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Sampling Cyanobacteria — From Cells to Toxins

Photo Credit: B. Rosen, USGS
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U.S. Geological Survey
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Cyanobacteria and 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

Anabaena/Dolic/h"o/sipermum
4 f..: & ;')

2 2
‘P

Planktothrix
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Photo Credit: A. St. Amand, PhycoTech
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Rock Creek Lake, lowa
2006 Beach Closure Event

Beach Area
Monday
July 31
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Photo Credit: IA DNR

Photo Credit: IA DNR

Photo Credit: J. Graham, USGS

Thursday
August 3

Boat Ramps
Friday
August 11
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SEPTEMBER 8, 2011
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Grahamet al., 2012

OPEN a 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. Miller®, 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 Departi
California Department of Fish and Game, C
Center, United States Geological Survey, Lol
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




Why sample?
When to sample?
Where to sample?
How to sample?

What to sample?

* Direct measures
« Cyanobacteria
« Cyanotoxins

* Indirect measures
« Cameras
* Pigments
» Genetics

a USGS
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verview

Photo Credit: J. Graham, USGS



e
Why Sample?

» Public Health Protection
* Recreational Areas
*  Drinking Water Supplies
* Mitigation and Management
» Reconnaissance
* Occurrence s
e Distribution i - e :
* Concentration A 17
e Status and Trends
» Research
* Fate and Transport
*  Environmental Drivers
* Ecosystem Effects

a USGS

science for a changing world

\Phato Credit: J. Gaham, USGS
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General objective

Site location Sample frequency

Sample type

Recreational areas

Drinking-water supplies

a USGS

science for a changing world

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

Discrete depth
Integrated photic zone
Integrated epilimnion

Integrated water column

Graham and others, 2008
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Recreational Areas

e Seasonal

* Routine or Tiered Approach
* Daily or Weekly

* Event Based
Drinking-Water Supplies

* Routine or Tiered Approach
* Daily or Weekly

* Event Based

Other Types of Sampling

* \Variable

*  Objective Driven

Do not try this at home (or anywhere else)!

Grand Lake St. Marys, Ohio
Source of Photos Unknown
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COUNCIL

»

Bloom at the
shoreline,
near-shore, on
the bottom
and in open
water

Bloom
evenly
distributed
through the
photic zone
ar
epilimnion

Lake
Sediment

Bloom in the
metalimnion

Water
Column

Bloom at Bloom
another avenly
specific distributed

depth through the
within the water
photic zone column

Bloom

under ice

Cyanobacterial

Bloom

Modified from Graham and others, 2008 by ITRC



* Visual assessment

Vertical profiles
» Photic depth
« Stratification
» Mixed depth
* Photosynthetic activity

 Signs of photosynthetic

a USGS
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activity include

« Sharp increases in pH and
dissolved oxygen

* |ncreased fluorescence

Increasing valugs ——=

Surface

—€— |ncreasing depth

TEI1I|ZI-'r!Fi-I1IIrF.‘

Bottom

Increasing values — =

Nt to scals

Graham and others, 2008



Microcystin: 13 pg/L Microcystin: 4 pg/L

Samples collected about 50 m apart

a USGS
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Cheney Reservoir
August 30, 2013
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Microcystin (ug/g seston)

0 20 40 60 80 100 120 140
0 : : : — : :
.- D
~ 4 A
£
A d
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D
R 6 Microcystis aeruginosa colonies
8 Mozingo Lake, MO
July 1-2, 2001
1330
— 1700
10 - 0930
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Sample Type and
Microcystin Concentration (ug/g seston)
Integrated  Integrated |nt‘¢’avgrated
i ' . ater
Time Surface PhoticZone Epilimnion Column
0930 121 68 71 57
1330 89 58 66 55
1700 57 39 42 37

After Graham and others, 2006



How to Sample?

Visual surveys

Surface samples

rsity ofldaho

Discrete-depth samples

 Location of the cyanobacterial
community is known

« Structure of interest at depth

* Vertical water column distribution of
interest

Photo Credit: J. Graham, USGS
Photo Credit: F. Wilhelm, Unive

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

a USGS
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e
How to Sample?

R, /. W _.v}.

* Benthic samples

 Visual surveys
* Rock scrapes
« Artificial substrates

~ Photo Credit: J..Graham, USGS

* Patchiness is a challenge
for representative sample
collection

» Quantitative sampling is a
challenge
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and How to Sample

« Specific study objectives
 Stratification

« Spatial and/or water-column
distribution of cyanobacteria

* Flexibility of sampling plans
* Where and how to collect samples
may be decided in the field
* Quality assurance and control

» Spatial variability may influence
field replicates

» Cyanobacteria may influence split
replicates

a USGS
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* Direct measures
« Cyanobacteria
« Cyanotoxins

* Indirect measures
« Cameras
* Pigments
« Genetics

ﬁ Courtesy of T. King, USGS

science for a changing world



Cyanobacteria Sampling

* Live or preserved

« Formaldehyde: hazardous fumes,
distorts cells, bleaches color

* Lugol’s lodine: stains starch, may
cause loss of flagella and cell
distortion, loses preservative
power over time

» Glutaraldehyde: hazardous fumes,
retains color and fluorescence,
limited cell distortion

* Qualitative or quantitative

* Unit of measure
« Natural units: NU/mL
« Abundance: Cells/mL
* Biovolume: ym3/mL

= ISGS

science for a changing world

Courtesy of A. St. Amand, PhycoTech, Inc.
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Live Microcystis

August 12th - Live August 25th - Live

0 25 50 75 100 0 25

August 12th - Preserved August 25th - Preserved

0 25 50 75 100 0 25 50 75 100
Relative Cell Concentration (%) Relative Cell Concentration (%)

Other Algae B Microcystis spp. single cells [l Microcystis spp. colonies

After Gifford et al., in review



Owasco Lake, New York — June through November 2020
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Abundance (cells/mL)
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Number of Number of NU Analysis Level Size Range Turnaround Time

Samples per Day
Manual 6-8 400 Species 0.9um - 25+ mm 3-6 months
Flow Cytometry 12-20 1,000 - 10,000 Class 4 - 200um 24 hours

W

“ Courtesy of A. St. Amand, PhycoTech, Inc
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Photo Credit: S. Gifford, USGS Photo Credit: A. St. Amand, PhycoTech, Inc Photo Credit: M. Broshnahan, WHOI Photo Credit: Woods Hole Oceanographic Institute (WHOI)
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Filter with concentrated Filtered water sample
Cyanobacteria

+ Toxin/Taste-and-Odor
Compound
Particulate
(Intracellular)
Dissolved
(Extracellular)

a USGS
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Whole water sample

Dissolved
Compound

Total
(Intracellular + Extracellular)
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Analyte
Anabsenopepting

Anatoxin-a

EMAR

Cylindrospermopsin

Microcysting
Nodularing

Saxitoxing

I‘

= eurofins

Abraxis

Cyanotoxins in Water

Sarmple Collection Quick Reference Guide for ELISA Plate Assays

Collection/Storage Container
Use withi PTFE lined screw caps

& Glaws — clear or amber
+ Polyethylene terephthalate glycol (PETG)

* Glass —amber only, 30 NOT use clear glass

Anatoxin-g is light sensitive — ovoid exposure

te light, as this will degrade the toxin and
pmumrum&en-_ﬂm

Glass — clear only, do NOT use amber glass
Towin will adsord to amber gloss, producing
inaccurate reswlts

Polyethylene terephthalate ghycol (PETG)
High density polyethylene (HDPE)
Polycarbonate [PC)

Polypropylene [PF)

Polystyrene (PS)

Glass — clear or amber

Polyethylene terephthalate glycol (PETG)
High density polyethylene [HDPE)
Polycarbonate (PC)

Polypropylene (PP)

Polystyrens |PS)

Glass — clear or amber

Polyethylens terephthalate ghycol (PETG)

Avoid plastic containers other than PETE, as

toxin will adsork to conbainer surfoces,
producing inaccurale resulls

* (Glass — clear or amber

* Paolyethylene terephthalate ghycol (PETG)

 High density polyethylens [HDPE)

» Polycarbonate (PC)

* Polypropylene [PP)

* Polystyrens [PS)

Sample Preservation®*

Treated water: immediotely upon collection, guench chlorine with ascorbic acid or
sadivm thicsulfate® (up to 1 mgfmL; recommended concentration 0.1 ragfmL)

Treated water: (mmediotely ugan colection, guench chioring with ascorbic acid*
|up to 1 mgfmL; recommended concentration 0.1 mg/mL). Do NOT use sodium
thiosulfate, s it will degrode the toxin and produce insccunste results

Freshwater (treated & raw): inmediately upon coflection, presende the sample
by diluting 9 parts sample to 1 part 10x concentrated sample dilvent & adjust pH
to betwesn 5-7 using 1N NaOH or HCIE

Marine water: Adjust pH 1o between 5-7 using 1M NaOH or HOE

tAvoid exposure Lo high pH conditions, as this will degrode the toxin and produce

insccurate results

All samples: Analyze samples immediotely wpon collection or freese (-20 °C) to

awoid degradation of the toxin, which will produce insccurate results

Treated water: (mmediptely upon collection, guench chioring with ascorbic acid or
sodivm thiesulfate® |up to 1 mgfmL; recommended concentration 0.1 mg/mL)

Treated water: immediotely upon collection, guench chlorine with sedium
thiosulfate® (up to 1 mg/mL; recommended concentration 0.1 mgfmL).
Do NOT use ascorbic acid, as this moy degrode the toxin and produce
inaccurate resuits

Treated water: immediotely upon collection, guench chlorine with ascorbic acid or
sadiem thicsulfate® (up to 1 mgfmL; recommended concentration 0.1 rmg/mL)

Freshwater (treated & raw): _Immediately woon collection, presende the samgple
by diluting 9 parts sarnple to 1 part 10x concentrated sample dilvent

Marine water: None reguired

*The use of salid quenching reagents i recommended. Nofe: EPA Method 585 profibits the wse of liguid reagent solstions for somple quenching.
**Additional sample preparation such 2 cell lysis and filtration may be reguined prior to analysis depending on analytical objectives [e.g. "total” wersus “free” toxin]. Refer to specific kit user's guide for additional information.
HSCLAIMER:

> Current recommendations by applicable regulatory agencies should always take precedence and should be followed in the event of a conflict.

Storage & Handling

Analyze immediately,
refrigerate (4 2C) for up to
5 days, or freeze (-20 °C)
Ship overnight on ice
Analyze imrmediately,
refrigerate (4 °C) for up to
28 days, or freeze [-20 °C)
if greater than 28 days
Ship overnight on ice

Analyze or freeze (-20 °C)
immediately upon
collection

Ship overnight on ice

Analyze immediately,
refrigerate (4 °C) for up to
5 days, of freeze (-20 °C)
Ship overnight on ice

Analyze immediately,
refrigerate (4 °C) far up to
5 days, or freeze (-20 °C)
Ship overnight on ice

Analyze imrmediately,
refrigerate (4 2C) far up to
5 days, of freeze (-20 °C)
Ship overnight on ice

PO L
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« Time-integrating (hours to
weeks) passive sampler

 Microbead resins adsorb
dissolved toxins (HP20
“Diaion” is common)

 Toxins extracted off resins
« Semiquantitative

« Complimentary, not
interchangeable approach

a USGS

science for a changing world

Photo credits: USGS



Cameras Show Potential as Visual Monitoring Tools
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Pigment Sampling

 Laboratory analysis

 Chlorophyll
» Phycocyanin

* In Situ sensors
 Single channel
e Dual channel
e Multi channel

* Remote sensing
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Field Techniques for the Determination of Algal Pigment Technical Note—Performance Evaluation of the PhytoFind, —
Fluorescence in Environmental Waters—Principles and an |“ p|ace Phytuplankton Classification Tool = s

Guidelines for Instrument and Sensor Selection, Operation,
Quality Assurance, and Data Reporting

Chapter 10 of
Section D, Water Quality
Book 1, Collection of Water Data by Direct Megsure

Techniques and Methods 1—-D1D

oy

U.S. Department of the Interior L
- U.S. Geological Survey

U.S. Department of the Interior
U.S. Geological Survey -
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Mid-Trench Upper (422305121553803)

Phycocyanin Fluorescence (RFU)

WA PP |

Upper Klamath Lake, OR

Aphanizomenon flos-aquae sensor response

Synechococcus spp. sensor response

v
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July Aug

2016

Sept Oct
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Courtesy of O. Stoken, USGS
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enetic Sampling

» Targeted
 Presence and

abundance

* Omics

e Structure, function,
and dynamics

Photo Credits: US

a USGS
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Image Credit: biosistemika.com

Image Credit: dnatix.com
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NI/ Connecticut
& River

: {l} Delaware
River

& a{a 3
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Explanation

Study watershed

Synthetase gene detections
Microcystin (mcyE) Saxitoxin (sxtA)
Anatoxin (anaC) Cylindrospermopsin (cyrA)
<> Notdetected
Cyanotoxin detections
A Microcystin

A Anatoxin and microcystin
Mi USGS /A Not detected

science for a changing world
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Graham et al., 2020
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+ INTERSTATE -+
w P
S P « Visual assessment p g
creen Or_ » Remote sensing 3 ﬁ
QLU EMENERY | pigment measurement 0 8
« AHOLYIND3IH +

Confirmed cyanobacteria

Test for
Collect oo CHIETWVAG B © Microscopy
Sample producing * Genetics

cyanobacteria

Confirmed potential cyanotoxin producers

* ELISA

-5 R0 @ o) (-3 ° Chromatography
* Mass spectroscopy

Target toxins
for analysis

% USGS https://hcb-1.itrcweb.org/
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Resources: World Health Organization and
European Cooperation in Science and
Technology Guidance.
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Cyanobacterial Harmful Algal Blooms
(CyanoHABs) in Water Bodies

Monitoring and Analysis

https://www.epa.gov/cyanohabs

e Determination of Cyanotoxins in Drinking and Ambient
Freshwaters

e Laboratories that Analyze for Cyanobacteria and Cyanotoxins

% USGS e State HABs Monitoring Programs
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