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There are Many Potential Sources of Variability
that May Influence Study Outcomes

Algal Toxin Analysis

Peak Intensity
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Many Cyanobacteria Produce Toxins and Taste-and-Odor Compounds

Hepatotoxins Neurotoxins Dermatoxins Taste/Odor
MC ANA SAX GEOS MIB
Dolichospermum X X X X

Aphanizomenon X ? X X
Microcystis
Oscillatoria/Planktothrix
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Cyanobacteria Present Many Challenges to
Study Design and Sample Collection

Kansas Department of Health
and Environment sample
results from October 5, 2015

Cell count: 804,667,500 cells/mL
Microcystin Concentration: 30,000 pg/L

MILFORD LAKE
/LMO190"

Cell count: 7,371 cells/mL
Microcystin Concentration: < 1 ug/L
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Cyanobacteria Present Many Challenges to
Study Design and Sample Collection

July 7, 2016 at 5:00 pm July 7, 2016 at 6:00 pm
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Sample Concentrations Can Vary Considerably Depending
on When, Where, and How Samples Are Collected

Microcystin (ug/g seston)
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Mozingo Lake, MO : e i ™
July 1-2, 2001 . . . .
1330 Microcystis aeruginosa colonies
— 1700

0930

Sample Type and
Microcystin Concentration (pg/g Seston)

Integrated Photic  Integrated Integrated Water
Surface Zone Epilimnion Column

121 68 71 o7
89 58 66 K
o7 39 42 37
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Consistent Guidelines for Study Design and Sample
Collection are Essential for Nationally Comparable Data

SIR 2008-5038 Guidelines for Design and Sampling
for Cyanobacterial Toxin and Taste-and-Odor
Studies in Lakes and Reservoirs (Graham and others)

http://pubs.usgs.gov/sir/2008/5038

USGS National Field Manual Chapter 7.5
Cyanobacteria in Lakes and Reservoirs: Toxin and
Taste-and-Odor Sampling Guidelines (Graham and
others)

http://water.usgs.gov/owq/FieldManual/Chapter7/7.5

ZUSGS
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CYANDBACTERIA IN LAKES AND 75
RESERVOIRS
TOXIN AND TASTE-AND
DDOR SAMPLING GUIDELINES

Guidelings lor Design and Samplng lor Cyanchacterial Taxin
and Taste-and-Odor Sipdies in Lakes and Reservolrs
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Clear Understanding of Study Objectives is Essential to
Selecting the Appropriate Sampling Approach

o Study objectives dictate:

— When, where, and how
samples are collected

— Variables measured

— Ancillary data collected

ZUSGS
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Considerations When Choosing Sampling
Locations and Approaches

Specific study objectives
Stratification

Areal and water-column
distribution of cyanobacteria

Flexibility of sampling plans

— Where and how to collect
samples often is decided in
the field

ZUSGS
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Common Types of Samples

 Surface samples

 Discrete-depth samples

— Location of the cyanobacterial
community is known

Structure of interest at depth

Vertical water column
distribution of interest

 Depth-integrated samples
— Integrated photic zone
— Integrated epilimnion
— Integrated water column

US EPA ARCHIVE DOCUMENT
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Common Sampling Approaches

Plankton Net Sampling

Intracellular
Toxin

Dissolved Sorbed

Toxin Toxin ) :
Particulate Toxin

Total Toxin Dissolved Phase Toxin

ZUSGS
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Reconnaissance Studies
Assess Occurrence, Distribution, and Concentration

General objective

Site location Sample frequency

Sample type

Regional studies

Emphasis on presence/absence

Emphasis on presence/absence
and changes in concentration
with time

Spatial variability

Single representative site, typi-
cally an open, deep water site

Single point in time when most
cyanobacterial-related issues
occur

Site will be determined based
on the location of surface
accumulations and scums

During known surface bloom
events

Spatial and temporal variability

Single representative site, Lypi-
cally an open, deep water site

Multiple times during the period
when most cyanobacterial-
related issues occur

* Weekly

« Bi-weekly
* Monthly

* Annually

Integrated photic zone
Integrated epilimnion

Surface sample

Surface sample

Integrated photic zone

Integrated epilimnion

Surface sample

Single-system studies

Emphasis on presence/absence

Emphasis on presence/absence
and changes in concentration
over time

Emphasis on spatial changes
within the lake or water
column over relatively short
periods of time

Spatial variability

Single point in time when a
cyanobacterial bloom is
occurring

Multiple sites

Spatial and temporal variability

Multiple sites Multiple times during the period
when most cyanobacterial-
related issues occur

* Weekly
* Bi-weekly
« Monthly

Single representative site Multiple points in time when a
cyanobacterial bloom is
occurring

« Hourly
* Daily

Multiple sites

Integrated photic zone
Integrated epilimnion
Integrated water column

Surface sample

Integrated photic zone
Integrated epilimnion
Integrated water column

Surface sample

Integrated photic zone
Integrated epilimnion
Integrated water column
Surface sample

Discrete depth

ZUSGS
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In the 2007 National Lakes Assessment, Microcystins Were Detected
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




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Seventy-Eight Percent of Lakes in a Regional Study had
Detectable Microcystins at Least Once During 1999-2006

.

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

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

Measured by ELISA

ZUSGS

science for a changing world

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

After Graham and others 2004, 2006, and 2009




Microcystins were Detected in All Bloom Samples
Collected in a 2006 Regional Study

Detectable Toxins/T&0O Compounds
B Microcystin - 100% of Lakes (n=23)
|| Geosmin - 83%

L MIB - 35%

B Anatoxin-a - 30%

.| Saxitoxin - 17%

| Cylindrospermopsin - 9%

B Nodularin - 9%
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Monitoring Studies

Evaluate the Potential for Human Health Risks and Taste-and-Odor Events

General objective

Site location Sample frequency

Sample type

Recreational areas

Drinking-water supplies

Beaches Routine basis during periods of
peak recreational use

= Daily

» Weekly

Open water areas used for full-
body contact recreation

Bay or cove areas used for full-
body contact recreation

Public access sites

Location relevant to the drinking- Routine basis
water intake(s) = Daily
» Weekly
During periods when events have
historically occurred

During events

Surface sample

Integrated photic zone

Discret
Integra

Integra

¢ depth
ted photic zone

ted epilimnion

Integrated water column

ZUSGS
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Beach

Transect 1 Transect 3

r Transect 2 3
Ankie dosy =015 Zone 1
2

Knee deep
5
Depth=0.6m
et 4298

Dogy =5 e

Figure Courtesy of E. O'Brien, IA DNR

Notice

‘.3;;_ ~ Analgae bloom has made

S

——

~~ unsafe for water contact,.

. this area potentially

. Avoid direct contact with - -

visible surface scum.

After Graham and others, 2008
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Zoned Warning Status in a Kansas Reservoir was Not Substantially
Influenced by Sample Collection Technique

aryow 9659 30°W 36"560W

39°1Z30°N
3TN

J'SIOCN q'\:\‘
-

—
0132

July 27, 2015 27

All microcystin values are reported in micrograms per liter

T
S KILOMETERS

Explanation
KDHE Sample Sites

USGS Sample Sites

@ o Advisory, 0 - <4 micrograms per liter B o Advisory. 0 - <4 micrograms per liter
O watch, 4-20 micrograms per liter : Watch, 4 - 20 micrograms per liter

@ Wwaming, >20 micrograms per liter M waming. >20 micrograms per iter

US Amy Corps of Engineers Sample Sites

A NoAdvisory, 0 - <4 micrograms per liter
Watch, 4 - 20 micrograms per liter

A Waming, >20 micrograms per liter

a USGS
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97°30"W 96°5930"W 96°560"W 96°5230"W

0
39°1230"N
e
Zone C

24
@

39°9'0"N

Zone A 0-54’“0 50
ao°530N | A

2050 0.21

August 31, 2015

All microcystin values are reported in micrograms per liter
0 3 6 9 MILES

| | |
T I

L
I
0 6 9 KILOMETERS

Explanation
USGS Sample Sites
. No Advisory, 0 - <4 micrograms per liter
@ Waming, >20 micrograms per liter
US Amy Corps of Engineers Sample Site KDHE Sample Sites
A No Advisory, 0 - <4 micrograms per liter . No Advisory, 0 - <4 micrograms per liter
Z.  Watch, 4 - 20 micrograms per liter Watch, 4 - 20 micrograms per liter
A Wwaming, >20 micrograms per liter I warning, >20 micrograms per liter

After Foster and others, 2016




Interpretive Studies

Assess the Processes that Affect the Spatial and Temporal Distribution
and Abundance of Cyanobacteria and Associated Compounds

General objective Site location Sample frequency Sample type

Environmental factors Single representative site, Routine basis Integrated photic zone
influencing spatial and/or typically an open, deep « Weekly
temporal occurrence waler site » Bi-weekly

« Sites for drinking-water » Monthly Integrated water column
studies are typically Discrete depth
located near intakes

Integrated epilimnion

Real-time estimation of
occurrence/concentration
Predictive models
Multiple sites
» Sites where cyanobacterial
blooms are known to
initiate
» Sites where cyanobacteria
are typically abundant
« Inflow sites'

Sites where surface accumula- Event samples Surface sample

tions/scums are located Sampling plans need to be

flexible enough to respond to
events
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Temporal Variability Also Can Span Orders of Magnitude

ZUSGS
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Microcystn concentration, in micrograms per liter  Cyanobacterial abundance, in cells per milliliter

Geosmin concentration, in nanograms per lier

Across Seasons and Years

T T T T T
Kansas Department of Health and Environment
(2015) public health watch guidance

— & ]

[
Abundance of concern for
drinking-water treatment
(Taylor and others, 2003)

/

Kansas Department of Health and Environment
(2015) public health watch guidance

U.5. Environmental Protection
Agency (2015} finished drinking-water
guidance for adults

U.5. Environmental Protection
Agency (2015} finished drinking-water
guidance for young children

Human detection threshold
(Taylor and others, 2005)
f .

May June  July Aug.

EXPLANATION

Dutlier
90th percentile
T5th percentile — |
_ Imterquartile
50th percentile range
5t percentile __|
10zh percentile
Qutlier

After Graham and others, 2017




In the Kansas River, Measured Concentrations of Cyanobacteria and Associated
Compounds Varied Depending on Sample Location and Method

KANSAS RIVER AT WAMEGO
OCTOBER 5, 2011

SINGLE INTEGRATED VERTICAL SAMPLES
SURFACE GRAB SAMPLES

| COMPOSITE SAMPLE CONCENTRATION

CYANOBACTERIAL ABUNDANCE,
IN CELLS PER MILLILITER
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SAMPLE LOCATION, IN FEET FROM LEFT EDGE OF WATER

22 USGS
s After Graham and others, 2012
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Conclusions
5?’?‘?'-

» Cyanobacteria present several
unigue challenges to study
design and sample collection.

A clear understanding of study
objectives Is essential to
selecting the appropriate
sampling approach.

Understanding and quantifying
variability is key to interpreting
results.
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https://www.usgs.gov/news/science-harmful-algae-blooms
http://ks.water.usgs.gov/cyanobacteria
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