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Decrease of water 


quality 


Increased eutrophication process on 


aquatic environments 


Favor cyanobacterial 


blooms occurrence 







12 countries 


369 million people 


Fourth largest continent 


12% of Earth
, 
s land surface 


According PAHO  


1990
,
 situation in LA & Caribbean: 


41% of population didn’t receive safety 


water  


Diarrhea -  Children < 5 years: 25% of 


deaths 


Cholera - 1991-1995: 1,300,000 cases 


11,000 deaths 


 


South America 







Cyanobacterial 


blooms in drinking 


water supplies 


Events in: 


Argentina; 


Brazil; 


Chile; 


 Honduras; 


Mexico; 


Uruguay; 


Venezuela 


Oral exposure 







Pernambuco State and Caruaru city location 







Tabocas reservoir 







 Tabocas Reservoir - PE : 97-98-99 
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Recurrent Severe Drought 







Cyanobacteria bloom 


in a  reservoir from Pernambuco State 







VARIOUS CYANOBACTERIA GENERA AND SPECIES 


Different toxic compounds  CYANOTOXINS 


 Neurotoxins 


  Hepatotoxins 


  Cytotoxins 


  Endotoxins -LPS 







Cyanotoxins 


Neurotoxins 


 


 Anatoxin-a 


 Anatoxin-a(s) 


 Saxitoxins 


 


 


Hepatotoxins 


 


 Microcystins 


 Nodularin 


 Cylindrospermopsin 
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Microcystin-LR  







W.W. Carmichael, Scientific American, 1994 







Molecular level of  MCYST-LR effect: 


Inhibition of Protein Phosphatase 1 and 2A 


 


Mdha is covalently binding to  


Cys-273 from PPs 


Gupta et al., (1997)  
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Recently it was 
demonstrated that 


MCYST binds to thiol 
groups of various 


proteins  


ADDA  interacts with 


the hydrophobic 


groove region adjacent 


to the active site of 


PPs 
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Photomicrography of hepatocytes before (left) and after (right) exposure 


to microcystins. Note disruption of the cytoskeleton architecture. Source: 


John Eriksson, University of Turku, Finland, from website (2005, 


http://www.btk.fi/Research_Groups/Protein_Phosphorylation_Group/protein_phosphoryl


ation_group.htm 


… increasing in the phosphorylation of various 


subcellular targets, including cytoskeletal proteins  
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Azevedo et al. (2002) 


 


1996 -Caruaru 


Syndrome 


117 of 136 patients with chronic 


renal failure (86%) had the 


following symptoms: 


Symptoms: painful large 


hepatomegaly, jaundice   and a 


bleeding diathesis manifested by 


ecchymosis, epistaxis and 


methrorrhagia; 


Laboratory profile: elevated 


transaminases,  hyperbilirubinemia, 


prolonged prothrombin time and 


severe hypertrigliceridemia; 


60 deaths occurred until October 


1996 could be attributed to same 


syndrome 







Chronology of Events 


 February 17-20, 1996: IDR patients experience symptoms of headache, eye pain, 


blurred vision, nausea and vomiting associated with dialysis section; 


 February 20 to March 6: 12 patients die from seizure and/or acute hemorrage 


associate with visual disturbance, nausea and vomiting; 


 March 7: Secretary of Health – Pernambuco State notified of the cluster of deaths 


associated with dialysis, epidemiologic  investigation begun; 


 March 11: IDR dialysis center closed; 


 March 7-24: IDR patients develop cholestatic liver failure with painful 


hepatomegaly, elevated transaminases, elevated direct and total bilirubins, 


elevated triglycerides and elevated prothrombin times. 14 patients die of liver 


failure; 


 March 23: S.Azevedo. visit for the first time Pernambuco State and presents 


hypothesis of cyanotoxins as main cause of  chronic renal patient’s intoxication; 


 March 24: CDC-Atlanta notified of outbreak; 


 March 27: W. Carmichael notified of outbreak; 


 April 1-13: CDC team in Brazil 


 Mid-April: 32 patient death from complication of liver failure; 


 Mid-September: 56 patient deaths – 48 having a common syndrome associated 


with liver failure 


 







 


What happened:  


17 06:43 







 


What happened:  


Water treatment system in 


dialysis clinic 


Heamodialysis room 
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Questions ?? 


 


1) Source of water to 


dialysis center  


2) Overuse of dialyzer filters 
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Phytoplankton Counts from Tabocas reservoir 


Samples from March - 


1996 
Total Phytoplankton/mL 


Cyanobacteria/mL 


(% of total 


phytoplankton) 


Center 40,000 39,731 (99.3) 


Margin 13,190 13,100 (99.3) 


Raw water impounded 


to water treatment 


plant 


21,420 20,882 (97.5) 







  


 


 Microcystin and Cylindrospermopsin content of 


carbon, ion exchange resin and sand filters from 


dialysis centers A and B in Caruaru, Brazil 


  


 Center/ Sample 


source 
 


Microcystin  


(µg/g) 


 


Cylindrospermopsin 


(µg/g) 


 


Center A – carbon 


 


1.0 


 


19.70 


 


Center A – anion 


resin 


 


0.5 


 


0.02 


 


Center A – cation 


resin 


 


2.1 


 


0.05 


 


Center A – sand 


 


ND 


 


ND 


 


Center B – carbon 


 


3.4 


 


ND 


 


Center B - sand 


 


ND 


 


ND 


 


 


ND = not detected 
 







MICROCYSTIN VALUES OF LIVER AND 
SERUM  


FROM CARUARU PATIENTS  
 
 


Month of Death  


(1996) 


Number of victims/number of 


samples 


Microcystin  


(ng/g) 


February 4/7 257.7 


March 11/14 255.4 


April 8/12 179.6 


May 3/4 272.5 


July 1/1 471.8 


August 4/6 216.8 


September 3/3 219.9 


October 2/2 50.2 


December 1/1 160.4 


   


Patients without 


Date of death 


Average 


2/2 


 


38/52 


145.9 


 


223 


 


Average of 


serum values 


 


38/52 


Microcystin 


2.54 (ng/mL) 
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Histopathology 


Disruption of liver plates, liver cell deformity, necrosis, 


apoptosis, cholestasis, cytoplasmic vacuolization, mixed 


leukocyte infiltration and multinucleated hepatocytes    
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MALDI/TOF-MS of liver extract from a Caruaru 


dialysis patient 


Carmichael et al. 2001 


Azevedo et al. 2002 
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Description of cyanobacteria species found in Tabocas 


reservoir - phytoplankton samples from March to May 1996 


 


•Detection of several  picoplanktonic species 


•Description of a new specie – Romeria caruaru 


 
29 06:43 







30 06:43 







Since 2000: Brazilian regulations for drinking water 
quality include maximum values of cyanotoxins 
concentration acceptable in potable water  
 
 
 
Microcystins – 1g/L 
 
Saxitoxins     -  3g/L 
 
Cylindrospermopsin - 1g/L 
 
* Microcystin and saxitoxins concentration were included as  a 
mandatory parameter. 
 
** Cylindrospermopsin level was included as recommendation. 
 
 







Conclusions: 


 Examination of phytoplankton from the dialysis clinic's water 
source, analyses of the clinic's water treatment system, plus serum 
and liver tissue of clinic patients led to the identification of two 
groups of cyanobacterial toxins, the hepatotoxic cyclic peptide 
microcystins and the hepatotoxic alkaloid cylindrospermopsin. 
From liver concentrations and exposure volumes, it was estimated 
that 19.5 µg/L microcystin was in the water used for dialyses 
treatment. This is 19.5 times the level set as a guideline for safe 
drinking water supplies by the World Health Organization. 
 


 Since many of the world's water supplies are subject to increasing 
levels of nutrients, it is highly probable that repeat episodes of 
cyanotoxin poisoning will occur unless measures control these 
eutrophication process are taken; 


 These measures should consist of programs for watershed 


management to reduce nutrient inputs, cyanotoxin monitoring 


programs to alert authorities to the presence of cyanotoxins, and 


improvements in water treatment techniques to reduce or to remove 


cyanotoxins from finished water supplies. 
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Outline Topics 


 Factors leading to exposure 


 Distribution and types 


 U.S. national plan 


 Recent national surveys 


 Great Lakes regional studies-Canada and 
the U.S. 


 Summary health events 


 







CyanoHABs: Factors in Their Formation 


Urban, agricultural and industrial expansion  


Increased nutrient input-nitrogen and phosphorus 


Water use and hydrologic changes-diminished 
water flow and less mixing 


Climate (temp increase) plays an interactive role 


Blooms become more common, more intense and 
of longer duration 







CyanoHAB Causes 


Hans Paerl ISOC-HAB Ch. 10 


Nutrients, Hydrodynamics, Climate 







Toxic Cyanobacteria-1878-”Poisonous 


Australian Lake” 


 Nature. May 2, 1878 


(sheep poisonings). 


 George Francis. 


Similar early documented mass 


algae poisonings in the U.S. in 


1883, 1887, and 1925. 


 Rose, E. T. (1953). "Toxic algae in 
Iowa lakes." Proc. Iowa Acad. Sci. 
60: 738-745. 


 Rose, E. T. (1954). "Blue-green 
algae control at Storm Lake." Proc. 
Iowa Acad. Sci. 61:604-614. 


George Francis 











U.S. states with anecdotal reports of acute cyanotoxin poisonings of animals and/or 
humans and states that have issued recreational health advisories. Anecdotal reports of acute 


cyanotoxin poisonings were compiled from literature sources (Yoo et al. 1995; Chorus and 
Bartram 1999; Huisman et al. 2005) and newspaper articles. 


 What physical, chemical and biological factors 
determine level of toxin production during a bloom? 


 What are the community level impacts of toxic 
cyanobacterial blooms? 


 What impacts do changes in food web structure and 
function during cyanobacterial dominance have on fish? 


 To what extent does dominance by vertically migrating 
cyanobacteria lengthen response time of aquatic 
ecosystems to nutrient load reduction? 
 


 







Summary: Types and Health Significance 


Ranking of Cyanotoxins  
Microcystins (most common of 


cyanotoxins; widespread 
poisonings). 


Anatoxins (common; with animal 
poisonings). 


Cylindrospermopsins (widespread in 
U.S.; poisonings from Australia). 


Lyngbyatoxins (possible presence in 
continental U.S.;  poisonings in 
South and Central Pacific). 


Nodularins (unknown in NA; some 
animal deaths internationally). 


Saxitoxins (sporadic; with some 
animal deaths). 


BMAA (world wide; but health 
significance largely unknown). 


LPS (world wide; unknown). 
 
 







Cyanotoxins— 


Mode of Action 


  Neurotoxins 


  Hepatotoxins 


  Dermatoxins 



../romelink





Cyanobacterial Toxins: Potential 


Sources of Exposure 


 Surface drinking water 


 Recreational waters 


 Food web 


 Dietary supplements 


 Hemodialysis 


Grand Lake-St 


Marys-Ohio 







Cyanotoxins— 


Target Organisms 


    Location 


Water Environment 


 


 


 


Water Users 


     Organisms 


 Wild  Birds & Fish 


 Wild  Invertebrates 


 Aquacultured Fish and 
Invertebrates 
 


 Domestic & Wild 
Animals 


 Humans 


 Agriculture (Plants) 







U.S. National Plan for 


CyanoHABs 
 EPA- International Symposium on Cyanobacteria Harmful Algae Blooms, 


September 6-10, 2005. 


 Hudnell, H.K. (ed.). 2008. Proceedings of the Interagency, International 
Symposium on Cyanobacterial Harmful Algal Blooms. RTP North 
Carolina, Sept. 2005. Advances in Experimental Medicine & Biology. 
Springer Science. Vol. 619, 948 pp.  


 http://www.epa.gov/cyano_habs_symposium/monograph.html 


 FHAB legislation website: http://www.freshwaterhablegislation.com/ 


 The Freshwater Harmful Algal Bloom Research & Control Act of 2010 
(FHAB Act) was passed by the House of Representatives on March 10, 
2010. The FHAB Act was folded into the Harmful Algal Bloom and 
Hypoxia Research and Control Act (HABHRCA; HR3650) 
reauthorization bill. Senate passage is pending. 


 Hudnell, H.K. (2010) The state of U.S. freshwater harmful algal blooms 
assessments, policy and legislation, Toxicon, 55, 1024-1034. 


 


 



http://www.epa.gov/cyano_habs_symposium/monograph.html

http://www.freshwaterhablegislation.com/





The Discipline of 


CyanoHABs 
 1980. First International Conference On Toxic Cyanobacteria. 


Proceedings entitled: “The Water Environment Algal Toxins and Health”. 
Plenum Press, 1981 (ed. by WW Carmichael). Wright State Univ. 


 1993. Bath, UK, 1995. Bornholm, DK. 


 1998. 4th ICTC. Beaufort, NC, USA. 


 2001. 5th ICTC. Noosa, Queensland, AUS. 


 2004. 6th ICTC. Bergen, Norway. 


 2007. 7th ICTC. RDJ, Brazil. 


 2010. 8th ICTC. Istanbul, Turkey 


 2013. 9th ICTC. South Africa 







Summary from: 


Human Health Effects from Harmful Algal Waterblooms a Synthesis 


March 29, 2013 


This report was prepared for the International Joint Commission (IJC), Great Lakes Regional Office. It is being 


done as part of the 2012-2015 Cycle of the Great Lakes Sciences Advisory Board (SAB) work group for Lake Erie 


Ecosystem Priority (LEEP) “Taking Action on Lake Erie”. This work group defined 4 priorities: 1. External & 


Internal TP/DRP Loads, 2. Climate Change, TP/DRP inputs/outputs, Harmful/Nuisance Algal Blooms (HNABS), 3. 


Effectiveness of (US/Can) Agric. & Urban BMPs in TP/DRP Load Reduction, 4. Current & Revised TP Targets:  


Modelled outcomes. 


  


This report addresses the objective to assess the human health impacts associated with harmful algae 


waterblooms (HABs) especially those associated with waterblooms of cyanobacteria or blue-green algae. 


 







CyanoHAB Occurrence 


 North American cyanoHAB history: Carmichael and Stukenberg 
(2006).  


 Graham et al. (2009): at least 22 states in the United States (44 
percent) have information available on the Internet about 
cyanobacteria, cyanotoxins, and potential health risks to 
humans and animals.  At least five states have routine statewide 
(Iowa, Nebraska, and New Hampshire) or watershed-based  
(Maryland and Vermont) monitoring programs for cyanotoxins in 
freshwaters at the state level, and four others (California, 
Florida, Massachusetts, and Oregon) have developed guidance 
documents to support monitoring at the local level.  Several 
coastal states (e.g., Florida, Maryland, and Massachusetts) have 
incorporated the largely freshwater cyanotoxins into existing 
programs monitoring recreational hazards associated with 
marine algal toxins.  


 







U.S. Surveys 


 2006 by the USGS: Midwestern US Cyanotoxin 


Reconnaissance of Cyanobacterial Blooms (2006 USGS MCR). 


USGS 2006 survey, (carried out in August) all lakes (n=23) had 


detectable microcystins when ELISA (enzyme linked 


immunosorbent assay) and LC/MS/MS combined, 30% had 


detectable anatoxin-a, and 9% had detectable nodularin-R 


(Loftin et al. 2008): 
http://ks.water.usgs.gov/studies/qw/cyanobacteria/ 


 2007 EPA National Lake Assessment (U.S. Lakes Microcystin 


Dataset, 2007): http://water.epa.gov/type/lakes/NLA_data.cfm.  


This survey looked at microcystin occurrence in 1150 water 
bodies.  Looking at only microcystins by ELISA, 9 (0.7 %) lakes 
exceeded WHO recreational guidelines (20 ppb) and 143 (12 %) 
lakes exceeded WHO drinking water guidelines (1.0 ppb) for 
microcystins. 


 2012 EPA NLA results not available 


 



http://ks.water.usgs.gov/studies/qw/cyanobacteria/





Canada surveys 


 The first published report for Canada was by O’Donoghue and Wilton in 
(1951).  In recent years, cyanoHABs have been reported to be a 
concern for most Canadian provinces, though they remain particularly 
prominent in the prairie provinces (Alberta, Saskatchewan, Manitoba) 
and in the province of Quebec.  In 2010, Health Canada analyzed 
samples from recreational waters, drinking water sources, and treated 
drinking water based upon unpublished data in four Canadian 
provinces.  Total microcystins were detected in many of the blooms 
tested, with concentrations in most samples ranging from 0-1.5 μg/L in 
71% of 138 samples.  A small proportion of samples (4%) had 
concentrations of total microcystin between 1.5 and 5 μg/L, while 25% 
of samples had concentrations greater than 5 μg/L and as high as 2000 
μg/L.  Microcystin was not detected in treated water (Giddings et al. 
2012).  In a published review of cyanobacterial toxins in Canada by 
Kotak and Zurawell (2007) they also concluded that the occurrence is 
widespread.  Most provinces now have programs that will respond to 
cyanoHAB events.  







Great Lakes CyanoHABs 


 Widespread blooms (planktonic and attached, e.g., Cladophora) were a 
recognized impairment in offshore and nearshore areas in the Great Lakes in the 
1960s and 1970s.  Waterblooms dominated by the filamentous, non-cyanotoxin 
producing cyanobacterium Aphanizomenon flos-aquae were also present (Jeff 
Ruetter, Ohio Sea Grant, personal communication 2013).  Concerns at that time 
were based around impaired aesthetics; taste and odor (T&O); foodweb decline; 
fouling of beaches, water intakes and fishing nets; and economic impacts.  
These were addressed largely by targeting total phosphorus (TP) to reduce 
chlorophyll a levels, which was mitigated through reductions in point-source 
nutrient loadings.  In the mid to late 1990’s there was a resurgence in algal 
blooms in parts of the Great Lakes, dominated by cyanobacteria capable of 
producing toxins or harmful metabolites, such as microcystins, compounds that 
were unidentified in the 1970s (Watson and Boyer 2009).  The first presentation 
and publication of this reemergence was by Carmichael (2001) and Brittain et al. 
(2001).  These cyanoHABs were dominated by the unicellular colonial 
microcystin-producing species Microcystis aeruginosa.  







Great Lakes CyanoHAB Surveys 


 Phytoplankton surveys, since 2001, have shown the increasing trend for toxigenic cyanobacteria in the 
Great Lakes and surrounding areas (Barbiero and Tuchman 2001, Boyer 2007, Winter et al. 2011).  One of 
the earliest survey studies that showed the increased presence of microcystins was done by Murphy et al. 
(2003) for Lake Erie.  Water samples were collected in the summer of 2001 for microcystin analysis, 
nutrients and algal enumeration from Hamilton Harbour (Lake Ontario), Wendt Beach (Lake Erie) and 
Presque Isle (Lake Erie).  Microcystin concentrations varied largely. Most levels were below recommended 
guideline values but some, heavy scum found in wind-concentrated areas, were capable of acute poisoning 
if ingested. For example Hamilton Harbor where the waterbloom was >90% Microcystis, primarily M. 
botrys, M. viridis and some M. wesenbergii.  At this location, microcystin-RR was the main microcystin, 
with microcystin-YR and -LR also present.  The two samples of August 17 and September 7, taken during 
the peak of the cyanobacterial bloom, contained 60 and 400 μg/L, respectively of microcystin.  A few dying 
birds were seen in the Hamilton scum.  The concentrations of microcystins at the Lake Erie sites were less 
than 1 μg/L, yet dead birds were common.  


 


 In a Lake Ontario study Makarewicz et al. (2009) surveyed inshore areas for microcystins. Within the 
embayments, ponds, rivers, creeks, shore side, and nearshore and offshore sites of Lake Ontario, 
microcystin-LR concentrations were low in May, increased through the summer, and reached a peak in 
September before decreasing in October. Considerable variability in microcystin-LR concentrations existed 
between and within habitat types within the Lake Ontario ecosystem.. Remedial action plans for 
cyanoHABs were proposed by Watson et al. (2003) for Hamilton Harbor.  One report of anatoxin-a 
neurotoxicosis was reported among dogs at a small lake in Ontario (Hoff et al. 2007). 


 







 


Cruise  Date 
# Samples 


Toxin 
% Samples 


contain Toxin 


Max Level 


μg/L 
Comments 


Brittain Sep-96 44 MC 10 3.4 
Western Basin 


only 


MELEE–VII Jul-02 119 


MC 7 0.7 whole lake; 


highest at 


Sandusky, Long 


Pt., Rondeau 


Bays 


ATX 14 0.04 


PSTs 0 


MELEE–VIII Jul-03 59 


MC 41 0.65 
whole lake; 


highest 


in West Basin & 


Sandusky Bay 


ATX 5 0.11 


Lake 


Guardian & 


OSU 


Aug- 


03 
48 


MC 60 21 West Basin 


only, highest 


number 


Maumee River 


ATX 4 0.2 


MELEE–IX Jul-04 40 


MC 38 >1 
Highest number 


Maumee River 


Sandusky Bay 


ATX 33 0.6 


CYL 0 


Limnos 
Aug- 


04 
13 


MC 85 2.4 


Western Basin 


only 
ATX 31 0.07 


CYL 15 0.18 


MC=Microcystin; ATX=anatoxin-a; PSTs=saxitoxin + neosaxitoxin; CYL=cylindrospermopsin 


Cyanotoxin Levels in Lake Erie from 5 Surveys-Boyer (2007)  







The current status of HABs in the Great Lakes  
Watson and Boyer (2011): 


 


 


Lake Superior – Status: Good 


 There is very little quantitative current information on HABs in Lake Superior.  Severe HAB outbreaks have 
not been documented in Lake Superior, although cyanobacteria, including Microcystis, are detected in 
samples taken during routine monitoring. 


 Lake Michigan – Status: Fair 


 Lake Michigan has a fairly extensive nearshore zone which accounts for a small fraction of the total 
volume.  Yet the nearshore area has a key influence on the lake ecosystem. Cyanobacteria blooms are 
reported in some coastal regions in eutrophic embayments such as Green Bay and Muskegon Bay. 


 Lake Huron – Status: Fair 


 Lake Huron is one of the more oligotrophic of the Great Lakes, yet excessive phytoplankton and potentially 
toxic HABs occur in some nearshore areas, notably Saginaw Bay and Northern Georgian Bay.  


 Lake Erie – Status: Fair to Poor 


 Water levels in Lake Erie typically fluctuate about 36 cm/yr, but in some years up to 50 cm (e.g., 2002).  
There has been a steep decline in levels from a 1997 peak to below average during recent years, with 
significant fluctuations due to climate and storm events.  This, together with the corresponding dynamics 
in the physical and chemical regime, has been accompanied by some disturbing trends in biota and system 
integrity.  Not only does Lake Erie have the most extensive nearshore area, but toxic HABs are a particular 
concern and the focus of several recent studies. 


 Lake Ontario – Status: Fair 


 Lake Ontario has an extensive watershed development and urban input.  Blooms of cyanobacteria and 
related impairments (cyanotoxins, T&O compounds) have been identified recently in some nearshore 
areas.  


 







Great Lakes Human and Animal cyanoHAB Poisonings 


 To locate case reports of cyanobacterial illness and death among animals and 
humans, the author reviewed websites and made contact with persons at the 
Federal, State and Provincial level for all areas adjoining the Great Lakes.  
Results of this search found that only Lake Erie has probable or suspect cases of 
human and animal poisoning from cyanoHABs.  Case definitions provided by the 
Ohio Department of Health are as follows: 


 Case definitions:  


 Suspect: Exposure to water or to seafood with a confirmed algal bloom AND 
onset of associated signs and symptoms within a reasonable time after exposure 
AND without identification of another cause of illness.  


 Probable: Meets criteria for Suspect Case AND there is laboratory 
documentation of a HAB toxin(s) in the water.  


 Confirmed: Meets criteria for a Probable Case combined with professional 
judgment based on medical review.  


 







Lake Erie Human cyanoHAB Cases 


 For Ohio there were 2 probable and 7 suspect cases of human illness on Lake 
Erie in 2010.  In 2011 and 2012 there were no probable or suspect cases of 
human illness (Table 3).  In 2010 no animal illnesses or death were reported for 
Lake Erie (Table 4).  This is the extent of reports from Ohio provided for this 
report.  No other provinces or states provided any case reports that were 
documented per prescribed case definitions as confirmed, probable or suspect.  


 


 In addition—Grand Lake St Marys and Buckeye Lake, Ohio, had 1 each 
“probable” human poisonings in 2010 







Dog Deaths and Bird Illness-Ohio-2010 


 


 *Between July 23 and August 11, Ohio received four reports of dog illnesses associated 
with Grand Lake St. Marys.  The dogs were reported from Mercer County.  Three of the four 
dogs died between July 22 and July 28.  Symptoms included: seizures, diarrhea, vomiting 
and jaundice.  Samples from only one dog were collected, but the histopathology was 
inconclusive due to autolysis (decomposition of the specimen).  Stomach contents were 
negative.  Liver and kidney are being held until they conduct their next validation run (date 
unknown).  Until additional testing is conducted, this case is classified as Probable. 


 On August 3 and August 11, two ill blue herons (Auglaize (1) and Mercer (1)) were reported 
and referred to the Ohio Department of Natural Resources (ODNR).  No conclusion was 
reached as to what caused the illness of these blue herons. 


 On August 20, Athens County Health Department reported two puppies who died on August 
10 and 11 with a 1-2 day onset of lethargy, fever, excessive drooling, vomiting and 
diarrhea.  Dogs displayed clinical signs 1-2 days after exposure to Burr Oak Lake.  Both 
dogs met probable case definition.  


 On August 26, an owner reported that her 6 yr old boxer was acutely depressed, anorectic 
and appeared in pain for 3 days after wading and gulping water from the lake at West 
Branch State Park/Berlin Lake.  Dog had repeated exposure August 5-13.  Owner also 
reported illness.  However, a cyanobacteria bloom was not confirmed for this body of water 
during the dates in question, and therefore the canine and the human illness reports were 
both classified as “not a case.” 


 







Epidemiological Studies-Great Lakes Region 


 Three epidemiological studies have been done on cyanobacteria in recreational waters 
(Stewart et al. 2006, Backer et al. 2008, Backer et al. 2010) in the United States.  The 2008 
study involved a small lake in Michigan and is pertinent to the Great Lakes area.  This study 
did document low levels of microcystins in the water and in aerosol samples.  Respiratory 
viruses were not detected but low levels of E. coli were.  Yearly duration of exposure is 
shorter in those countries (i.e. U.S. and Canada) where the waterbloom growth season is 
shorter (3-6 months) compared to those with milder climates such as Australia and South 
Africa (6-12 months). The other two studies also detected microcystins but no toxicity was 
documented. 


 In Canada one retrospective epidemiological study was done on four lakes in Quebec 
(Impacts de l’exposition humaine aux cyanobactéries, Février 2012).  While not directly 
relevant to the Great Lakes, it does have relevance for the Great Lakes area.  Summary 
points of that study are: 


 There was a positive relationship between contact with bodies of water and GI symptoms 
relative to the numbers of cyanobacteria. 


 Symptoms positively correlated with cell numbers include sore muscles, skin irritation, 
earaches, nausea, diarrhea, stomachache and vomiting. 


 The authors were inclined to conclude cyanobacteria LPS was correlated with the 
symptoms. 


 







Summary 


 Cyanobacteria are a normal part of all ecosystems.  However due to their long evolutionary 
period they can respond to anthropogenic modifications of aquatic environments, including 
nutrient over-enrichment (eutrophication), water diversions, withdrawals, and salinization.  


 For the Great Lakes, nutrient enrichment is particularly important, with the waterbloom 
problems of the 1960’s and 1970’s being due to primarily point-source pollution.  Today 
nutrient loading is coming chiefly from agriculture (2/3) and 1/3 from urban and 
recreational sources.  The current phosphorus increases are a major reason for 
waterblooms of the cyanotoxin-producing cyanobacterium Microcystis. 


 Each of the Great Lakes has documented cyanoHAB events but only Lake Erie has its 
indicator classification for HABs defined as fair to poor. 


  To date, cyanotoxins detected in the Great Lakes are the liver toxins microcystins and 
cylindrospermospin, and the neurotoxins anatoxin-a and saxitoxins (Paralytic Shellfish 
Toxins).  Only in Lake Erie have all of these cyanotoxins been detected with microcystins 
being detected at moderate health risk levels.  In Lake Ontario only microcystins have been 
detected. 


 Exposures to cyanotoxins have led to acute animal and human toxicity and acute lethal 
poisonings in animals and wildlife in many states and provinces of the Great Lakes area.  
Only for Lake Erie have a few cases of human illness and animal (dog) deaths been 
documented. 


 In the Great Lakes, cyanoHABs have caused economic losses to the fishing and recreation 
industries while increasing costs for the treatment of potable water supplies. 
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EPA Human Health Risks Associated with  


Cyanobacteria and Cyanotoxins Exposure Webinar  


May 22-23, 2013 
 


OBJECTIVE 


Through presentations and discussions, gain an in depth understanding of the human health effects associated 


with exposure to cyanobacteria and their toxins in drinking water and recreational waters.   


 


SCHEDULE   DAY 1 – MAY 22
ND 


 


TIME PRESENTATION SPEAKER 


 


9:00 - 9:10 
Welcome 


Elizabeth Doyle, PhD 


Health and Ecological Criteria Division,  


Office of Science and Technology, US EPA 


 


9:10 - 9:15 
Workshop Objectives and Webinar Logistics 


Lesley Vazquez-Coriano, DrPH 


Health and Ecological Criteria Division,  


Office of Science and Technology, US EPA 


 


9:15 - 10:00 


 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: death or itching? 


Ian Stewart, PhD, Research Scientist 


School of Public Health, Griffith University, 


Southport, Queensland, Australia 


 


10:00-10:45 


Human health impacts associated with 


cyanobacteria HABs: summary of a literature 


review prepared for the International Joint 


Commission (IJC), Great Lakes Regional Office 


Wayne W. Carmichael, PhD  


Professor Emeritus, Department of Biological 


Sciences, Wright State University  


10:45-11:00 BREAK 


 


11:00-11:40 


Microcystins- clinicopathological evidence of 


sublethal effects 


Elizabeth Hilborn, DVM, MPH 


Environmental Public Health Division 


National Environmental Effects Research 


Laboratory, Office of Research and Development, 


US EPA 


 


11:40–12:20 


A human intoxication event by cyanotoxins 


during renal dialysis treatment in Caruaru, 


Brazil    


Sandra M. F. O. Azevedo, PhD 


Professor, Laboratório de Ecofisiologia e 


Toxicologia de Cianobactérias, Universidade 


Federal do Rio de Janeiro 


12:20 - 1:00 LUNCH 


 


1:00 - 1:45 


Epidemiology of exposure to cyanobacteria:  


high dose acute and low dose chronic 


Nicholas Osborne, PhD 


Senior Research Fellow, European Centre for 


Environment and Human Health 


University of Exeter Medical School  


 


1:45 - 2:30 


 


State-Based Harmful Algal Blooms 


Surveillance: The Wisconsin Perspective 


 


Mark Werner, PhD 


Division of Public Health, Department of Health 


and Family Services, Bureau of Environmental 


Health, State of Wisconsin  


 


2:30 - 3:10 
2010 HAB Response in Grand Lake St. Marys 


Greg Stein and Laurie Billing 


Community Involvement/Health Education 


Health Assessment Section, Bureau of 


Environmental Health, OH Department of Health  


3:10 - 4:00 Discussion 
Elizabeth Hilborn, DVM, MPH 


Office of Research and Development, US EPA 


4:00pm ADJOURN 







SCHEDULE  DAY 2 – MAY 23
ND


 
  


 


TIME PRESENTATION SPEAKER 


9:00 - 9:45 
Cylindrospermopsin: genotoxin and potential 


carcinogen 


Andrew Humpage, PhD 


Senior Research Specialist in Chemical 


Contaminants 


Australian Water Quality Centre 


South Australia Water 


9:45 - 10:25 
Toxicity studies on Microcystin-LR and 


Anatoxin-a 


John Fawell  


Independent Consultant,  United Kingdom 


10:30-10:45 BREAK 


10:45-11:25 
Regulating cyanotoxins: WHO guidance and 


national approaches 


Ingrid Chorus, PhD 


Head of Department, Drinking-Water and 


Swimming Pool Hygiene 


Federal Environment Agency, Berlin  


11:25-12:10 
Microcystin in the Food Web of the James 


River, a sub-estuary of Chesapeake Bay 


Paul A. Bukaveckas, PhD 


Professor, Department of Biology 


Virginia Commonwealth University 


12:10- 1:00 LUNCH 


1:00 - 1:45 
BMAA and Neurodegenerative Diseases in 


Humans 


Neil Chernoff, PhD 


Environmental Public Health Division 


National Environmental Effects Research 


Laboratory 


Office of Research and Development, US EPA 


1:45 - 2:30 
Florida's Public Health Surveillance Strategies 


for Detection of Cyanobacteria-related Illness" 


Andrew Reich MS, MSPH  


Florida Department of Health 


2:30 - 3:10 Toxic Cyanobacteria in Washington State 


Joan Hardy, PhD 


Office of Environmental Health, Safety and 


Toxicology  


Washington State Department of Health 


3:10 - 4:00 Discussion 
Elizabeth Hilborn, DVM, MPH 


Office of Research and Development, US EPA 


4:00 ADJOURN 


 








Nick Osborne – Uni Exeter 


Epidemiology and Cyanobacteria 







Exposure 


• Marine 


– Recreational 


– Residential 


– Aerosol 


– Food (shellfish, mammals?, reptiles? 


• Freshwater 


– Recreational 


– Potable 


 


 







Outcomes 


• Oral consumption 


– Hepato 


– Neuro 


• Respiratory 


– Red tide 


• Dermal 


– Freshwater 


– Marine 


 


  







Symptoms 


• Gastrointestinal, vomiting, diarrhoea 


• Headache 


• Coughing 


• Skin itch 


• Non-preceise  


• Rarely leads to hospitalisation 







Exposure 


• How do you get a measure of how much people come 


into contact with cyano 


• Bathing 


• Drinking 


• Breathing 


• Eating (shellfish or “lehmu”) 







Ecological 


• Analysis of population rather than individual 


• Ecological fallacy 


– inferences about the nature of individuals are deduced from 


inference for the group to which those individuals belong 







Incidence of Dermatitis 1997-2001 
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Case control 


• Compare exposures between those with symptoms 


• Retrospective questions on exposure 


• Relies on peoples memories 







Cross-Sectional Study 


• Look at exposures and outcomes at single point in time 


• Don’t know if symptom of exposure came first 







Prospective studies 


• Assess cohort (sub-population) prior to exposure 


• See who gets symptoms 


• Expensive 


• Risky if rare event 







Lyngbya majuscula 


• marine cyanobacterium 


• fine strands 10-30cm length 


• drab olive-coloured matted mass 


• photosynthetic & N fixing 


• 40sqkm blooms 


• 450 ton cleared from beach 


• dissappears rapidly 















 


 















Distribution 


• estuarine and coastal waters 


• benthic 


• tropical and subtropical 


• inter-tidal zone to 30m 


• Hawaii, Guam, Mozambique, Curaçao 


• Magnetic Is, Fraser Is, Moreton Bay, WA 







Distribution of L. majuscula 







http://www.anz.com.au/

























Intoxication with Lyngbya 


• oral and g-i inflammation  


• eye and respiratory irritation 


• tumour promoter (chronic exposure) 


 


• rabbitfish intoxication 


• consumption seaweeds (3 fatalities) 


• fatality after consumption turtle meat 


• LC/MS identified lyngbyatoxin A 


 







Comparative toxicity (ip-mouse) 


      mg/kg 


Anatoxin-a(s)   0.02 


Nodularin    0.05 


Lyngbya: DAT   0.15  


Lyngbya: LA   0.30 


Strychnine    0.98 


Arsenic    40.0 


Botulinum toxin A  160 







Pattern of Dermatitis 


• swimming in water turbid with “seaweed” 


• continued wearing of swimsuit 


• gradual onset of itching and burning 


• redness, blistering 3-8 hours after 







Lyngbyatoxin A 


Lyngbyatoxin A
AKA: Teleocidin A-1


19
Lyngbyatoxin C


Lyngbyatoxin B







Aplysiatoxin 


R1 R2 R3  R4
Aplysiatoxin (AT) Br H OH  OH
Anhydroaplysiatoxin Br H OH  absent, C3=C4
Debromoaplysiatoxin (DAT) H H OH  OH
Anhydrodebromoaplysiatoxin H H OH  absent, C3=C4
Manauealide A H Cl OH    OH
Manauealide B H Br OH    OH
Manauealide C H H COCH3  OH


3


4







Other Toxins in Lyngbya 


• Malyngamide A-R     -  fish antifeedant 


• Majusculamide A-D   -  cytotoxic 


• Microcolin A&B          -  immunosuppressant 


• Curacin A-D                -  anti-mitotic 


• Lyngbyastatin             - disrupts microfilament networks 


• Laxaphycin A&B         - cytotoxic 


• Geosmin    -  off flavours and odours 







Lyngbya induced epidemics 


• 1958 Hawaii, Laie Bay, Kaaawa, Waimanalo 


• 1968 Okinawa  


• 1976 Hawaii, Laie Bay 


• 1980 Hawaii 


• 1983 Hawaii, Maui 


• 1986 Hawaii, Oahu 







Oahu - Hawaii 







Lyngbya in QLD 


• examine Queensland L. majuscula for toxicity 


• isolation and characterisation of toxins 


• mouse ear swelling test 


 


• assess health risks associated with exposure  


• commercial fishers 


• recreational waters 







Historical perspective 


• First noted 1911 


• Blanket weed know in the 1950s (stockings) 


• 1997 blooms of cyano began around SE Qld. 


• Fisher complained of being unable to fish 


• Some complained of skin rashes 


• Known to the locals but not visitors 







Toxicology 


• collect alga 


• wash, freeze, lyophylise 


• extract with acetone 


• purify on silica gel column 


• LC / MS characterisation 







Fast acting toxins: LA and DAT 


  







Queensland Lyngbya  


• DAT and LA both present  


• LA may have an epimers (activity) 


• Differential distribution 


• LA most common 


• DAT found only in Pumistone Passage 







Moreton Bay 







Toxins in Moreton Bay (ug/kg) 


            Deception Bay    Amity Banks


LA DAT LA DAT


20-Jan 436 4843


28-Feb 2 16588


14-Mar 35208 0


15-Mar 26249 n/a


25-Mar 23046 0


5-Apr 35598 247


5-Apr 1238 499







Public Health 


• Commercial fishers 


• Recreational water users 


• Consumers of fish/shellfish 


• Consumers of marine reptiles/mammals 







Dermatitis in recreational water users 


• effect of sewage outfalls in ocean 


• schistozomatitis infestations in lakes 


• exposure to cyanobacteria 


 







Recreational exposure to cyanobacteria 


• sailing, angling, windsurfing, canoeing 


 


• effect of cyanobacteria not significant 


 


• freshwater microalgae 







Recreational Water Users: Prospective 


study 


• Fraser Is, Rainbow Beach, Bribie Is 


• interview on health and water exposure 


• follow up phone interview  


• evaluate change in health status 







Bribie Island study  


• Mailed questionnaire to 5000 residents 


• 27% response rate 


• 78% reported recreational water activity 


• Questions included: 


• no. people effected 


• exposure time 


• body area effected 


• onset of dermatitis 


• healing time-frame 


• cost 


• Effect washing 


• previous allergies/asthma 


• Knowledge of Lyngbya 


 


 







Demographics 


UQ survey ABS 1996


age 57.14 50


% male 51.66 47.93


no. in house 2.34 2.2


% unemployed 1.37 5.31


% not in workforce 62.88 51.57







Comparison of survey replies and ABS Statistics


0


5


10


15


20


25


30


35


40


1 (18-29) 2 (30-44) 3 (45-59) 4 (60-74) 5 (75-90)


age group


% in 


age group


UQ survey


ABS Bribie Is 1996







Water contact
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Sex Differences in Skin Complaints
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Water Exposure  Increases 


Symptoms
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Level of exposure immedeately 


before symptom
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What does this mean? 


• skin complaints after swimming/surfing/diving 


• 25.5% of those entering water have skin complaints 


• 46.5% of people aged 18-29 had skin complaints 


• 10% moderate skin complaint 


• 4% severe skin complaint 


 


 


 


 


 







Study Lacks 


• measure of Lyngbya 


• measure of exposure to Lyngbya 


• measure of toxicity of Lyngbya 


 







Knowledge 


 


• 71.2% know of Lyngbya & actively avoid contact 


• having heard of Lyngbya did not significantly reduce 


likelihood of skin irritation 


• Of those reporting symptoms: 


• 94% return to same location 


• 66% wouldn’t change behaviour 


 







Caveats 


• other irritants 


• no chemical &/or biological irritants? 


• no pathogenic bacteria present 


• use of wetsuit wears to control for stingers 


• use of sun safety behaviour to control for sunburn 


 







Summary 


• Fraser Is. incident occurred over short period of time 


• developed model for Lyngbya irritation outbreaks 


• commercial fishers actively avoid Lyngbya 


• greater water contact led to higher incidences of skin 


irritation – Lyngbya? 







Model of Lyngbya risk 


EPIDEMIC 


weather 


Calm & hot 


No. people in water 


Growth of L. majuscula 


Rough seas 


Mobilises L. majuscula 


Toxicity increase 
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Thank you for listening 


Please feel free to contact if you have any questions 








May 2013 US EPA Webinar 


Photo: Grand Lake St. Marys 


St. Marys, Ohio 2010 







Cyanobacteria, often called blue-green algae, are not 


algae but singled-celled bacteria that photo-


synthesize like a plant. 


 
Naturally found  


in Ohio lakes, ponds,  


and slow-moving  


streams. Also found  


in brackish and     


Marine waters. 


 
 


 Burr Oak State Park 


Glouster, Ohio 2004 







Individual microscopic bacteria can sometime 


form visible colonies or bundles of filaments in 


clusters of cells that can form mat-like layers.  


 


Scioto Trail State Park 


Chillicothe, Ohio 2010 







Grand Lake St. Marys 


St. Marys, Ohio 2010 


Scioto Trail State Park 


Chillicothe, Ohio 2010 


Burr Oak State Park 


Glouster, Ohio 2004 


Lake Erie shore 


 Ohio 2010 







Although not all species of cyanobacteria produce 
toxins, massive growth of some species of blue- 
green algae can result in Harmful Algal Blooms  
(HABs). 


 
Cyanobacteria can produce neurotoxins (which affect 
the nervous system) and hepatotoxins  
(which affect the liver) and dermal toxins (which  
affect the skin).  
 
Scientists do not fully understand what causes the 
same species of algae to trigger toxin production 
during one bloom and not produce toxin during the 
next. 


 







Safe Levels: 
WHO established a safe level of 


microcystin in drinking water  at 1.0 ppb 


and 20.0 ppb for recreational waters.  
 


Note:  There are currently no drinking 


water or recreational safe level standards 


for the other  cyanotoxins listed in the 


above chart (Nov 2010)  











Grand Lake St. Marys (GLSM), located in NW Ohio is 


Ohio’s largest inland lake @ 13,000 acres. 


Cel i na Wat er  Pl


ant  Int ake 


Campgr ound  


Beaches 







In the Summer of 2009 


there was elevated 


levels of microcystin 


(Planktothrix bloom 


~82ppb). 
 


In June of 2010 new 


toxins were detected 


(Saxitoxin, Anatoxin-a, 


Cylindrospermopsin)  


Photo: Grand Lake St. Marys 


St. Marys, Ohio 2010 







July 2010: Highest levels of microcystin detected (>250 ppb 


up to 2,000 ppb). Associated with subsequent significant 


blooms of microcystis. 


  Initial community 


concerns and  complaints 


in June & July centered  


on unpleasant odors, 


dead fish and the 


appearance of scums on 


the lake.  
 


July – August 2010:               


1st reported illness 


persons and animals. 
Photo: Grand Lake St. Marys 


St. Marys, Ohio 2010 







Camp Wilson, Silver Lake, aka Lake Mac O’ Chee, is a 


YMCA camp near Bellefontaine, OH reported an illness 


event of staff and campers who recreated in the camp 


lake.  Microcystin levels >1,000 ppb and 19 confirmed 


cases of staff/kids who presented at local ER with 
gastrointestinal-type illness as well as rashes.  







A multi-agency workgroup was established with 


representatives from the ODH, Ohio EPA, Ohio Dept. 


of Natural Resources (ODNR), Ohio Dept. of 


Agriculture.  
 


ODH contacted the following national/ international 


HAB experts and requested their assistance: 


 CDC/NCEH : Lorraine Backer  


 USGS: Keith Loftin 


 Wright State University Professor (retired):   


Wayne Carmichael 







 CDC/NCEH developed the Harmful Algal Bloom-


related Illness Surveillance System (HABISS). This 


system collects data on human and animal illnesses 


following exposures to harmful algal blooms (HABs). 


 ODH team collaborated with our CDC/NCEH partners 


to modify existing interview forms and case definitions 


for Ohio human and animal HAB-related illness 


reports.  


 Interviews were conducted by local public health 


nursing and epidemiology staff.  


 







 Suspect: Exposure to water or to seafood with a 


confirmed algal bloom AND onset of associated 


signs and symptoms within a reasonable time after 


exposure AND without identification of another 


cause of illness. 


 Probable: Meets criteria for Suspect Case AND 


there is laboratory documentation of a HAB toxin(s) 


in the water.  


 Confirmed: Meets criteria for a Probable Case 


combined with professional judgment based on 


medical review.  











Body of 


Water 


Toxin 


Reported? 


County of 


Body of 


Water 


Probable 


 


Suspect 


 


Lost to 


follow-up 


 


Not a Case 


 


Totals 


Burr Oak Yes Athens 7 7 


Grand Lake 


St. Marys 


Yes Auglaize & 


Mercer 


8 1 12 21 


Lake Erie Yes Multiple 2 7 1 10 


Lake Mac 


O’Chee 


Yes Logan 19 19 


Deer Creek Yes Pickaway & 


Madison 


3 3 


Berlin Lake 


Reservoir     


(US ACE) 


No   Mahoning & 


Portage 


1 1 


Lake Alma Yes   Vinton 2 2 


Lake Hope NO 


(bloom only) 


Vinton 1 1 


Statewide 


totals 


41 8 1 14 64 







 July 30 and August 6 ODH HAN messages 
• “Lake Advisory: Harmful Algal Blooms”  


• “Harmful Algal Bloom-related Illness Reporting,” including 


Human and Animal Illness report forms. 


 Outbreaks: 6 water bodies had 2 or more illness 


reports (n=48) 


 Symptoms most frequently reported (n=48): 


 


 


 


rash 50.0% 


nausea 41.7% 


vomiting 39.6% 


diarrhea 33.3% 


abdominal cramps 27.1% 











Body of 


Water 


Toxin 


Reported? 


County of 


Body of 


Water 


Probable Suspect Not a Case Totals 


Grand Lake 


St. Marys 


Yes Auglaize & 


Mercer 


4* 4 


Lake Loramie Yes (low 


microcystin) 


Shelby 1 1 


Burr Oak Yes Athens 2 2 


Berlin Lake 


Reservoir 


(US ACE) 


NO Mahoning & 


Portage 


1 1 


East Harbor Yes (low 


microcystin) 


Ottawa 1** 1 


Statewide 


totals 


7 2 9 


Domestic Animal   


HAB Illness Reports, 2010, Ohio 







 August 5 


• Joint memorandum from Ohio Department of 


Health and Ohio Department of Agriculture State 


Veterinarians to Ohio Veterinarians outlining 


reporting procedures, testing, and diagnostic 


support. 







July 23 through August 11: 


• 4 reports of dog illnesses following exposure to the lake 


water. Three of the four dogs died (between July 22 and 


July 28).  


• Symptoms included: seizures, diarrhea, vomiting and 


jaundice.  


• Samples from one dog were collected, but results were 


inconclusive due to autolysis (decomposition of the 


specimen). Stomach contents were negative.  


August 3 and August 11:  


• 2 ill blue herons were reported and referred to the Ohio 


Department of Natural Resources (ODNR). 


 







August 10 and 11  


• 2 puppies died following clinical signs (lethargy, fever, 


excessive drooling, vomiting and diarrhea) 1-2 days 


after exposure to Burr Oak Lake.  Both dogs met 


probable case definition. No zoonotic samples were 


submitted for laboratory analysis. 







August 26 
• Report of a 6-yr-old boxer, acutely depressed, 


anorectic and in pain for 3 days after wading and 
gulping water from Berlin Lake at West Branch 
State Park. Dog had multiple exposures August 5–
13. Owner also reported illness. Neither bloom nor 
toxin was confirmed for this water body. Both were 
classified as “not a case.” 


September 8 
• Report of a Labrador with water exposure at East 


Harbor (Lake Erie), and subsequent decline 
including hemolytic anemia. Neither bloom nor 
toxin was confirmed for this water body, therefore 
this report was classified as “not a case.” 


 







 Time delay between report and illness/exposure 


prevented verification of blooms in some instances. 


 Geography 
• Larger water bodies with few sampling points but multiple 


exposure points. 


 Case definitions are essentially diagnosis of exclusion. 


 Medical evaluation 
• Not all who were reportedly ill sought medical care. 


 HABISS online data entry time-intensive. 


 Funding 
• Water testing reactive rather than routine surveillance for bodies 


of water due to costs.  


• No funds to hire dedicated staff. 


 Testing 


• Lack of a CLIA-certified human assay for confirmation. 


 







 Ohio local public health 


epidemiologists and 


nursing staff 


 Dr. Lorraine Backer, NCEH 


 Dr. Deanna Manassaram, 


NCEH 


 Northern Ohio Poison 


Center 


 Central Ohio Poison 


Center 


 Cincinnati Drug and 


Poison Information Center 


 


 


 Ohio EPA, Division of 


Surface Water 


 Ohio Department of 


Natural Resources 


 Dr. Tony Forshey, ODA, 


State Veterinarian 


 Dr. Kathy Smith, ODH, 


ZDP, State Public Health 


Veterinarian (now ret.) 


 Marika Mohr, ODH, ORBIT 


 Dr. Mary DiOrio, ODH, 


State Epidemiologist 


 ODH Recreation Program 


 







We discovered that there was very little information 


available for the public and medical provider 


community and that the information that was 


available was full of variability and uncertainty.  







Initial concerns and complaints:  


 dead fish  


 scums on the lake 


 unpleasant odors  


 
 


Photo: Grand Lake St. Marys 


St. Marys, Ohio 2010 







General fact sheet on Cyanobacteria and HABs 


http://www.odh.ohio.gov/odhPrograms/eh/hlth_as/chemfs1.aspx  



http://www.odh.ohio.gov/odhPrograms/eh/hlth_as/chemfs1.aspx

























Communications Toolkit Includes:  
 


  Key Public Health Messages (messages for local public 


health officials) 
 


  Frequently Asked Questions (an FAQ based upon what 


questions have been asked) 
 


  Two Template Press Releases (draft press releases for 


our local public health partners to use) 
 


  Facebook and Twitter Messages  







The State of Ohio has launched a new Web site www.Ohioalgaeinfo.com  


as a one-stop shop for harmful algal bloom information in Ohio.   


 


On the Web site you can see a list of current advisories and sampling data,  


a report on the potential algal blooms, and get tips about harmful algal blooms. 


 


Do you know what a harmful algal bloom is?  If your answer to the question is no, visit 


www.ohioalgaeinfo.com to learn about how to protect yourself.  


 


Thinking about visiting an Ohio beach this weekend?   Be sure to check if there is a harmful algal bloom 


advisory posted by visiting www.ohioalgaeinfo.com.  


 


Did you know that harmful algal blooms are caused by bacteria and not by algae?  Learn more by visiting 


http://www.odh.ohio.gov/~/media/ODH/ASSETS/Files/eh/HAS/BlueGreenAlage.ashx  


 


This summer avoid contact with waters that have advisories posted or anywhere the water is pea green, 


has a floating bright green scum, or is generally discolored. Also remember: When in doubt, stay out! 


 


Pets that have been swimming in an area with an algae bloom may ingest significant amounts of toxins by 


licking their fur after leaving the water. Do not let your pets swim or drink in water where a harmful algal 


bloom is present.   If your pet does come into contact with HAB-contaminated water, thoroughly rinse them 


with clean, fresh water.   Take your pet to the veterinarian if you think it has been poisoned by the toxins in 


the water. 



http://www.ohioalgaeinfo.com/

http://www.ohioalgaeinfo.com/

http://www.ohioalgaeinfo.com/

http://www.odh.ohio.gov/~/media/ODH/ASSETS/Files/eh/HAS/BlueGreenAlage.ashx





 (140 character limit): 


Do you know what a harmful algal bloom looks like?  Click here: 


http://www.odh.ohio.gov/~/media/ODH/ASSETS/Files/eh/HAS/photosofalgaeblooms.ashx to see 


images of blooms that have occurred in Ohio. 


 


Ohio has 3 types of advisories that may be posted at public bodies of water. Learn more about what 


they mean at www.Ohioalgaeinfo.com 


 


This summer avoid contact with waters that have advisories posted or anywhere the water is pea green 


or has a floating green scum.  


 


The State has launched a new Web site www.Ohioalgaeinfo.com as a one-stop shop for harmful algal 


bloom information in Ohio. 


 


Did you know that harmful algal blooms are caused by bacteria and not by algae? Learn more: 


www.Ohioalgaeinfo.com 



http://www.odh.ohio.gov/~/media/ODH/ASSETS/Files/eh/HAS/photosofalgaeblooms.ashx

http://www.ohioalgaeinfo.com/

http://www.ohioalgaeinfo.com/

http://www.ohioalgaeinfo.com/





Cyanobacteria, often called blue-green algae, are bacteria that are naturally found in Ohio lakes, ponds, 


and slow-moving streams. Although many species of algae do not produce toxins, some species of blue-


green algae can cause Harmful Algal Blooms (HABs). This HAB informational video provides pictures of 


blooms and information on advisories. http://www.youtube.com/watch?v=XF-j8hdMQOY    



http://www.youtube.com/watch?v=XF-j8hdMQOY

http://www.youtube.com/watch?v=XF-j8hdMQOY

http://www.youtube.com/watch?v=XF-j8hdMQOY





















 Robert Frey, Ph.D. Geologist, Principle Investigator 


 Laurie Billing, MPH, Epidemiologist  


John Kollman, MS, RS, CIH, Toxicologist 


 Greg Stein, Community Involvement/Health Ed. 


Ohio Department of Health 
Health Assessment Section 
35 E. Chestnut St. 
Columbus, Ohio 43215 
(614) 466-1390 
greg.stein@odh.ohio.gov  








  


Priority setting for hazard 


assessment in recreational waters 


affected by freshwater 


cyanobacteria: Death or Itching?  
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  Premise: That the current knowledge   


    base on the epidemiology of   


    recreational exposure to   


    cyanobacteria is not fit for the  


    purpose of determining risk   


    management priorities and   


    responses 
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  Premise: That the current knowledge   


    base on the epidemiology of   


    recreational exposure to   


    cyanobacteria is not fit for the  


    purpose of determining risk   


    management priorities and   


    responses 


 


Consequential premise:  That near-term future efforts should  


    be directed towards understanding  


    the clinical epidemiology of   


    severe morbidity arising from acute  


    exposure to cyanotoxins in   


    recreational waters 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 







  


Challenges for field epidemiology of recreational 


exposure to cyanobacteria: 
 


Diverse range of adverse health outcomes: “Omnibus epidemiology” 


Ephemeral nature of blooms 


Biomarkers: exposure, outcome, susceptibility 


Recruitment and follow-up 


Mechanistic toxicity of the cyanotoxins: neurotoxins, hepatotoxins 


Parking-lot science? 


 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 







  


Cutaneous reactions to freshwater cyanobacteria / 


cyanotoxins: 
 


Epidemiology: poorly understood, from a very low base 


 


“Humans are affected with a range of symptoms including skin irritation, stomach 


cramps, vomiting, nausea, diarrhoea, fever, sore throat, headache, muscle and 


joint pain, blisters of the mouth and liver damage.” Agrawal A & Gopal K (2013) Chapter: Toxic 


cyanobacteria in water and their public health consequences, in: Biomonitoring of water and waste water Springer 


India 


 


 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 







  


Cutaneous reactions to freshwater cyanobacteria / 


cyanotoxins: 
 


Epidemiology: poorly understood, from a very low base 


 


“Recreational exposure by skin contact or inhalation to microcystins is now 


recognized to cause a wide range of acute illnesses which can be life-threatening.” 


de la Cruz AA et al (2013) Anticancer Agents Med Chem 11(1):19-37 


 


The above statement can be challenged: exposure to MCs in recreational 


waters resulting in life-threatening illness is likely to have occurred by the 


ORAL EXPOSURE ROUTE 
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Cutaneous reactions to freshwater cyanobacteria / 


cyanotoxins: 
 


Excluding consideration of the Lyngbya majuscula-related toxins: 


 


The important freshwater cyanotoxins are water soluble: microcystins, 


saxitoxins, cylindrospermopsin, anatoxin-a, nodularin 


 


Therefore systemic intoxication via the dermal exposure route during 


natural exposure conditions in individuals with intact skin barrier function is 


unlikely 
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Experimental evidence for systemic intoxication via the 


dermal exposure route: 


 


Lethal intoxication of guinea pigs by MC-LR and 


saxitoxin (separately) via dermal exposure 
Wannemacher RW Jr et al (1987) In Progress in venom and toxin research: proceedings of the 1st Asia-Pacific 


Congress on Animal, Plant and Microbial Toxins; Singapore Edited by: Gopalakrishnakone P, Tan CK. 


Faculty of Medicine, National University of Singapore, in collaboration with the International Society of Toxinology, 


Asia-Pacific Section pp.718-724. 


 


BUT these were highly artificial exposures, using the 


polar aprotic solvent DMSO as a vehicle 
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Experimental evidence for cutaneous reactivity via the 


dermal exposure route: 


 
 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 


CYN 100ppm in 70% EtOH 


Control: 70% EtOH 


Stewart I et al (2006) BMC Dermatol 6:5 


No evidence of systemic intoxication by CYN 



































  


Cutaneous reactions to freshwater cyanobacteria / 


cyanotoxins: 
 


Understanding of cutaneous reactivity to freshwater cyanobacteria 


in humans is largely based on anecdotal reports 


 


Prevalence / incidence essentially unknown, but probably low 


 


Weak evidence for irritant reactions from freshwater planktonic 


cyanobacteria; majority likely to be allergic reactions 


 


Willingness to tolerate minor cutaneous reactions from recreational 


water exposure to cyanos has not been investigated 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 







  


Cross-sectional design 


Randomised controlled design 


Case-control design 


Cohort design 


Common epidemiological study designs 







  


Epidemiology of recreational exposure to freshwater 


cyanobacteria / cyanotoxins: 
 


Reviews of formal studies & anecdotal and case reports: 
 


 


Stewart I, Webb PM, Schluter PJ, Shaw GR (2006) Environ Health 5:6 


 


 


Stewart I, Carmichael WW, Backer LC, Fleming LE, Shaw GR (2011) 


in: Encyclopedia of Environmental Health pp. 776-88  


 


See also: Stewart I et al (2009) Environ Health 8:52 
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Epidemiology of recreational exposure to freshwater 


cyanobacteria / cyanotoxins: 
 


Pilotto et al (1997) Aust N Z J Public Health 21:562-6 


 


Of 22 logistic regression models run: 


 


One model is uninterpretable (OR=1.87, CI 0.68 to 1.54)  


 


Only one model is significant (OR 3.44, CI 1.09 to 10.82): exposed 


group n = 93, unexposed group n = 43 


 


Increased symptom reporting at 7 days but not at 2 days 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 







  


Epidemiology of recreational exposure to freshwater 


cyanobacteria / cyanotoxins: 
 


Biomarkers of exposure: toxins (?) 


 


Biomarkers of outcome: ??? 


 


Prospective epidemiology needs to be more focused and targeted: 


cutaneous reactivity, inhalational exposure. Problem of omnibus 


epidemiology 


 


Mechanisms of toxicity vary widely across cyanotoxin groups: 


channelopathies, protein phosphatase inhibition, ACh agonists, 


anticholinesterases 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 







  


Epidemiology of recreational exposure to freshwater 


cyanobacteria / cyanotoxins: 
 


 


Clinical epidemiology of cyanotoxin-related acute illness:  


 


Diagnostic investigations, therapeutic interventions, natural history, 


follow-up 


 


n-of-1 studies ?? 


 


Thorough and comprehensive case reports and case series 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 







  


Epidemiology of recreational exposure to freshwater 


cyanobacteria / cyanotoxins: 
 


Case report: 19yo jet-skier, Argentina 


 


Acute respiratory and G-I S&S; febrile, hepatic insufficiency, bil. 


lower lobe pneumonia, hypoxaemia, hypercapnia 


 


Required IPPV, supportive treatment 


 


Discharged after 20 days, 8 days in ICU 


 
Giannuzzi L et al (2011) Mar Drugs 9(11):2164-75 
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Epidemiology of recreational exposure to freshwater 


cyanobacteria / cyanotoxins: 
 


Case report: 39yo windsurfer, UK 


 


Investigated 6 weeks after exposure; LFTs, liver biopsy 


 


MC isolated from reservoir, sheep & dog deaths 


 
Probert CS et al (1995) Arq Gastroenterol 32(4):199 
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Epidemiology of recreational exposure to freshwater 


cyanobacteria / cyanotoxins: 


 


Cyanobacterial neurotoxins? 


 


Measure nerve conduction deficit? 
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Epidemiology of recreational exposure to freshwater 


cyanobacteria / cyanotoxins: 


 


Cyanobacterial neurotoxins? 


 


Measure nerve conduction deficit? 


 


 
 
 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 


Image attribution: Vloka JD et al (1999) 


Internet J Anesthesiol Vol3N4 







  


CONCLUSIONS 


 


Prospective field epidemiology is unlikely to address 


information gaps for severe acute intoxications following 


recreational exposure to cyanobacteria 


 


Detailed clinical investigations can inform about 


predisposing risk factors, exposure route/s, natural 


history of disease, diagnostic support, pharmacotherapy 


and follow-up of severe acute illnesses 


 


Outreach programs targeting high-risk conditions, risky 


behaviours 


 


Priority setting for hazard assessment in 


recreational waters affected by freshwater 


cyanobacteria: Death or Itching? 
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Presentation Overview 


• Describe the current  
Harmful Algal Blooms (HAB) program 
 


• Discuss routes of exposure and typical 
symptoms 
 


• Provide a summary of 2009, 2010, 2011 
and 2012 health complaints and 
sampling results 
 


• Describe integration with Environmental 
Public Health Tracking 
 


• Opportunity for Questions 
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What is the HAB Program at 
DHS? 


• Identify, evaluate and report cases of human 
and animal health events related to 
cyanobacteria in Wisconsin 
 


• Develop outreach capacity to support case 
reporting and increase awareness of the 
health issues related to cyanobacteria 
 


• Coordinate water sampling with regional 
DNR staff 
 


• This project is supported by a cooperative 
agreement with the Centers for Disease 
Control and Prevention 
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• Direct contact with Division of Public 
Health (DPH) staff via e-mail or phone 
 


• Report a Case through DPH website 
dhs.wisconsin.gov/eh/bluegreenalgae 


 
• Wisconsin Poison Center (WPC) 


automated email case notification 
 


• Department of Natural Resources 
(DNR), local public health or lake 
association referral 


How Do We Learn About 
Illnesses? 



http://www.dhs.wisconsin.gov/eh/bluegreenalgae/
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Automated Case Reporting Process 


Case report 
is faxed to 


DPH 


WPC 
sends 


monthly 
summary 
of cases 


Email 
generated 


to DPH 
staff with 


case 
description 


WPC 
Receives 
a HAB-
related 


call 


DPH 
contacts 


caller for full 
case 


description 


Time 


Partnership with the WI Poison Center 
(WPC) 
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DHS and 
DNR decide 


jointly 
whether an 
H2O sample 
in warranted 


DNR provides 
local public 
health with 
H2O results 


DHS 
contacts 
local and 


state DNR 
staff 


DHS 
receives 
an illness 
complaint 


H2O sample 
is collected 
by regional 
DNR lakes 


staff 


Time 


Pre-beach season: H2O sampling kits are “staged” at regional DNR 
offices throughout the state 


Response Timeline 


H2O sample 
is analyzed 
by WI State 


Lab of 
Hygiene 


State Lab 
reports 


H2O 
sampling 
results 
back to 


state-level 
DNR 


Local 
public 
health 
issues 
health 


advisories 
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Community Outreach 


• Presentations at local, state and national 
public health events, local lakes 
associations, DNR lakes meetings 
 


• Educational materials distributed at local 
and statewide events 
 


• YouTube  
Video 
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Public Health Messaging 
 


• Don’t swim where water is discolored or 
where you see foam, scum or algal mats 
 


• Shower after swimming in lakes, rivers and 
ponds 
 
• Keep pets out of soupy, green water or 
where you see foam, scum, or mats of algae 
 
• If dogs swim in scummy water, rinse them off 
immediately - do not let them lick the algae off 
their fur  
  
• Respect water-body closures and health 
advisories 
 







12 


1. Skin Contact  
 
Direct contact with algae-laden water can cause:  
 
• Rash 
 


• Hives 
 


• Skin blisters (especially on the areas under 
swimsuits) 


Routes of Exposure 
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2. Ingestion  
 
Swallowing water where an algal bloom is present can 
cause: 
 
• Abdominal pain 
 


• Diarrhea  
 


• Vomiting 
 


• Nausea 
 


• Numb lips, tingling fingers and toes, or            
dizziness  
 


Cases of dog deaths often include salivation, 
weakness, difficulty breathing and convulsions 


Routes of Exposure 
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3. Inhalation  
 
Inhaling water droplets (either through 
irrigation or recreational activities) from water 
experiencing an algal bloom can cause: 
 
• Flu-like illness 
 


• Respiratory Irritation (runny eyes and 
nose, a sore throat) 
 


• Asthma-like symptoms 
 


 
 


Routes of Exposure 
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Routes of Exposure and Case 
Reporting 


Year Health Complaints 


2009 37 reports of illness (2 canine) 
2010 27 reports of illness 
2011 36 reports of illness 
2012 33 (5 canine) 


Symptoms # of Reports 
Dermal Rash 31 
Respiratory Irritation 24 
Gastrointestinal Distress 56 
Cold/flu-like illness 37 


• Dermal Contact: Direct contact with algae-laden water  
 
• Inhalation: Inhaling water droplets (either through     
irrigation or recreational activities)  
 
• Ingestion: Swallowing water where an algal bloom is 
present 
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HAB Sampling Response 


Year HAB Sampling Events 


2009 13 
2010 6  (1 non-standard) 
2011 11 (2 non-standard) 
2012 13 (2 non-standard) 


• DNR staff use standardized kits for sampling 
 


• Non-standard samples have been received from DNR 
wardens and from veterinarians 
 


Year High Risk 
Cells > 


100,000/ml 


Moderate 
Risk 


Cells 20,000-
100,000/ml 


Toxins  
Detected 


2009 6 3 9 
2010 2 1 2 
2011 6 3 7 
2012 6 3 6 
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This map highlights the 15 Wisconsin counties that reported algae-related illnesses to 
Wisconsin Department of Health Services between 2009 and 2011 
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Dunn 
County: 26 
cases 
Microcystin-
LR, 
Microcystin-
LA detected 
in Lake 
Menomin; 
Anatoxin-a, 
Microcystin-
LA detected 
in Tainter 
Lake 


Winnebago 
County: 7 cases, 
cyanobacteria cell 
counts in excess of 
2 million cells/ml  


Dane County: 
12 cases 
Microcystin-LR, 
Anatoxin-a 
detected in 
Lake Kegonsa; 
Microcystin-LR, 
Anatoxin-a 
detected in 
Lake Mendota 


Adams County: 
20 cases 
Microcystin-LR,  
Microcystin-LA, 
Microcystin-YR 
detected in 
Petenwell flowage 


Counties Reporting the Highest Number of Algae-related Illnesses 
2009-2011 
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Environmental Public Health 
Tracking (EPHT) 
 


• Development of HAB indicators 
 


• Piloting by other states 
 


• Provides platform and infrastructure for   
  consistent surveillance on a multi-state basis 
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Questions? 
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