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Presenter
Presentation Notes
Cyan is a Greek derived term meaning bluish green in color. Blue green algae can come in many different shades of cyan.  Important to note that blue-green algae are not algae but a blue-green bacteria (many different shades) capable of not only photosynthesizing but producing oxygen.  
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Presentation Notes
The most important message to take away from this presentation is “When in doubt, stay out”!  The following subject matter to be covered: Similarities and differences between prokaryotes and eukaryotes (bacteria and algae).  Identification (recognition) of possible cyanobacteria blooms and how they differ from plants and true algae.  Laboratory methods and quick tests available to determine strain of blue green and if toxins present, at what levels.  Causation of blue-green algae blooms and how to determine if a particular water body is impaired due to high nutrient levels. Procedures to follow when reporting possible blue-green algae blooms and/or illness to humans and other animals.  Discuss the benefits of blue green algae.
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In Minnesota, ideal conditions seem to be in warm, calm surface water rich in nutrients.  Specifically phosphorus and nitrogen.  Many cyanobacterium strains can fix nitrogen from the atmosphere leaving phosphorus as the limiting nutrient. Cyanobacteria can photosynthesize oxygen similar to plants and true algae.
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Cyanobacteria fossil estimated to be 3.5 billion years old (section of Australian Stromatolite).  Oldest rocks estimated at 3.8 billion years old.  Cyanobacteria is not considered an invasive species and not an organism of emerging concern.  It has been around for a long time, ubiquitous in the environment, harmful and beneficial.  Cyanobacteria is often credited for the “Great Oxygen Event”  when the planet move from an anaerobic state to an aerobic state.
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Image of a “modern” stromatolites found at Sharks Bay, Australia.  Stromatolites are calcareous mounds built up of layer upon layer of cyanobacteria, carbonates and trapped sediment.  These mounds are fossilized over time and provide records of ancient life on Earth.
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The cyanobacteria cell does not house organelles like true algae and plants (ex. nucleus, mitochondria, chloroplast, etc.). Cyanobacteria obtain energy through photosynthesis and the only photosynthetic prokaryote able to produce oxygen.  Believed to cause the “Great Oxygenation Event”  They are found in colonies, filaments, sheets and spheres.  Cyanobacteria cell formations under a microscope.  Courtesy of Mark Edlund, St. Croix Watershed Research Station.




Presenter
Presentation Notes
Note small circular chloroplasts randomly distributed in the filamentous green algae cells.  Green algae cells contain membrane bound organelles (nucleus, mitochondria, chloroplast, etc) - eukaryotes.  Cyanobacteria lack membrane bound organelles like a nucleus, mitochondria and chloroplast. Chloroplasts provide the green color because they contain chlorophyll.  Chloroplasts utilize sunlight to convert carbon (CO2) to sugars.  Cyanobacteria and algae both contain chlorophyll and photosynthesize.
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Identification of blue-green algae can be difficult but tests are available to help make the determination/confirmation.  True algae identification can possibly eliminate the need to further the identification process.  For example, the algae mat in photograph most likely not blue-green algae.  Notice the water clarity and the absence of suspended cloudy blue-green matter.  Most likely aquatic vegetation and/or filamentous green algae.  Algal blooms seem to be heavily dependent on warmer, calmer and richer (nutrient rich) water.  
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Cutest picture ever!  Duck weed is neither green algae nor cyanobacteria.  It is actually an aquatic plant but is sometimes mistaken for an algal bloom.
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Filamentous algae found in more transparent, shallow streams containing lower levels of nutrients.  Noted in Upper Mississippi tributaries (Shell, Crow Wing, Long Prairie, Nokassippi).
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Blue-green algal boom.  The obvious green, blue-green latex paint appearance is commonly associated with toxin productions.  South Lake Lida, Minnesota 2017.
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Blue-green algal bloom.  At first glance, this appears to be a serene setting and maybe a place to splash around.  However, note the murky or cloudy water near shore.  Lake Johnson, Minnesota 2017.  Blue-green algae have the ability to utilize gas bubbles which can position them vertically in the water column. 
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Blue-green algae bloom at Peltier Lake, Minnesota 2017.  U of M Duluth graduate researcher describes the appearance as an oily sheen of turquoise paint with a distinct metallic smell. Note, this picture contains both a bloom of blue greens mixed with emergent aquatic vegetation and/or green algae.  Important to also note that just because it looks nasty, doesn’t mean the water column contains measureable levels of harmful toxins.
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Blue-green algae bloom, Lake of the Woods.
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Cyanobacteria blooms can be potentially harmful and even cause death.  It depends on the strain.  Not all strains produce toxins.  Toxin production is unpredictable for strains that can produce toxins.  As you can see in the molecular structure, there are no cyanide branches.  Microcystin is a cyclic peptide with 7 amino acids.  Neurotoxins can cause destruction of nerve tissue.  Hepatotoxins cause liver damage.  Cyclotoxins cause necrosis in cells.  Many strains of blue-green algae produce Endotoxins which are toxins released after death of the cell.


Reported dog deaths since 2004

Confirmed child illness 2015
Numerous reported HABs
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The large marker in Marshall County represents two dog illness’ and 1 death after pets entered the Mud River.  Blooms have been documented in the stream at lower, stagnant levels but nutrient concentrations not considered high!
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Exposure pathways.


Common Symptoms

Humans

Vomiting
Diarrhea
Rash

Eye irritation
Cough

Sore throat
Headache

Symptoms may
appear within

hours to 2 days.

Animals
Vomiting

Diarrhea
Weakness

Difficulty
breathing

Convulsions

Symptoms may
appear within
minutes to hours.
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Note the symptoms are similar but the experienced lapsed time frame longer for humans.  One reason may be pets in water tend to ingest more water thus more toxins.


Veterinary Case Reporting

e |lIness history

e Test results,
treatment, outcome

e Ambient water
exposures

 Water quality
observations

e Other human or
animal exposures
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MDH case report templates.  Best place to start is make the call!  Slide 32.
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Other human and
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Same as slide 19.
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Photograph by MPCA at Lake Henry, Minnesota - June 2015 where 12 year old boy swam.  Day after swimming, boy developed headache, abdominal and chest pain, vomiting and diarrhea.  Brought to ER the following day with fever, red rash, red eyes, swollen lips and hypotension.  Toxic shock syndrome negative.  Treated and discharged.  Cyanotoxin suspected.  MDH notified MPCA.  MPCA collected environmental samples from the area of concern.  Genetic testing indicated Anabaena and Mycrocystis bloom.  Toxin testing indicated Microcystin concentrations between 2.5 and 5.0 ug/L (ppb). 
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Image of actual quick test performed on the Lake Henry water sample.  Important to note that the sample was collected and tested over a week past exposure.  Also, quick tests are quick and less expensive but not as accurate and precise as HPLC, ELISA and other more sophisticated methods.  There are also presence/absence tests available for specific toxins.  The strip above positive for mycrosystin toxin between 2.5 and 5.0ppb.
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Beach manager was contacted with the toxin results and this advisory was posted.
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A couple inexpensive and quick tests include the jar test and the stick test.  Collect sample below the surface.  While wearing long rubber or latex gloves, submerge the capped jar below the surface, remove the cap, collect the sample and replace the cap (remaining below the surface).  This technique prevents surface scum, debris and unwanted films.  Remove jar from water, pour out one fourth volume and replace cap.  Algae gases-off and may cause pressure buildup.  Rinse and wipe off jar. Place in plastic zip lock bag and refrigerate overnight. Test relies on blue-green buoyant forms.
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Settled algae is an indication the green murky water not made up of blue-green algae but an overabundance of more beneficial types of planktonic algae.
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Suspended algae is an indication the murky green water most likely blue-green algae (cyanobacteria) and possible toxin present.
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The stick test is a way to determine if the algae is a filamentous type – indicating most likely not a blue-green common to Minnesota surface water bloom complaints.  It is also important to note that quick tests like the jar and stick tests are not perfect and a positive or negative test does not mean presence or absence of blue green algae or toxins associated with blue green algae.


Millions of copies of a particular gene
(DNA section) helps identify strain in just hours.
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Polymerase Chain Reaction (PCR) is a genetic technique which can quickly identify toxic blue-green algae strains.  Use of DNA flags help detect toxin-producing genes. Most common toxin producing blue-greens are Microsystis, Planktothrix, Anabaena and Cylindrospermopsis.  Genomic cyanobacteria screening determines “potential” for cyanotoxin production.  Additional sample testing for toxins via ELISA method.



Anabaena bloom with mycrosystins detected at 360ppb
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Most likely during active bloom and cell lysing.
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Enzyme-Linked Immunosorbent Assay (plate based assay).  Antigen immobilized on surface and then complexed with an antibody that is linked to an enzyme.  Incubation.  Concentration levels obtained. The microbiology and technology used in more sophisticated methods can be overwhelming at first but what is important is to realize these methods exist.  Results much more accurate than the quick strip test. 


https://mpc.maps.arcgis.com/apps/webappvie
wer/index.html?id=c3ad23220f60416fadccl17
f82ba05e3



https://mpc.maps.arcgis.com/apps/webappviewer/index.html?id=c3ad23220f60416fadcc117f82ba05e3
https://mpc.maps.arcgis.com/apps/webappviewer/index.html?id=c3ad23220f60416fadcc117f82ba05e3

®)

https://www.pca.state.mn.us/water/blue-
green-algae-and-harmful-algal-blooms
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Surface water bodies in Minnesota can be easily researched to determine if they have been listed for an over abundance of nutrients and impairment listed.


http://www.pca.state.mn.us/water/blue-green-algae-and-harmful-algal-blooms
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When investigating toxic algal blooms and possible human/animal illness, visit this web page and call the foodborne and waterborne illness hotline, the MDH waterborne disease unit and/or the MPCA lake monitoring staff. 




Presenter
Presentation Notes
Besides the important role blue-green algae plays in oxygen production (Great Oxygenation Event), certain strains are harvested and processed for health supplemental products.  When dehydrated at lower temperatures, microalgae can be an excellent source of natural vitamins, enzymes, chlorophyll and other phytonutrients. 
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Continuous harvesters at Upper Klamath Lake, Oregon harvesting during bloom in July.  Over time, the decaying organisms in lake use available oxygen and can create dead zones.  In this case, phosphorus is the limiting nutrient causing eutrophic conditions in this lake.  Phosphorus source from volcanic soils washing into the basin after snow melt and rain events.  The ‘settlement’ settles out and nutrients stored in lake.  Additional inputs include agriculture modifications (draining marshes, elimination of riparian vegetation and nutrient runoff (N and P fertilizers).
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