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Toxin Target Organ Symptoms of Exposure

Microcystins/Nodularins Liver Acute: hepatocyte apotosis (live cell death), death in 
days
Chronic: linked to liver & colon cancer, tumor growth

Anatoxin a/Anatoxin a(s) Nerve 
synapses

Convulsions, rapid death;
Often associated with deaths of dogs and birds

Saxitoxin/Neurotoxin Nerve axons Numbness, trembling, paralysis, death by respiratory 
arrest;  interference with neurodevelopment in fish

Cylindrospermopsins Liver Mainly hepatic and renal effects in humans; poorly 
studied

β-N-methylamino-L-alanine 
(BMAA)

Nerve Neurotoxic effect appears to be release of excess 
calcium in the neurons; may be linked to neurological 

diseases

Major known cyanotoxins and their health-related effects

Toxin Target Organ Symptoms of Exposure



Hepatotoxins

Chronic exposure has been linked to human liver 
and colon cancer incidence
(Yu 1995; Fleming et al. 2002; Zhou et al. 2002).

>70 types of microcystins with differing toxicities

The primary acute effect of protein phosphatase 
inhibition is hyperphosphorylation of many
cellular proteins including the hepatocellular 
cytoskeleton, which causes loss of cell-cell 
contacts and intra-hepatic haemorrhage. Death is 
due to hypovolemic shock

Very similar to microcystins, except that 
nodularins do not bind covalently to 
proteins in the body and thus move more 
easily throughout the body and cells.

More typical of brackish water



Normal Mouse Liver

Following Microcystin Injection

Within 2-4 hours liver capillaries 
break down, flooding the liver 
with blood
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Neurotoxins

Anatoxin a

Nicotinic acetylcholine receptor agonists . Residence of 
these toxins at post-synaptic cholinergic receptors 
results in nerve depolarisation (Swanson et al. 1990; 
Huby et al. 1991; Swanson et al. 1991; Wonnacott et 
al.1991). 

Typical symptoms in mice are loss of muscle 
coordination, gasping, convulsions and death within 
minutes from respiratory arrest (Carmichael
et al. 1979).

Paralytic shellfish poisons (PSP).  These toxins 
are potent voltage-gated sodium channel 
antagonists, causing numbness, paralysis and 
death by respiratory arrest..  

Accumulate in shellfish.

Saxitoxins



Cyanotoxins: Case Examples 



Dogs = “Freshwater Coal Mine Canaries”

WHY?





Blooms  typically have a patchy distribution



Summer 2002 

Blue-Green Algae 
in Missisquoi Bay 
Suspected in Dog 

Deaths
Burlington - The 
Vermont Department 
of Health has 
received word that 
two dogs died after 
ingesting water from 
Lake Champlain in 
the Missisquoi Bay 
area.
One dog had been 
swimming in the 
Canadian part of the 
lake, the other near 
Highgate Springs. 
Both deaths 
occurred in the last 
two weeks.

Probable cause: Anatoxin a







Symptoms indicate Symptoms indicate microcystinmicrocystin poisoningpoisoning







Anatoxin a & Microcystins



Unusual Cases



Did humans create 
Cyanoblooms?

Braun and Pfeiffer (2002) present their
hypothesis that at Neumark–Nord in Germany, a Pleistocene (1.8 million –
11,000 years ago) lake assemblage of >70 deer, as well as forest elephant,
rhinoceros, auroch (ox) and cave lion skeletons may represent a
cyanotoxin–related mass mortality event.





Potential Pathways of Exposure to Cyanotoxins

Other means?



• Cyanobacteria (Nostoc commune) used as 
a dietary item in the Peruvian highlands



Colonies of Nostoc commune: a delicacy in the Andes of Peru





Dietary Supplements





Klamath Lake, OR



December 7, 2004
Memo: Copco Lake Analysis
To: Kier and Associates
To all concerned:
Attached below is the final Copco Lake toxin result 
from Wright State University. I will provide a
complete summary next week, but briefly; the 
results show that there was a very high 
concentration (482 ug/L) of microcystin toxin at this 
shoreline station (see map on following page) on 
September
29th 2004. This is not unexpected given the 1.9 
million cells/ml corresponding count of Microcystis
aeruginosa. The microcystin level was 482 times 
greater than the WHO (1998) drinking water
standard of 1 ug/L, but more importantly (since this 
is not a drinking water reservoir) this level posed
a greater than moderate risk of adverse health 
effects from recreational activities (Falconer et al.
1999). For example, accidental ingestion of 100 
mls of lake water would have a microcystin
concentration 66 times greater than the Tolerable 
Daily Intake (TDI: 0.04 ug kg bw-1 WHO 1998) for
a 40 lb (18kg) child or 17 times greater for a 160 lb 
(73 kg) adult.



BMAA



BMAA and Neurological 
Disease

• A collaborative project:
UNH Center for Freshwater Biology
Dartmouth Hitchcock ALS Clinic
NH Department of Environmental Services



BMAA

Nostoc

Cycad tree

Flying Fox

Chamorros
100X neurological disease

Guam



Clusters of ALS in NH
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