Palm Beach,

Florida, summer 2016.
Photo by permission: Greg Lovett, The Palm
Beach Post, via Associated Press



Cyanobacterial toxins

« Hepatoxins
— Microcystins
— Nodularins
— Cylindrospermopsin

* Tumor promotor
— Microcystins

Microcystis aeruginosa, Copco
Lake, California

Photo by Lorrie Backer
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Cyanobacterial toxins
Lyngbya wollei, Florida

« Dermatologic toxins
» Lyngbyatoxin
* Neurotoxins
« Anatoxin
« Anatoxin(a)
¢ Saxitoxin
* Neosaxitoxin

Photo courtesy of Andy Reich
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Cyanobacterial toxins: potential sources of
human and/or animal exposure

« Surface waters used for

drinking water
 Recreational waters
« Hemodialysis using

contaminated water
o Dietary sSu pp|ements Lake Erie Microcystis bloom 2014.

Photo from NOAA.
« Klamath Blue-green Algae

 Freshwater fish

Copco Lake, California, October 2007.
Photo by Lorrie Backer



Potential Chronic Human Health Effects

* No “named” diseases as with marine HABs

« Potential effects
— Primary liver cancer
— Kidney damage
— Neurodegenerative disease



Cyanobacterial Toxins: Animal Health Impacts.
Sea Otters in Monterey Bay, California, 2007

« 21 southern sea otters succumbed to poisonings

* Necropsies found liver toxicity typically associated with
microcystin poisoning

« High concentrations of microcystins in farmed and
free-living shellfish
« Transferred via food web
« Potential for human exposure
« Three nutrient-impaired rivers
that support Microcystis blooms
drained into the Bay
* Newly named poisoning:
« Hepatotoxic shellfish poisoning Photo from Internet, no attribution

Miller et al. 2010. Evidence for a Novel Marine Harmful Algal Bloom: Cyanotoxin (Microcystin) transfer from Land to Sea Otters,
PLOS One;5(9): e12576.



Cyanobacterial Toxins: Socioeconomic
impacts

Microcystis aeruginosa bloom affects Toledo drinking water
source (August 2014)

» Microcystis bloom in Lake Erie
* Near Toledo’s water supply intake
— Utilities had to respond
« Do Not Drink & Do Not Boil advisories
for about 2 days

» Federal government, other entities
supplied bottled water

¢

Satellite photo:
MODIS 8-13-14



Cyanobacterial Toxins: Ecologic impacts

Copco Lake, California, Summer
2007. Photo by Lorrie Backer



Emerging Issues

 Benthic blooms
— Produce anatoxin and homoanatoxin

 Increased frequency and geographic extent of harmful
blooms

« Monitoring and predicting toxicity



Public Health Response: Guidance

« WHO health-based reference for anatoxin-a
— Drinking water (acute) 30 ug/L
— Recreational waters 60 ug/L

« Countries and states developed guidance
« U.S. EPA Health Advisories

Drinking Water Health Advisory (10-day)

Cyanotoxin _ .
Bottle-fed infants and School-age children and

pre-school children adults
Cylindrospermopsin 0.7 pg/L 3.0 ug/L

Microcystins 0.3 pg/L 1.6 pg/L



Public Health Response: Disease surveillance

What is public health surveillance?

The ongoing, systematic collection,

analysis, and interpretation of i

outcome-specific data for use in the ~ OUtcome data ~ Timely

planning, implementation, and collection and dissemination
interpretation

evaluation of public health practice.

Application

Teutsch and Churchill , Principles and Practice of Public Health Surveillance.
2000. Oxford University Press



Public Health Response: OHHABS

Electronic reporting
« Web-based, password-protected system
One Health surveillance for fresh and marine water events
« Events (environmental data)
« Associated human cases of illness
« Associated animal cases of illness

Voluntary reporting to CDC

« Nationally available to local, state, and territorial public health

partners

« Their designated environmental health and animal health partners
Reporting frequency

« Event-based, not routine water monitoring

* Not a real-time notification or case investigation system

« Passive surveillance



Public Health Response: OHHABS

« 18 states reported 421 bloom events for 2016-2018
* 90% occurred in freshwater
« 389 human cases of illness
« ~50% from a single event
« 64 animal case reports
« 81% from a single bird die off
« Most frequently affected animals were dogs (96%)

Roberts VA, Vigar M, Backer L, et al. Surveillance for Harmful Algal Bloom Events
and Associated Human and Animal llinesses — One Health Harmful Algal Bloom
System, United States, 2016—2018. MMWR Morb Mortal Wkly Rep 2020;69:1889—
1894. DOI: http://dx.doi.org/10.15585/mmwr.mm6950a2external icon.




Public Health Response: Communication

https://www.cdc.gov/habs/materials/buttons-badges.html



Public Health Response: Communication

https://www.cdc.gov/habs/materials/reference-cards.html



Public Health Response: Field Research

« Past work: respiratory effects from brevetoxins and
microcystins

« Current project: Aerosols from cyanobacterial blooms:
exposures and health effects in a highly exposed
population

— Recruiting in Florida near Lake Okeechobee

— Biospecimens:
e Blood, urine, nasal swabs

— Pulmonary function tests
— Symptom survey

— Environmental samples:
« Ambient air, personal air, water



Public Health Response: Research with
existing data

« Lavery et al. Evaluation of Electronic Health Records to Monitor lliness
From Harmful Algal Bloom Exposure in the United States

— Marketscan research databases
— Journal of Environmental Health
« Lavery et al. Evaluation of Syndromic Surveillance Data to Monitor lliness
from Harmful Algal Bloom Exposure, United States 2017 — 2019
- MMWR

« Long-term project to use existing data to estimate the probability a
given water body will experience a bloom that poses a public health
risk

— Partners: U.S. EPA, USGS, NOAA, NASA, states
— Environmental data

* CyAn

« USGS monitoring

— Health data
» Electronic health records



Conclusions

« Toxins from algae and cyanobacteria pose a public
health threat

 Historic record of marine HAB toxin poisonings

« Much more to learn about the harmful cyanobacterial
blooms



Thank you!

Contact information
Lorraine (Lorrie) Backer
lbacker@cdc.gov
770-488-3426

Karenia brevis red tide fish
kill. Photo by Lorrie Backer

Cyanobacterial bloom in Bear Lake, MI. Photo by Lorrie
Backer



Turtle Mountain Band of Chippewa
Belcourt, North Dakota






























MANAGING HARMFUL ALGAL
BLOOMS IN TRIBAL WATERS

CHUGACH REGIONAL OCEAN
MONITORING PROGRAM

Willow Hetrick-Price & Maile Branson

A Tribal Organization Focusing on Natural Resource Issues affecting the Chugach Region of Alaska




Outline

m Overview of Alaska Native Tribes in the region CRRC serves (Willow)

m CRRC’s Alutiig Pride Marine Institute Chugach Regional Ocean Monitoring Program
(Maile)

~When the tide is out, the table Is set~







Chenega
Port Graham
Seward (Qutekcak)

Valdez Nanwalek

_ Cordova (Eyak)
Tatitlek




Food represents culture. Food is an intimate personal choice that is influenced by historical

patterns, environmental considerations and, most importantly, cultural norms.







Shellfish - Traditional Foods




CHUGACH REGIONAL
OCEAN MONITORING
PROGRAM

Research Conducted at the Alutiiq Pride Marine
Institute







COMMUNITY
SAMPLING



One community member at each of
the seven villages works with APMI
as a field sampler. Samples are
collected on a weekly basis.

Seawater Shellfish .
PhytoTp())IVz\;\/;\kton Chemistry Sample (Blue Envwgggental
Samples Mussels)

: : Seawater Biotoxin
M'Crgics?t%'c = Carbonate Analysis
Chemistry (ELISA)
gPCR for : gPCR for
Molecular ,L‘\'nu;{lzgé Molecular ID
Species ID y of Vibrio spp.




Objectives and Outcomes

Safe shellfish harvest for all
stakeholders (subsistence,

mariculture, and recreational
users)

Baseline coastal marine
conditions in Prince William
Sound and Lower Cook Inlet

HAB precipitating factors and
...... forecasts?




Willow Hetrick, Executive Director
Chugach Regional Resources Commission
1840 Bragaw Street, Suite 150
Anchorage, Alaska 99508-3463

Cell: 907-330-9085

Email:

Maile Branson, Science Director
Alutiiq Pride Marine Institute
P.0. Box 369

101 Railway Ave.

Seward, AK 99664

Cell: 907-360-6790

Email:


https://www.facebook.com/crrcalaska/?ref=bookmarks
http://www.crrcalaska.org/
mailto:willow@crrcalaska.org
mailto:maile@alutiiqprideak.org
http://alutiiqpridehatchery.com/

* Thank you for attending!

* Day 2: Monitoring for HABs and Creating Partnerships
e Tuesday, March 16, 1:00-3:30 PM EDT/10:00 AM-12:30 PM PDT

* Day 3: Funding HABs Management and Communicating Risks
* Thursday, March 18, 1:00-3:30 PM EDT/10:00 AM-12:30 PM PDT

* Please complete the attendee survey after the webinar ends

Questions? Send an email to CyanoHABs@epa.gov
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