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Cyanotoxin Occurrence in the United States
A 20 Year Retrospective

Photo Credit: B. Rosen, USGS
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Toxic Algae in Towa Lakes
By EarL T, Roskg

Reprinted from Proceepings oF The Towa
AcapeMy or Sciexce, Volume 61,

Blue-Green Algae Control at Storm Lake
By EarL T. Rosk

1953

1954

Blooms are a nuisance issue that
can sometimes be toxic

Usually, but not always, a summer
phenomenon

High nutrients and “other ideal
ecological conditions” result in
blooms

Potential producers include:
Aphanizomenon, Anabaena,
Coelosphaerium, Gloeotrichia,
Microcystis, and Nodularia
Toxins are complex organic
substances that are “almost
impossible to determine”

After Yoo et al., 1995
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Focus articles are part of a regular series intended to sharpen understanding of current and After Yoo et al., 1995
emerging topics of interest to the scientific community.
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e
Cyanotoxins are Diverse

Hepatotoxins Neurotoxins Dermatoxins
CYL MC ANA SAX
Anabaena/Dolichospermum X X X X X
Aphanizomenon X ? X X X
Microcystis X
Oscillatoria/Planktothrix X

Planktothrix:

Anabaena/Dolicpés’permum
4;..“;‘;4)
L3

Photo Credit: A. St. Amand, PhycoTech

science for a changing world After Graham and others, 2008
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[ OZARK HIGHLANDS (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 ug/L)
@ HIGH (>20ug/l)

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

After Graham and others 2004, 2006, and 2009



25°

a USGS

science for a changing world

EXPLANATION
Microcystin Concentration (MC)
MNon-detect (MRL < 0.10 pg/L)
® 0.10 pg’'L =MC < 10 pg/'L (WHO Low)
D10 pg/l < MC < 20 pe/T. (WHO Moderate)
® 20 pg/L < MC < 2000 pg/L (WHO High)

Loftin et al., 2016
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longitude

Explanation
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¢ Urban area
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After Graham and others, 2010

Detectable Toxins/T&O Compounds
B Microcystin - 100% of Lakes (n=23)
[ Geosmin - 83%
MIB - 35%
Anatoxin-a - 30%
[] Saxitoxin - 17%
I8 Cylindrospermopsin - 9%
B Nodularin - 9%
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¢~ Connecticut
River

Delaware

Explanation

‘ Study watershed
Synthetase gene detections

Microcystin (mcyE) [ Saxitoxin (sxtA)
Anatoxin (anaC) &/ Cylindrospermopsin (cyrA)
<> Notdetected
Cyanotoxin detections
A Microcystin
A Anatoxin and microcystin
/A Not detected

25|l] 5(|]0 Miles
1
250 500 Kilometers

o]0

Graham et al., 2020
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Graham et al., 2012
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Graham et al., 2012

OPEN @ ACCESS Freely available online @ PLoS one

Evidence for a Novel Marine Harmful Algal Bloom:
Cyanotoxin (Microcystin) Transfer from Land to Sea
Otters

Melissa A. Miller'%*, Raphael M. Kudela®, Abdu Mekebri®, Dave Crane? Stori C. Oates’, M. Timothy
Tinker®, Michelle Staedler®, Woutrina A. MillerS, Sharon Toy-Choutka', Clare Dominik’, Dane Hardin’,
Gregg Langlois®, Michael Murray®, Kim Ward®, David A. Jessup’

1 Marine Wildlife Veterinary Care and Research Center, California Department of Fish and Game, Office of Spill Prevention and Response, Santa Cruz, California, United
States of America, 2 Ocean Sciences Depa

California Department of Fish and Game, O
Center, United 5tates Geological Survey, Lo
States of America, 6 Department of Patholog
of America, 7 Applied Marine Sciences, Live
America, 9 Division of Water Quality, State

Photo Credit: Getty Images
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Preece et al., 2017
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Blue-green toxic algae invades
Florida river
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| As Climate Warms, Algae Blooms In
Drinking Water Supplies

Toledo's tap water undrinkable fora| - - -
second day; test results delayed

f & @

DIRK YAADERHART

Toxic algae bloom found in Ohio River

Toxic algae blooms becoming
more common across US

By Associnbed Press Juge 22, 2018 | 4:02pm

= HIZE CalTinH

bz shows dgee teen the Gl o Tobeds waiz inlase qiz e Lake Cne asoul 1.3 miles al| e saore gl Cutizs, Chio, - e

i I'oxic algae have reached the Chio River. & bloom of microcystis, a blue-
green algae capable of producing liver and nerve toxins that can sicken

people and kil pets, hos formed m the Ohie Biver near Belmont County
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Slide Courtesy of T. Thorpe, University of Missouri



WV Decreasing (P < 0.1) A Increasing (P < 0.1)

L O Decreasing (P > 0.1) QO Increasing (P > 0.1)
d USGS Ho et al., 2019
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Toxins 2015, 7, 353-366; do1:10.3390/toxins 7020353

foxins

ISSN 2072-6651
www.mdpi.com/journal/toxins

Article

Human Illnesses and Animal Deaths Associated with
Freshwater Harmful Algal Blooms—Kansas

Ingrid Trevino-Garrison ™*, Jamie DeMent >, Farah S. Ahmed 1,
Patricia Haines-Lieber !, Thomas Langer !, Henri Ménager !, Janet Neff 1,
Deon van der Merwe > and Edward Carney **
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Time Period Median Number of
Health Alerts*
1989-1995 13
1996-2002 18
2003-2009 25

After Trevino-Garrison et al., 2015

*Based on 2010 Kansas Department of Health Public Health Alert
Criteria (advisory = 20,000 cells/mL; warning = 100,000 cells/mL



Lake and Reservoir Management. 25:253-263, 2000

© Copyright by the North American Lake Management Society 2009
ISSN: 0743-8141 print / 1040-2381 online

DOL 10 1080/7438 | J03 143239

Microcystin in Missouri reservoirs

Jennifer L. Graham* and John R. Jones
Department of Fisheries and Wildlife Sciences, University of Missouri, 302 Anheuser-Busch
Natural Resources Building, Columbia, MO, 65211-7420, USA

Table 4.-Annual means, medians, and maxima of total microcystin values. Summary statistics are based on
samples collected during each year.

Total microcystin (;:g/L)

Year Reservoir n % Detection h % Detection Mean Median Maximum
2004 76 42 514 23 0.34 <0.1 21
2005 95 52 380 26 0.25 <0.1 11
2006 127 46 508 20 0.16 <0.1 4.9

Note: Reservoir n indicates the number of reservoirs sampled each year n indicates the number of samples collected during each year.

Cylindrospermopsin

36 reservoirs, 1 sample each
% Detection: 14

Maximum: <1 pg/L

a USGS

science for a changing world

-
Percentage of Monitoring Sites with

Measurable toxins

Toxin 2017
n=99

Cylindrospermopsin 16% 41%

Microcystin 83% 61%

Courtesy of T. Thorpe, University of Missouri

Results from reservoir sites
sampled both seasons
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Reservoir
Bilby
Forest

Harrison

Marceline
Mozingo
Nodaway
Paho

Sterling

Strongest Correlate

Conductance
Chlorophyll > 35 pm

Total Nitrogen

Dissolved Organic Carbon
Magnesium

Nitrate

Ceriodaphnia abundance

Sodium

0.78
0.66

-0.84

-0.46

0.81

0.60

<0.01

<0.01

<0.01
<0.01

<0.01

<0.01

<0.01

0.03

48

49

49
49

13

49

28

13



Marine Pollution Bulletin 124 (2017) 591-606

Contents lists available at ScienceDirect

Marine Pollution Bulletin

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

Eutrophication, harmful algae and biodiversity — Challenging paradigms in @ T—

a world of complex nutrient changes

ate/hal
Patricia M. Glibert

HARMFUL -
ALGA

;"_‘_'&_

University of Maryland Center for Environmental Science, Horn Point Laboratory, PO Box 6775, Cambridge, MD 21613, USA

Blurred lines: Multiple freshwater and marine a-lgal toxins
at the land-sea interface of San Francisco Bay, California

Raphael M. Kudela”

“* Northwest Indian College, 2522 Kwina Rd, Bellingham, WA, 98226, USA
Y Ocean Sciences Department, 1156 High Street, University of California, Santa Cruz, CA 95064, USA
“San Francisco Estuary Institute, 4911 Central Avenue, Richmond, CA 94804, USA

Way, Santa Cruz, CA 95060, USA
> United States Geological Survey MS496, 345 Middlefield Rd. Menlo Park, CA 94025, USA

Melissa B. Peacock®™<*, Corinne M. Gibble™¢, David B. Senn?, James E. Cloern®,

9 California Department of Fish and Wildlife, Office of Spill Prevention and Response, Marine Wildlife Veterinary Care and R h Center, 151 McAllister

k3

«el/hal

Review

Harmful algal blooms: A climate change co-stressor in marine and

freshwater ecosystems

d USGS Andrew W. Griffith®”, Christopher J. Gobler™"

* School of Marine and Atmospheric Sciences, Stony Brook University, Southampton, NY, 11968, United States
science for a changing world * Department of Biological Sciences. University of Southern California. Los Angeles. CA 90089, United States
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Filstrup and Downing, 2017

Relationship of chlorophyll to phosphorus and

nitrogen in nutrient-rich lakes

Christopher T. Filstrup & = & John A. Downing

Pages 385-400 | Published online: 09 Oct 2017

&k Download citation

https://doi.org/10.1080/20442041.2017.1375176

M) Check for updates
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Relationship of chlorophyll to phosphorus and
nitrogen in nutrient-rich lakes

Christopher T. Filstrup & = & John A. Downing
Pages 385-400 | Published online: 09 Oct 2017

&& Download citation https://doi.org/10.1080/20442041.2017.1375176 (0. Check forupdates

» High nutrients and low biomass did
not coincide with shifts in nutrient
limitation, light availability, cellular
Chl-a content, phytoplankton
composition, or zooplankton
grazing pressure.

» Nitrate comprised most of TN and
occurred with reduced dissolved
organic matter.

» Hypothesis: Photolysis of nitrate
may produce reactive oxygen
species that damage DOM and
phytoplankton.
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Skaneateles Lake algae outbreak

could be toxic, state DEC says

Updated Aug 6; Posted Aug 6 2018

The state has confirmed that
algae floating in Skaneateles Lake
near the village of Skaneateles is
toxic. (Gregory Simmons |
Special to Syracuse.com)

Skaneateles Lake beaches closed
after harmful algae blooms pop up

Updated Aug 7; Posted Aug 7

SKANEATELES LAKE

DEC confirms harmful algal bloom
on Skaneateles Lake, now dissipated

The Citizenstaft Aug 7, 2018

Swimmers, Pets Told to Avoid Algal Bloom on
Skaneateles Lake; City Monitoring Water
Quality

Toxin-producing algae found again in
Skaneateles Lake

Updated Sep 6, 1:51 PM; Posted Sep 6, 1:36 PM



Skaneateles Lake algae outbreak
could be toxic, state DEC says

Updated Aug 6; Posted Aug 6 2018

2018 Summer Maximum
Total Phosphorus: 7 ug/L
Chlorophyll: 1.6 pg/L

Shoreline Microcystin: 940 ug/L

The state has confirmed that
algae floating in Skaneateles Lake
near the village of Skaneateles is
toxic. (Gregory Simmons |
Special to Syracuse.com)

a USGS
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The Spatiotemporal Variability of Cyanobacteria Poses

Unique Challenges to Monitoring and Assessment
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Knowledge Gaps

A considerable amount of research is being
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.

@ Photo Credit: B. Rosen, USGS

~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

ZUSGS

science for a changing world



Jennifer Graham
jlgraham@usgs.gov
518-285-5706
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