


ZUSGS

science for a changing world

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

Notice e
An algae bloom has made ,
this area potentially

unsafe for water contact.
Avoid direct contact with
visible surface scum.

.
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At Least 39 States in the Nation Have Had Anecdotal
Reports of Cyanotoxin Poisoning

- Cyanotoxin Poisonings

- Health Advisories

Cyanotoxin Poisonings and
Health Advisories

After Graham and others, 2009
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In August 2015, 24 States Had Toxic Algal and Health
Advisories for Cyanobacteria

-
P~
= USGS Data Compiled from EPA Freshwater HAB News
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In the 2007 National Lake Assessment Microcystin Concentrations
> 1 ug/L Were Most Common in the Upper Midwest

\ \ g ——
33% of lakes had detections (n=1,028)
Maximum concentration: 230 ug/L
Median: <0.10 pg/L (0.52 ug/L’)

Mean: 1.0 pg/L (3.0 pg/L’)

"Detections onl
>
a USGS After Beaver and others, 2014
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Cylindrospermopsins Were Detected by ELISA in About 4% (n=659) of
Analyzed Lakes; Occurrence was Most Common in the South

Non-detect (MRL < 0.05 pg/L)
® 0.05pg/L< CYLS<1.0 pg/L
O 1.0 pg/L<CYLS <2.0 pg/L
® CYLS>2.0ug/L

% USGS After Loftin and others, in press
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Saxitoxins Were Detected by ELISA in About 8% (n=678) of Analyzed
Lakes; Occurrence was Most Common in the Upper Midwest and the South

EXPLANATION

o L Saxitoxin Concentration (SAX)
Non-detect (MRL < 0.02 pg/L)

® 0.02 ug/L<SAX<0.1 ug/L

O 0.1 pg/L<SAX<0.2 ng/L

® SAX>0.2pgL |

% USGS After Loftin and others, in press

science for a changing world



Microcystins are Widespread and Common in the Midwest

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

CONCENTRATION/RISK
@ NOT DETECTED
O LOW (<10 ugL)
(0 MODERATE (10-20 ugL)
@ HIGH (> 20ug/L)

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

=
as USGS After Graham and others 2004, 2006, and 2009
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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%

a USGS

science for a changing world After Graham and others . 2010




Cyanobacterial Toxins and Taste-and-Odor Compounds May Be Transported for
Relatively Long Distances Downstream from Lakes and Reservoirs
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1 KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT
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SEPTEMBER-OCTOBER 2011

TOTAL MICROCYSTIN (ug/L)

Milford Lake release sends algae to Kansas River
MARIA SUDEKUM FISHER, Associated Press

Publizhed 09:10 p.m., Wednesday, September 21, 2011

SEPTEMBER 8, 2011

SMOKY HILL|
REPUBLICAN
BIG BLUE
DELAWARE
WAKARUSA

A TRIBUTARY CONCENTRATION
-@- MAIN-STEM CONCENTRATON
-@- ESTIMATED CONCENTRATION

WHO PROVISIQNAL DRINKING-WATER GUIDELINE

[ I
ANALYTICAL DETECTION THRESHOLD

180 160 140 120 100 80 60 40 20
DISTANCE UPSTREAM FROM CONFLUENCE WITH MISSOURI RIVER, IN MILES

After Graham and others, 2012




Microcystins Also Occur in Smaller Streams

Explanation
) Extent of SESQA study area
Urban area
Piedmont

Microcystin, in micrograms per
Liter (pg/L) and identder

e <01
O 01w01s

QO 015103
@ 02w10

‘ 101032

39% of stream sites had detections (n=75) /
Maximum concentration: 3.2 pg/L

Median: 0.11 pg/L

Mean: 0.29 ug/L

a USGS
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After Loftin and others, 2016



Vertical Migration or Wind Movement of Surface Accumulations May Rapidly
Change the Areal Distribution of Cyanobacteria

Rock Creek Lake, lowa
2006 Beach Closure Event

Beach Area
Thursday

Beach Area
Monday August 3
July 31
- Boat Ramps
 Friday
August 11

Photos Courtesy of IA DNR
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Vertical Migration or Wind Movement of Surface Accumulations May Rapidly
Change the Aerial Distribution of Cyanobacteria

Rock Creek Lake, lowa
2006 Beach Closure Event

Beach Area
Thursday

Arviriict 2

Beach Area

WHERE DID THE CYANOBACTERIA GO?

Most likely explanation is
redistribution in the water column

_ Friday
- August 11

Photos Courtesy of 1A DNR
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Sample Concentrations Can Vary Considerably Depending on When,
Where, and How Samples Are Collected

—~
S
~
e
=
o
[<5)
(a)

a USGS

science for a changing world

Microcystin (ng/L)
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Mozingo Lake, MO
July 1-2, 2001
— 1330
1700

0930

Sample Type and
Microcystin Concentration (ng/L)
Integrated Photic  Integrated Integrated
Time  Surface Zone Epilimnion  Water Column
0930 118 74 84 61
1330 88 64 70 58
1700 65 50 55 45

After Graham and others, 2006



New Technologies Allow Ground-to-
Space Assessment of HABs

science for a changing world



Genetic Data Help Identify Systems with the
Potential for Cyanotoxin Production

Ohio Lakes, Summer 2013
Microcystis mcyE DNA Planktothrix mcyE DNA

5 3 7 7 5 7 6 6
9-
100% 100% 100% 86% 20% 29% 0% 100%
T 80% 100% 29% 14% 0% 14% 0% 83%
8 _ »)

100% 100% 71% 100% 20% 86% 67% 83%
0% 0% 14% 0% 0% 29% 33% 0%

Estimated method detection limit,
3.4 log copies per milliliter

Estimated method detection limit,
4.0 log copies per milliliters
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Buck Creek Deer Creek MBSP Inland Port Clinton
Buckeye Crystal Harsha MBSP Lake Erie Sandusky Bay

% USGS After Francy and others, 2015
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Buck Creek Deer Creek MBSP Inland Port Clinton
Buckeye Crystal Harsha MBSP Lake Erie Sandusky Bay




New Sensors are Promising, But We Are Still Learning Limitations
and Best Practices for Optimal Use
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After Francy and others, 2015



Continuous Water-Quality Monitors Can Be Used to Develop Models
to Compute Probability of Cyanotoxin Occurrence in Real Time

Z ‘+
ZUSGSHIR
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Kansas Real-Time Water Quallty
Home | View Data ’ Methods Constituents Models [ Bibliography N Links
NRTWQ Home >> Kansas >> View Data >> 07144790

USGS station:

Constituent:

Time period: Year to date V| All v

Model Form

e - 1305 - 1.99 sin(2m D / 365) - 1.34 cos(2m D / 365) + 0.0511 TChi

PMc=——
1 + e 1-305-1.99 sin(2m D/ 365) - 1.34 cos(2m D/ 365) + 0.0511 TChi

o
o

http://nrtwg.usgs.gov/ks

where:

Microcystin (ug/L)

Probability of Exceeding 0.

DS DO DO O DO D DD DWW AN
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% USGS After Stone and Graham, 2013
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Emerging Technologies

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

Blue-Green Algae, in micrograms per liter § N I ; § : | Bottom Monitor )
o High - 27.99 = |/ 4 2 4% Blue-Green Algae, in micrograms per liter
“ Low:-1.48 Py High - 27.99

- Low : -1.48
Boat Path
Boat Path

== 7
R

Milford Reservoir, KS, July 2015
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New Sensor Technologies Allow New Applications, Such as High
Resolution Spatial Data Collection

North Blue Green Algae, cells per milliliter South

T by | Sp— 7 8000
: | .‘,;.-;,;.:v
I Jn'r

Blue Green Algae, cells per millifter

Longitudinal and cross-sectional AUV profiles of estimated blue-green algae.

L e Bushy Park Reservoir, SC
o USGS http://sc.water.usgs.gov/projects/bushypark_wgq/
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Courtesy of C. Journey



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

> 3 Al 7 WA Al

Courtesy of C. Smith
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Emerging Technologies

Satellites are Essential Tools for HAB Monitoring in Coastal
Areas and the Great Lakes

LAKE ERIE HAB TRACKER
No HAB Detected Resources

Detroit 4 \indsor
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Port Clinton . Cleveland

Lake Erie HABs Bulletin
R __ . _
« L s Experimental)
Please click here to access our experimental predictions of Lake Erie algal bloom intensity and - Bulletin Sign Up

extent. The HAB Tracker is updated daily to make five-day forecasts of harmful algal bloom - Bulletin Archive
intensity and distribution based on satellite remote sensing, forecast meteorology, and a

el Bl sl 2 Overview of guidelines on algal toxins

Microcystin Sampling Real-time Monitoring HABs FAQs
HAB Tracker Vertical Mixing Analysis
Algal Bloom Flickr Gallery

Hypoxia Monitorin

-
P~
o USGS http:/lwww.glerl.noaa.gov/res/HABs_and_Hypoxia/
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Emerging Technologies

Tools to Utilize Satellites for Inland HAB
Monitoring are Being Developed

Cyanobacteria Assessment Network (CyAN) Project
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Unifying Themes in Harmful Algal Bloom Research

* Individual systems are unique.

« Spatial and temporal variability
present challenges to data collection,
analysis, and interpretation.

« Sensor technology and genetic
approaches provide important
information on spatiotemporal
variability and environmental
influences.

A variety of tools for early warning
and prediction are being developed
and used.

ZUSGS

science for a changing world



.......

Additional Information:

http://ks.water.usgs.gov/cyanobacteria/

jlgraham@usgs.gov
a USGS 785-832-3511
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