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Presentation TopicsPresentation Topics

• Cyanobacteria Background Information 

• North Coast Region’s CyanoHAB Program 

• Monitoring and Research Results to Date 

• Program Changes and Next Steps



CyanobacteriaCyanobacteria

• Responsible for the Earth’s atmosphere and the air that we breathe 

• From the arctic to the equatorial regions 

• In the oceans, and 

• In freshwater springs, lakes, and rivers 

• Acting as the base of the aquatic food chain 

• Providing Nitrogen to land - based plants, and 

• Providing a high protein food source to people

• Have Been Around for Billions of Years: 

• Can be Found Throughout the World: 

• Are Important: 





Cyanotoxins Acute Health Effects in Humans

Microcystin

Abdominal pain,  
Headache and Sore throat, 
Vomiting and nausea, 
Dry cough, and Pneumonia

Cylindrospermopsin
Fever,  
Headache, 
Vomiting

Anatoxins

Tingling, burning,  
numbness, drowsiness, 
incoherent speech, salivation, 
respiratory paralysis leading to death

BMAA

Possible link to: 
Lou Gehrig’s disease (ALS),
Alzheimer’s, and
Parkinson’s disease 



https://romickinoakley.wordpress.com/2017/06/16/harmful-algal-bloom-season-beginning-in-californias-waterways/

• Excess Nutrients
• Nitrogen and Phosphorus

• Increased Sunlight
• Increased Temperatures
• Calm, Slow-Moving Water

Conventional Wisdom

Confounding Factors

• Nitrogen Fixers and Phosphorus Miners
• Can be More Abundant in October than August
• Found in Fast-Moving Riffles and Cascades



•

Dog Deaths and Human Illnesses 
in the North Coast Region  

2001-2015

Big Lagoon 

• Trinity River 

• Van Duzen River 

• South Fork Eel River 

• Eel River 

• Russian River



2001 – 2015: 
• 15 dog deaths, all in the North Coast Region 

• 1 Human illness, in the North Coast Region 

2017 
• 25 animal illnesses or deaths, Statewide 

• 8 Human illnesses, Statewide 

2018 (January 1  -  August 27)  
• 12 animal illnesses or deaths, Statewide 

• 6 Human illnesses, Statewide

Reports of Human Illnesses or 
Animal Illnesses or Deaths in California 



PLANKTONICPLANKTONIC

BENTHICBENTHIC

Lake Wilson, Riverfront Park, Santa RosaLake Wilson, Riverfront Park, Santa RosaLake Wilson, Riverfront Park, Santa RosaKlamathValley.com, Klamath Lake, OR

Russian River, Cloverdale Russian River, GuernevilleRussian River, GuernevilleRussian River, Guerneville





Public Health Monitoring

§ Monitoring questions included:

• What does benthic cyanobacteria look like? 

• What are the various species present? 

• Where is it and when is it toxic? 

• What toxins does it produce and how toxic is it? 

• How do we monitor for it? 



STATE-WIDE COLLABORATIVE
EFFORTSDEVELOPMENT OF GUIDANCE

DOCUMETSFIELD MONITORING
REFERENCE MATERIALSMONITORING STANDARD

OPERATING PROCEDURESINTERNATIONAL BENTHIC
CYANOBACTERIA WORKGROUP



Toxic Species?

Toxin 
ProductionBiomass





CyanoHABs Monitoring Program 
Data Collection

§ Four Assessment Tools:

• Visual Assessment and Identification  

• Cyanobacteria Mat Grab Sampling 

• Water Column Grab Sampling 

• SPATT Passive Samplers



Visual Assessment and Identification 

• Not currently applicable to any health advisory thresholds or criteria
• Does not provide toxicity information 
• Provides information for defining potential risk 
• Ongoing assessment can document conditions of concern



Cyanobacteria Mat Grab Sampling

Beth Schlanker/Press Democrat (June 23, 2016)

• Provides information for defining potential risk
• Measures total particulate toxin production within the mat 
• Not currently applicable to health advisory thresholds or criteria



Water Column Grab Sampling

• The ONLY Measure directly applicable to health advisory thresholds
• Measures dissolved toxins and floating particulate material 
• One point in time grab sample 
• May miss cyanotoxin episodic releases 



• Not applicable to health advisory thresholds 
• Passive Sampler that is time - integrative 
• Continuous toxin detection to capture episodic events 
• Only measures dissolved toxins not total toxins

Solid Phase Adsorption Toxin Tracking



Public Health Monitoring

§ Monitoring questions answered:

• What does benthic cyanobacteria look like? 
• As mentioned, it comes in many forms and colors 

• What are the various species present? 
• We have found 48 different genus and 117 unique species 

• Where is it and when is it toxic? 
• We have found it everywhere in the Region 
• Some have proven to contain cyanotoxins at all times tested 

• What toxins does it produce and how toxic is it? 
• We have found 5 different cyanotoxins 

• How do we monitor for it? 
• Various methods have provided us with different results



Noteworthy Findings and Questions 
2015-18?

§ Many benthic cyanobacteria genera are present in Northern 
California 
o 117 unique species, of which their toxicity is unknown 

§ Constant presence of cyanotoxins in low - level concentrations 
in North Coast Rivers? 
o At least 1 cyanotoxin has been detected at every site, every time 

§ SPATT bags may be an effective tool to identify toxin presence 
and support public health monitoring. 
o Time integrated component may provide for “missed” results 
o Research is needed to validate the efficacy  

§ Does Anatoxin pose a risk to the aquatic food chain? 
o Macroinvertebrate testing suggests they are sensitive  



Noteworthy Findings and Questions 
2015-18?

§ A few key benthic genera may be responsible for the number 
of dog deaths and illnesses reported in North Coast rivers. 
o Toxicity results suggest 3 main genera may be responsible: 

1. Phormidium 
2. Anabaena 
3. Oscillatoria 

§ Dihydro - Anatoxin - a (dhATX) may be a “produced” 
cyanotoxin and a dominant cyanotoxin in Northern California 
o LCMS analysis and genetic testing suggests so

§ Working with OEHHA to develop actionable criteria based 
upon cyanobacteria mat concentrations 
o Toxin testing and biomass analysis are leading the way



Synergistic Stressors? : 
Simultaneous Detection of Multiple Toxins
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Recreational and drinking water health thresholds are based on single toxin exposure…. 
What are the consequences of exposure to multiple toxins for human, wildlife and 
ecological health?



Variability in Toxin Results by Sampling Method

Location Toxin Analysis 6/15 to 6/27 6/27 to 7/12 7/12 to 8/1 8/1 to 8/15 8/15 to 8/29 8/29 to 9/11 9/11-10/2
LCMS

Campground MCY-LA <MDL 115.630 197.278 116.490 112.140 160.032 416.873
Big Bend MCY-LR 130.400 26.161 15.790 15.600 12.554 <MDL
Big Bend NOD-R 450.750 111.514 156.010 15.270 89.488 2.655
Jimtown MCY-LA 301.760 <MDL <MDL <MDL <MDL <MDL <MDL

LCMS
Campground MCY-LA <MDL <MDL <MDL <MDL <MDL <MDL <MDL
Big Bend MCY-LR <MDL <MDL <MDL <MDL <MDL <MDL
Big Bend NOD-R TRACE <MDL <MDL <MDL <MDL <MDL
Jimtown MCY-LA <MDL <MDL <MDL <MDL <MDL <MDL <MDL

ELISA
Campground MCY-NOD 0.25 0.12 0.51 <0.10 0.86 1.56
Big Bend MCY-NOD 1.11 <.010 0.84 0.32 1.79 2.13
Jimtown MCY-NOD <.010 <.010 0.63 0.14 0.24 4.67

Location Toxin Analysis 6/15 to 6/27 6/27 to 7/12 7/12 to 8/1 8/1 to 8/15 8/15 to 8/29 8/29 to 9/11 9/11-10/2
LCMS

Campground <MDL <MDL <MDL <MDL <MDL <MDL <MDL
Pull Out <MDL <MDL <MDL <MDL
Airport <MDL <MDL <MDL <MDL <MDL

LCMS
Campground <MDL <MDL <MDL <MDL <MDL <MDL <MDL
Pull Out <MDL <MDL <MDL <MDL
Airport <MDL <MDL <MDL <MDL <MDL

ELISA
Campground 0.64 1.29 18.5 13.6 45.3 6.94
Pull Out 2204 2054 >15750 8143
Airport 53.5 1002 619 3396 1217

Algal Mat Grab Results (ug/L)

Water Grab Results (ug/L)

SPATT Bag Results (ng/g resin)

Algal Mat Grab Results (ug/L)

Total
Anatoxins

Total
Anatoxins

Anatoxin-a
(only)

Water Grab Results (ug/L)

SPATT Bag Results (ng/g resin)

• Laboratory Method - Microcystins: 
o LCMS analysis only verifies 6 variants and Nodularin 
o ELISA analysis incorporates all 100+ variants and Nodularin 

• Sampling Method 
o SPATT samplers may be better at adsorbing microcystins  
o Water grab samples may not document the potential risk
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• Laboratory Method - Anatoxins: 
o LCMS analysis only verifies 1 variant 
o ELISA analysis incorporates all 4 variants 

• Sampling Method 
o SPATT samplers may adsorb low  -  level concentrations (2017 data)  
o Water grab samples may not document the potential risk



• Several resins available for use 
• Deployment time determination 

– Adsorbtion 
– Desorption 

• Adsoprtion competition and fouling

SPATT Passive Samplers



MONOCULTURING RESULTS:

12 ATX-producing cyanobacteria strains established



Anatoxin Toxicity to Benthic Dwelling Species

Phormidium strain

02/11/2016 6/28/2016 03/28/2017
Total 

Anatoxin
Anatoxin-a Anatoxin-a Homoanatoxin-a

Dihydro - 
anatoxin-a

Dihydro-
homoanatoxin-a

(µg/L)  -  
ELISA

(µg/L)  -  
LCMS

(µg/g of dry culture)  - LCMS

Strain 1 525 ND 0.66 ND 331.2 ND

Strain 2 343 ND 0.38 ND 363.4 ND

Strain 3 193 ND 0.47 ND 483.3 ND
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Ceriodaphnia Survival
LC50

Ceriodaphnia
Reproduction IC25

Chironomus Survival
LC50

Hyalella Survival LC25
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Implications for Surface Water Monitoring 

• Presence of cyanotoxins could account for toxicity to 
invertebrates not attributed to traditional suite of 
chemical analytes 

• This may affect interpretation of surface water toxicity 
and bioassessment monitoring 

• Are vertebrates negatively affected? 



Dominant (Single - Species) Mat Toxin Testing 

OEHHA Criteria DevelopmentWaterbody Date
Collected

Dominant
Species

Anatoxin,
Total (ug/L)

AFDM
(mg/L)

Anatoxin
 (mg/kg dry wt)

2012 OEHHA
Algal Crusts and 

Mats Criteria
Russian River 9/12/2016 Phormidium >15750 9030 >1744
Russian River 9/12/2016 Phormidium 2631 1940 1356.0
Russian River 9/12/2016 Phormidium 8115 6670 1217.0
Russian River 9/12/2016 Phormidium 3396 7290 466.0

Eel River 9/15/2016 45.3 800 57.0
Eel River 9/15/2016 Cylindrospermum 15.6 1850 8.4
Eel River 9/14/2016 Oscillatoria 38.0 4950 7.7
Eel River 9/15/2016 Geitlerinema 11.5 2370 4.8

Russian River 9/12/2016 Nostoc (?) 4.84 2140 2.3
Eel River 9/15/2016 Geitlerinema 0.68 600 1.1
Eel River 9/15/2016 Phormidium 12.5 12400 1.0
Eel River 9/15/2016 Cylindrospermum 7.20 8690 0.8

South Fork Eel River 9/14/2016 2.87 4120 0.7
Russian River 9/12/2016 Anabaena 1.70 3980 0.4

South Fork Eel River 9/14/2016 Phormidium 2.80 10200 0.3
South Fork Eel River 9/14/2016 0.36 1410 0.3
South Fork Eel River 9/14/2016 Scytonema 2.48 10300 0.2

Eel River 9/14/2016 0.67 8350 0.1
Russian River 9/12/2016 Phormidium 0.49 9930 0.1

NONE

> 0.3 mg/Kg

Dry Weight

Acute for Dogs

> 3.0 mg/Kg

Dry Weight

Acute for Cattle

Not Identified

Not Identified



Summary

§ Cyanobacteria are a natural part of our environment 
§ There are no criteria for public health protection from benthic 

cyanobacteria.  Additional work is needed. 
§ Cyanobacteria and associated cyanotoxins may be present 

throughout the Region and throughout the year.  
§ Cyanobacteria may negatively affect the aquatic food chain 

leading to erroneous conclusions regarding water quality. 
§ SPATT samplers may be an effective tool to document toxin 

presence and support public health protection monitoring.







Questions?
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