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Biographies of Presenters

Dr. Hans W. Paerl is Kenan Professor of Marine and Environmental Sciences at the
University of North Carolina’s Institute of Marine Sciences. His research addresses
microbially-mediated nutrient cycling and primary production dynamics, environmental
controls and management of harmful algal blooms, and assessing effects of human and
climatic alterations of water quality and sustainability of inland, estuarine and coastal
marine waters. Dr. Paerl has published over 250 peer reviewed articles and book
chapters on these subjects. He received the 2003 G. Evelyn Hutchinson Award from the
Association of the Sciences of Limnology and Oceanography, and the 2011 Odum Award
from the Coastal and Estuarine Research Federation for addressing the causes,
consequences and controls of eutrophication in aquatic ecosystems. In 2015, Dr. Paerl
was named a Fellow of the American Geophysical Union.

E-mail: hans_paerl@unc.edu; Phone: 252-726 6841, Ext. 133

Dr. Elizabeth (Betsy) Hilborn is a graduate of the University of North Carolina at Chapel
Hill where she earned a BS in Biology, she earned her Doctorate in Veterinary Medicine
at North Carolina State University. She completed her Master of Public Health at the
University of North Carolina at Chapel Hill, and served as a Fellow in the Centers for
Disease Control and Prevention’s Epidemic Intelligence Service. She is Board Certified
in the American College of Veterinary Preventive Medicine. For over 20 years, Dr. Hilborn
has worked as an environmental health scientist and epidemiologist at the US
Environmental Protection Agency’s Office of Research and Development where her
research focuses on emerging infections and the health effects of environmental and
waterborne contaminants such as toxic cyanobacteria.

Email: Hilborn.E@epa.gov; Phone: 919-966-0658

Dr. Jennifer Graham has been a Research Hydrologist with the U.S. Geological Survey
in Lawrence, Kansas since 2005. Since 1997, Jennifer’'s research has focused on the
effects of anthropogenic influence on aquatic ecosystems. She also is a nationally
recognized expert in cyanobacteria and associated nuisance compounds. For the past
nineteen years she has conducted research on environmental factors influencing the
occurrence of cyanotoxins in the United States. She has conducted both regional and
single system studies at a variety of spatiotemporal scales.

E-mail: jlgraham@usgs.gov; Phone: 541-737-1795

Dr. Nathan Smucker is an Ecologist with EPA’s Systems Ecology Division in the National
Exposure Research Lab. Nate's work focuses on understanding how humans affect
aguatic ecosystems, with the goal being to better inform how we can improve and protect
their water quality, ecology, and beneficial uses in the future. Specifically, Nate has
worked on developing ecological indicators and nutrient management targets based on
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stressor-response relationships of biota and on characterizing how watershed conditions,
restoration, and management practices affect downstream water bodies and HABS.
Email: Smucker.Nathan@epa.gov; Phone:

Mr. Marc Suddleson has worked at NOAA for over 20 years as a contractor and federal
employee. Since 2002, in his current position as an oceanographer and manager of
national research programs, he has promoted the development of research leading to
better management of coastal resources and related industries facing increasing threats
from ocean-related phenomena. He manages a portfolio of science projects that are
developing new ocean sensor technologies and successfully demonstrating how they can
help safeguard our seafood supply, document changes in ocean conditions and biological
communities, and improve access to data supporting science-based resource
management and public policy. Mr. Suddleson has lead the creation of strong
partnerships between NOAA and other federal laboratories, academic institutions,
management agencies, and industry that have led to significant science, technology and
management breakthroughs. Mr. Suddleson has authored or contributed to many regional
and national strategic research planning efforts that continue to guide NOAA and other
federal science investment decisions. Marc is currently serving on the Federal Laboratory
Consortium for Technology Transfer Executive Board.

Email: marc.suddleson@noaa.qgov Phone: 240- 533-0305

Ms. Virginia Roberts is an Epidemiologist in the Waterborne Disease Prevention Branch,
within the National Center for Emerging and Zoonotic Infectious Diseases at the CDC.
She collaborates with state, territorial, and federal partners on waterborne disease
outbreak surveillance, reporting, and prevention; manages surveillance activities for the
One Health Harmful Algal Bloom System and the waterborne disease outbreak reporting
module of the National Outbreak Reporting System; and coordinates a Great Lakes
Restoration Initiative project designed to improve waterborne disease prevention capacity
in Great Lake States. She received a joint MSPH in environmental and occupational
health and epidemiology from Emory University in 2007.

Email: evil@cdc.gov; Phone: 404.718.4871

Dr. Blake Schaeffer earned his PhD from North Carolina State University studying
harmful algal bloom ecology. Blake is currently with the U.S. Environmental Protection
Agency, located in Research Triangle Park, North Carolina. His research focus is applying
satellite remote sensing technology to monitor water quality in coasts, estuaries, lakes,
and reservoirs. He currently leads the collaborative CyAN effort between the EPA, NASA,
NOAA, and USGS to detect cyanobacteria blooms from satellite.

E-mail: schaeffer.blake@epa.gov; Phone: 919-541-5571
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Mitigating global proliferation of harmful cyanobacterial blooms (CyanoHABs)
in the face of increasing human and climatic pressures

Hans Paerl and colleagues,
UNC-Chapel Hill Institute of Marine Sciences and many other places!




CyanoHABs: a global indicator of nutrient over-enrichment
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What drives CyanoHABs? Interactive physical, chemical and biotic factors

The "nutrient knob" is the one we can fweek most effectively
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Paerl et al., 2016




Which nutrients to control? N, P or both?
Recent controversy regarding nutrient limitation/impacts

“Eutrophication of lakes cannot be controlled by
reducing nitrogen input: Results of a 37-year
whole-ecosystem experiment”

Schindler et al. Proceedings of the National Academy of Science USA 105:11254-11258 (2008).

Conclusion by Schindler et al. (2008) (based on Lake 227) extended to coastal waters

assumes that N, fixation will supply ecosystem N needs
Therefore, why worry about N?

N, + 6H* 9 2NH,

By This assumption has been challenged
(Lewis and Wurtsbaugh 2008; Howarth and Paerl 2008; Conley et al., 2009;
Scott & McCarthy 2010: Lewis et al. 2011; Paerl et al., 2016)




The CyanoHAB “poster child”, Lake Taihu, 3™ largest lake in China
Nutrient over-enrichment associated with unprecedented human development in the Taihu Basin over
past 3 decades. Taihu has experienced a "state change”
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Recent history of nutrient (TN, TP) increases in Lake Taihu 1992-2012
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The “nutrient problem” in Taihu

N & P inputs exceed what’ s needed for balanced algal growth.
Result: “Runaway” etATr'ophucahon & toxic CyanoHABs
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Effects of nutrient (N & P) additions on phytoplankton production (Chl a)
in Lake Taihu, China: Both N & P inputs matter!!

Xu et al. 2010; Paerl et al. 2011




Taihu: a “looking glass” for eutrophying
aquatic ecosystems worldwide?
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Looking beyond “P only”

Davis et al. (2009). The effects of temperature and nutrients on the growth and dynamics of toxic and non-toxic strains of Microcystis during
cyanobacteria blooms. Harmful Algae 2009, 8, 715-725.

Chaffin et al., (2013) Nitrogen Constrains the Growth of Late Summer Cyanobacterial Blooms in Lake Erie. Advances in Microbiology 3, 16-26.

Gobler et al., (2016) The dual role of nitrogen supply in controlling the growth and toxicity of cyanobacterial blooms. Harmful Algae 54:87-97
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Lets ask other eutrophying lakes? Whole-Lake Fertilization
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Large lakes and reservoirs in which algal blooms (mostly cyanobacteria)
have been shown to be N & P stimulated

acific veean Rocky Mtn. Lakes
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The Himmerfjarden case: Baltic coastal area
with large Sewage treatment plant,
P removal since 1976

N removal started in 1993 (50%0) & 2000 (80%0).

No N removal 2004-2008
EFFECTS ON PHYTOPLANKTON (Chl a)?

Plant loads , tonnes/ year
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The results: Reducing DIN inputs reduced Chl a and controlled CyanoHABs

Inorganic Nitrogen (DIN), annual mean
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Chlorophyll mg/m3 0-14m

Developing a N loading-bloom threshold

Himmerfjarden Chlorophyll a
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Nutrient limitation dynamics in the Chesapeake Bay

Fisher et al. 1998

Sesonal & Spatial Patterns of Nutrient Limitation

in Chesapeake Bay (Fisher et al. 1998)
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St. Johns R. System, FLorida: Nitrogen and Phosphorus
Effects on CyanoHAB Growth and Bloom Potential

(Cylindrospermopsis raciborskir)

300
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™

control
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B C. raciborskii

control

+P
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Take home message: Cy/indrospermopsis raciborskiris opportunistic
Dual N & P input constraints will likely be needed to control it

Piehler et al, 2009




- Experimental-Lakes Area
AELA) = °

Lets go back to the “P only
paradigm” from whole-lake
experiments, suggesting that P
alone controls algal biomass
(Schindler et al., 2008)

Argument:

If nitrogen is in short supply,
nitrogen fixation by cyanobacteria
will make up the nitrogen deficit:

Cyanob%teria
N, ——> NH,



Limnol. Oceanogr., 553), 2010, 1265-1270
© 2010, by the American Socicty of Limnology and Ocecanography, Inc.
doi:10.4319/10.2010.55.3.1265

Nitrogen fixation may not balance the nitrogen pool in lakes over timescales relevant to

eutrophication management

J. Thad Scott2." and Mark J. McCarthyb<

aDepartment of Crop, Soil, and Environmental Science, University of Arkansas, Fayetteville, Arkansas
bDépartement des sciences biologiques, Université du Québec & Montréal, Montréal, Québec, Canada
¢Marine Science Institute, The University of Texas at Austin, Austin, Texas

Lake 227 in ELA:
20 years N+P fertilization
20 years P only
fertilization

N loss rate (1 g N m2 y1)
=~ |lake denitrification rate

Chan and Campbell 1980
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Why doesn’'t N, fixation provide N needed to ecosystem demands?
Controls on N, fixation: Its not just P

energy constraints
Photosynthesis
Heterotrophy
Chemolithotrophy Y 0rganic carbon (fixed nitrogen acceptors)
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Overall, N, losses from eutrophic systems by denitrification
exceed "new” N inputs via N, fixation

Annual estimates of ecosystem N, fixation, denitrification, and net ecosystem N, flux
in eutrophic lakes with CyanoHABES.

Location N, Fixation Denitrification Net N, Flux

(g N m2yr) (9N m2yr) (9 N2y )
Lake 227 (ELA)? 0.5 5-7 -6.5—-4.5
LLake Mendota? 1.0 1.2 / -0.2 \
Lake Okeechobee? 0.8-3.5 0.3-3.0 [ -22-05
Lake Erken? 05 1.2 | -0.7 l
Lake Elmdale 10.43 18+ \ 76 /
Lake Fayetteville 10.6° 23 \ 124 /
Lake Wedington 7.0° 124 -5.0

!Net negative N, flux represents reactive N loss, positive represents gain; ?Paerl and
Scott (2010); 3J.T. Scott (unpublished data); *Grantz et al. (2012); Paerl et al., in review

Conclusions: 1. N, fixation does NOT meet ecosystem N
demands
2. More N inputs will accelerate eutrophication
3. We Gotta get serious about controlling N (as well as P) !!




Conclusion: N limitation is pervasive in aquatic ecosystems,
even ones receiving anthropogenic N enrichment
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Bottom line: Need to reduce N along with P to control PP and bloom formation




Additional "twist” due to Climate Change: Its Getting Warmer

Sea-surface Temperature
Land Surface Air Temperature
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Additional Evidence

2003 was the hottest summer in 500 years in Europe!
2005, 2009’ 2014’ 2016 were the h Sea-surface Temperature
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Warming leads to stronger
vertical stratification.......
Buoyant cyanobacteria favored by
stronger stratification

warm weather, little mixing

1 000 000 cells/ml

5m

stagnant

........... water .- vertical water

Paerl and Huisman 2009




Example
Mid August 2003:

Lake Nieuwe Meer, Netherlands

Heatwave & little mixing

Microcystis benefits!
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Turbulent mixing (cm?/s)

Testing the Model

Theory
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Refs.: Kraweik 1982, Grzebyk & Berland 1996; Kudo et al., 2000,
Litaker et al., 2002, Briand et al., 2004, Butterwick et al., 2005,

Yamamoto & Nakahara 2005, Reynolds 2006
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Cyanobacterial dominance along temperature & nutrient (TN) gradients in 143 lakes
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Percentage of cyanobacterial biovolume in phytoplankton communities as a function of water temperature and
nutrients in 143 lakes along a climatic gradient in Europe and South America.

(a) Combined effects of temperature and nutrients as captured by a logistic regression model

(b) Response surface obtained from interpolation of the raw data using inverse distance weighting.

Data replotted from Kosten et al. (2011). Global Change Biology DOI: 10.1111/j.1365-2486.2011.02488.x




GISS-E2-R

HadGEM2-ES

RCP 8.5

RCP 8.5

Modeling impacts of warming on cyanobacterial bloom potential

Change in Cyanobacteria Concentrations (thousands cells / ml)

Plateau-Growth Scenario Linear-Growth Scenario
2050 2090 2050 2090

Chapra et al., 2017




Hydrologically: Things are getting more extreme

« Storms, droughts more intense, extensive & frequent

i ' g s 2000-2009

Historical North Atlantic Hurricane Seasons
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Hydrobiological impacts of Tropical Storm Hanna (8/15/08 - 9/14/08) on
The New River Estuary, North Carolina, USA
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Impacts of Typhoon Passages on Cyano blooms in Lake Taihu, China, based on MODIS data
(Zhu et al., 2014)
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Conclusions/Recommendations for today and the future

* Reduce both N & P inputs in most cases (P legacy a serious issue)

Vo United States
\-’EPA Environmental Protection Office of Water  EPA - 820-5-15-001
Agency MC 4304T February 2015

Preventing Eutrophication: Scientific Support for Dual
Nutrient Criteria

— Nutrient-bloom threshold are system-specific
« However, in many cases >30% reductions should be targeted
— May need to reduce N and P inputs even more in a warmer,
stormier world
« Blooms "like it hot"
« Episodic events favor CyanoHABs
* Impose nutrient input restrictions year-round
— Residence time is long in many lakes (usually > 6 months)
— Warmer, longer growing seasons (earlier ice off, later ice on)




Thanks!

Thanks to: .y unc.edu/ims/ paerllab/research/cyanohabs/

T. Fisher

N. Hall

A. Joyner

T. Otten

B. Peierls

K Rossignol
S. Wilhelm
H. Xu

G Zhu
ModMon and
TLLER “crews”

4
o

Dimensions in Biodiversity Program

US EPA-Sclence To Achleve
Results (STAR)Program

EEgd 37667701

Additional support: Nanjing Instit. of Geography and Limnology,
Chinese Academy of Sciences/NIGLAS, Ministry of Science & Technology



Determining N&P reductions needed to control blooms:
Use of dilution bioassays

Nutrient addition

Incubation

Nutrient dilution bioassays:
1. 0% (lake water, no dilution)
2. 30% dilution

3. 50% dilution

4. 70% dilution

N was added as KNO; and P was added as
K,HPO,-3H,0.

Containers were incubated in the surface water to

maintain ambient conditions. -
Testing fast response of phytoplankton to the change
In ambient conditions

11655’

120%45°

120745 1228 12035

Xu et al., 2015

7
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Nutrient Dilution Bioassays: How much N & P reduction is needed to control blooms?
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“EPA |mpact of Harmful Algal Blooms

Environmental Protection
Agency

Human and Animal Health

Elizabeth D. Hilborn, DVM, MPH, DACVPM

US Environmental Protection Agency
Office of Research and Development
Environmental Public Health Division

Office of Water and Region 4
Harmful Algal Blooms Southeastern Regional Workshop
B o eseaen s oeoomen  PrE- \WWorkshop Webinar

National Health and Environmental Effects Research Laboratory, Environmental Public Health Division 5/4/2018

May 8, 2018
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Disclaimer: This presentation does not
necessarily reflect EPA policy.

Mention of trade names or commercial
products does not constitute endorsement
or recommendation for use.

There are no conflicts of interest.

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



SEPA Harmful algal blooms and health

United States
Environmen tal Protection
Agency

Marine and freshwater blooms
« Accumulations of phytoplankton

Freshwater
« Health impacts from direct exposure to blooms/toxins
« Poorly characterized effects from aquatic animal consumption

Marine

« Health impacts from aquatic animal consumption and from
blooms/toxins

» Fish is the number one category of food implicated in food-
borne outbreaks
« Scromboid/histamine poisoning is leading etiology

- Office of Research and Development 2
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



rine Blooms

Photo credit M. Gaskins, whoi.edu




Specnes Responsible for Paralytlc Shellfish Ponsomng

<EPA

United States
Environmental Protection
Agency

. hw ozygote -

(resting cyst)

- Pyrodinium bahamense
vegetative cells yar. compiessitm
(plankton)

* D I nOﬂage”ateS Spemes Respon5|ble for Diarrhetic Shellﬂsh P0|son|ng i v“”'é’é?fr‘r'éiﬁﬁs
. Azaspiracid SP = P
« Ciguatera

 Diarrhetic SP

PY N e u rot O Xi C S P 7 Dmophysu j'am'i Dinophysis acuminaté Dinophysis mitra l , b’-nﬂph;sis
. Species Responsible for B conda
¢ Pa ra Iyt| C S P ' Neuroii(; vhellfish Poisoning

« Diatoms
« Amnesic SP

Gy smnodinium breve

Species Responsible for =S

° Cy an Ob ) Cte r.i a Amnesic Shellfish Poisoning I—"
° Dermal eﬂ:eCtS Spes Responsn.ble for and implicated in Ciguatera Fish Poisoning

* Other effects? % % a

- Office of Research and Development
National Health and Environmental Effects Research Laboratc
Gambierdiscus toxicus ~ Ostreopsis Ostreopsis  Coolia monotis Amphidinium  Amphidinium Prorocentrum

lenticularis ovata klebsii carterae lima

Imaage credit: Y. Fukuvo, Intergovernmental Oceanographic Commission of UNESCO




wEPA Brevetoxins associated with respiratory ilinesses

——

Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division

https://algalredtides.wordpress.com/2014/03/07/other-human-effects/







wEPA

United States
Environmental Protection
Agency

e Also known as:

imals F
— Blue-green algae Animals <08

Slime moulds ' /

— Harmful algal blooms Plants "
— Toxic algae NH“ )/
- - A
- B . Protozoa '--—',-'h_
%, Ny e
f 4 ‘-} Crenarchaeota
ng Nanoarchaeota
\{ Euryarchaeota

Anabaena, Marta Demarteau
Proteobacteria

- Cyanobacteria are not algae
- They are photosynthesizing bacteria

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division

What are Cyanobacteria?

i Gram-positives
Chlamydiae
Green nonsulfur bacteria

Actinobacteria
Planctomycetes

_ Spirochaetes

Fusobacteria

Cyanobacteria
(blue-green algae

sulfate-reducers

Acidobacteria

Cyanothece, Pakrasi Lab
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United States Mammais
Environmental Protection ca.380Ma: Land plares
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Muscaliuar life
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Cyanobacteria are  casowm
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750-635 Ma:
Two Snowball Earths

ca. 4000 Ma: End of the

Lake Heavy Bombardment;
frstide

-Established oxygen o : m—m'ﬁ'ml
atmosphere 3.5b years ago il G\ omanpes

-Many produce potent toxins
as secondary metabolites

2598

: UUVHIALUI ’ €a. 2300 Ma:
e ¥ AL IS s Ammosphere becomes oxygen-nich;

Office of Research and Development frst Snowball Earth
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division




wEPA

United States
Environmental Protection
Agency

Cyanobacteria are Common Contaminants

Lake Meade (courtesy Sandy Donnell

« Warm, stable, eutrophic
surface waters

- Nuisance for water managers: fouls
beaches, taste and odor problems
drinking water

* Nitrogen and phosphorous limited

« Persist in benthos during
periods of suboptimal growth

- Office of Research and Development ' :
National Health and Environmental Effects Research Laboratory, Environmental Public Health [$S



SEPA Humans are Supporting
Cyanobacteria Occurrence with

United States
Environmental Protection

Nutrient Pollution
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Cyanobacteria can produce potent toxins

« Anatoxins

« Aplysiatoxins

« Cylindrospermopsins
 Lipopolysaccharide (endotoxin)
«Lyngbya toxins

« Microcystins

 Nodularin

e Saxitoxins

>> Many more bioactive compounds

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



SEPA -
V... Cyanotoxins - Health Effects

Agency

« Anatoxin-a - Neurotoxic alkaloid N 9
—Mimics the effects of acetylcholine L%L
—Convulsions, diarrhea, vomiting, “very fast death factor”

H 51 OH

0580

« Cylindrospermopsin - Cytotoxic alkaloid
— Affects multiple tissues
—Inhibits protein synthesis, toxic metabolites

HH
Mz
N

CO,H
0

« Microcystins - Hepatotoxic cyclic peptides M{Fﬁ;

5 .fo
YNH

O

1]
r
Me/gzo

HN e

. e

coM 0

—Potent protein phosphatase inhibitors

NH

« Saxitoxins — Neurotoxic nonterpene alkaloids
—Sodium channel blocker, agents of Paralytic Shellfish Poisoning

H,N__O

T ¢
- Office of Research and Development OHN N
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division )\ . />—NH2
HNZ NN
OH
OH



*Drinking and recreational water
«Cyanobacterial scums
Hemodialysis treatment for renal \
insufficiency
FOULCE K ATURAR
*Cyanobacteria-based supplements
*Aquatic foods
Ambient water aerosols

Produce

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public




sepa Potentially lethal cyanobacteria

s SCUMS near shore

- Office of Research and Dev S e G ST s e kg i :
National Health and Environ : A e e e e e

Photos: Courtesy Hans Paerl, UNC; Inside Edition; University of Arkansas, Division of Agriculture




SEPA Animals are at risk

United States

wzrtrom direct exposure to cyanobacteria

o

3 n 5




wEPA Animals are at risk

United States

Environmenigl Protectlon
Agency

om mdirect exposure to cyanobacteria

Clostridium botulinum
Avian botulism

e ey ¢ g gited (il
Photos courtesy of: Ohio Department of Environment, US;
Nathan Lab, CA, US; US Fish and Wildlife Service

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



SEPA People have been sickened from water

United States
Environmental Protection
Agency

B |

H Hemodialysis

—

comh/2014/08/05/8/



United States
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Agency

<EPA Severe impacts on wildlife

Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public

T 0 4 2004,
/ww.whoi.edu/science

e




“EPA  Severe impacts on livestock

United States
Environmental Protection
Agency

Blue-green algae bloom kills
32 cattle in S. Oregon

By Aliya Hall Capital Press
Published on July 12, 2017 10:25AM
Last changed on July 12, 2017 10:55AM

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



SEPA  Severe Impacts on pets

WATER & DROUGHT

Toxic algae bloom kills two
dogs in Napa as warnings
proliferate

BY DON SWEENEY
dsweeney@sacbee.com

xxxxxx
volilll
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EPA Potentially lethal cyanobacteria toxin

United States

Environmental Protection

“toncentrations can occur without blooms




<EPA

United States
Environmental Protection

.......

Canine Cyanotoxin Poisonings in the United States
(1920s-2012): Review of Suspected and Confirmed

Cases from Three Data Sources

Lorraine C. Backer "*, Jan H. Landsberg %, Melissa Miller **, Kevin Keel * and

Tegwin K. Taylor . _ _
Toxins 2013, 5. 1597-1628: do1:10.3390/toxins5091597

» Group identified 368 cases of cyanotoxin poisoning
associated with dogs throughout the U.S.

* Active surveillance
* Medical record review for acute hepatitis
 Historical reports (media, state/federal, other)

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division

22



< FPA
One Health and Cyanobacteria in Freshwater Systems:

Animal Illnesses and Deaths Are Sentinel Events for
Human Health Risks

Toxins 2015, 7, 1374-1395; do1:10.3390/toxins7041374
Elizabeth D. Hilborn "* and Val R. Beasley *
Most useful sentinel events:

Fhﬂllﬁwnfﬂdlh » Livestock
1T « Dogs

Guidance, Outreach, Policy

Test Results, Data, Methodology |° FlSh
\ | d

Laboratory & Health Professionals \

] I Sampling Guidance, Test Results, Data, Outreach

Notification, History, Site Data, Samples




<EPA Microcystin Detections, National

United States
Environmental Protection

Lake Assessment Survey, 2007

Concentration

(ppb MCLR % Overall Detections (with Reference
equivalents) Sludy. ke and Resampled Lakes:
Mean 30 (~1.0) 32 % (401/1238)

Median 0.52 (< 0.10)

Minimum 0.10 (< 0.10)
Maximum 230
1 Values outside parenthesis are summary statistics ' ‘; a :
for detections only. Values inside parenthesis § Ve ot 4 -;' ¥ e A >
include non-detections in summary statistics. . y *e o B A48 WY o S
s o, & s -
28 A% T s 3F. ¥
. o L ."'1 b ‘ asl ﬁ'\.‘f"' " '.., -" .' Ll v
eaf . Sh - . .ﬂ‘-' - T Y OEe
f g S f=-u . - o i x £ s
. (W20 ® 0 "N by l" = -?
ie - B__a g - sl ..
2% ek ” oo St | 3008 s
¥ LY ~- S . L } - aew r. '?}
8 %s," r - ¥, s daly - i . -
- | - e :“ *}‘ L - - Ll.‘
o * a T L e j‘ - '- ey
<% " T P 0 Bl S
. " BTE . 77— 138."
- e, F ol . - F a* . :
‘ o g DL Rl i g
{ o w o, _— Y L} s 2 *. v
L USGS ® No Detectable Microcystin " * 1 N N gt QA S S
d ® Detectable Microcystin ': o i ':; o "‘.*
- -. - -,r-vu' e ."*-'!
4-15-09 National Lakes Assessment — Chicago 4 53

| | Lakes Meeting — NLA Workshop Courtesy Neil Kamman

National Health and Environmental Eftects Research Laboratory, Environmental Fublic Health Division



wEPA  Human lliness, Animal Deaths,

United States
Environmental Protection
enc

o Freshwater HABs, Kansas, 2011

« 13 cases human iliness
—Of 7 confirmed, adverse effects included:

—Rash, gastrointestinal effects, eye and upper respiratory
effects, fever, joint pain, pneumonia

« 5 dog deaths, 1 confirmed illness
—\Vomiting, diarrhea, lethargy,
staggering, seizures

 Milford Lake monitored during
—Maximum microcystins 1600ug/L

Trevino-Garrison et al. Toxins, 2015

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



SEPA Waterborne NOR> ™8
Disease Outbreaks

* NORS waterborne disease reports during 2009 - 2010
—Recreational water associated outbreaks
—Subset: algal bloom (HAB)-associated outbreaks

« HAB-associated outbreak

—Two or more people were exposed to ‘algal blooms’ and
subsequently reported iliness

—A shared location during recreational water activities
—Environmental investigation
—Information is at the outbreak level, no individual information

- Office of Research and Development 26
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



SEPA NORS 'o

United States a0 Svsie .
Environmental Protection arting oy m

Algal Bloom-Associated Outbreaks

11 reports from New York (3), Ohio (6), Washington (2)
—All outbreaks occurred at public or private lakes

» Sixty-one people became ill, no known deaths
—59% females
—66% <19 years of age
—-59% sought health care®
— 7 (12%) visited emergency room*
— 2 ( 3%) hospitalized”

*>1 category / person

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division




<EPA  Multiple Health Effects Reported

Un t
Env me tal Protection
Age

=" Among Algal- associated Outbreaks

*In order of most commonly to least commonly reported
effects:
—Skin, Gastrointestinal effects
—Respiratory, Nonspecific effects
—Ear effects
—Nervous system effects
—Muscles, Joint / Bone and / or Eye effects

* Most commonly to least commonly reported toxins:
* Microcystins

* Anatoxin-a

 Saxitoxins/cylindrospermopsin

- Office of Research and Development 28
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



SEPA Cyanotoxin* Analysis among

Eight Outbreaks
Outbreak Anatoxin-a Cylindrospermopsin Microcystins Saxitoxins

1 - - 112.5 pg /L -

4 0.1ug /L ND 4.6 ug /L ND

) - - > 1000 pg /L -

6 ND ND 0.2 ug /L 0.03 ug /L
I - ND 20.8 pg /L ND

8 15.0 pg /L 9.0 g /L > 2000 pg /L 0.09 pg /L
9 0.2 ug /L 0.3 yg /L 0.3 yg /L ND
10 - - <6.0 uyg/L -

* Maximum toxin values, +/- 1 day outbreak period

Hilborn et al. MMWR January 10, 2014

- Office of Research and Development 29
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



wEPA . .
Associated Animal lliness, Death

Agency

Affected Anatoxin-a Cylindrospermopsin Microcystins  Saxitoxins
animals

Fish kill, dog ND ND 0.2 ug/L 0.03 pg /L
deaths

Heron illness, 15.0 pg/L 9.0 yg L > 2000 pg /L 0.09 pg /L
dog deaths

atiI Hetad nirmetl ffects Research Laboratory,

Photos: National Wildlife Federation;




<EPA

United States
Environmental Protection

Limitations

* VVoluntary reporting

« Underestimate of occurrence

« No individual exposure or health information

» Limited supporting evidence from water, none from
biological samples

31

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



<EPA

United States
Environmental Protection
Agency

Challenges for Health Effect Attribution

 Lack of provider awareness

* Nonspecific health effects

 Lack of diagnostic tools

« Exposure to mixtures

Photo: http://blog.duncanseawall.com

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Envirorj



SEPA Summary

Environmental Protection
Agency

« Documented exposures to cyanotoxins are uncommonly
iInvestigated and reported

« Toxins’ health effects are fairly to poorly characterized

« Consumption of contaminated water is a high risk exposure
« Children and animals may be more likely to become ill

» Onset of illness may be rapid

« Multiple health effects may be associated with exposure

 Analytic tools for detecting toxins in water and biological
samples are needed

- Office of Research and Development 33
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



University of Pennsylvania
Val Beasley

Environmental Protection Agency
Tim Wade (NHEERL)

Centers for Disease Control and Prevention

Virginia Roberts, Michele Hlavsa, Jonathan Yoder (NCEZID)
Lorrie Backer (NCEH)

State Partners

Erin Deconno, Jessica Egan, James Hyde, David Nicholas,
Eric Wiegert (New York); Laurie Billing, Mary Diorio, Marika
Mohr (Ohio); Joan Hardy (Washington)

- Office of Research and Development
National Health and Environmental Effects Research Laboratory, Environmental Public Health Division



ZUSGS

science for a changing world

Cyanotoxins in Freshwaters of the United States:
Occurrence and Emerging Technologies

Notice
An algae bloom has made
this area potentially
~ unsafe for water contact.
.. Avoid direct contact with -
visible surface scum.
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Jennifer L. Graham, Keith A. Loftin, and Guy M. Foster
U.S. Geological Survey

EPA Region 4 HAB Workshop
May 8, 2018




In August 2016, At Least 19 States Had
Beach Closures or Health Advisories

| 5?[] 1,DIDU MILES v\\\\\\

[ T T
0 500 1,000 KILOMETERS AN

| qn
S "
EXPLANATION

[ ] Anecdotal reports of cyanobacterial harmful
algal bloom (CyanoHAB) poisonings

RS States with CyanoHABs, beach closures, and
health advisories in August 2016

i
600 MILES g3
J

| { | N
[ ] No anecdotal reports of CyanoHAB poisonings 300 600 KILOMETERS e

After Graham and others, 2016, USGS OFR 2016-1174
https://dx.doi.org/10.3133/0fr20161174




In the 2007 National Lakes Assessment, Microcystins Were Detected by
ELISA in About 32% (n=1252) of Analyzed Samples

EXPLANATION |
25" Microcystin Concentration (MC)
Non-detect (MRL < 0.10 pg/L)
@ 0.10 ug/L < MC < 10 pg/L (WHO Low)
] 10 pg/L = MC < 20 pg/L (WHO Moderate)
A 20 ug/L £ MC < 2000 pg/L (WHO High)

ZUSGS

science for a changing world

Loftin and others, 2016, Harmful Algae



In the 2007 National Lakes Assessment, Cylindrospermopsins Were
Detected by ELISA in About 4% (n=1252) of Analyzed Samples

EXPLANATION
25° Cylindrospermopsin Concentration (CYLS)
Non-detect (MRL < 0.05 pg/L)
@ 0.05pg/L< CYLS < 1.0 pglL
[ 1.0 ug/L = CYLS < 2.0 pg/L
A CYLS =220 ug/L

ZUSGS

science for a changing world

Loftin et al., 2016, Harmful Algae



In the 2007 National Lakes Assessment, Saxitoxins Were Detected by
ELISA in About 8% (n=678) of Analyzed Samples

EXPLANATION |
25" saxitoxin Concentration (SAX)
Non-detect (MRL < 0.02 pg/L)
® 0.02 ug/L < SAX < 0.1 pg/L
[ 0.1 pg/L = SAX <0.2 yg/L
A SAX20.2 uglL

ZUSGS

science for a changing world

Loftin et al., 2016, Harmful Algae



Microcystins are Widespread and Common in the Midwest

OZARK HIGHL ANDS (OH)
OSAGE PLAINS (OP)
DISSECTED TILL PLAINS (DT)
WESTERN LAKE (WL)
PLAINS BORDER (PB)

CONCENTRATTION/RISK
@ NOTDETECTED
O LOW (<10 ug/L)
(0 MODERATE (10-20 ugL)
@ HIGH (>20ugl)

78% of lakes had detections (n=359)
Maximum concentration: 52 pg/L

a2 USGS
s Graham and others 2004, 2006, and 2009

science for a changing world




Multiple Toxins and Taste-and-Odor Compounds Frequently
Co-Occur in Cyanobacterial Blooms

Detectable Toxins/T&O Compounds
B Microcystin - 100% of Lakes (n=23)
.| Geosmin -83%

L] MIB - 35%

B Anatoxin-a - 30%

|| Saxitoxin - 17%

| Cylindrospermopsin - 9%

B Nodularin - 9%

ZUSGS ;
2
Graham and others, 2010, ES&T

science for a changing world




Cyanobacteria and Associated Compounds May Be Transported for

Relatively Long Distances Downstream from Lakes and Reservoirs

1,000,000
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ZUSGS

science for a changing world
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Microcystins Occurred in 39% of Small Stream Sites Sampled in the
Southeastern United States

Explanation
) Extent of SESQA study area

Urban area
Pigdmont

M| Microcystin, in micragrams per
Litor [pg/L] ond idontdser

s <]
© 01w
O 015mw03

@ 03wi0
B . 10wz

39% of stream sites had detections (n=75) / @
Maximum concentration: 3.2 pg/L el Iiw?j‘i.j:'-@f“--s
Median: 0.11 pg/L - ‘ g 5reonite
Mean: 0.29 pg/L

parianniryg

ZUSGS

Loftin and others, 2016, Environmental Toxicology and Chemistry
science for a changing world




The Potential for Cyanotoxin Production Was Detected at All Large
River Sites Except One During June-September 2017

“Willamette River

Mississippi River &

=g
Delaware Riverr:
Sacramento’'River : AL o _
KSnsas Rlver _ Mlssourl River, Susquehanna River

Ohio River

T

Chattahoochee River

Explanation

|:|Micr0cystin producing genes

|:|Anat0xin producing genes
E?U Qﬂlﬂ MILES [l Saxitoxin producing genes
I

|:|Cyli|1drospermopsin producing genes
900 KILOMETERS Il '\ cyanotoxin producing gene detections

*Sites with microcystin detections

This information is preliminary and subject to revision. It is being
2 E provided to meet the need for timely best science. The information is
Graham and OtherS, |n preparatlon provided on the condition that neither the U.S. Geological Survey nor
the U.S. Government shall be held liable for any damages resulting
from the authorized or unauthorized use of the information.

science for a changing world




Genetic Data Improve Understanding of the Occurrence of
Cyanobacteria and Associated Compounds

) © Geosmin
O Geosmin

o %0, %%
1 Human detection threshold # (]
E p °
o - O%
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4 #~ i 2
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ZUSGS

prme e et Otten et al., 2016, Applied and Environmental Microbiology




integrated studies rangin
* . cellsto satellites

==== Provisional Data Subject to Revision ---=




Aerial- and Ground-Based Cameras Show
Potential as Early Warning Indicators

Courtesy of C. Smith

X -
i (T "~
Y - + i

% USGS s b :.V;‘W,Cfeek Reserva

science for a changing world - et \Q’




Time-Lapse Cameras Capture
Temporal Variability at Sites of Interest

July 7, 2016 at 5:00 pm July 7, 2016 at 6:00 pm

TIMELAPSE(&AM 20 JUL 2016 03:54 pm

ZUSGS

science for a changing world




Underwater Cameras Capture Periphyton Growth at Locations
that Are Otherwise Difficult to Sample

Dec 19, 2015

May, 29 2016

;!é USGS Courtesy of R. Naranjo
s “Whiskey is for drinking, peri is for phyton”

science for a changing world




Water-Quality Sensors Show Promise as Early Warning Tools

Real-Time Chlorophyll, in pg/I

April 10, 2018 11:31ET

Explanation

v A v v v

3-119 12-249 25-499|50-99.9 100-199 =200 No Data

STUDY SHOWS HOW ALGAL
BLOOMS CAN BE RAPIDLY
PREDICTED

< 3
temp | cond | e | po | muo | i | oiscn | chiowonit | surosates |

* Gite operated on a seasonal basis or currently is not operating.
Mo values are available for the last 6 hours.

https://waterwatch.usgs.gov/wqwatch




Diurnal or Noisy Patterns in Dissolved Oxygen, pH and Algal
Fluorescence May Be Indicative of Potentially Harmful Algal Blooms

pH
pH State WQ standard
Dissolved oxygen % saturation

pH, in standard units
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USGS 391259097001800 MILFORD LK NR WAKEFIELD, KS
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in situ, micrograms per liter as
phycocyanin

Phycocyanin fluorescence {fPC}, water,

r‘:él'

Courtesy of L. King

= _/
f.‘/{ USGS — Phycocyanin fluorescence {fpc} == Period of approved data

science for a changing world




Continuous Water-Quality Monitors Can Be Used to Develop Models
to Compute Probability of Cyanotoxin Occurrence in Real Time
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Microcystin (ug/L)
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After Graham and others, 2017
https://pubs.er.usgs.gov/publication/sir20175016

% USGS https:/ny.water.usgs.gov/maps/nowcast/

science for a changing world




Continuous Water-Quality Monitors Can Be Used to Develop Models
to Compute Cyanotoxin Concentrations in Real Time
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Milford Lake at Wakefield, Data for Explanatory Variable (phycocyanin RFU)
Can Be Found At:
https://waterdata.usgs.gov/nwis/uv?site_no=391259097001800 This information is preliminary and subject to revision. It is being
Foster and others, in review provided to meet the need for timely best science. The information is
/ provided on the condition that neither the U.S. Geological Survey nor
/‘ B ans as the U.S. Government shall be held liable for any damages resulting
from the authorized or unauthorized use of the information.

scle"ce fora chang'ng world Department of Health January 2016
and Environment




New Sensor Technologies Allow New Applications, Such as High
Resolution Spatial Data Collection

EXPLANATION

junePts

|  BGA_PC ug per_ L
| weem High : 0.911422

| S Low :0.000539495

-C_hene_y'Reser\:‘/oir, KS

Foster, KSWSC
Bergamaschi, CAWSC
Journey, SAWSC




Surrogate Relations Can Be Developed to Map Spatial Variability
In Cyanotoxin Concentrations

Milford Lake, KS
August 2015

[ y=8.79x - 6.66

[ R*=091

- n=22

EXPLANATION

'. July 2015 sample
. August 2015 sample
Linear regression line

———— %5-percent prediction interval
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Regression estimated microcystin
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Boat path

USGS Kansas s : Foster and. o:[hers, 2016-

science for a changing world ~ Department of Health https://pubs.er.usgs.gov/publication/sir20165168
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Hyperspectral Microscopy Can Potentially Be Used to Identify
Unique Signatures of Harmful Algal Bloom Forming Taxa
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Courtesy of T. Slonecker and N. Simon, USGS




Hyperspectral Microscopy Can Potentially Be Used to Identify
Unique Signatures of Harmful Algal Bloom Forming Taxa

Courtesy of T. Slonecker and N. Simon, USGS




Tools to Utilize Satellites for Inland HAB
Monitoring are Being Developec

Cyanobacteria Assessment Network (CyAN) Project

T= all1a9am = T % all 0 11:48 AM
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Satellite Imagery May Capture Spatial and Temporal Variability
Across a Regional Scale
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.I USGS S ze |: I After Clark and others, 2017
science for a changing world = http//dXdOl0rg/101016/jeC0||nd201704046
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Integrated Approaches are Essential to Understand,
Quantify, and Mitigate Harmful Algal Blooms

Status and trends

Environmental fate and transport
Environmental drivers
Ecosystem effects

Exposure and health

Drinking water and food impacts

Mitigation and management

ZUSGS

science for a changing world




Legacy Data Are Essential to Understanding
Status and Trends

EXPLAMATION
COLORS SHOW RANGE OF MEAN

NHUMBERS OF PHYTOPLANKTON, IN
CELLS PER MILLILITER

0-1000

1001-2000

20015000

5001-10,000

10,001-20,000
20.001-106,000
Colored dots reprasent stations

manitaring flow fram the
occounting unit,

————  Water Resources Region
Boundary

Acceunting Unit Boundary

AL ASKA

Q GOOMIiles
L 4 A

ZUSGS

science for a changing world

PLUERTO RICO
400 Etr){l Miles

200

| | L8] 100 Milas
400 600 Kilomaters il B2

USGS WY1975 NASQAN Data, n=345
After Briggs and Ficke, 1977




https://www.usgs.gov/news/science-harmful-algae-blooms Jigraham@usgs.gov
https://ks.water.usgs.gov/cyanobacteria kloftin@usgs.gov
https://lwww2.usgs.gov/envirohealth

gfoster@usgs.gov

ZUSGS

science for a changing world




<EPA

United States
Environmental Protection
Agency

Recent intensification of
harmful cyanobacteria blooms in
Midwestern reservolirs

Environmental Protection Agency
Nate Smucker

Jake Beaulieu

Chris Nietch g o s
U.S. Army Corps of Engineers e A

Jade Young

e - o -

M

The views expressed in this presentation are those of
the authors and do not necessarily represent the views
or policies of the U.S. Environmental Protection Agency.

- Office of Research and Development
National Exposure Research Laboratory May 8, 2018
Systems Ecology Division

smucker.nathan@epa.gov



SEPA Recent observations of cyanobacteria 2

United States
Environmental Protection

blooms and related issues in the region

i NEWS v WEATHER v SPORTS v REPORTIT COMMUNITY v ABO

s
FISH KILLED BY OXYGEN LEVELS
EAST FORK LAKE

e . - b

£

eatured here (Ellie and Dakota) died after playing in the




SEPA World Health Organization

mmerecn F@acommendations for recreational exposure

(https:/lwww.epa.gov/nutrient-policy-data/guidelines-and-recommendations)

Relative Probability of Acute Health Effects

Cyanobacteria (cells/mL)

Microcystin-LR (ug/L)

Chlorophyll-a (ug/L)

Low 20,000 <10 <10
Moderate 20,000-100,000 10-20 10-50
High 100,000-10,000,000 20-2,000 50-5,000
Very High > 10,000,000 >2,000 >5,000




<EPA

United States
Environmental Protection

U.S. Army Corps of Engineers

monitoring program (Louisville District)

20 reservoirs
(built 1953-1983)

» All flood control, but also
recreation, fish and wildlife, to
provide high water quality,

and 11 for drinking water
e 24 million visits / year

Monitoring since 1988

» Deepest point and frequently a
few other stations

* Multiple depths sampled

» Cyanobacteria, DO, and
temperature

* Nutrients since 1999

Summer most consistent
and we focused on yearly
maximums + monthly
means of cyanobacteria

Drinking water sources circled (gray =
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<EPA 2015 —increase in maximum cyanobacteria o

w7 cell densities associated with less forest cover

1400000 - Forested watershed

Agricultural watershed
1200000 - Urban watershed
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“EPA  High cell densities of cyanobacteria
have not always been the case

More reservoirs experiencing conditions with moderate to
high relative risk to human health in recent years

Most abundant taxa
capable of toxins:
Pseudanabaena
Cylindrospermopsis
Aphanocapsa
Planktothrix
Aphanizomenon
Microcystis
Anabaena
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Hepatotoxins
Neurotoxins
Dermatoxins
Taste and odor

o

1985 1990 1995 2000 2005 2010 2015

Year

Summer maximum cell densities (n = 391)
(gray = low, yellow = moderate, and red = high health risk [based on cell densities])




SEPA High cell densities of cyanobacteria

United States
Environmental Protection

have not always been the case

More reservoirs experiencing conditions with moderate to
high relative risk to human health in recent years
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Year

Summer maximum cell densities (n = 391)
(gray = low, yellow = moderate, and red = high health risk [based on cell densities])

Most abundant taxa
capable of toxins:
Pseudanabaena
Cylindrospermopsis
Aphanocapsa
Planktothrix
Aphanizomenon
Microcystis
Anabaena

Hepatotoxins
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SEPA  Statistical models showing general 8
trends for each of the 20 reservoirs

0% forest

1,200,000 -

800,000~

400,000~

Cyanobacteria (cells / ml)

0

1990 1995 2000 2005
Sampling date

Drinking water sources marked by red arrows and numbers



SEPA  Models showing the general trends for reservoirs 9
w0 With forested, agricultural, and urban watersheds

1500000 -
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1300000 A Agricultural watershed
Urban watershed
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SEPA  Surface water temperatures have
= gotten warmer in the Spring and Fall

17>21.5°% 23.5>26° 17.5>19.5°
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1988 —» 2015(1988 —» 2015 | 1988 —» 2015 | 1988 —» 2015 | 1988 —» 2015 | 1988 —» 2015 1988 —» 2015

Earlier warming of surface waters associated with earlier
Increased and prolonged cyanobacteria dominance?

10




SEPA Global trend of warmer 11

United States

e lake surface temperatures
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O’Reilly et al. (2015) Rapid and highly variable warming of lake surface waters around
the globe (Jul-Aug-Sep temperatures)




SEPA Regional trends of warmer

United States

lake surface temperatures

120°W
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Mean winter air
temperature > - 0.4 °C
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O’Reilly et al. (2015) Rapid and highly variable warming of lake surface waters around
the globe (Jul-Aug-Sep temperatures)




SEPA Cyanobacteria like it warm

Environmental Protection
Agency

"o
[}
=
2
g
o
§.
w

: stagnant
vertical water

migration

sediment sediment

Paerl & Huisman (2009) Climate
change: a catalyst for global
expansion of harmful cyanobacterial
blooms



SEPA Globally widespread observations of

United States

Environmental Protection

blooms (only Microcystis shown)

——— = — TR TR

{Ganadal

o lapan
“\south Korea
M Taiwan
Pakistan e
Senega!. " "2 Philippines
& Qunnam- Ethlup!a Y
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<-Netherlands g —
Antilles. |~ d Indonesia

Namibia
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Uruguay —% South “Lesotho ! }
Butkna Africa ' g
Argentina : New

Zealand

Norway HonglKong|

Bangladesh
Mozambigue 4 ELEF
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Malaysia

Global distribution of Microcystis
No record

I Blcom reported

Harke et al. (2016) A review of the global ecology, genomics, and
biogeography of the toxic cyanobacterium, Microcystis spp.



Possible interactions between
temperatures and nutrients




SEPA Hypolimnion dissolved oxygen 16
A has decreased
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~ Other implications of algal blooms 17
~ Methane and water quality: global scale

Algal
blooms

[«2]

[=]

[=]
l

Methane Emission Rate (mg C m>d’")

) —

Eutrbphic Mesot'rophic Oligot'rophic

Deemer et al. 2016. Bioscience Slide provided by Jake Beaulieu (EPA)



SEPA  Other implications of algal blooms
T US Anthropogenic CH, Budget

Natural Gas
7.0 Tglyr

waig Reservolirs

& ~2.9 Tglyr
Beaulieu et al (2014) Ruminants
6.6 Tg/yr

l'_ Coal

Mining
2.7 Tglyr

. s 4 Petroleum
B 2.7 Tg/yr  Landfills jo e

2014 Inventory of US Greenhouse Gas Emissions and Sinks

18




SEPA  An example of stakeholder engagement 19
and collaboration to improve water quality

Environmental Protection
Agency

Leverages monitoring and management effort to:

* Ensure water safety from harmful algae in the short term

« Maintain a network of sample sites that help promote a watershed approach and allows for
the consideration of market-based options for nutrient abatement.

Since 2009 the East Fork Watershed Cooperative has pooled its resources to:

« Document historical changes in water quality and coincident shifts in algal communities

« Establish a water monitoring infrastructure and facilitate focused research studies.

« Support the development, testing and validation of models that are used to integrate and
scale the monitoring data

 Engage a broader stakeholder community to promote watershed protection education and

increase adoption rate of management practices (BMPs)
nietch.christopher@epa.gov



Discussion

Inform predictive models of bloom dynamics and
severities

Examine economic effects and how beneficial uses are
affected

Inform best management practices and source water
protection in the future and predict their effectiveness

How do the coincident rise in reservoir temperatures

and exacerbation of hypoxia affect our ability to predict
the effectiveness of nutrient management plans?

smucker.nathan@epa.gov



NOAA Harmful Algal Bloom Program
National Perspectives

EPA Region 4 HAB Webinar
May 8, 2018

Marc Suddleson
Manager, MERHAB Sponsored Research Program
Co-manager, HAB Rapid Response

\/®



Harmful Algal Blooms — A National Problem
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Harmful Algal Booms - Impacts

Human & Water
Name Animal* Fish Kills ) i

Poisoning Discoloration
- Amnesic Shellfish Poisoning (ASP) Yes** No No
e Ciguatera Fish Poisoning (CFP) Yes No No
- Neurotoxic Shellfish Poisoning (NSP) Yes** Yes Yes
- Paralytic Shellfish Poisoning (PSP) Yes** Yes Yes
- Diarrhetic Shellfish Poisoning (DSP) Yes No No
B | Brown Tide No Yes Yes
B | CyanoHABs Yes** Yes Yes
| Golden Alga No Yes Yes
B | Karlodinium No Yes Yes

*Mammals, birds, turtles, often protected species
**Can cause human or animal deaths

St



Measuring HAB Impacts — Economics

$82 - S100M per year for U.S.
e This is likely an underestimate:

FLORIDA RED TIDE
PRESENT

5$49.6M — Lost income during historic

2005 red tide in Maine alone
e $20.4 M—WA Lost spending when I

recreational clamming season closed fOr e oepstment o tarine resources

Recovers 98% of Recalled Mussels

SEAFOODNEWS.COM [Seafood News] by Amanda Buckle

September 20, 2017
Season i e wane beprment o

e 510.3 M—2011 TX red tide drop in
oyster landings

* $2-6M/event —Lost profits from WA net  “*"

Algae Bloom Forces Suspension of
Shellfishing in Parts of Down East Maine

pen fish kills (heterosigma). e

St




Harmful Algal Blooms — Major Events Since 2014

Amnesic Shellfish Poisoning

‘ © ‘ . Ciguatera Fish Poisoning
@ o J @O0 Neurotoxic Shellfish Poisoning
B Paralytic Shellfish Poisoning
\ 1 Diarrhetic Shellfish Poisoning
Brown Tide
CyanoHABs
Golden Alga
Karlodinium
‘y i
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Puerto Rico




HABs — Expansion of Known HABs - NSP
1, 0r “Florida Red Tide”
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Puerto Rico
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Charlotte Sun Herald, Paul Schmidt

NSP\Red Tide Impacts
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Impacts
Discolored water

Toxic shellfish
Mortality Endangered
Species
Dead fish
Respiratory irritation

-
Today’s Beach Condition
FLORIDA RED TIDE PRESENT

* Caused by algae

L] Nﬂ[lll.u]ll\‘ OCCUrTIng

- .'\lnI\ CIUSE TYC OF skin frritwiion

* May cause coughing or sneexing

« If vou have a respiratory condition, such as
asthima, avaid the beach during Red Tide

* Do mod harvest or eal shellfish or mollusks

Leasn more at www.colliergoy.ned
For healih informstion sred questions, call the
Calker County Red Tide Hotine: 2357582501

Maphes Marco 1slandd

Everghaks ==
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2016 Gulf-Wide NSP\Red Tide - NOAA Response

Operational HAB Forecasts FL & TX

Gulf of Mexice Harmful Algal
Bloom Bulletin
"4 Angust 306

Active Research & Response

b NOAL 52eTm und Tirtn Srvice
Lot biclotn: A 21 2045

Conditicns Report

A hamnful algal hloan has been iemtfiad from Saasota 12 nothern
Collier C\:um\ Patshy hegh impacts ace pessible for Saraseta and Char-
Lcete Connties foiay thrcngh Satnay, with patchy low impacts possi
ble Sat ght theough Suncay, Patchy Low impacts ere possibl
umey, vith patehy meceraie imparts possible in narther Col:ier
County todsy theouzh Saturday. Pakcly vory low imparts ace possible
in hath L2 and narthen ol ier Coneizs Samedzy night teongh Sun-
day,

— Improving routine HAB
monitoring

Analysis
The bormpriss from S Comty o nothe e Conry
< that the bloom b inCol-

e Comnty, with & medinm eon sentrarion o Napies P‘ar(nspt o
Hzslth; 87213, The bloom eemains at low congentrations Zor #he romain-
der af Loz and Collier Conney. Hi gh cancenireeions hive been famnd in
Sarasota ans Charlottc Countice st Venice Picr, Corlez Bridee, and

VRI, £22). Backgeound lovais of Kbrevir waes
Fishinz Piee in additicn to hizh

el chlsapErd b

— Operational Forecast: FL and
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e During bloom

Developing Monitoring Network— — Updates to State and Cou nty
Microscope in a Can —

; responders
— Guidance to State HAB Monitors
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Emerging Coastal Issue - CyanoHABSs
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2016 CyanoHABS In St. Lucie Estuary, FL

NOAA Response

Assist local counties
Improve remote sensing

Research to understand

bloom & toxin production




CyanoHAB Toxins in Many U.S. Estuaries

Emerging Issue

How widespread?

Sea Otter
California’s CyanoHAB ~ No guidance for toxins in shellfish!
Sentinel

Is it a human health threat?

NOAA Response

 Assess magnitude of problem in California estuaries
 Fund state, tribes, feds (USGS and EPA) partnership
 Adapt new monitoring tools (SPATT)

\/®



Harmful Algal Bloom and Hypoxia Research and Control Act 2014

(HABHRCA)
e |Improve interagency coordination
e Conduct research — (competitive and internal) —

PRESENT

e Understand causes & impacts
e Develop better monitoring, prediction and
response
e Understand roles of climate, nutrients
e Toxins in foods and water
e Methods for HAB suppression, control
e Rapid Response to HAB events
e Reports to Congress
e HABs and Hypoxia Comprehensive Research Plan &
Action Strategy — Final Feb 2016
e Great Lakes Research Plan and Action Strategy—in
review.

. http://coastalscience.noaa.gov/research/habs/habhrca




Harmful Algal Bloom and Hypoxia Research and Control Act 2014
(HABHRCA)

® Competitive HAB research programs S
O ECOHAB—Determine causes & impacts of HABs

O MERHAB—Build HAB response capacity though managers,
researchers, & shellfish industry partnership projects

O PCMHAB—develop, demonstrate and transition HAB prevention,
mitigation, and control technologies. Assess costs associated with
HABs
® Rapid Response to HAB events $

® Internal HAB science
O Algal Taxonomy, Identification Physiology, Molecular Ecology
O Biotoxin Measurement & Impacts
O Sensors and Detection
O Marine Biotoxin Measurement & Impacts

® HAB Forecasting

. ® Phytoplankton Monitoring Network



National HAB Program - Accomplishments

e Guidelines for freshwater toxins,
health advisories

® Enhanced HAB Detection

® |ow cost\simple screening
e Better regulatory confirmation
® Real-time HAB sensors

e HAB modeling & forecast products

e Timely HAB event response

e Understanding effects of HAB toxins | L

on human, animal health
\/®



National HAB Forecast & Regional Observing Systems

Sensors

e
I
Analysis and
Interpretation

Warning &
Outreach




NOAA HAB Operational Forecast (HABOFS)

e QOperational 24/7
o0 FL Karenia—weekly+
o TX Karenia—weekly+
o Lake Erie cyanobacteria
seasonal & weekly
e In transition to operational
o Gulf of Maine Alexandrium
0 Puget Sound & Washington coast
o California coast

* |n development
o Alaska Alexandrium * Need HAB Observing System

o Puget Sound o Develop HAB toxin/cell-
0 Chesapeake Bay specific sensors

http://tidesandcurrents.noaa.gov/hab/ ‘@'




Improving HAB Response

e Risk Assessment before HAB occurs—
Develop meaningful contingency plans
e (Coastal
e Freshwater
Plan for future HAB expansion

e Support to state & tribal agencies

e Work with ISSC to approve new
methods

 Equipment and training to adopt Karosia brotl
new methods

e Rally against program cuts —
common in years with no HABs.

\/@3

: e, S g /D Training



Improving HAB Response

e Support and Expand Regional Monitoring Networks

 Engage citizen, tribal and industry
monitoring partners

e Monitoring for HAB early warning

e Stakeholders help guide research

e Share toxin analysis capabilities

ccccccc

st ]
- UNIVERSITY OF ?{‘ a‘ \ a
I_JSF SOUTH FLORIDA™""g 9 et
COLLEGE OF MARINE SCIENCE e 1
‘f\fifif"i'r‘i ) CA - CalHABMAP

WA — ORHAB & FL - FWC, Mote, USF,
Soundtoxins START + GOMA

St




Improving HAB Response

* Encourage NOAA IOOS and Regional
Association involvement (e.g. adding | e R g
HAB sensors, serving\displaying data) B, === & b

e Support NOAA HAB Forecasting
System and Ecological Forecasting
Services

 Educate impacted industries (e.g. [IIYNZIIEEAYIYITE
aquaculture) about out HAB-
related disruptions & ID research
needs and solutions to mitigate

and prevent HAB impacts
&




Improving HAB Response

 Urge state participation in CDC One Health Harmful

Algal Bloom System (OHHABS)
e 15t national system to report HABs and associated

human and animal health impacts .OH?- IARS
e Voluntary & ONE HEATHHarmfu Al Bl

* Track severity of problem to support efforts to
prevent blooms and illnesses
* Reduce human activities that increase HABs F7
e Reduce nutrient inputs
 Prevent warming of water bodies
e Be careful of hydrographic changes
* Prevent HABs as invasive species

\/@3




Conclusions

HABs impact all U.S. coastal areas
New HAB problems emerging

NOAA response
- Understand causes & impacts to
fos ‘improve prevention, control, &
g0 mitigation
. Develop HAB forecasts and
. improve-monitoring to provide
.| early warning

S, _



For More Information

NOAA HAB Programs
* Research https://coastalscience.noaa.gov/research/habs/
 HAB forecasting: http://tidesandcurrents.noaa.gov/hab/overview.html|
* Event Response
https://coastalscience.noaa.gov/research/habs/response/default
HABHRCA https://coastalscience.noaa.gov/research/habs/habhrca
HAB National Office: http://www.whoi.edu/redtide/
US HAB Training at Bigelow https://ncma.bigelow.org/training-courses
Interstate Shellfish Sanitation Commission: http://www.issc.org/
|OOS Regional Associations: http://www.ioosassociation.org/
GCOOS http://gcoos.org/ AND SECOORA http://secoora.org/
Primer on Gulf of Mexico HABs
http://gcoos.tamu.edu/documents/HabPrimer-10162013.pdf
Harmful Algal Blooms Observing System (HABSOS) https://habsos.noaa.gov/

Contact Information:
Marc.Suddleson@noaa.gov
(240) 533-0305

St
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Harmful Algal Blooms and Public Health Surveillance:
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HABs and Public Health

= People can get sick from HAB toxins if they ingest them, inhale them, or if
they expose their skin to them through activities like swimming.

= One Health issue — humans, animals, and the environment
= Emerging public health issue
— Warming climate, nutrient pollution
= Challenges: identifying and characterizing HAB-associated illnesses

Source: Jill Siegrist Source: USGS Source: David Zapotosky


https://www.climate.gov/news-features/event-tracker/spring-climate-plays-major-role-lake-erie-algae-blooms
http://toxics.usgs.gov/highlights/algal_toxins/
http://dogtrekker.com/Story/dog-toxic-summer-blue-breen-algae

An Emerging Public Health Issue

= Challenges: identifying and characterizing HAB-related
ilinesses

= Questions include:

= Frequency and geographic distribution
— How many cases of illness annually? Where? When?
— lllnesses occurring more/less frequently?
= |lliness characterization
— What are the symptoms of HAB-associated illness?
— How does this differ by the type or amount of toxin?
— How to interpret clinical, epidemiological, and environmental data?
— Suspect, probable, confirmed case of illness?
= Risk factors
— How do factors such as age, route of exposure, and immune status affect
susceptibility?

= Prevention efforts—needs? impacts?



Public health surveillance can help to
answer these questions

O Public health surveillance:

= The ongoing, systematic
collection, analysis, and
interpretation of outcome-
specific data for use in the

. . . Out dat i
planning, implementation, freome data . Tmfely,
d evaluati bli collection and dissemination
and evaluation of public interpretation

health practice.

Application

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



Public health surveillance for HABs
and associated illnesses
= NORS (web-based, national)

— Voluntary state and territorial reporting of outbreak
data (= 2 human illnesses) since 2009 NORS ..

— Waterborne and foodborne HAB-associated Eational Ogtbreak.
eportin stem
outbreaks ey

— Data collected via separate systems from 1970s-2008

= HABISS (web-based, select states)
— 2009-2013

— Enhanced surveillance for HABs, human illness,
animal illness

= OHHABS (web-based, national) Launched in 2016
— Voluntary state and territorial reporting I I I A
of HABs, human iliness, animal iliness &O BS

ONE HEALTHHarmful Alyal Bloom System
— Launched in 2016




£.,0HHABS

ONE HEALTHHarmful Algal Bloom System

0 Voluntary reporting to CDC
= Nationally available to local, state, and territorial public health partners
= Their designated environmental health and animal health partners

0 Electronic reporting
= Web-based, password-protected system
= Systematic data collection

0O One Health surveillance for fresh and marine water events
= HAB events (environmental data)
= HAB-associated human cases of illness
= HAB-associated animal cases of illness

0 Reporting frequency
= Event-based, not routine water monitoring
= Not a real-time notification or case investigation system
= Passive surveillance



One Health Harmful Algal Bloom System (OHHABS)
0 Web-based reporting system linked to NORS

= OHHABS and NORS are linked in two ways:

1. Share technical reporting features (same web platform, reporting structure)

2. Collect different types of data about HAB-associated outbreaks

SSQHHABS

NORS « “@

National Outbreak
Reporting System

Aggregate waterborne,
foodborne, and enteric
disease outbreak data

(2 two human illnesses)

Harmful algal
bloom-
associated
outbreaks

Harmful algal bloom-
associated environmental
data, human case, and
animal case data



General HAB-associated lliness Reporting Process

Person/Animal Person/Animal gets cll.ocaI{ Statc: he:l/th
exposed to a HAB or sick, may seek epl::ar Q:n and/or
its toxins treatment other OH partners

notified

CDC checks data for Local/state Local/state
accuracy and analyzes department(s) enter(s) department(s) conducts
data investigation

[ Data summarized and published ]

Data uses:
Summary reports, other publications, data and statistics
Development and support of programs, health promotion, and policies



Factors influencing HAB-associated iliness detection,
investigation, and reporting

O Resources

= Limited state funding for surveillance and reporting
O Awareness

= Knowledge of exposure, routes, and symptoms

= May be difficult to detect and link back to a specific exposure
O Communication

» Animal health and environmental health partners may be the first/only

ones to be notified

= Capacity for communication with public and across disciplines
0 Laboratory testing

= Limited environmental testing capability in states

= Availability of clinical testing for chemicals/toxins
O Reporting requirements

= Waterborne and foodborne outbreaks are nationally notifiable
- Nationally notifiable # required to report
= HAB-associated illnesses (single cases) are not nationally notifiable



How Are Events and Cases Reported in OHHABS?

OHHABS Report OHHABS Report

OHHABS Report

Environmental
Form




What Data Can be Reported?

Form Type Types of Data Collected*

*  Location of the HAB event

*  Observed water body characteristics

*  Advisories and health warnings

*  Laboratory testing — event sample testing

*  Pathogens or toxins detected

*  Other data systems that contain associated information

*  Seafood catch or harvest location for HAB-associated foodborne ilinesses

Environmental
Form

*  General case information (e.g., sex, age in years)
*  Exposures (e.g., activities, duration)

*  Signs and symptoms of illness

*  Medical and health history

*  Clinical testing

*  Pathogens or toxins detected in clinical samples

Human Form

*  General case information (e.g., type of animal, single/group of animals)
*  Exposures (e.g. activities, duration)

e Signs of illness

*  Health information (e.g., veterinary treatment)

*  C(Clinical testing

*  Pathogen or toxins detected in clinical samples

Animal Form

*No personally identifiable information
- Y SIS



How are OHHABS Events and Cases Classified?

1. HAB event definitions

Definition Criteria
HAB Event Laboratory-based HAB data’ Observational or environmental data? Associated illness
1. Suspect Required to have 1

2. Confirmed

Required

3. Confirmed

Required

Required

! Laboratory detection (e.g.. microscopic confirmation or DNA analyses) of cyanobacteria. other potentially toxin-producing algae. or algal/cyanobacterial
toxins in a water body or finished drinking water supply
? Observational (e.g.. scum, algae, water color change. sheen. photographic evidence, satellite data) or environmental (e.g.. pH. chlorophyll. nutrient
levels) data from a water body to support the presence of an algal bloom

Blue shaded cells: you must have at least one of the criteria described in the shaded cell.

2. HAB-associated case definitions—human

Definition Criteria
Exposure! | Signs/ Public Professional | Other causes | Observational Laboratory- Clinical
Human HAB- symptoms* | health medical of illness or based HAB data® | data’
|associated Case assessment® | diagnosis* ruled out environmental
data”

https://www.cdc.gov/habs/pdf/ohhabs-case-and-event-definitions-table.pdf



https://www.cdc.gov/habs/pdf/ohhabs-case-and-event-definitions-table.pdf

OHHABS Landing Page*

OHHABS - One Health Harmful Algal Bloom System

Welcome, evll {CDC System Administrator)
Logout Change Password

Actions

Reporting State Date

& Location

Arkansas
Moon light pat

Ilinois

All Reports
Search Reports View and Select Reports
Type CDC or State Report ID: CDC
State Report ID
5 1D
=N
Select state(s) 120 001
Alaska
Arizona ~
Arkansas en (e
California
Colorado v 114 001244
-onnecticut
Select Report Date Created: 119 123
From: @
22 1234
Ta: &
Type Water Body or Location: 125 123456

57  123455tateSathya

m Clear Selection

169 1236

*Example using test system data

Nebraska
Plum lake

Alabama
Sunny Pond

Created

10/03/16

01/10/18

06/08/16

09/26/16

04/10/15

11/14/16

06/02/15

06/20/17

Report Author

SChakravarthy

testUser

testUser

SChakravarthy

ipyrkh

SChakravarthy

ipyrkh

ipyrkh

Status

Active

Active

Active
Shared

Active

Active

Shared

Active
Shared

Active
Shared

Active

B a 8 @ & &b

b

B e i i e

e-De-Do-Pe-Pe -Pe-Po-Po -Po

=]

=]}

Create New Report

Import PDF Form

>

User Management

Data Download

Select Form Type:
[ ]

4 &

Eniron-| Humen | Animel

Thenc

load Search Results

Download All Reports

NORS

P 4D &> &P 4D &5 4D &P ¢

<

Z
S {
o)
wn

[

b

Resources

Forms and Guidance
Terms of Use



Report Summary*

OHHABS - One Health Harmful Algal Bloom System

Goto: All Reports
State Repor‘tID: 12345Statesathya .': Welcome, evl1 (CDC System Administrator)

Logout Change Password
CDC ReportID:57 Report Author:ipyrkh Date Created: 6/2/2015 Status: Active

State/Jurisdiction: Tl eTn Classification: Create New Form:
* 123455tateSathya Nebrask Water Body: Plum lake Observed: Author: ipyrkh : Y
ebraska i ﬁ
2/1/2017 GeTiitmrzs a8
° al Ficati Er“\éir'“oﬂ Human Animal
Date Il Onset: assification:  __
. sadasdasdasd Sex:  Age: Location Mame: ate finess Lnse Author: ipyrkh o
11/01/2016 Confirmed Manage Report Status:
ﬂ Date of Discovery: Classification: ~ _ Finalize
Animal_12345_A Type of Animal: Bird Single Animal Author: ipyrkh
[12345_ vo 2 11/02/2016 o Probable B

«4 Sharing

(5 agencies)

*Example using test system data



Human Case Form¥*

OHHABS - One Health Harmful Algal Bloom System

Goto: AllReports Report Summary: 12345StateSathya

Welcome, evll (CDC Systemn Administrator)

Logout Change Password
L ]
& Human Case ID: sadasdasdasd ~

Human Case Summary- Report Summary:
Sex: Author: ipyrkn State Report ID: 123455tateSathya 7 CDC ReportID: 57 ‘ e ﬁ'(
Age: Date Created: 4/8/2016 Status: Active Author: ipyrkh H e i
Case Classification: Ea 7] Water Body: Plum lake Date Created: 46/2/2015

Human Exposure Info  lllness and Outcomes Clinical Testing Supplemental Info Author and Agency

Human Description 15>

Sex: ﬂ Age(years):

State of residence: | Selectastate ﬂ

Content source: Centers for Disease Control and Prevention, Mational Center for Emerging and Zoonotic Infectious Diseases (NCEZID)

*Example using test system data



Environmental Form*

OHHABS - One Health Harmful Algal Bloom Syste

Goto: AllRReports Report Summary: MN_Reportl Welcome, evll (CDC System Administrator)
Logout Change Password
4 State Report ID: MN_Report1
Environmental Summary: Report Summary:
Water Body: Clearwater Lake Author: JYu State Report ID: MMN_Reportl CDC ReportID: 80 * e ﬁ'(
Event Date: 7/22/2015 Status: Active Author: IYu H e i
Water Body: Clearwater Lake Date Created: £/5/2015
Bloom Description Laboratory Testing Other Syst: Suppl tal Info Author and Agency

m Geographic Description  Water Body Characteristics

Date bloom was first observed =

Date of notification to Local, Territory, Tribal, or State Health Authorities: 1/22/2015 E
If no bloom date is available, select one below and explain in Date Remarks:

™
Date Remarks:

Bloom reported by phone call from local resident.

*Example using test system data



Human Case Form*

OHHABS - One Health Harmful Algal Bloom System

Goto: AllReports Report Summary: MN_Report1

& HumanCaselD:Humanl ~

Human Case Summary:

Sex: Male Author: JYu
Age-30 Date Created: 8/5/2015

m Human Exposure Info  lliness and Outcomes

Human Description [N

Sex: | Male ﬂ Agelyears): 30

State of residence: | Minnesota

*Example using test system data

Report Summary:

State Report ID- MN_Reportl
Status: Active

Water Body: Clearwater Lake

Clinical Testing Supplemental Info

Welcome, evll (CDC System Administrator)
Logout Change Password

CDC Report ID- 80 * ® ﬂ
Author: JYu .

Date Created: 8/5/2015

Author and Agency




Animal Case Form*

OHHABS - One Health Harmful Algal Bloom System

Goto: AllReports Report Summary: MN_Report1 Welcome, evl1 (CDC System Administrator)

Logout Change Password

= Animal Case ID: Dogl ~

Animal Case Summary- Report Summary:
Type:Dog Author- JYu State ReportID- MN_Reportl » €DC Report ID- 80 ‘ o ﬁ
Single Animal Date Created: 8/5/2015 Status: Active Author- JYu 1 , a
Water Body: Clzarwater Lake Date Created: £/5/2013
General Exposure Description  lliness and Outcomes Clinical Testing Supplemental Info Author and Agency

Animal Description %S

What is the category of animal(s) being reported? What type of animal(s) are you reporting?
Domestic pet ﬂ Dog ﬂ

Additional animal description (e g. dog or cat breed, type of bird, amphibian, reptile, other, and other mammal)?

Beagle

Does this illness report describe a single animal or a group of animals (i.e., fish kills, flocks, or herds)?

Single animal Group of animals
What is the age of the animal? 14.00 years
What is the weight of the animal? Select unit of msasursﬂ

Did the animal die?

No Unknown

‘What condition was the animal found in? (check all that apply)
[CJAlive []Fresh [[IScavenged

[]Decomposed [JUnknown WINot Applicable

*Example using test system data



Related Resources
OHHABS resources at www.cdc.gov/habs/ohhabs

= Guidance documents

= Case and event definitions
= Static and fillable PDF forms

Training webinars—recordings available upon request

Harmful Algal Bloom — Associated Iliness website for the
general public at www.cdc.gov/habs

Health promotion materials at
www.cdc.gov/habs/materials/index.html

= OHHABS partner toolkit (fact sheet, slides, newsletter article, resources
list)

= Cyanobacterial Fact Sheet

= Poster

= Reference Cards for veterinarians, physicians, and the general public

For more information: NORSWater@cdc.gov



http://www.cdc.gov/habs/ohhabs
http://www.cdc.gov/habs
http://www.cdc.gov/habs/materials/index.html
mailto:NORSWater@cdc.gov

Harmful Algal Bloom-Associated Iliness website

www.cdc.gov/habs

Har

7
%9
®

fv]+

GENERAL
INFORMATION

Frequently asked questions...

SOURCES OF EXPOSURE @
&RISK FACTORS

Who gets it and how...

PREVENTION &
CONTROL

How to stay healthy and prevent

illness.

ul Algal Bloom (HAB)-Associated lliness

Harmful algal blooms (HABs) are the rapid growth of algae that can cause harm to animals. people. or the local
ecology. A HAB can look like foam, scum, or mats on the surface of water and can be different colors. HABs can
produce toxins that have caused a variety of illnesses in people and animals. HABs canoccur inwarm fresh,

marine, or brackish waters with abundant nutrients and are becoming more frequent with climate change

ILLNESS & SYMPTOMS

Signs, symptoms, and outcomes.

HABS & THE
ENVIRONMENT

Factors that promote growth of
HABs...

CDCA-Z INDEX v

Publications, Data, & Statistics
50 4

HAB Resources

!F 4 Health Promotion
sl Vaterials

One Health Harmful Algal

*om : BS Bloom System (OHHABS)

Healthy Water Sites

+ Healthy Water
o Drinking Water
o Healthy Swimming
o Global WASH
o Other Uses of Water
o WASH-related Emergencies &



http://www.cdc.gov/habs

NORS Informational Website
https://www.cdc.gov/nors/

Centers for Disease Control and Prevention ‘ SEARCH | Q |
CDC 24/7: Saving Lives, Profecting People™

tional Outbreak Reporting System (NORS)

The National Outbreak Reporting System (NORS) is & web-based platform that
launched in 2009. It is used by local, state, and territorial health departments in
the United States to report all waterborne and foodborne disease outbreaks
and enteric disease outbreaks transmitted by contact with environmental

sources, infected persons or animals, or unknown modes of transmission to
CDC. If you are 2 member of the general public and would like to report an
outbreak, please contact your local or state health department. Contact
information can be found &t Public Hesith Resources: State Health

Departments.
About the National Outbreak Reporting System (NORS)
‘What we do
ABOUT NORS FORMS & GUIDANCE
How NORS collects and uses data from state, local, and territorial public health Data entry forms and guidance for health department staff who report or use NORS
agencies . data.
TRAINING MATERIALS NORSDIRECT
Information to assist NORS users with logging in and entering outbreak reports... Information to assist NORS users with using NORSDirect to upload outbreak data._.
NORS DATA PUBLICATIONS
Information on accessing and analyzing NORS data .. Surveillance summaries, annual reports, and other publications...
RELATEDLINKS OTHER SYSTEMS LINKED TO NORS
Links to information about cutbreaks, diseases, conditions, and disease prevention._ Other surveillance systems that share reporting features with NORS..


https://www.cdc.gov/nors/

Looking Ahead k \‘

O OHHABS = One Health surveillance

= OHHABS can link human and animal illness data with HAB events

= Data to inform prevention and mitigation of HAB-associated health
effects

0 Surveillance capacity extends beyond an electronic system and
may rely on more than the traditional infectious disease or

human iliness partnerships for foodborne and waterborne
disease prevention.
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Thank you! Questions?

For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY: 1-888-232-6348 www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily
represent the official position of the Centers for Disease Control and Prevention.




Cyanobacteria Monitoring &
Applications using Satellite Sensing

Blake Schaeffer and CyAN Team
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n Source: Clark et al. 2017. Ecological Indicators. 80:94-95.
Schaeffer et al. (In Review). Environmental Modelling and Software.
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Impact

» Consistent approach for determining cyanoHAB change,
year-to-year, with long-term operational satellites

* Quantify cyanoHAB spatial extent and frequency of
occurrence

» Support management of recreational waters and drinking
water sources
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