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What are Cyanobacteria?

– Previously referred to as blue-
green algae

– Single-celled organisms lacking 
a nuclear membrane

– Contain photosynthetic pigments
• Chlorophyll-a  and Phycobilins 

(produce the characteristic blue-
green color)

– Many different forms: filaments, 
colonies, rafts



Some cyanobacteria produce toxins that can adversely impact both 
animals and humans.

Toxic cyanobacteria are found worldwide in both inland and coastal 
waters.

We know they are here. The first reports of toxic cyanobacteria in NH 
occurred in the 1960s and 1970s.

In 1999, several dogs died after ingesting toxic cyanobacteria from a 
bloom in Lake Champlain.

WHO has documented acute impacts to humans from cyanobacteria 
in the U.S. and around the world as far back as 1931.

Most human health impacts have resulted from ingestion of 
contaminated  water; illnesses have also been attributed to swimming 
in waters infested with cyanobacteria.

Why are Cyanobacteria a Concern?



Common Cyanobacteria Genera Found In Lakes

Merismopedia

Microcystis

Aphanizomenon

Gloeotrichia
Oscillatoria Anabaena



Toxins
• Cyanobacteria produce biotoxins

collectively referred to as cyanotoxins
– Biotoxins are any toxins produced by a living 

organism (plant, fungi, animal, bacterium)

• Toxins are stored in cells and released 
upon cell lysis or death
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Common Cyanotoxins in NH

Lyngbya, OscillatoriaSkinDermatotoxin/Aplysiatoxin

Aphanizomenon, AnabaenaNerve axonsSaxitoxin/Neurotoxin

Anabaena, OscillatoriaNerve synapsesAnatoxin/Neurotoxin

Microcystis, Oscillatoria, Anabaena, 
Gloeotrichia

LiverMicrocystin/Hepatotoxin
CyanobacteriaTarget OrganToxin

• Anabaena and Aphanizomenon produce neurotoxins 
(nerve toxins) that interfere with the nerve function and 
have almost immediate effects when ingested.  

• Microcystis and Oscillatoria are best known for producing 
hepatotoxins (liver toxins) known as microcystins.  

• Oscillatoria and Lyngbya also produce dermatotoxins, 
which cause skin rashes.



Common toxin producers in NH:
The                                        : Annie, Phannie, Mike & Ozzy! 



What Accelerates Growth Rate

• Sunlight

• Warm water (hot summer days)

• Calm, stagnant conditions

• Phosphorus & Nitrogen



Possible Sources:
• Stormwater Runoff

• Waterfowl

• Septic systems

• Domestic animals

• Agriculture

• Fertilizers

• Construction

Phosphorus is 
a Problem!

http://www.cleanwaysanitation.com/images/failed.jpg



Toxins & Beach Management
• Many different forms of 

microcystins

• Most frequent and most toxic 
form is microcystin-LR

• Focus is on microcystins in 
drinking & recreational waters

• World Health Organization 
(WHO) standard for microcystin-
LR in drinking water = 1.0 µg/L

• Currently there are no                                    
recommended standards                                           
for recreational waters



Cyanobacteria Seasonal Cycle
• Although most often observed floating near the surface, many 

cyanobacteria species spend a portion of their winter life cycle on the 
lake bottom.

• Spring = more light + warmer temperatures      cyanobacteria move 
up the water column, rising toward the surface where they can form 
dense blooms or scums often observed from mid summer, well into 
the fall. 

http://www.ibvf.cartuja.csic.es/Cultivos/fotos/Anabaena_sp._PCC_7119_dis.jpg
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Advantages & Adaptations of
Cyanobacteria

• Outcompete true algae 
• Have gas vesicles that control buoyancy
• Not the food of choice for zooplankton
• Can fix their own nitrogen (heterocysts)
• Produce resting cells (akinetes) during times of poor 

conditions

Germinating akinetes
Heterocyst



Problems with Blooms
• Unsightly

• Taste Problems: algae can 
lead to bad tastes in the 
water including bitter, fishy, 
and sweet.

• Odor Problems: algae can 
cause water to smell fishy, 
grassy, like geraniums, or 
musty.

• Fish Kills

• Toxins
Webster Lake, Franklin, 2007



Lakes with Recurring Problems:

Long Pond, Pelham, 2006

Forest LakeWinchesterLittle Sunapee LakeNew London

Showell PondSandownLake WaukewanMeredith

Phillips PondSandownRobinson PondHudson

Lake MonomonacRindgeFrench PondHenniker

Long PondPelhamTurtle Town PondConcord

Sondogardy PondNorthfieldYork PondBerlin

Country PondNewtonBaboosic LakeAmherst

LAKETOWNLAKETOWN

(Blooms during 2+ summers in past 5 years and/or multiple blooms in 2008)



Lakes that Experienced Recent Blooms:
(Each with one recorded bloom in past 5 years)

Bow Lake, Northwood, 2006

Granite LakeStoddardGreenwood Pond
Mirror LakeTuftonboroHalfmoon Pond

Hunkins PondSanborntonGreat PondKingston
March’s PondNew DurhamHopkinton LakeHopkinton
Harvey LakeKeyser PondHenniker

Bow LakeNorthwoodStorrs PondHanover

Harris Pond, Pennichuck 
Water Works

NashuaWebster LakeFranklin

Partridge LakeLittletonWilland PondDover, 
Somersworth

Opechee BayLaconiaLake WinnisquamBelmont, Laconia, 
Sanbornton

LAKETOWNLAKETOWN



Bow Lake, Northwood

What might a Cyanobacteria bloom or scum look like?

Lake Monomonac, Rindge

Lake Monomonac, Rindge

Willand Pond, Somersworth/Dover

March’s Pond, New Durham

Showell Pond, Sandown



Robinson Pond, Hudson
Baboosic Lake, Amherst

Willand Pond, Somersworth/Dover

Halfmoon Pond, Kingston

Country Pond, Newton



Distribution & 
Frequency



Results of the 1999-2000 Microcystin Survey 
of 50 NH Lakes – EPA & USGS Grant

Jim Haney, John Sasner & Mike Ikawa
University of New Hampshire

Demonstrated that some lakes have very small amounts of relatively toxic 
plankton while other lakes have large quantities of plankton with low specific 
toxicity.

Demonstrated a correlation between microcystin toxin concentrations and 
measurements collected in lake monitoring programs, such as chlorophyll a, 
Secchi disk depth, and acid neutralizing capacity.

A significant finding because it suggests the results for lake monitoring surveys 
can be applied to help predict the likelihood of toxicity problems in a lake.
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Microcystin toxins present in all of the lakes examined.

These results shifted the emphasis from asking, “which lakes have toxic cyanobacteria?” 
to “what controls the level of cyanobacteria toxins in lakes?” 

Figure 8.  Distribution of mean whole lake water MC concentrations for the New 
                  Hampshire microcystin survey lakes, 1999-2000.  Error bars = 1 SE.



Halfmoon Pond, Kingston



CyanotoxinsCyanotoxins and the health and the health 
of domestic animals and of domestic animals and 

humanshumans

Dr. Jim Haney
Center for Freshwater Biology
University of New Hampshire



Outline

1. Cyanotoxins: chemical structure and their 
effects on mammals

2. Case examples of impacts on domestic 
animals and humans

3. Modes of exposure 
4. Puzzle: search for a link between 

cyanobacteria and  neurological disease in 
New Hampshire



Toxic Cyanobacteria in Water: A guide to their public health consequences,
monitoring and management
Edited by Ingrid Chorus and Jamie Bartram
© 1999 WHO
ISBN 0-419-23930-8



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



NaCl NaCl ControlControl

250 mg 500 mg 1000 mg
Planktothrix (Oscillatoria) 
extract (mg/ lyo/kg)

1000 mg

Cylindrospermopsis
extract (mg/ lyo/kg)



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



Session ?

Given by Sonya





http://petcentral.startribune.com/files/imagecache/blog/files/
dog%20algae.jpg

http://www.sciencedaily.com/images/2006/
08/060823184753.jpg

How to Respond: 
To a bloom sighting…

To a bloom exposure…
Below: “People wade through blue-
green algae at Qingdao, the host city 
for sailing events at the 2008 Olympic 
Games, in eastern China's Shandong 
province.”

http://www.smh.com.au/ftimages/2008/07/01/
1214677991089.html

http://www.pondsolutions.com/images/pond-algae4.jpg

Wash your hands!

Keep pets out of the water!

Do not wade or swim in the water!

Do not drink the water!



Pet Owners:
• Bring your own supply of drinking water. 

Easy-to-carry, collapsible water dishes.

• Wash your pet after its been in a lake or pond. 
Have an extra towel handy at the beach- wipe off any large 
clumps of cyanobacteria to prevent your dog from consuming it. 
A bath helps prevent skin irritation and ingestion   
from your pet cleaning itself.

• If you think your pet has ingested cyanobacteria, call a vet 
immediately. 

Some toxins can cause illness in as little as an hour; others can               
take up to 24 hours.

• Collect a sample of the bloom or scum. 

• If your pet gets ill…
Fill out the NHDES Cyanobacteria Illness Report Form for     
Pets, available at the DES website, on Beach Program page!  

http://www.billiardclub.net/sho
p/images/folded%20towel.jpg



Beach Managers, Health 
Officers & Camp Directors:

• If you notice a bloom or a concerned beach user 
contacts you regarding a bloom or scum at the 
beach area…

Contact NHDES. Take pictures & collect a sample, if 
feasible. 

• If possible, monitor the area of the bloom and advise 
swimmers to stay out of water. 

• If / when an advisory is issued by DES…
Post the necessary sign to notify beach-users.

IF you do NOT have this sign, DES Beach Program will 
provide as many as you need, FREE of charge. Just ask!

• Leave signs up until advisory is no longer in
effect.



• If exposed to a bloom…
Wash your hands and/or take a shower.

• To report a scum…
Call NHDES Cyanobacteria Hotline: 419-9229. 
Call the local beach manager/ town office

• Take pictures, collect a sample. 

• Stay out of the water until it returns to a normal 
appearance!

• IF you feel ill…
Visit a doctor & be sure to tell them you may have 
been exposed to cyanobacteria

Fill out NHDES Cyanobacteria Illness Report Form 
(available on DES website, Beach program page)

Human Lake-Users:



1. CALL NHDES TO REPORT A SCUM: (603) 419-9229.
2. Take a picture and estimate the area covered by the bloom.

3. Collect a sample of the scum: 
a. Use a clean plastic zip lock bag or bottle. 
b. Place it on ice until it can be delivered to DES. 
c. Note the specific location where the sample was collected.
d. Wash your hands.

4. Deliver the sample to DES Limnology Center in Concord, NH 
and provide the staff with your name and phone number.

5. A DES Limnologist will identify the sample and notify you with 
the results.

6. If the identified cyanobacteria are a species of concern, DES
will post an advisory for the lake and/or beach, as necessary. 

http://www.pyroclay.com/images/IMG AlgaeJar-Before.JPG
29 Hazen Drive, Concord NH

If you collect a sample on 
Friday afternoon or over 
the weekend, it needs to 
be refrigerated until you 
can deliver it to the DES 
on Monday. Limnology 
Center opens at 8 a.m.

Limnology Center



Veterinarians:

• Ask the pet owner whether they have 
seen/ filled out the NHDES illness report 
form.

Available online: NHDES Beach Inspection 
Program page.

• Use this form as a guideline for               
collecting information.

• Encourage pet owner to contact                 
NHDES & report the bloom.

http://www.reliableoxygen.com/images/veterinarian.jpg



Medical Professionals:

• Ask the patient whether they have filled 
out the NHDES illness report form.

Once again, available at DES website: 
http://des.nh.gov/organization/divisions/water/wmb/beaches/index.htm

• Use this form as a guideline for              
collecting information.

• Encourage the patient to contact 
NHDES with any questions regarding 
cyanobacteria and to report the bloom. 



Thank you for your participation!
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