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Presenter
Presentation Notes
Nodularin, cylindrospermopsin and microcystins –liver toxicityAnatoxins a – a nerve toxin A side note:  Saxitoxin – mostly a marine concern. Associated with “Paralytic Shellfish Poisoning” in humans. Detection in shellfish frequently leads to closures of shellfish harvesting.A neurotoxin – selective sodium channel blocker. One of the most potent natural toxins known - Listed as Schedule 1 Chemical Weapon - 1000x more potent that the nerve gas, sarin. Important research tool for studying function of sodium channel. Acts on voltage-gated sodium channels of nerve cells, leading to paralysis and death.Why produce toxins????Microcystin may bind to certain proteins that accumulate at undesirable levels in the cell. Binding seems to be enhanced by light and oxidative stress conditions.In the presence of microcystins, cyanobacteria seem to have enhanced protection from proteases (enzymes that break down proteins inside the cells)Microcystins may aid the cell in adaptation to low inorganic carbon levels.Microcystin may have an important function to help cyanobacteria to acclimate to high light and oxidative stress conditions



Microcystin-LR –  
A Contaminant of Emerging Concern 
  

Nominated to CEC program by MPCA in 2011 
   

• Microcystins identified by MPCA as primary 
cyanotoxin in MN lakes 

   

• Ranked by MDH as high priority for guidance 
development based on toxicity and exposure factors 
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Microcystin-LR - 
MDH Drinking Water Guidance –  
 
 Health-Based Value (HBV) = 0.04 μg/L  

 

 Guidance posted on MDH website  
– Sept. 2012 
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Microcystin-LR – Adverse Health Effects 
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• Potent liver toxicant  
 
 
 
• Irritant – skin, eyes, stomach 

 
  
• Possible male reproductive toxicity? 
 
 
 

Miller et al. 2010. PLoS ONE 5(9): e12576. doi:10.1371/journal.pone.0012576 

Needs further study… 

Presenter
Presentation Notes
Figure 6. Gross and microscopic hepatic lesions of microcystin intoxication in sea otters, compared to control livers.A.) Gross appearance of normal sea otter liver. B.) Swollen, hemorrhagic liver from a sea otter that died due to microcystin intoxication. Mentions: Between 1999 and 2008, livers from 21 southern sea otters with gross and/or microscopic evidence of liver disease (Figs. 5 and 6) tested positive for microcystins via LC-MS/MS (Table 1). On the microscope, livers of microcystin-positive sea otters exhibited hepatocellular vacuolation, apoptosis, necrosis and hemorrhage (Fig. 6) consistent with previous descriptions of microcystin intoxication in humans and animals [1], [12], [13], [46], [13,47]. In contrast, livers from 2 captive sea otters (Table 1) and 19 wild otters without evidence of primary liver disease (data not shown) tested negative for microcystin. Carcasses of otters dying due to microcystin intoxication appeared to cluster near river mouths, coastal ponds, embayments and harbors, all areas with significant potential to receive and retain plumes of contaminated fresh water (Fig. 4Miller MA, Kudela RM, Mekebri A, Crane D, et al. (2010) Evidence for a Novel Marine Harmful Algal Bloom: Cyanotoxin (Microcystin) Transfer from Land to Sea Otters. PLoS ONE 5(9): e12576. doi:10.1371/journal.pone.0012576http://www.plosone.org/article/info:doi/10.1371/journal.pone.0012576



Microcystin-LR and Cancer 
 Possibly carcinogenic to humans (IARC Group 2B)  

– Liver, Colon 
 
 
 
 

 
 Tumor promotor - 
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+ 

Aflatoxins: 
Tumor Initiator 

Microcystin: 
Tumor Promotor 

= 

Liver Cancer 

Example 
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Ambient and Recreational Water Quality –  
• Fish kills, dog, bird and livestock deaths throughout 

the world, including several dog deaths in MN    

• Human illness and deaths are also reported globally, 
but no algal-related human deaths known in MN 

 
 
 
   

• Citizens are encouraged to report blooms to MPCA 
and call MDH with health questions or to report 
health effects. 

 

Why a Concern for Minnesota? 

9 
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Drinking water quality 
     The basis for HBV 
 
• Lakes & Rivers: provide drinking water for many cities  

 
 
 

 
 
 

• Groundwater: shallow residential wells near lakeshores  

Why a Concern for Minnesota? 
10 

Presenter
Presentation Notes
After getting 187 complaints about taste and odor in 2006, St. Paul regional Water Services reportNot reported in MN finished water to dateOhio EPA – 2010 –Finished Water: 0.16 to 0.6 at 3 different treatment plants from Lake Erie and Lake Rockwell. Not reported in 2011-2012�OhioEPA –http://epa.ohio.gov/ddagw/HAB.aspxTASTE and ODORS:Not from microcystinsCyanobacteria produce other chemicalsGeosmin and 2- methylisoborneol (MIB)Very low odor threshold: at levels that are not toxic, but unpleasant smell can lead to nausea, vomiting and headache in sensitive people. Approx. 0.01 ug/L.Taste and odor compounds co-occur in 91% of blooms, and can serve as a warning for cyanotoxins. However, toxins occurred more frequently, “so odor alone does not provide sufficient warning to ensure human health protection.” (USGS1). 1Graham et al. 2010. Environ. Sci. Technol. 44:7361-7368
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MDH HBV 2012 
=0.04 μg/L 

WHO Recreational 
Guideline: 20 μg/L 

Well Samples (2011): 
<0.15 μg/L (LOD) 
During Mild Bloom 

Severe Algal Bloom in 2007 – Little Rock Lake 
2007 

2007 

2007 

2007 

Presenter
Presentation Notes
MDH SAC Site Consultation, July 2011 – Little Rock Lake  Near-shore shallow residential wells sampled in Aug-Sept 2011�From Emily Hansen (MDH) (will be posted on SAC’s LRL website):“…The saturated sands and gravels directly below Little Rock Lake serve as the primary drinking water aquifer for wells in the area.   …August 24 and September 7, 2011, MDH collected samples from 15 shallow residential drinking water wells adjacent to Little Rock Lake to determine if microcystin was present in the water. MDH PHL conducted the analysis using the ELISA method with detection limits of 0.1 ppb.  None of the wells sampled contained detectable levels of microcystin. The lake appeared to be experiencing a mild algal bloom during the time of the well sampling.…There is still potential for the presence of microcystin in shallow groundwater during and immediately following a severe algal bloom. Although there is no data to suggest algal toxins have entered private wells near Little Rock Lake, residents may want to be cautious with their use of their well water during future bloom periods.”Triangles:  Green: community water supply well; Yellow: non-community public water supply well�Circles: Blue= well < 300 ft from lake; orange = water table well < 300 ft from lake; pink = water table well < 300 ft, cased < 60 ftSquare: Green = lake water samples    



 
 
 

 
 

Detection 
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  Detection Limits 
 HBV (0.04 μg/L) is below LOD (0.1 μg/L) for 

standard ELISA method  
 

 More sensitive methods exist–but expensive and 
costly special equipment (LC/MS/MS) – may not 
be feasible for routine screening 
 

 Recent finding -  A new “Enhanced” ELISA 
method – sensitivity @ 0.04 ug/L – need to 
explore further…. 

 
 

 
 
 LOD = Limit of Detection 

Presenter
Presentation Notes
LC-MS LOD 37 ng/L



Drinking Water Guidance Values: 
MDH & WHO Comparison 
Short-term and Subchronic:   

MDH (0.04 ug/L)  
WHO (n/a) 

   

Chronic:   
MDH (0.04 ug/L) 

WHO (1 ug/L) 
25 x lower! 
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WHO = World Health Organization 



Algal Blooms and Climate Change 
Conditions favoring algal blooms 

- longer growing seasons, increased water temps, altered rainfall 
patterns impacting fertilizer run-off 

Increasing frequency, size, and duration 
http://www.cop.noaa.gov/stressors/extremeevents/hab/current/CC_habs.aspx 

Distribution patterns of algal species – new toxins? 
-e.g. Cylindrospermopsis not native to WI – A tropical/subtropical 
organism, recently found in several Midwestern states 

Recent Impacts Noted Locally - Wisconsin DNR 
“Unsightly multi-colored algal blooms appeared earlier than usual on lakes 
across Wisconsin in the summer of 2012… temperature records were set 
throughout the state. The unseasonably warm weather changed the 
trajectories of many natural communities.” 
http://www.wisconsinacademy.org/magazine/algal-blooms-wisconsin 
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Presenter
Presentation Notes
Increasing frequency and sizes dramatically increased – despite dramatic decreases in phosphorous…Change in annual lake surface temps – greater the temp gradient between cold winter and warm summer, the more lake water mixes in natural convection current. This cycle keeps algae populations in balance.As surface water warms after a frozen winter, nutrient rich, oxygen depleted water in deep rises to surface and re-oxygenates. Warmer, oxygen rich water circulates to bottom. But as climate warms, the lake surface stops freezing and affects mixing of lake waters.  P. rebuescens can handle deep water – it has a gas vesicle to allow it to float at between 70-90 meters. This species can thrive on nitrogen – doesn’t need a lot of phosphorous.Higher air temperatures cause higher water temperatures, which lead to more cyanobacterial blooms. Cyanobacteria grow optimally in warm water, up to 85°F, the temperature at which the growth of other types of algae is inhibited. Warmer lake waters can lead to stronger stratification, which can result in anoxic waters at the lake bottom and enhanced internal phosphorus loading.Cylindro (Indiana DNR, found in 2001): The discovery of this organism blooming (growing abundantly) in a Midwestern lake was a surprise to most scientists since Cylindrospermopsis, originally found in Australia, Brazil, and more recently in Florida and North Carolina, was thought to be a subtropical organism. The species has been found more recently in several Midwestern states.Wisconsin source: Wisconsin Academy of Sciences, Arts and Letters. Gina D. LaLiberte is a research scientist with the Wisconsin Department of Natural Resource’s Bureau of Science Services. She holds a BS and MS from the University of Michigan. LaLiberte has worked on issues in algal taxonomy, ecology, and paleolimnology for the past nineteen years. Founded in 1870, the Wisconsin Academy applies the sciences, arts, and letters to bring context, civilized discussion, and meaningful action to the most important issues and ideas of today. We create spaces—public forums, art galleries, publications—where citizens join together to examine the challenges of our times, suggest solutions, and look at the world in new ways. 

http://www.cop.noaa.gov/stressors/extremeevents/hab/current/CC_habs.aspx
http://www.wisconsinacademy.org/magazine/algal-blooms-wisconsin
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What levels of microcystin are harmful? 
 MDH HBV much lower than WHO guideline 

  
What levels of microcystin can be measured? 

 HBV much lower than analytical LODs for common methods 
 Spurring investigation of new analytical methods 
 

What are current exposures and risks in Minnesota?  
 Communications with stakeholders 
 Pilot surveillance project for a few lakes with public water intakes 
 
   

Making an Impact  

Presenter
Presentation Notes
Stakeholders = citizens, water treatment plant operators, other state agencies, lake associations…. Others?
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Who will continue to research exposure and mitigation? 
 MDH, MPCA, MDA, and DNR communications around the issue 
 National interest in MDH activities (CDC, USGS, EPA & other States)  

     
What emerging concerns need to be followed? 

 Concerns about climate change and potential for growing health 
impact  

 Continued evaluation of surface and ground water 
 Continued efforts to develop sensitive laboratory detection methods 
 Awareness of additional toxins to monitor and evaluate  

Making an Impact  
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Microcystin in Drinking Water 
(and other sources of exposure) 

Chris Greene 
Minnesota Department of Health 



Exposure to Microcystin 
• Can people be exposed to microcystin through drinking 

water? 
• Measurement of microcystin in lakes used as drinking water 

sources (both inside and outside of Minnesota) 
• Measurement of microcystin in treated drinking water 
• Technical issues in ensuring safe water 

• How else are people exposed to microcystin? 
• Dietary supplements 
• Recreational activities 

 
 
 





Source Water vs. Drinking Water (Ohio) 
• 2011: 119 finished drinking water samples 
• 2012: 39 finished drinking water samples 
• No microcystin detections (RL=0.15 or 0.30 ppb) 
• Compare to MDH HBV of 0.04 ppb 

• Potential use of enhanced ELISA method? 



Microcystin in Minnesota Drinking Water 
• Budd Lake (water supply for Fairmont) 

• 2008: surface water concentrations 133 and 134 ug/L 
• Concentration at intake:  <0.16 and 0.4 ug/L 

• Little Rock Lake 
• 2007 algal bloom: 38,000 - >80,000 ug/L 
• Potential exposure from shallow drinking water wells close to 

shore 

 
 



Fall 2012 sampling by DWP 

• Lake Kabetogama: transient non-community, 
historical complaints about algal blooms  

• Mankato: Shallow wells near lakeshore 
• Eveleth,Fergus Falls, Fairmont: North/South 

geographical spread 
• Saint Paul: “test” of city’s GAC filters, expected 

removal of MC from raw water 

 
 



Fall 2012 sampling 

Influent ug/L 
0.21/0.22 
ND/ND 
ND/ND 
ND/0.16 
0.83/0.54 
ND (three plant samples)  
 

 

Site 
Lake Kabetogama 
Mankato 
Eveleth 
Fergus Falls 
Fairmont 
Saint Paul 
 
ND = not detected  
(RL = 0.15 ug/L) 
 

 
 

Effluent ug/L 
ND/ND 
ND/ND 
ND/ND 
ND/ND 
ND/ND 

 



Drinking Water Observations and Responses 

• Microcystin contamination is episodic in nature 
• Hard to sample entre peak 

• Contamination appears to be more prevalent in the south 
(temperature and land use influences) 
• Stewardship and public awareness 

• Concentrations can vary substantially within a lake, both 
horizontally and vertically 
• Carefully select location of drinking water intakes and sampling points 

• Treatment seems to be effective 
• Keep plant operators informed 

• Reporting limits are typically higher than MDH health-based 
guidance value 
• Improved methods are under development 
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Source: Wadewilliams, wikipedia 

Recreational Exposure 



Recreational Exposure to Microcystin 
• Backer et al. (2010) took water and air samples from two 

recreational California lakes affected by algal blooms, and 
one unaffected control lake. 

• Blood samples, nasal swabs, and personal air space from 
81 volunteers on bloom lakes, 7 on control lake. 

• Bloom lakes exceeded 10 ug/L for an extended time (July-
Sept.) and some samples exceeded 1000 ug/L total 
microcystins. Control lakes had no detectable microcystin. 

7 26 



Recreational Exposure to Microcystin 
• Blood: No detections in any sample (MDL = 1 ug/L). 
• Nasal swabs: Before exposure, mean of 0.2 ng ± 0.1 ng; 

after exposure, 0.6 ng ± 0.8 ng. (Statistically significant) 
No difference between pre and post in control group. 

• Air: At each lake, 3 mid-lake and 3 shore samples. Only 
one sample had detectable microcystin (0.052 ng/m3, at 
shore). 

• Personal Air: 44 samples ranged from nondetect (0.1 
ng/m3) to 0.4 ng/m3. Concentrations did not correlate 
with concentrations of BGA cells or microcystin in water. 

7 27 



Recreational Exposure to Microcystin 
• Inhalation and incidental ingestion are possible routes of 

exposure 
• Skin irritation can occur from contact with microcystin, 

but it does not penetrate the skin easily 
• Exposure can best be reduced by informing the public of 

risks, and avoiding contact with water during active 
blooms 

7 28 



Microcystin in Dietary Supplements 



Microcystin in Dietary Supplements 
• Blue-Green Algae (BGA) supplements: for health, well-

being, relief from what ails you 
• 1 million consumers in U.S. and Canada 
• Marketed to both adults and children as a “natural 

product” 
• Can contain high levels of microcystin, especially when 

harvested from natural lakes 
 



Microcystin in Dietary Supplements 
• Oregon health standard of 1 ug/g Microcystin is often 

exceeded 
• Studies in 2001, 2005, 2008, 2011 found more than half of 

samples exceed 0.5 ug/g, and some detections as high as 
25 ug/g 

• At 1 ug/g, just 1 gram of BGA supplements will hit the 
toxicological reference dose for a 70 kg adult 

• “Take two or three [411-mg] capsules with a meal three times a 
day.” That’s three and a half grams. 

• MDH recommends that users of these products “use 
caution and consult a doctor.” 

 



               Questions/Discussion 

Julia Dady 
Phone: 651-201-4956 
Julia.dady@state.mn.us 
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http://earthobservatory.nasa.gov/IOTD/view.php?id=76127 

Chris Greene 
Phone: 651-201-4914 
Christopher.greene@state.mn.us 
 

 

Presenter
Presentation Notes


mailto:Julia.dady@state.mn.us
http://www.usgs.gov/
mailto:Christopher.greene@state.mn.us


Useful links - 
MDH – Microcystin-LR in Drinking Water 
http://www.health.state.mn.us/divs/eh/risk/guidance/gw/mclrinfo.pdf 

MDH – Little Rock Lake 
http://www.health.state.mn.us/divs/eh/hazardous/sites/benton/littlerocklake/index.html 

MPCA – Blue-green Algae and Harmful Algal Blooms 
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-
water/lakes/lake-water-quality/blue-green-algae-and-harmful-algal-
blooms.html?menuid=&redirect=1&expandable=1 

MPCA – National Lakes Assessment Project report: 
http://www.pca.state.mn.us/index.php/view-document.html?gid=6231 
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