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Cyanobacteria…

• Formerly known as “Blue-Green 
Algae”

• Photosynthetic bacteria, they are 
not actually algae 

Inhabitants of Earth for over 3.5 
billion years

• Thousands of species and 
hundreds of toxins 

• Ubiquitous in the environment 
and globally



Blooms



“Blooms Like it Hot”
A link exists between global warming and the worldwide proliferation of harmful 
cyanobacterial blooms. Hans Paerl (Science 2008)

Cyanobacteria Dominance promoted by:

• Nutrients (high levels of phosphorus followed by low)

• Warm Temperature (grow best in warmest summers)

• Thermocline Stability (stratification increases w/ 
temp)

• Low Light (low water clarity)



Rastogi et al. Bloom Dynamics of Cyanobacteria and Their Toxins: Environmental 
Health Impacts and Mitigation Strategies. December 2015. Frontiers in 
Microbiology 6(456):1254. DOI: 10.3389/fmicb.2015.01254



Cyanotoxin Mode of action and/ or symptoms
Microcystins 
(nearly 100 variants)

Hepatotoxic, targets the liver and digestive organs, tumor 
promoting, inhibition of protein phosphatases. Acute 
gastroenteritis, chronic tumor promotion.

Nodularins
(similar in structure to 
microcystins)

Similar to microcystins, but not as toxic and common in 
brackish or marine systems.

Anatoxin-a Neurotoxic, inhibits acetylcholine receptors 
(neurotransmitter). Fast-acting and may cause seizures or death 
(i.e. common for dogs or others animals to ingest and die).

Anatoxin-a (S) Neurotoxic
Saxitoxins Neurotoxic, blocking voltage gate of sodium ion channels. 

More common to marine organisms.
Cylindrospermopsin Toxic to multiple organs, neurotoxic and genotoxic, affecting 

neurons and genes.
Lyngbyatoxins Tumor promotion
BMAA/DAB Neurotoxic, chronic exposure may be linked to 

neurodegenerative diseases such as ALS. (Though individuals 
may have a genetic precursor).

Health effects vary from skin irritations to death

More biomass, more toxic?

Hepatotoxic

Genotoxic

Neurotoxic

*this is not a complete list of 
the secondary metabolites 
and/or toxins produced by 
cyanobacteria.

Very narrow view of 
cyanotoxins…



(ELISA) Enzyme-linked Immunosorbent Assay

(LC/MS/MS) Liquid Chromatography Mass Spec.



Microcystins

Rastogi et al. 2015
https://www.researchgate.net/publication/284019974_Bloom_Dynamics_of_Cyanobacteria_and_Their_Toxins_Environmental_Health_Impacts_and_M
itigation_Strategies

Genetic regulation and stability

BMAA



Cyanotoxin Guidelines
Limited

BMAA / DAB
Anatoxin–a (S) /Guanitoxin

Nodularin
Homoanatoxin-a

Antillatoxin
Kalkitoxin
Saxitonin

Gonyautoxin
Jamaicamides
Lyngbyatoxin

LPS
Aplysiatoxin

Cyanopeptolin

“Anatoxin-a(S) is the most potent natural neurotoxin produced by freshwater cyanobacteria. It is 
also the least understood and monitored.” Rastogi et al. 2015

Toxigenic Cyanobacteria vary World-Wide



2014



The Washington Post
The toxin that shut off Toledo’s water? The feds don’t make you test for it.

By Todd C. Frankel
August 11, 2014 at 6:09 a.m. EDT

A sample glass of Lake Erie water is 
photographed near the Toledo water 
intake crib in Lake Erie. (Haraz N. 
Ghanbari/Associated Press) 



Salem, Oregon - Drinking Water Communication

Lacey Goeres-Priest Water Quality Supervisor, Salem Oregon

Oregon’s First Public Water System Algal Toxin Advisory – 2018 
Communication Lessons Learned



EPA Guidance Values

Source
Microcystin

(ppb)
Cylindrospermopsin (ppb) Saxitoxin 

(ppb)
Anatoxin-a 

(ppb)

Recreational Waters 4 8 4 8

Dog guidance 0.2 0.4 0.02 0.4

Drinking Water – 10 Day Health Advisory

Adults 1.6 3 1.6 3

Vulnerable population 0.3 0.7 0.3 0.7

Salem, Oregon

Vulnerable population – infants, young children under the age of 6, pregnant women, nursing 
mothers, those with pre-existing liver conditions, those receiving dialysis treatment, the elderly 
and other sensitive populations.

10-Day Health Advisory – Cyanotoxin levels in drinking water less than or equal to which 
adverse human health impacts are unlikely to occur when exposed to these levels over a 10-
day time period.  These are NOT a federally enforceable regulatory limit.



Canine Cyanotoxin Poisonings in the United States (1920s–2012): Review of Suspected and 
Confirmed Cases from Three Data Sources
Lorraine C. Backer,Jan H. Landsberg, Melissa Miller, Kevin Keel, and Tegwin K. Taylor

“reported 67 suspected or confirmed cases of canine intoxications associated with HABs. Of these 67 
cases, 58 (87%) followed exposure to fresh waters and 1 (1%) followed exposure to marine waters.”

“…duration of illness ranged from <1 day to 6 weeks.”

“Dog' s death fuels lake cyanobacteria scare”

http://www.burlingtonfreepress.com/story/news/local/2015/08/12/de
ath-dog-heightens-cyanobacteria-concerns/31555091/

Canine 
“mine canaries”

of lakes
We identified 231 discreet cyanobacteria harmful 
algal bloom (cyanoHAB) events and 368 cases of 
cyanotoxin poisoning associated with dogs 
throughout the U.S. between the late 1920s and 
2012. The canine cyanotoxin poisoning events 
reviewed here likely represent a small fraction of cases 
that occur throughout the U.S. each year. 





Cyanotoxins- case studies and evidence for toxicity –
pervasive and variable…

• 1998 Hemodialysis, Brazil incident (picocyanobacterial- Aphanocapsa)
• 2018 Florida incident (synergistic toxicity of marine and fresh HABs)
• Aquatic food web bioaccumulations

• Fish - biomagnification and accumulation to tissues 
• Shellfish - especially in digestive systems (hepatopancreas)
• Bottom feeders - crayfish

• Crops- surface and uptake to fruits and leaves, sprayed on surfaces and 
difficult to remove

• Dissolved toxins (extracellular) release from cyanobacteria
• Air- aerosolized cells and toxins 
• ALS and other neurodegenerative diseases (BMAA)
• Avian illness- top predatory birds affected by toxins –related to avian 

vacuolar myelinopathy (AVM)
• Fish death- depletion of oxygen and side effects of toxins
• Disorientation and death of marine mammals 
• Otter deaths of San Fran Bay
• Cattle/livestock deaths – “Bovine Blue-Green Algae Toxicosis”
• Dog deaths… 

Silver Lake, Hollis NH

https://www.youtube.com/watch?v=s9WdqTv7vUw

https://www.youtube.com/watch?v=s9WdqTv7vUw


Toxic Algae Killing Sea Otters
2010:  “A potent toxin produced by bright-green blooms of freshwater bacteria has been flowing 
into the ocean and poisoning sea otters, according to a team of investigators led by scientists at the 
California Department of Fish and Game (DFG) and the University of California, Santa Cruz.”

Freshwater sources contaminating marine bays…





https://fortune.com/longform/alzheimers-disease-cure-breakthrough/



Biomagnification
A mechanism for slow release 
of biomagnified 
cyanobacterial neurotoxins 
and neurodegenerative disease 
in Guam

2004



Cyanobacterial crusts and mats are widespread in the 
deserts of Qatar, occupying up to 56% of the available 
area in some microhabitats. 

Cyanobacteria and BMAA exposure from desert dust: a possible link to 
sporadic ALS among Gulf War veterans.
Cox PA1, Richer R, Metcalf JS, Banack SA, Codd GA, Bradley WG. 2009.

Toxins in the 
air/dust?



Satellite Images: Eco-epidemiological risk modeling

Multiscale logistic regression model

Risk of belonging to a localized cluster of “higher than expected” ALS counts and ALS 
patient location based on water quality parameters associated with cyanobacteria

• increasing average SD within a radius of 30 km decreases odds by 59%
• increasing average TN within a radius of 30 km increase odds by 167%
• increasing average Chl-a within a radius of 10 km increased odds 35%

Torbick et al 2014

Slide from J. Haney

Stommel- Dartmouth-Hitchcock



Picocyanobacteria in the air?

Allelopathic and Bloom-Forming Picocyanobacteria
in a Changing World
Sylwia ́Sliwi ́nska-Wilczewska et al. (2018)

Murby and Haney 2015

Trout-Haney et al. 2020



Kate Langley (Hastings)
2019



Kate Langley (Hastings)
2019



Normal microscope Chlorophyll fluorescence Phycocyanin fluorescence

Picocyanobacteria - Aphanocapsa
pigment response by epifluorescence 

Picocyanobacteria can also be 
detected through pigments responses 
via fluorometery

Cell can be enumerated with a 
hemocytometer



Picocyanobacteria abundance and toxicity were seasonally variable in both lakes, and 
toxic PCY may be available year-round for grazers such as Daphnia spp.

Murby 2019



• Bioaccumulation of cyanotoxins to 
higher trophic organisms… ?

Bioaccumulation through food…?



Every Lake is Unique

You cannot immediately tell if a lake bloom is toxic … it will also rapidly change over time



Blooms



Dolichospermum lemmermannii

NHDES



Typical form

Dolichospermum/Anabaena
Anabaena (unh.edu)

http://cfb.unh.edu/CyanoKey/Anabaena.html


Aphanizomenon (unh.edu)

http://cfb.unh.edu/CyanoKey/Aphanizomenon.html


Chrysosporum (formerly Anabaena and Aphanizomenon)

https://www.researchgate.net/publication/332079468_GreenWater_Laboratories_Potentially_Toxigenic_PTOX_Cyanobacteria
_List?channel=doi&linkId=5ed3bd8945851529452209ce&showFulltext=true



Microcystis (unh.edu)

http://cfb.unh.edu/CyanoKey/Microcystis.html




Nostoc



Stigonematales and other benthic 
mats of cyanobacteria



Woronichinia



Lyngbya

Oscillatoriales

Oscillatoria / Planktothrix (unh.edu)

http://cfb.unh.edu/CyanoKey/Oscillatoria.html


Mirror Lake (NH)

Murby and Haney 2007



Chl

PC

Detection of Cyanobacteria by fluorescence

Chlorophyll
Emission

Phycocyanin
Emission

Hand-held fluorometers

50 micron
meshWLW

<50
NPC

PE



Cyanos.org

EPA Approved QAPP and SOPs guide citizen scientists to a tiered monitoring approach 



Volunteer/Student 
Involvement

c
•
•
•
•

bloomWatch
• General public
• No connection to established VM/CBM program
• Good for tracking blooms
• Generating awareness

yanoMonitoring
Best if involved with established VM/CBM program
Experienced volunteers
Easy to train for sample collection
Need an organization for processing/analysis

cyanoScope
• Interested/dedicated individuals
• University education/research
• Agencies, water suppliers

Slide credit to EPA Region 1 (Hilary Snook): Cyanos.org



https://hcb-1.itrcweb.org/





What’s happening now, in October, in NH Lakes?

Fall Turnover

Nutrients (cyanobacteria “seeds” fall to bottom and over-winter)

Cyanobacteria bloom surfacing/decaying - Advisories ongoing

External loading vs. Internal loading?

N:P ratio changes?

Sediment elements?

Limiting macro and micronutrients?

Temperature changes?

Flow?



Thank you

Amanda Murby McQuaid
University of New Hampshire
Cooperative Extension/Dept. of Biological Sciences
Amanda.McQuaid@unh.edu
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