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Whiskey iIs for drinking ...
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Harmful Algal Blooms
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Impacts of blooms

e Ecosystem function (e.g. fish kills)

e Aesthetics

 Odors

e Toxins: drinking water,
recreation, agriculture




What are Cyanobacteria?

- Photosynthetic bacteria
- Evolved >2 billion years ago
- Globally distributed
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Diversity of Cyanobacteria
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Diversity of Cyanobacteria
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Diversity of cyanobacteria

Microcystis spp.

Aguedd. Microcystis asruginesa. Round tooval cells embedding a mucilaginous matrix Call color varies from
brown tovarious shades of green and blue-green. (Photographs: Bamy H. Rosen)

Rosen and Amand 2015, USGS

Forms visible colonies
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under microscope



Cyanobacterial toxins

e Toxin production controlled by genes

e Not all species and strains contain
toxin synthesis genes

e Changes in bloom toxicity often
driven by changes in the proportion
of toxin and non-toxin producing

strains in the bloom Microcystis PCC 7806 mey gene cluster (Tillett et al., 2000)
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Cyanotoxins — need to test water to
determine toxicity

Pinto Lake Lake

Toxins Pillsbury
Present No Toxins

Present



Cyanobacteria Genera

Anabaena (Dolichospermum)
Anabaenopsis
Aphanizomenon
Aphanocapsa

Coelosphaerium (Woronichinia)
Cylindrospermopsis
Gloeotrichia

Limnothrix

Lyngbya

Microcystis

Nodularia

Nostoc

Oscillatoria (Planktothrix)
Phormidium
Planktolyngbya
Pseudanabaena
Raphidiopsis
Synechococcus
Synechocystis
Woronichinia

Hepatotoxins

Neurotoxins

Dermatoxins
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Why do cyanobacteria bloom?
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Diversity of HABs and cyanotoxins

Waterbody Rivers Lakes
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Taxa Microcoleus Anabaena Aphanizomenon Microcystis

v/ Microcystins

v Anatoxin-a
Cyanotoxins v Saxitoxin

V' Cylindrospermopsin

v/ And more
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Why is SWAMP involved in FHABs?

Cal EPA

Cal Health & Human Services

State Water Boards: WQ

Drinking water

OIMA

Cal Public Health: Human and

Environmental health

SWAMP

e SWAMP provides water gquality resources and information to
decision makers and the public about the condition of

California waterbodies.

Water Boards - SWAMP is the designated agency lead for

the Freshwater Harmful Algal Bloom (FHAB) Program. The
statewide initiative to address HAB issues and support the
protection of animal, wildlife and human health throughout

California.

SWAMP

Surface Water
Ambient Monitoring
Program



CCHAB network

e Workgroup under the Monitoring Council; formed in 2006

e« Some objectives:
— Develop a unified multi-entity program to identify and address HABs

in California's freshwater ecosystems.

— Promote improvements in, and coordination of monitoring
assessment, reporting, and management of HABs in California.

— Work collaboratively toward public awareness of the risks associated
with HABs to people, pets, livestock, and wildlife
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Regional Board FHAB Leads

1 Katharine Carter 9 Regional Water Boards
Rich Fadness -At least 1 staff per region
2 Carrie Austin -Supported by HAB lliness
_ Workgroup
3 Melissa Daugherty -Lead HAB event response
4 Jun Zhu
5 Christine Joab Coordinates response with:

e State Board FHAB leads
SWAMP staff

Local health agencies
Waterbody managers
Tribal groups

Division Drinking Water
Interested community
members & watershed
stakeholders

Matt Krause
Alice Lopes

6 Mary Fiore-Wagner
Tom Browne

7 Jeff Geraci

8 Heather Boyd
Mark Smythe

9 Betty Fetscher
Carey Nagoda




HABs assessment and support strategy (2016)

Freshwater HABs Assessment and Support Strategy Framework

Surface Water
Ambient Monitoring
Program

Response to HAB Events Ambient Monitoring Risk Assessment

v v v
California Freshwater Harmful Algal Blooms ol | | diate E Long Term bod .
Assessment and Support Stratsgy S mmediate Event | g 0 Response Waterbody Monitoring
Response )
Baveriay Andarson-Abbis b ¢ local action

Meradith oward 4l (= Initiate monitoring plans

Karan Tabersk| o . -
Karen Worcoster éﬂ e Alert public s« management

SIWAMP-SP-SB-2015-0001 » Collect data and remediation
strategies
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Infrastructure L4
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e Monitor at State and Assess Risk at all
Centralized Website Regional Scale SCHIES

¢ Historical analysis

Event Response Guidance Documents s S50,
e existing monitoring programs

Laboratory Resources l 4 s Ongoing satellite imagery
Training and Education SINEEYEE SHALMS SUE T analysis

Applied Research and Tool Development « Satellite monitoring

Landscape risk assessment
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CA HABs Portal

& Portals About Us

California Harmful Algal Blooms (HABs) Portal

The CA HAEs Portal is the ceniral resource for HABs in the state of California. HABs can pose a health
risk to people and animals, harm aguatic ecosystems, and limit the use of drinking and recreational
waterbodies due to the toxing, odors, and scums or mats they can produce.

The Portal is an informational resource for the public and also functions as a tool to suppaort coordinmation
with statewide pariners to address HABs. The content is developed by the CA Cyanobacteria and HAB
Metwork and parficipating state agencies.

Mote: Much of the content included here focuses on freshhwater and estuarine HAEs; similar content for
marine (coastal) HABs is included on the California Harmiful Algal Eleom Monitoring and Alert Program
(CalHABMAP) webpages.

Interactive Maps

HAB Incident Reports Map

1{ 119 HAEB Incident Reports Map provides data on voluntarily reported blooms in
kL ' n California. The data may include reports under investigation and/or confirmed
‘-_‘- 3 incidents of HABs.
..1‘.-;.; L oy

HAB Data Uiewerh

HAB Data Viewer currently provides all data on popular recreational water
bodies that are monitored prior to summer holiday weekends. Dots represent
- all monitoring locations and are color coded by the advisory level
= recommended (Mo advisory, Caution, Warning, Danger) based on the latest
o water testing results. Additional data viewing tools will be available in Fall
2018.

https://mywaterquality.ca.gov/habs/index.htmi

Work Groups HABs Links

Toolbox

Report a Bloom h

HAB Incident Reports Map

Frequently Asked Questions

Signs and Guidance for HAB Response
Field Guide and Forms

Resources

Announcements

HAB Data Viewer

Healthy Water Habits
Human Health Impacts
Domestic Animal Impacts
Fish and Wildlife Impacts

Training and Collaboration

Drinking Water

Monitoring

Laboratory Resources

Control and Treatment of Blooms

HAB Freshwater Incident Response and
Interagency Coordination

State Agency Contacts

Related Programs and Organizations
Other Resources




Satellite Imagery tool

https://mywaterquality.ca.qov/habs/data viewer/#satellite
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https://mywaterquality.ca.gov/habs/data_viewer/#satellite

Report a bloom

Portals About Us Work Groups

California Freshwater & Estuarine
Harmful Algal Bloom Report Form

Please use the form below to provide information about the suspected or confirmed algal bloom and any related human or animal
ilinesses. Only questions marked with bold text and an asterisk are required. Please provide as much information as possible to assist
us in investigating the bloom.

Submit Form: Click the submit button at the end of the form to send the information. You will be provided an Incident Tracking 1D
number.

Photos: This form will not support the upload of photographs. After you submit the form, please send bloom photographs and any
additional information to CyanoHAB Reporis@waterboards.ca. gov and reference your Incident Tracking |ID number.

Questions: If you have guestions or concerns please contact the HAB Hotline:
Email: CyancHAB Reports@waterboards ca.gov; Phone: 1-844-729-6466 (toll free).

Other Resources:

» For more information on harmful algal blooms, visit: Frequently Asked Questions

« Symptoms of HAB-related iliness in people and animals are available from the Center for Disease Control and Prevention (CDC)
and by contacting the California Poison Control Center (1-800-222-1222).

« Report a bloom with your smart phone: blocomWatch App - available as a free download (Android, 105). h

« Report a marine (coastal) bloom (e.g. red tide), visit: hitps://jellywatch org/

This page is maintained by CA State Water Resources Control Board - Surface Water Ambient Monitoring Program.

Waterbody Information

New Report

Report Type (*):
P ype () Follow Up from Previous Report



Incident response map

This map only shows lecations where harmful algal blcoms (HABs) have been voluntarily reporfed, California currently does not have adequate funding for a statewide
routing monitoring program so moniloring data is limited. A waterbody with no data is not an indication that a bleom is not present. Dots represent reporied locations
with pop-up windows providing additional data for each HAB incident such as field and/or lab results. Several routine monitoring programs exist for some locations
(Klamath Basin, East BEay Regional Parks, Clear Lake, and reservoirs along State Water Project), which may share monitoring data to present in this map.

Note - The sxact location, extent, and toxicity of the reported bloom may not be accurate and may nol be affecting the antire waterbody, Please use data presented in
this map for general purposes only, as it may contain errors. The data are subject to change as new information is received. Pleass check back for daily updates

» Todownload the full data set, click the download bution located on the bottom right of the map below

‘-'.:5-: Tl - " . Hislt megonaivwiater Beare Waterssgy hame Gy of Morgt Ohoerves Day of Bacoes Lagt Ver.
Fegion 1-Nerth Coast £z Lazeen Aupurm R 20T Sim
f— - Ay i # Eei River, bear Manea, Saus Sectemoer 14, 2047 | Demia
+ + Portland

h . ¥ . Regon t-San Arraye Del Valie in Snacow Sty L 2048 Swma
- | salem J iy T e AuguIh 007 Ocooerih20aT  Dem
& : T Huinia Bong 1.0er Nacd  June 30, 2047 semo
< [ : . ACay i3I Mayla0i ems
Boise ! Ly Almases Zugue 24 2047 Dmcemser 30, 2047 | Swaada
I . 1 ; L drza Oecemodr I, 2006 | Oemi
Joty 24, 047 Teu s
e L0, 20T NovEmDer 28, 2007 | e
Jambey I 2648 Jsruaey 1 3648 Tewor
L® Cn augurt B 2048 Cecemaer B, 204 B
L Salt La STy L 2017 Desamaes 20, 2627 p =
Aeuap 03043 May 34 2048 Tew ot
Desemads 20, 2027 -
b May 18, 2028 Tew
J A SE VER Detzmodr I, 200 = C R
DecemserB, 3048 | Semi
Azriidd, Jgi¥ Juty 24, 2047 ey
e Temeszal Aok TR 208 Dacamoar I, 204 oETe
Juned, 3687 Decamser i3, 3647 | Demsin
AUy L I0IE e 208 ST
Las Vegas
L] U Rahiasn Sepmermoer 13, 2047 Jepterter Dwzain

Qg Bougm, 3 Mates Omper 3T, 2017 [ e B

Ragional Wazer Ecard . : : e Quaery Laken Marsnd, 2044 Dezemaer 4 |Dema
‘s - | Maecnd, 2017 Decimaer 26, 2047 (Demmia
g .. G‘S}@Nﬁ \ e 18,2040 Mayde, 208 Sz
Water Body Name ,. %. o X Phigg Eizraresan Bay, 3t Sayese Cr Aprii B0, 2047 Temow
) - \ -.‘Snnt_‘ﬂgﬂ by Seormape Rong (tee iy L Juty 2 Orzoow B, 2027 Tema
o ¢ Raport y = Segaiz ClifE Lasm Jarvaary 34, 2047 e
. nlars T en S0k, 3017 el
= rir lnst 14 cays mﬂl'ﬂimil Arasaaoers Lase Apeil 20, 2047 Temar
» larz 30 capa CHEPLTE LR, MO DOMT PR My 22, 2047 Moy 32, 2047 Sz

= (Bt § manthy 5y PATVLARE 0. 207 Supurn 0, 2017 Sem
! T & mond
B Cicarzhan & manths Wity Lake sty 18, Semia
| R Bezueeser 27, 200 MoWeoe 12,2008 (enka
= OpenStreetMagp contributors - Loz Fan Annacd June 36, 2047 June 28, 3017 ema
r-ra e May 21, 2019 May 21 2018 M

ted 5262010 S:88:-52 B

#+ableau . 40 ® B &




Standard
Operating
Procedures
for
Monitoring &
Sample
Collection
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SWAMP's California Freshwater Harmful
Algal Bloom Field Guide

Welcome to the California Freshwater Harmful Algal Bloom Field Guide, prepared by
the Surface Water Ambient Monitoring Program (SWAMP). The goal of this manual
is to provide easy-to-use, individually downloadable guidance documents, forms, and iﬁfk;;ﬁrwmc::i;oring
standard operating procedures {S0OPs) for responding to possible harmful algal Program

blooms (HAEs). The topics covered in this field guide are listed on the side of this

page for easy navigation.

* Not sure which resources you need?
Download our visual guide to assist you in selecting field forms and methods. *Coming Soon*

Before Heading Out . . .
Health and Safety Guide

Protecting the health and safety of field personnel is of the uimost importance in any type of
environmental sampling. Collecting samples in and around water bodies experiencing HABs has
additional risks because some HABs can produce toxins, which can poison livestock and wildlife, as well
as humans. Caution and safety procedures should be used to prevent direct contact with a bloom.

Field personnel should read and familiarize themselves with the information contained in this Health and
Safely Guide before visiting a monitering sife.

« Download Health and Safety Guide
Site Reconnaissance SOP

Project staff should gather information about a monitoring site before and during an initial site visit. It is
important to understand where the site is located, who owns and manages the land where you want to
sample, and if there are any access imitations or safety issues that field personnel will encounter.

This Site Reconnaissance SOP provides procedures and helpful tips for compiling information about the
site before and during a site visit.

» Download Site Reconnaissance SOP

Work Groups

HABs Links

Table of Contents

Before Heading Out.
= Health and Safely Guide
= Site Reconnaissance SOP

Making Observations and Measurements in the
Field

= Field Sheet and Chain-of-Custody Forms

= Visual Guide to Observing Blooms

= Field Microscopes SOP

= Field Fluorometry SOP

= Field Toxin Detection Test Kits SOP

Collecting Sampies for Laboratory Analysis
= Toxin Sample Collection SOP
= Microscopy Sample Collection SOP
= Fluorometry Sample Collection SOP
= Laboratories for Analysis Guide

Interpreting the Data & Posting Advisories
= Cyanobacteria and Known Toxing Chart
= Guide to Interpreting the Lab Repori
= HAB Incident Response and Posiing

Advisones Guide
= Submitting Data to SWAMP

Incidents of Toxin Exposure
Gloszary
Contacts

http://www.mywaterquality.ca.gov/habs/resources /field.html



Event response guidance documents

Caution Warning
Action Trigger TIER |
Primary Triggers
Total Microcystins ® 0.8 pafL 6 pg/L 20 pa/L
Anatoxin-a Detection © 20 pa/L 90 pa/L
Cylindrospermopsin 1 pa/L 4 pg/l 17 pg/L
Secondary Triggers
Cell Density (Toxin Producers) 4,000 cells/mL
Site Specific Indicators of CyanoHAB Visible

bloom/discoloration,
scum, algal mats,
satellite imagery.

a. The primary triggers are met when ANY toxin exceeds criteria
b. Microcystins refers to the sum of all measured microcystin congeners
c. Must use an analytical method that detects = 1 pg/L Anatoxin-a

Harmful algae may be presenginn'sl = =
For your family’s saf WARNING
You can swim in this water, ?:'I Toxin 3 from algae i“ t
bt stay away from algae f i d
Q‘“” scum i he water. ';3 o harm PEOF'E and ki

t Toxins from algae in this water can
@ harm people and kill animals

[ Stay out of the water until further notice.
ater. T Do not touch scum in the water or on shore.
for F Do ok it et or othile kivimals Ak or 50 nta tha weter oF
o 4 go near the soum,
not I\'
@@ Da not eat fish or shellfish from this water,
cause: For ani
ol Do not « drinki cooking
Bailin ot mal ¢ water safe.
,.,

®

wur pet gt

Feat il
Fou loc

Bloom reported

Waterboards or other entity staff
perform visual assessment and
collect water samples

o Bloom notification sent out to
health agencies and waterbody
managers

Cyanotoxin analysis results
compared with trigger levels
Appropriate signage posting
recommended to Environmental
Health Departments

Follow up sampling and de-posting



Event response process

Report of a Bloom

}

HAB Coordinator

REPEAT STEPS 1 -5, AS NECESSARY

—

REVIEW COMMUNICATE COORDINATE COORDINATE COORDINATE
& & MONITORING WITH DDW NOTIFICATION
ASSESS SHARE & DISTRICT &
INFORMATION INFORMATION RESPONSE OFFICE SIGNAGE

HAB Lead Coordinates with:




Questions?

Keith Bouma-Gregson
Freshwater HABs Program
State Water Resources Control Board
keith.noouma-gregson@waterboards.ca.gov
mywaterquality.ca.gov/habs



http://www.thomasbdunklin.com/gallery/AerialAlgaeDams/Algae_swimmer_close_082607_tbd?full=1

Cyanobacterial toxins

EPA infographic: https://www.epa.gov/cyanohabs/infographics-help-educate-public-habs-basics



Aersolized cyanotoxins
Lake Spray Aerosol

Organlc ..

Inorganic
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https: //www kwrwater nI/en/actueeI/alrborne dlspersal of cyanobacterla/

Increasing research attention given to inhalation exposures



Cyanobacterial toxins

e Toxin production controlled by genes

e Not all species and strains contain
toxin synthesis genes

e Changes in bloom toxicity often
driven by changes in the proportion
of toxin and non-toxin producing

strains in the bloom Microcystis PCC 7806 mey gene cluster (Tillett et al., 2000)
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Cyanobacterial toxins

 US EPA does not regulate cyanotoxins
 |ssued advisory levels for 10 day drinking water and recreational

eXPOSUIres

Toxicity

US EPA 10 day

Drinking (ug/L)

US EPA 10 day
Recreational (ug/L)

Microcystin Liver 0.3 for <6 yr. old 8
1.3 for >6 yr. old
Anatoxin Neurotoxin | None None
Cylindrospermopsin | Liver & 0.7 for <6 yr. old 15
Kidney 3.0 for >6 yr. old
Saxitoxin Neurotoxin | None None




Cyanobacteria
Genera

Anabaena
(Dolichospermum)

Anabaenopsis
Aphanizomenon

Aphanocapsa
Coelosphaerium
(Woronichinia)

Cylindrospermopsis
Gloeotrichia
Limnothrix

Lyngbya
Microcystis
Nodularia

Nostoc

Oscillatoria (Planktothrix)

Phormidium
Planktolyngbya
Pseudanabaena
Raphidiopsis
Synechococcus
Synechocystis

Hepatotoxin Dermatoxin
S Neurotoxins S
CYN MC [NOD ATX BMAA NEO SAX | LYN LPS
X X X X X X X

X X X X X
X
X X X X X X
X
X
X X X X X X
X X
X
X
X X X X X
X
X X
X X
X X
X
X




Cyanobacterial toxins

Microcystin
— Microcystins: liver toxin, causes liver | s e
hemorrhaging @ ooy L A
. . . . . s 2 TR CHg -
— 100+ variants with different toxicity for MRS O

HEE i =g H

dlfferent VarlantS X and Z are variable amino acids 0 COOH
— Symptoms in hours to days

— Anatoxin: neurotoxin, disrupts muscle
functions

ZT1

— 4 variants (anatoxin, homo-, dihydro-)
— Symptoms in minutes to hours \



Cyanobacterial toxins

— Saxitoxin: neurotoxin. Blocks sodium
channels

_ Zlg)seuced by cyanobacteria and marine )—NH,

— Paralytic shellfish poisoning (PSP)

— Cylindrospermopsin: liver and kidney OH

toxin. Affects protein synthesis. “03S0 N0

— Stable toxin in the environment N. _NH N _NH
| e XY

— Few variants N+ OH

H
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