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Baseline Water Quality Monitoring 
(Penobscot River Watershed)

• Mid-May to early October
• More than 85 river and 

tributary sites
• Sampled weekly
• Sites selected include:

– Industrial and municipal 
dischargers

– Dam impoundments
– Non-point source



PENOBSCOT
RIVER 

BLOOMS

PENOBSCOT
RIVER 

BLOOMS

• PIN began monitoring blooms in the mid-
‘90s

• Originate in lower W. Branch Penobscot; 
not found upstream or in tributaries

• Species composition was diverse and not 
dominated by any one in particular

• No toxin producers



7

West Branch Penobscot / Dolby Pond 
Segment



West Branch Penobscot 
Chlorophyll-a Data 
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Chlorophyll-a Values 1994 - 2005 
Dolby Pond
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Total Phosphorus

Tributary
3%

Actual
45%

Lic-Actual
48%

Licensed 
Point Sources

93%Background
4%

Point source discharges currently have no phosphorus restrictions.  The phosphorus for point sources are based upon 
concentrations measured during the 97 and 01 surveys and WWTP licensed and actual flow s.



GNP West
20.8%
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2.4%

GNP East
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Total P Loading to W. Branch Penobscot
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Instream Total Phosphorous Levels
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• Worst bloom seen in 2004
• Now dominated by cyanobacteria:

– Anabaena macrospora
– Anabaena spiroides
– Microcystis aeruginosa
– Microcystis flos-aquae

• All known toxin producers - anatoxin-a 
and microcystin
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Toxic Cyanobacteria in Water: A Guide to Their Public Health Consequences, Monitoring 
and Management. World Health Organization, E&FN Spon, Routledge, London, 1999.

• Only some cyanobacteria contain hepatotoxins or 
neurotoxins

• All of them contain lipopolysaccharides (LPS) in 
their cell wall, which may be the cause of irritations 
of the:
– skin
– digestive tract
– respiratory membranes 
– eyes
– ears
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The implications of the present state of knowledge for 
surveillance and management are that any mass 
development of cyanobacteria may be a potential health 
hazard. 

If the cyanobacterial cells contain hepatotoxic
microcystins, cause for concern may be higher because 
of the chronic effects of this potent toxin.

Toxic Cyanobacteria in Water: A Guide to Their Public Health Consequences, Monitoring 
and Management. World Health Organization, E&FN Spon, Routledge, London, 1999.



• Although Anabaena
was clearly the 
dominant species 
(90% of biomass in 
sample), they were 
not producing 
detectable levels of 
anatoxin-a 
(neurotoxin)
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• Although Microcystis
was present in low 
levels (10% of 
biomass in sample), 
they were producing 
detectable levels of 
microcystin
(hepatotoxin)at 
0.20μg/L



• What does this mean for ingestion risk?
o Microcystin levels were below WHO levels 

for finished drinking water (1.0 μg/L) Toxic 
Cyanobacteria in Water: A Guide to Their Public Health Consequences, Monitoring 
and Management. World Health Organization, E&FN Spon, Routledge, London, 1999.

• What does this mean for contact risk?
o Moderate risk = 20 ug/L microcystin in the 

top 4 meters of surface waters Monitoring Bathing 
Waters, edited by Jamie Bartram and Gareth Rees published by E&FN Spon. for 
WHO and the EPA in 2000.
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• 0.20μg/L of microcystin present
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GUIDELINES FOR MANAGING RISKS IN RECREATIONAL WATER

Child = 10 μg/L total microcystins OR 50,000 cells/mL

Adult = 44 μg/L total microcystins OR 220,000 cells/mL

www.nhmrc.gov.au/publications/synopses/eh38.htm





• Main stem extent in late July 2004:  at least 
below the Mattawamkeag River

• By mid Aug 2004 the bloom extended down 
the coast to Lincolnville – over 75 miles 
downriver

• Less visually intense below dams but 
higher chl a levels

• Dams potentially breaking up filaments and 
increasing growth?
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Dolby Pond – July 27, 2004Dolby Pond – July 27, 2004

Direction of W. Branch flowDirection of W. Branch flow



Dolby Pond edges – July 27, 2004



Penobscot-Mattawamkeag confluence –
July 27, 2004

Penobscot-Mattawamkeag confluence –
July 27, 2004



Rockabema Dam –
July 27, 2004



• Definition of a bloom
• Determination of onset and severity of blooms (esp. 

relative to other years)  - possibly using data sondes
• Factors affecting blue-green blooms
• Taxonomy and community composition
• P sampling
• Role of dams as “cookers”
• Impact of tailrace or turbines on bloom dynamics
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Additional work/ data gaps:



• Have we seen a permanent species shift?
• Will other factors contribute to or trigger a bloom?

• Weather
• N:P ratio
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The discharger(s) have decreased P and ME DEP is proposing to 
develop P criteria.  The big question…



• Tribal members cannot carry out sustenance fishing 
rights due to toxics including dioxins, PCBs, and Hg.  
These blooms further impair tribe’s ability to carry out 
cultural and traditional practices including

• Sweat lodges
• Canoeing
• Gathering plants for food and medicine
• Swimming
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Effects on tribe:
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