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Study Site 


Chesapeake Bay 


• largest estuary in USA; 


• 3rd largest estuary in the 


world. 


James River 


• southern-most sub-estuary 


of CB;  


• third largest by discharge 


and nutrient load. 







James River Long-term Monitoring 


VA Department of Env. Quality (1980–present) 


 River & Point source Inputs (daily discharge, 


monthly & episodic chemistry) 


 Estuarine water quality including nutrients & CHLa 


(monthly at 12 stations) 


 Phytoplankton Communities (monthly at 3 stations) 


 Higher trophic levels    


 (occasional surveys) 







Harmful Algal Blooms in the James 


region of chronic 


cyanobacterial blooms 


region of periodic 


dinoflagellate blooms 







Algal Blooms in the James: Why here? 


Persistent blooms 


occur in the region 


where the James 


transitions from a 


narrow, deep 


channel to a wide 


shallow channel. 


Shallow areas 


provide more 


favorable light 


conditions which 


enhance algal 


growth. 
Sampling locations for VCU weekly 


monitoring (2010-present). 


see Bukaveckas et al. (2011) Estuaries & Coasts 







Studies on Microcystin in James 


 1980-2010: none 


 2011: water (weekly at 5 stations May-October) 


 2012: water (as above), sediments (monthly at 3 


stations), fish & shellfish tissue samples 


(monthly at one site) 


 


 







Methods: Toxins & Toxin Producers 


Phytoplankton Community 


Cyanobacteria Diatoms Chlorophytes 


Toxic Strains Non-toxic Strains 


Toxin producing Dormant 


Cell counts, CHLa 


Cell counts, pigments 


(phycocyanin) 


mcyA, mcyD genes  


Microcystin 







Methods: Fish & Shellfish Tissues 


 Common species sampled monthly (~75 individuals)  


 Livers and Muscle dried, ground, extracted in 75% Methanol, 


centrifuged and supernatant diluted to < 5% Methanol (Wilson et 


al 2008, Garcia et al 2010). 


 Samples processed with Abraxis© ELISA Microcystin Kit  


 Recovery efficiency: Muscle ~80%, Liver ~75% (comparable to 


literature values: 50-114%).  All blanks returned 0. 


Threadfin Shad 


Gizzard Shad 


Atlantic Menhaden 


Blue Catfish 


YOY Gizzard 


Clams (Rangia) & crabs  


also collected 







Microcystin in the James (2011) 
0


20,000


40,000


60,000


10-May 31-May 21-Jun 12-Jul 2-Aug 23-Aug 13-Sep


ce
lls


/m
l


0


20


40


60


80


100


10-May 9-Jun 9-Jul 8-Aug 7-Sep


C
H


La
 (


u
g/


L)


0


2


4


6


8


M
ic


ro
cy


st
in


 (
u


g/
L)


Cyanobacteria


CHLa


Microcystin
Drinking 


standard 


Contact 


standard 







Microcystin in tidal fresh James 2012 


 Detected in 104 of 105 water samples during May 


through October.  


 Detected in 11 of 60 sediment samples during same 


period. 


 Detected in 254 of 379 (67%) individuals for fish and 


shellfish. Highest incidence of Microcystin contamination 


in blue crabs (viscera = 100%; muscle = 64%).  







HAB Events 2012 


Continuous monitoring of cyanobacteria-specific pigments (phycocyanin) was 


found to be a useful predictor of toxin events. 
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Tracking Toxin Producers 
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CHLa correlated with 


Microcystin, but low predictive 


power. 


Cyanobacteria cell densities 


and copy numbers for mcyD 


gene significantly related to 


Microcystin (with strong 


threshold effects). 


The number of copies of the 


toxin-coding gene was 20% of 


the total number of 


cyanobacteria gene copies.  


This proportion was higher 


(40%) during periods of 


elevated toxin concentration 


(July and August).  







Blue Catfish 
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Microcystin in Fishes of the James 







Microcystin in Fish Tissues 
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Seasonal patterns for fish tissues follow water column Microcystin 


concentrations, but toxin persists over-winter when undetected in water. 







Microcystin in Shellfish 


May Jun Jul Aug Sep Oct  


Toxin levels in blue crab muscle tissue exceeded WHO TDI guidelines in 


August (viscera concentrations exceeded TDI in all months). 







Microcystin & Human Health Concerns in 


James River Estuary 


 High concern: blue crabs exceed WHO TDI 


guidelines. 


 Moderate concern: water column concentrations 


exceed standards for finished drinking water but not 


recreational contact. 


 Low concern: fish tissue concentrations below TDI, 


low levels in game species. 


 







Research Activities: 2013 


 Continued monitoring of algal blooms and toxins 


in water and biota of the Upper James 


 Toxic effects of Microcystin on plankton, 


shellfish, and fish. 


 Downstream transport of toxin (to saline estuary) 


Policy implications: Do current 


CHLa-based water quality 


standards and associated nutrient 


caps protect against impairments 


arising from cyanotoxin events? 








BMAA and Neurodegenerative 


Diseases in Humans 
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Topics to be covered 


 
• ALS/PDC (lytico-bodig) (Amyotrophic Lateral 


Sclerosis/Parkinsonism/Dementia Complex on Guam 
and elsewhere) 


 


• History of research on ALS/PDC  


 


• The rise and fall and rise of the BMAA-
neurodegenerative disease hypothesis 


 


• Questions re: the hypothesis 


 


• Alternate hypotheses 







Kii Peninsula, Japan 


Guam 


Irian Jaya, New Guinea 







Research on Guam ALS/PDC 


 
• 1936 – Okaya (first report of ALS/PDC) 


 


• 1952 – Koerner (clinical aspects of ALS) 


 


• 1954 – Kurland and Mulder (epidemiology of ALS) 


 


• 1961 – Hirano et al. (clinical aspects of PDC) 


 


• 1962 – Lessell (epidemiology of PDC)  


 


Note: All of the above scientists/doctors considered 
ALS/PDC to be a distinct disease re: ALS,  







Postulated Etiologies 
 


• Cycasin/MAM – Kurland (1972); MAM – Spencer et al. 


                                                                                    (1991)  


• Calcium deficiency – Yase (1979) 
 


• Cycad consumption – Reed et al. (1987). 
 


• BMAA – Spencer et al. (1987) – Cox et al. (2005) 
 


• Trace elements – Gajdusek (1990) 
 


• Magnesium deficiency – Durlach et al. (1997) 
 


• Tau Gene – Poorkaj et al. (2001) 
 


• Sterol- β -glucosides – Khabazian et al. (2002) 
 


• BMAA-neurotoxicant synergisms – Lobner et al. (2007) 


 







Rise of BMAA hypothesis-#1 
 


• Rao et al. (1963) – Isolated BOAA an amino acid that was 


linked to lathyrism (a paralytic disease in humans due to 


ingestion of the chickling pea).  


 


• Vega and Bell (1967) – Identified BMAA in cycads – noted 


similarity to BOAA and suggested that BMAA might play a 


role in cycad neurotoxicity. 


 


• Reed et al., (1987) – Food was only link to ALS/PDC on 


Guam. 


 


• Spencer et al. (1987) – High dose, acute exposure in 


Rhesus Monkeys produced symptoms similar to ALS. 


 







Fall of BMAA hypothesis-#1 
 


• Duncan et al., 1990 – Cycad flour that was washed 
repeatedly, as is done on Guam, contains very little BMAA.  
The quantities that would have to be eaten to gain similar 
levels of BMAA as used by Spencer were so high, the idea 
of cycad flour BMAA causing ALS/PDC was untenable. 







Epidemiology studies utilizing human brain 


tissues 
 


• Murch et al. (2004) – 8 Chamorros (Guam natives) 


+ 15 Canadians. 


• Pablo et al. (2009) – 45 people from Florida: 13 


ALS; 12 AD; 8 HD; 12 non-neurological disease.   


 


   Tissues were analyzed for the presence of BMAA 


and BMAA was identified in 32/33 ALS or AD 


patients vs. 4/35 without either disease when the 


data from the above studies are combined. 







BMAA: A localized toxin becomes a potential 


worldwide menace 
 


• Nostoc is a symbiont in diverse plant species 


and produces BMAA in 8/11 tested.  BMAA was 


identified in 23/30 cycad species globally 


 


• BMAA is produced by a majority of 


cyanobacterial species/genera: 


 12/12 in England (Cox et al., 2005); 20/26 in South 


Africa (Esterhuizen et al., 2008); 18/18 in Portugal 


(Cervantes-Cianca et al., 2011). 







Epidemiology studies utilizing live humans 
 


• Caller … Stommel et al. (2009) – Cluster of ALS 


patients in a New Hampshire town that 


encompassed a lake.  Authors state: 


 “We suggest that the high incidence of ALS in 


this potential cluster could be directly related to 


chronic exposure to cyanobacterial neurotoxins 


such as BMAA.” 


  







 


• Among species identified as producing BMAA in 


significant quantities are Cylindrospermopsis 


raciborskii and Prochlorococcus marinus.   


  


 The former is a rapidly spreading, invasive 


species that forms year-round single-species 


blooms in the U.S. and Mexico (and probably 


many other locations).  It is also one of the 


highest BMAA producers in the Cox et al. study. 


 


 The latter is a picoplanktonic marine 


cyanobacterium that is probably the most 


numerous and important species on the planet.  


It constitutes over 50% of the biomass in 


temperate oceans. 







BMAA and bioaccumulation: 


 Flying foxes are not unique 
 


• BMAA bioaccumulates in Daphnia, often the 


most common zooplankton and major source of 


food for numerous fish species (Lurling et al, 


2010). 


 


• BMAA also bioaccumulates in marine fish and 


invertebrates: Baltic Sea (Jonasson et al., 2010);  


and Florida Bay (Brand et al., 2010).  The tissue 


levels found in Florida waters were, in the case of 


blue crabs, puffer fish, and grunts, equal to or 


greater than those found in flying foxes, ≥ 


3700ug/g.  







The BMAA hypothesis: A few questions 
 


1.The fundamental question is whether ALS/PDC is 


related to ALS, P, and AD, or is it a distinct 


disease with symptoms of all three diseases 


depending on the affected parts of the brain? 


 


• The rapid progression of ALS/PDC is very 


different than the progression of the individual  


diseases in all other regions of the world. 


• The combination of diseases that is the norm in  


ALS/PDC is extremely rare elsewhere. 


• Neurofibrillary tangles are seen all regions of the 


brain in ALS/PDC but are generally either not 


seen (ALS) or seen in characteristic areas  


 (Alzheimer’s and Parkinson’s).  







2. BMAA is found worldwide because a 


majority of cyanobacteria generate it.  Or 


do they? 
 


• In addition to the studies listed above that found 


BMAA in a variety of cyanobacterial species, 


there are several that did not find BMAA: 


Papageorgiou et al., 2009 (0/12) 


 Kruger et al., 2010 (0/30) 


 







3. BMAA levels have been analyzed in 


tissues/cells since the beginning of the 


research: Are the methods used accurate?  


Do they reflect the forms of BMAA found? 
 


• Is there a single optimal method for analyzing 


BMAA – both free and “protein-associated” 


forms? 


• Are there studies that can be invalidated 


because of their methodology? 


• What is the nature of the protein associated 


BMAA?  Is it “loosely” associated by chemical 


charge or is it incorporated into proteins as an 


amino acid?  


 







4. The relationship between BMAA and 


ALS/PDC has been predicated on the 


consumption of flying foxes, and data 


showing the population of these animals 


dropping has been used to explain the 


reduced incidence of ALS/PDC on Guam. 
 


• Humans are not the only species to have 


consumed flying foxes on Guam.  Another 


species invaded Guam (around 1950) and 


devastated the endemic fauna – birds, mammals 


and reptiles.  How much did this invader affect 


the flying fox populations as compared to 


humans?  


 







5. The BMAA hypothesis is highlighted, in 


part, by the Stommel epidemiology study, 


as well as well as Cox et al. (2009) who 


postulated a link between BMAA in desert 


air & increased ALS in Gulf War veterans.   
 


• The Stommel paper suggests a causal 


relationship between BMAA from a lake, and 


ALS.  Where is the evidence of that occurring in 


any other similar environments? 


• Why was almost no BMAA found in normal 


human tissues if BMAA is ubiquitous?  Were the 


techniques improper, the sensitivity too low, or 


some other reason for this discrepancy? 







 


• If the Cox desert air inhalation hypothesis is 


correct, one might expect ALS to be far more 


common than it is, given the global occurrence 


of BMAA in food, water and air. 


• Why were Montine et al (2005) unable to find 


BMAA in brains of Pacific Northwest and Guam 


people who had ALS or Alzheimer’s? 


• The ALS/PDC seen on the Kii peninsula and in 


Irian Jaya has been attributed to the use of 


cycads in folk medicine - as poultices for cuts 


and abrasions in Irian Jaya, and ingestion of 


seeds for a variety of ailments in Japan.  What 


has not been addressed is the question of 


whether these uses are unique to these limited 


localities where  ALS/PDC is seen. 







6. Are there validated animal models for 


neurotoxicological effects induced by 


BMAA? 
 


• It is universally agreed that a validated animal 


model for BMAA effects would be a tremendous 


asset – both providing compelling evidence of 


the validity of the central hypothesis, and 


enabling researchers to ask questions that 


cannot be asked with human populations.  The 


problem is that there is little agreement between 


published studies using animals.   







Postulated Etiologies - Current 
 


• MAM – Spencer et al. (1991)  
 
• Cycad consumption – Reed et al. (1987). 


 


• BMAA – Cox et al. (2005) 
 


• Sterol- β -glucosides – Khabazian et al. (2002) 
 


• BMAA-neurotoxicant synergisms – Lobner et al. (2007) 
 


 


 







Methylazoxymethanol (MAM) 
 


MAM is a metabolite of cycasin, a neurotoxic and 
carcinogenic glucoside produced by cycads.  It is 
suspected of inducing a neurological disease in cattle 
that eat cycads – the “Zamia staggers”.   


The basic theory advanced by Spencer and Kisby is that 
MAM exposure early in life produces molecular damage 
that results in altered gene expression systems.  This 
damage will manifest itself as carcinogenicity in dividing 
cells and long-term neurodegeneration in central nervous 
systems cells that do not divide.  The long latency 
between exposure and disease occurrence is the result 
of a slow build-up of damage to a system that has 
significant  redundancy.  Currently, this hypothesis 
remains largely untested, especially using in vivo 
systems. 


 







Sterol- β -glucosides  
 


Shaw, Wilson and Khabazian et al. have strongly 
disagreed with the BMAA hypothesis and have, instead, 
focused on a group of putative toxins that are not 
removed from flour with washing.   These toxins are 
sterol β-D-glucosides (BSSG); chemicals derived from 
glucose.   


Glucosides are common in plants, and some are known 
to be toxic.  These workers theorize that the toxicity seen 
in mice fed washed cycad flour is due to these insoluble 
chemicals that exert a neurotoxicity basically due to 
glutamate excitotoxicity.  They have noted several types 
of toxicity in both in vivo and in vitro systems and 
measured high levels of BSSG but have not been able to 
relate BSSG exposure in mice to glutamate excitotoxicity 
that might be responsible for the observed neuronal loss.  
The research on these glucosides is interesting but not 
yet at a point where we can conclude that they play a 
definitive role in ALS/PDC.    


 


 







Summary and Conclusions  
 


• There are three major current theories concerning the 
Guam ALS/PDC.  Two of these – the Spencer/Kisby and 
the Shaw/Wilson research groups – appear to have 
focused on the Guam experience and toxins present in 
cycads that are not removed from flour with washing;  
while the third (Cox et al.) still considers BMAA as a 
potential causal factor in neurodegenerative diseases 
worldwide. 


 There is not currently sufficient evidence to conclusively 
validate any of these hypotheses in terms of causing 
ALS/PDC or the separate diseases.  There have been 
three thorough government-sponsored reviews of the 
BMAA hypothesis [ Sundh et al. (2007) TemmaNord 
(Scandinavia); Rumsby et al., (2008) DEFRA/DWI 
(England); Papageorgiou et al. (2009) WQRA (Australia)].  
All of these reviews as well as Faison et al. E.P.A. (U.S.) 
agreed that there is not sufficient evidence to link BMAA 
with neurological diseases; many critical data gaps 
exist; and there is no current need for regulatory action. 
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Regulating cyanotoxins: WHO guidance  


and national approaches  


 
 


 


Ingrid Chorus  


Federal Environmental Agency, Germany /  


WHO Collaborating Centre for research on drinking-water hygiene 
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National approaches WHO Guidance: Water Safety Plans 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


ICTC VIII 2010 in Istanbul: 
http://www.umweltdaten.de/publikati


onen/bilder/4390.jpg  
 


• Argentina 


• Australia 


• Canada 


• Cuba 


• Denmark 


• Finland 


• France 


• Greece 


• Italy  


• Netherlands 


• New Zealand 


• Poland 


• Singapore 


• Spain 


• Turkey 


• Uruguay 


• USA 


Tab. 1: Drinking-


water 


 


Tab. 2: Recreation 


 


 


 


 


 


 


 


2005 report 


includes some  


other countries: 


http://www.umwel


tbundesamt.de/ub


a-info-


medien/2910.html  



http://www.umweltdaten.de/publikationen/bilder/4390.jpg

http://www.umweltdaten.de/publikationen/bilder/4390.jpg

http://www.umweltbundesamt.de/uba-info-medien/2910.html

http://www.umweltbundesamt.de/uba-info-medien/2910.html

http://www.umweltbundesamt.de/uba-info-medien/2910.html

http://www.umweltbundesamt.de/uba-info-medien/2910.html

http://www.umweltbundesamt.de/uba-info-medien/2910.html

http://www.umweltbundesamt.de/uba-info-medien/2910.html

http://www.umweltbundesamt.de/uba-info-medien/2910.html
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Development of regulatory approaches through: 


increasing awareness through different combinations of activities, e.g. 


• long-standing phytoplankton and/or cyanobacterial monitoring 


programmes,  


• cyanotoxin research activities,  


• public information,  


• programmes for reducing eutrophication in order to improve the 


ecological quality of aquatic habitats.  


gradual transition from collecting information to taking action ! 


WHO Guidance: WPS National approaches, general 
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• The role of risk-based management frameworks is increasing:  


e.g. for drinking-water: Australia, France, Finland, New Zealand, Singapore;  


for recreation: if regulations or guidance available, the basis is some sort of 


assessment of bloom likelihood; in Europe based on the ‚bathing water 


profiles‘ demanded by EU bathing-water directive 


Where applied, they often use some parameter reflecting the concentration 


of cyanobacterial biomass: cell numbers, biovolumes, cyanobacterial 


pigment (phycocyanin, detectable by fluorometry). 


Values guide responses (e.g. intensified monitoring) or interventions (e.g. 


upgrading treatment) 


• Most countries that regulate cyanotoxins use some „number“, i.e. : guideline 


values, standards, maximum acceptable values, maximum acceptable concen-


trations, health alert levels – sometimes explicitly designated as ‚provisional‘. 


WHO Guidance: WPS National approaches, general 
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„Risk-based“ approaches in regulations: 


use defined values for cyanotoxin concentrations, but are not driven by  


compliance; rather, they focus on  


• understanding of potentially occurring hazards in specific, individual 


supply systems  


• the system’s efficacy in controlling them,  


• development of management plans to ensure controls are working,  


• emergency and contingency strategies exist,  


• lines of communication are clear,  


• assessments as well as records of system performance are 


documented.  


 


regulatory approach requires a comprehensive management system, 


within which guideline values determine the target.  


WHO Guidance: WPS National approaches, general 
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• Most countries that regulate cyanotoxins use some „number“: guideline values, 


standards, maximum acceptable values, maximum acceptable concentrations, 


health alert levels – sometimes explicitly designated as ‚provisional‘. 


• Point of departure for MCYST is provisional WHO GV of 1 µg/L or underlying 


TDI of 0.04 µg/kg body-weight, sometimes with some national adaptations (for 


amount of water consumed and/or typical body-weight); range is 1.0-1.5 µg/L 


• Some regulate explicitly only MCYST-LR; others keep it vague; yet others use 


the value for MCYST-LR as default value for other MCYSTs as well. 


• Other toxins „regulated“ – though not as legally binding standards – in some 


countries include CYN (1 μg L-1 in Australia and New Zealand or 15 μg L-1 in 


Brazil), STX (3 μg L-1 in Australia, New Zealand and Brazil) or ATX-a  


(3.7 μg L-1 in Canada, 6 μg L-1 in New Zealand) 


 


WHO Guidance: WPS National approaches: drinking-water  
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Increasing demand for a WHO Guideline value for 


Cylindrospermopsin because  


-  found frequently also in temperate climates (albeit at low 


levels, < 1-2 µg/L) 


- high extracellular fraction challenges drinking-water treatment 


- can be very persistent; slow biodegradation! 


 


• Having a WHO GV available can allow countries NOT to define 


their own ! 


WHO Guidance: WPS National approaches: drinking-water  
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• Guidance is usually based on a parameter reflecting cyano-


bacterial biomass. 


• Biomass levels set are guided by limits for MCYST; target is to 


avoid exposure to potentially hazardous concentrations.  


• MCYST as basis is justified because of high concentrations 


accumulationg in scums. 


• Where MCYST concentrations are used to trigger interventions, 


they range from 12.5 to 100 µg/L. 


• Debate about whether neurotoxins are the more relevant risk 


because of pronounced acute toxicity (see animal deaths): 


acute intoxication from ingesting scum could reach acutely 


hazardous levels more readily than with MCYST. 


• Benthic mats on stream surfaces, detaching, as risk: included in 


New Zealand framework; proposed for Cuba.  


WHO Guidance: WPS National approaches: recreation  
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EU draft Bathing-water Directive 


Article 8   Cyanobacterial risks: 


1. When the bathing water profile indicates a potential for cyanobacterial 


proliferation, appropriate monitoring shall be carried out to enable 


timely identification of health risks. 


2. When cyanobacterial proliferation occurs and a health risk has been 


identified or presumed, adequate management measures shall be 


taken immediately to prevent exposure, including information to the 


public. 


WHO Guidance: WPS National approaches: recreation  







10 


ANNEX III   THE BATHING WATER PROFILE 


1. The bathing water profile referred to in Article 6 is to consist of: 


(a) a description of the physical, geographical and hydrological 


characteristics of the bathing water, and of other surface waters in the 


catchment area of the bathing water concerned that could be a source 


of pollution, which are relevant to the purpose of this Directive and in 


accordance with Directive 2000/60/EC; 


(b) an identification and assessment of causes of pollution that might 


affect bathing waters and impair bathers’ health; 


(c) an assessment of the potential for proliferation of cyanobacteria 


(d) an assessment of the potential for proliferation of macro-algae and/or 


phytoplankton 


WHO Guidance: WPS National approaches: recreation  







11 


WHO Guidance for recreational exposure – proposed: 


Guidance level or situation How guidance level was derived Health risks 


Guidance level 1: 


Cyanobacterial scums in 


areas used for recreation 


From oral animal lethal 


poisonings and case histories of 


human illness;  


cyanotoxin concentrations may 


be in the range of mg/L in heavy 


scums 


Potential for acute poisoning 


Potential for long-term illness 


after exposure to some 


cyanotoxins 


Guidance level 2: 


>15 mm³/L cyanobacterial 


biovolume 


or  


>50 μg/L chlorophyll-a with 


dominance of cyanobacteria 


From provisional TDI for 


microcystin-LR  and data on 


other cyanotoxins;  


cyanotoxin concentrations may 


exceed 50 µg/L 


Potential for long-term illness 


after exposure to some 


cyanotoxins, particularly with 


frequently repeated exposure 


(e.g. at daily intervals)  


Potential for rapid increase of 


risk if scums form 


Guidance level 3: 


3 – 15 mm³/L cyanobacterial 


biovolume 


or  


10 – 50 μg/L chlorophyll-a with 


dominance of cyanobacteria 


From provisional drinking-water 


guideline for microcystin-LR 


and data on other cyanotoxins; 


cyanotoxin concentrations may 


reach up to 25-50 µg/L 


Low risk, except for predis-


posed persons with allergy;  


Potential for rapid  increase 


of risk in large water-bodies if 


scums form  
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Define health-based targets 


System assessment:  


can the supply chain, from catchment to consumer, 


meet the health-based targets at all times ? 


Monitoring 


the measures critical for controlling the system 


Management and communication plans 


 for normal operations and incidents 


Independent surveillance  


to verify the functioning of the system 


W


S


P 


GOV 


GOV 


WHO Water Safety Framework  
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Water Safety Plans 


1. Support of leading management 


2. Forming a Water Safety Plan team 


3. Describe water supply (flow chart) 


WHO water safety plan: preliminary steps / prerequisites 
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Define health-based targets 


System assessment:  


can the supply chain, from catchment to consumer, 


meet the health-based targets at all times ? 


Defining and Monitoring 


the measures critical for controlling the system 


Management and communication plans 


 for normal operations and incidents 


Independent surveillance  


to verify the functioning of the system 


W


S


P 


GOV 


GOV 


WHO Water Safety Framework  
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Health based target, e.g.  


10-6 DALY per person or  


„no illness through cyanos“ 


WHO water safety plan: setting targets, system assessment 
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Define health-based targets 


System assessment:  


can the supply chain, from catchment to consumer, 


meet the health-based targets at all times ? 


Defining an dMonitoring 


the measures critical for controlling the system 


Management and communication plans 


 for normal operations and incidents 


Independent surveillance  


to verify the functioning of the system 


W
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P 
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GOV 


WHO Water Safety Framework  
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N 


 


O 


 


F 


 


U 


 
assessment 


 


uncertainty 


 


Humans / 


animals 


 


Illness 


indicating 


cyanotoxins 


 


  


 
  


 
  


 


  


 
  


 
  


 


Cyanotoxins   
> 1 µg/L  


 


Observed in 


water-body 


 


  


 
  


 
  


 


  


 
  


   


 


Cyanobacterial


proliferation 


 


Visible blooms, 


green turbidity 


 


  


 
  


 
  


 


  


 
  


   


 


Cyanobacterial 


biomass  


> 1 mm³/L or  


1 µg/l Chl.-a  


 


Microscopy, 


Chl.-a analyses 


Pigment 


fluorescence 


 


  


 
  


 
  


 


  


 
  


 


  


 


N = no indication, O = occasional, F = frequent, U= uncertain information basis 


 


Direct indication 


WHO Water Safety Framework: System and Risk Assessment  







18 N = no indication, P= probable, Y = yes, U= uncertain information basis 


 


Water-body conditions 


 


N 


 


P 


 


Y 


 


U 


 
Assessment ? 


 


Uncertainty ? 


 
General 


condition 


of water-


body 


 


e.g. eutrophic, deep 


with stable thermal 


stratification or 


shallow, mixed? 


retention time > 1 


month ? 


 


  


 
  


 
  


 
  


 


  


 
  


 


Current 


conditions 


in water-


body 


 


e.g. elevated 


temperature;  


stratified?  


TP-conc. > 10-30 µg/L; 


 low transparency ? 


 


  


 
  


 
  


 
  


 


  


 
  


 


... ? ... 


 


... ? ... 


 


  


 
  


 
  


 
  


 
  


 
  


 


WHO Water Safety Framework: System and Risk Assessment  
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C = control quite certain, P= probable, N = control not given,  


U= uncertain information basis 


 


Nutrient loading 


 


C 


 


P 


 


N 


 


U 


 


Assessment 


 


Uncertainty 


 


Assessment by catchment 


inspection 


 


  


 
  


 
  


 
  


 
  


 
  


 


Assessment through measuring 


and/or modelling nutrient loads 


 


  


 
  


 
  


 
  


 
  


 
  


 


WHO Water Safety Framework: System and Risk Assessment  
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Y = Yes, P = Partially, N = No, U = lack of information 


 


Bank Filtration   


Slow Sand Filtration 
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Assessment 


 


Uncertainty 


 


Oxidising conditions 


 


  


 
  


 
  


 
  


 
  


 
  


 


Travel time > 4 weeks 


 


  


 
  


 
  


 
  


 


Fine-grained substrate 


 


  


 
  


 
  


 
  


 


Temperature > 10 C 


 


  


 
  


 
  


 
  


 


Low accumulation of 


lysing cells on sediment 


 


  


 
  


 
  


 
  


 


… ? ... 
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Y = Yes, P = Partially, N = No, U = lack of information 


 


Reservoir offtake 


strategy 


Y 


 


P 


 


N 


 


U 


 


Assessment 


 


Uncertainty 


 


Is offtake depth / site 


variable ? 


  


 
  


 
  


 
  


 


  


 
  


 


Is offtake continuously 


monitored for cells  


(e.g. fluorescence; particle 


counting; turbidity; daily 


sampling and microscopy)? 


  


 
  


 
  


 
  


 


Can adaption of offtake sites 


effectively avoid cell intake  


  


 
  


 
  


 
  


 


…. ? ... 
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Y = Yes, P = Partially, N = No, U = lack of information 


 


Drinking-water  


Treatment 


Drinking-water  


Treatment 


Y 


 


Y 


 


P 


 


P 


 


N 


 


N 


 


U 


 


U 


 


Assessment 


 


Assessment 


 


Uncertainty 


 


Uncertainty 


 


No pre-oxidation Step 
  


 
  


 
  


 
  


 


  


 
  


 
  


 


Flocculation and Filtration 
  


 
  


 
  


 
  


 


Flocculation and Flotation 
  


 
  


 
  


 
  


 


Post-oxidation 
  


 
  


 
  


 
  


 


Powdered activated carbon 
  


 
  


 
  


 
  


 


GAC          (granular activated 


carbon filtration) 


  


 
  


 
  


 
  


 


… ? ... 
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Define health-based targets 


System assessment:  


can the supply chain, from catchment to consumer, 


meet the health-based targets at all times ? 


Defining and Monitoring 


the measures critical for controlling the system 


Management and communication plans 


 for normal operations and incidents 


Independent surveillance  


to verify the functioning of the system 


W


S


P 


GOV 


GOV 


WHO Water Safety Framework  
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1. Determine the measures critical for controlling the 


system “control measures” 


2. For each, determine operational limit not to be 


exceeded 


3. Determine monitoring system for that limit 


4. Determine corrective action in case the limit is 


exceeded 


WHO water safety plan: defining control measures 
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Chorus (ed.)  2001 
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raw water
with cells


raw water
filtered


% cell-bound


Microcystis or Planktothrix agardhii in the raw water (biovol. 19 mm³/L in 


one case, otherwise < 2 mm³/L;         flocculation and rapid filtration 


Example treatment: Rostock treatment plant – 


microcystin in raw and filtered water 


Microcystis or Planktothrix agardhii in the raw water  


(biovolume once 19 mm³/L, otherwise < 2 mm³/L;          


flocculation and rapid filtration) 
1. Control Measure: 


Filtration 


2. Operational limit: 


turbidity (fluorescence) 


threshold level 


3. Monitoring system: 


continuous on-line 


turbidity (fluorescence) 


reading 


4. Corrective action if 


limit is exceeded: 


immediate filter 


backwashing 


WHO water safety plan: control measure example treatment 
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Date  MCYST 


concen-


tration 


Reservoir 


surface 


offtake  


(17 m) 


14.07.98 Cell-bound 75 0.30 


Dissolved 0.01 n.d. 


21.07.98 Cell-bound 566 0.10 


Dissolved 0.13 0.02 


28.0.7.98 Cell-bound 0.05 0.23 


Dissolved 3.63 0.07 


05.08.98 Cell-bound 0.28 n.d. 


Dissolved 0.11 0.02 


Example offtake: Microcystins in Deesbach Reservoir 


Heavy Microcystis blooms, abstraction at 15 – 20 m 


1. Control Measure: 


Manage offtake depth in 


relation to scum 


2. Operational limit not to 


be exceeded ? Pigment 


fluorescence signal at 


offtake depth 


3. Monitoring system for 


that limit ? Continuous 


recording of vertical 


profiles of fluorescense 


4. Corrective action ? Shift 


of offtake depth 


WHO water safety plan: control measure example offtake 
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1982 at TP ~ 300 µg/L 


Chl.-a 60-100 µg/L  
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WHO water safety plan: control measure example P-load 
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Can nutrient loading from the catchment be defined and 


monitored as WSP cpntrol measure ? 


Target: Total P < 30 – 40 µg/L in the lake 


2. Control Measure(s) ? Usually more than one: 


 –  sewage effluent 


 –  fertiliser and manure application  


 –  land use and erosion protection measures 


3. Operational limits ? maximum TP concentrations in sewage effluent; 


nutrient budgets; % vegetation cover 


4. Monitoring systems ? Yes, but often not online: 


5. Corrective action ? Usually not as immediate as in technical systems 


WHO water safety plan: control measure example P-load 
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Define health-based targets 


System assessment:  


can the supply chain, from catchment to consumer, 


meet the health-based targets at all times ? 


Monitoring 


the measures critical for controlling the system 


Management and communication plans 


 for normal operations and incidents 


Independent surveillance  


to verify the functioning of the system 


W


S


P 


GOV 


GOV 


WHO Water Safety Framework  
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hazardous 


event 


hazard risk;  


basis for 


assess-


ment 


uncertainty 


of 


assessment 


control 


measures 


residual 


risk;  


basis for 


assess-


ment 


uncertainty 


of 


assessment 


measures 


Case 1: 


Microcystis 


bloom 


MCYST 


in DW at 


several 


µg/L 


high; 


conc. in 


previous 


blooms 


 


low; good 


understanding 


of WB from 10 


years data 


WHO Water Safety Plans: Worked Examples 
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hazardous 


event 


hazard risk;  


basis for 
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ment 


uncertainty 


of 


assessment 


control 


measures 


residual 


risk;  


basis for 


assess-


ment 


uncertainty 


of 


assessment 


measures 


Case 1: 


Microcystis 


bloom 


MCYST 


in DW at 


several 


µg/L 


high; 


conc. in 


previous 


blooms 


 


low; good 


understanding 


of WB from 10 


years data 


1. DW 


treatment 


(ozone + 


GAC); 


 


medium; 
experience 


with MCYST, 


removal but 


no 2. barrier! 


low; MCYST, 


was always 


effectively 


removed; 


literature 


confirms this 


1.  


mainten-


ance ozone 


and GAC;  


 


WHO Water Safety Plans: Worked Examples 
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hazardous 


event 


hazard risk;  


basis for 


assess-


ment 


uncertainty 


of 


assessment 


control 


measures 


residual 


risk;  


basis for 


assess-


ment 


uncertainty 


of 


assessment 


measures 


Case 1: 


Microcystis 


bloom 


MCYST 


in DW at 


several 


µg/L 


high; 


conc. in 


previous 


blooms 


 


low; good 


understanding 


of WB from 10 


years data 


 


2. farm ma-


nagement 


medium; 
fertilisation 


management 


plans are just 


beginning to 


work 


low; good 


loading model; 


confidence in 


prediction of 


load 


development 


2. 


Strengthen 


collabora-


tion with 


farmers 


WHO Water Safety Plans: Worked Examples 
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hazardous 


event 


hazard risk;  


basis for 


assess-


ment 


uncertainty 
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assessment 
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residual 


risk;  
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of 
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Case 1: 
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bloom 


MCYST 


in DW at 
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µg/L 
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conc. in 


previous 


blooms 


 


low; good 


understanding 


of WB from 10 


years data 


1. DW 


treatment 


(ozone + 


GAC); 


2. farm ma-


nagement 


medium; 
experience 


with MCYST, 


removal;  


 2. barrier just 


beginning 


low; MCYST, 


was always 


effectively 


removed;  


good load 


models 


1. mainten-


ance ozone 


and GAC;  


2. catch-


ment 


Case 2: 


Planktothrix 


agardhii 


proliferation 


 


Cyano-


toxins;  


MCYST 


high; 


Secchi < 


0.5 m; 


greenish 


high; 


no phytopl. or 


cyanotoxin 


data  


Poor  


DW treat-


ment insuf.; 


intensive 


farming 


high high; 


no phytopl. 


or 


cyanotoxin 


data  


1. Phyto-


plankton 


analyses 


2. Introduce 


bank filtrat. 


WHO Water Safety Plans: Worked Examples 
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hazardous 
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analyses 


2. Introduce 


bank filtrat. 


Case 3: 


Planktothrix 


rubescens 


at offtake 


high 


MCYST 


intake 


high; lit. = 


contain a 


lot 


medium; 


cell data but 


no tox data 


Variable 


offtake 


medium; 


winter mix; 


Only PAC 


medium; 


no own data 


 


1. tox data  


2. catchm. 


WHO Water Safety Plans: Worked Examples 
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Define health-based targets 


System assessment:  


can the supply chain, from catchment to consumer, 


meet the health-based targets at all times ? 


Monitoring 


the measures critical for controlling the system 


Management and communication plans 


 for normal operations and incidents 


Independent surveillance  


to verify the functioning of the system 


W
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P 


GOV 


GOV 


WHO Water Safety Framework: Challenge for Governments  
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Current national approaches: 


• Increasingly many countries address cyanotoxins and 


cyanobacteria in their guidance and/or regulations. 


• Cyanotoxin Standards or Guideline Values are important for 


setting targets, and they can be translated into targets for 


cyanobacterial biomass, nutrient concentrations, or nutrient 


loads. 


• Risk-based approaches are increasingly emerging. 


WHO Water Safety Framework and Water Safety Plans:  


The upcoming tool for implementing systematic, site-specific 


approaches for effective management 


Defining regulatory requirements for WSP is challenging,  


surveillance of implementation is particularly challenging ! 


Summary: 
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Thank you for your attention ! 








Toxicity of Microcystin-LR and 


Anatoxin a 


John Fawell 







Background 


• Significant cyanobacterial blooms in 


England and Wales at the end of 1990s. 


• Toxicity in domestic and farm animals 


from scums. 


• Concern for public and for drinking 


water. 


• Very few data on toxicity. 


 







Next Steps 


• Primary toxin identified was Microcystin- 


LR. 


• Other Microcystins present but LR the 


most toxic. 


• Some Anatoxin a also seen but quite 


rarely.  


• Need for toxicity data. 







Developing Toxicity Data 


• To develop guidelines for recreation and 


drinking water need good data. 


• That implies using pure compound so 


no interferences and unknowns. 


• Studies carried out to GLP so 


equivalent to a regulatory submission 


for an industrial chemical. 







Problems 


• Not much pure compound available for 


either toxin. 


• Need to design studies within the 


constraints of what was available. 


• Much of data already available was 


from administration by intraperitoneal 


injection. 







Approach to minimising quantity 


• Use the mouse. 


• Need oral data so oral gavage. 


• 13 weeks for Microcystin-LR 


• 28 days for Anatoxin a 


• Developmental toxicity 


• Also comparison of oral and IP acute 


toxicity in mouse and rat. 







Experimental 


• Mouse- Cr1:CD-1(ICR)BR strain (VAF 


plus) 


• Rat- Cr1:CD(SD)BR(VAF plus) 


• Material dosed in aqueous solution. 


 







Acute Study M-LR 


• 5 male and 5 female mice and rats oral 


gavage 500, 1580 or 5000 µg/kg bw. 


• Mice only, IP at 50, 158 or 500 µ/kg bw. 


• Approx LD50s and survivors observed 


for 14 days, necropsied and lung and 


liver histopath. 







Acute result 


• Mouse IP – LD50 between 50 and 158 


µg/kg. All died at 158 none at 50. Steep 


curve. 


• Mouse oral – about 5000 µg/kg. One F 


died at 1580, 2 M and 1 F at 5000. 


• Rat oral – 1M died at 5000 so LD50 


greater than 5000 µg/kg 


• Pathology as expected. 







13 week repeat dose study 


• Dose ranging study over 14 days. 


• Groups of 5 Male and 15 Female mice dosed by oral 


gavage daily for 13 weeks 


•  Vehicle control, 40, 200 or 1000 µg/kg. 


• Clinical observation, food consumption & body 


weights. Eye exam. Blood in final week for 


haematology and biochemistry. 


• High dose all tissues for histopathology plus lungs, 


liver and kidney from other groups plus any gross 


lesions at necropsy. 







13 week results 


• Top dose 1 F died and 1 M humanely killed. 


• Body weights no dose response. Males all down cf 


controls but only 7%. F 29% increase in mean BW 


gain in mid dose. 


• Haematology – slight but sig increase in top dose 


females in haemoglobin, RBC, PCV. 


• Biochemistry – top dose high AP and transaminases 


and mid males transaminases. Male reduction in total 


protein and albumin sig at top two doses. 


 







Histopathology 


• Treatment related change only in liver. 


• Predominantly top dose. 


• Similar but less marked lesions in a few 


mid-dose. 


• Nothing in control or low dose. 







Conclusion 


• Some uncertainty regarding significance 


of blood biochemistry except at top 


dose. 


• Clear no adverse effect level of 40 


µg/kg for histopathology. 


• Effects at mid-dose were relatively 


minor and in few animals. 







Developmental Toxicity  


• Dose ranging with decision of doses of 0, 


200, 600 and 2000 µg/kg. 


• Groups of 26 time mated females dosed once 


daily days 6 to 15 of pregnancy 


• Day 18 animals humanely killed and 


necropsied. 


• Fetuses weighed, sexed and examined for 


external, visceral and skeletal abnormalities. 







Developmental Results 


• Maternal tox in top dose. 7 died and 2 humanely 


killed. Gross path signs of severe liver toxicity. 


• Surviving females no adverse effects on body weight, 


food consumption or clinical condition. No evidence 


of embryolethality or teratogenicity or change in 


implantations or live fetuses. No treatment-related 


increases in incidence of abnormalities 


• Embryotoxicity with reduced fetal bw and delayed 


ossification in top dose. Expected with maternal tox. 


• Other groups nothing. 


• NOAEL  - 600 µg/kg bw  







Conclusions 
• No effects on fetal development. 


• Acute studies confirm other data. Between 30 and 


100 times less toxic by oral route cf IP. Some signs of 


species variation. 


• Longer term sig reductions in BW and BW gain in 


males but within normal range for this strain. Redn in 


protein and albumin in males no dose response and 


within strain ref ranges. 


• None of blood chemistry adequately mirrors that seen 


in pigs (Falconer et al 1994) but some trends similar 


so significance unclear. 







Pathology and Overall Conclusions 
• Lesions only in liver; generally slight and 


primarily in top dose. 


• In view of ambiguity in liver function indicator 


results reasonable to use clear pathology 


NOAEL of 40 µg/kg as overall NOAEL. 


• This is 400 times greater than the amount 


received by a 10 kg child drinking 1 litre 


containing 1 µg/litre (about 5000 cells/ml). 


• This study reflects all dose at one time cf 


consumption over a day.  







Anatoxin a 


• Alkaloid neurotoxin probably through 


pharmacological action. 


• Pharmacological investigation to 


determine if nicotinic agonist. 


• Subacute toxicity and screening for 


teratogenicity. 


• Even less material available! 







Background 


• Most commonly encountered in UK 


waters, previously VFDF (very fast 


death factor) 


• Structural analogue of cocaine, potent 


neuromuscular blocking agent and 


interacts with neuronal nicotinic AC 


receptors paralysing respiratory 


muscles. 







Experimental 


• In vitro pharmacological screening 


relative to nicotine as a standard. 


• In vivo pharmacological screening. 


• 28 day repeat dose toxicity in mouse 


• Developmental toxicity screening study. 







Pharmacology 


• Isolated guinea-pig ileum. 


• Isolated rat phrenic nerve diaphragm 


preparation. 


• Isolated chick biventer cervicis 


preparation. 


• Irwin screen in the mouse. 


• Motor co-ordination in the mouse (rota-


rod) 







Toxicology 


• Sub-acute study in mice dosed by gavage 


once a day for 28 days at 0, 0.12, 0.6 or 3 


mg/kg bw anatoxin a HCl (0.098, 0.49 and 


2.49 mg/kg anatoxin a). Same examinations 


as for microcystin. 


• One group of time mated female mice were 


dosed with either vehicle or 3 mg/kg anatoxin 


a HCl on days 6-15 of pregnancy and 


humanely killed on day 18. Developmental 


parameters examined as previously. 







Pharmacology Results In vitro 


• Results showed that anatoxin a is 


respectively 7, 136 and 24 fold more 


potent than nicotine in the three in vitro 


screens. 







Pharmacology Results – In vivo 


• Irwin screen – all dosed with 100 µg/kg died 


within 1 minute with symptoms of cholinergic 


stimulation and CNS effects. 2 died at 30 


µg/kg. Others showed increased respiration, 


salivation and hyperactivity with recovery 


within 2 mins but no effects on screen 


parameters. 


• Rota-rod deaths in all dosed groups but 


others on recovery no effect on rota-rod 


parameters 


 







Sub-acute Toxicity Results 


• 3 deaths, one male at 0.6 mg/kg and one female 


receiving 3 mg/kg. Both clinically unremarkable as 


was necropsy and histopathology failed to reveal a 


cause of death. 


• Nothing in food intake, bodyweights or 


histopathology. Minor diffs in haematology and 


biochemistry in absence of other changes considered 


to be not of biological significance. 


• NOAEL 0.098 mg/kg bw anatoxin a. The true NOAEL 


may be 2.46 mg/kg bw anatoxin a, but not able to 


determine cause of death for the two that died.   







Developmental Toxicity Results 


• No premature maternal deaths or treatment-related 


clinical observations. 


• No adverse effect on maternal bw or weight gain. 


• No abnormalities observed at necropsy. Pregnancy 


incidence, mean implantation numbers, live fetuses, 


post-implanation losses, unaffected. 


• No effect on fetal weight and no treatment related 


major fetal abnormalities. 


• NOAEL - 2.46 mg/kg bw/day pure anatoxin a. 







Conclusions Anatoxin a 


• Potent nicotinic agonist that seems to act 


through effects on nicotinic acetylcholine 


receptors of adrenal medulla and sympathetic 


ganglia. 


• If do not die, recovery complete. 


• NOAEL in sub-acute tox study 0.098 mg/kg 


pure anatoxin a but true NOAEL may be 


actually be 2.46 mg/kg. 


• Developmental NOAEL 2.46 mg/kg. 







Final Comments 


• 1 µg/litre is a reasonably conservative 


guideline for each; for total microcystins very 


conservative. 


• Remember not all water drunk at one go and 


these are gavage studies. Continuous blooms 


are the biggest problem in developing 


countries. 


• Provides a good benchmark for designing 


treatment. 


 








Public Health – Always Working for a Safer and Healthier Washington 


May 22, 2013 







 Cyanobacteria/Toxins 


 History of FW Algae Control  


Program 


 Human and Animal Incidents 


 CDC Project 


 Other Studies 


Green Lake 
King County 


Blackmans Lake 
Snohomish County 


Lake Steilacoom 
Pierce County 







‣ Anabaena - anatoxin-a, microcystins, 
saxitoxins 


‣ Aphanizomenon - anatoxin-a, saxitoxins, 
cylindrospermopsin 


‣ Microcystis - microcystins 
‣ Oscillatoria  – microcystins, anatoxin-a, 


aplysiatoxins 
‣ Gloeotrichia - microcystins 







 Chronic ingestion – drinking water 
 Sub-chronic ingestion or inhalation - 


recreation 
 Dermal contact – recreation 
◦ Wading 
◦ Swimming 
◦ Skiing 


 Consumption of fish, shellfish 
 


Waughop Lake,  
Pierce County 







‣ Legislature established funding of a 
Freshwater Algae Control Program (2005) 


‣ Ecology held workshops – feedback 
(2006) 
◦ DOH – Standards, Protocol 
◦ KCEL – Laboratory Tests 


‣ Small grant program established (2007) 


 


Marcel Lake,  
King County 







‣ Identify a bloom or developing 
bloom 


‣ Call Ecology 


‣ Take a sample 


‣ Send sample to laboratory 


‣ Results sent to LHJ, agencies, 
and posted on listserv 


 


Fiorito Lake  
Kittitas County 







HABs 
Guidance Value 


(GV) 


Microcystins 6 µg/L 


Anatoxin-a 1 µg/L 


Cylindrospermopsin 4.5 µg/L 


Saxitoxins  75 µg/L 


GVs will be updated when an acute RfD/TDI is available 
for each toxin 











‣ Bloom Forming 
‣ Scum Visible 
‣ Before results 
‣  < 6 µg/L microcystin 


‣  < 1 µg/L anatoxin-a 


‣  < 4.5 µg/L cylindro 


‣  < 75 µg/L saxitoxin 


Tier I 







‣ >6 µg/L microcystin 
‣ >1 µg/L anatoxin-a 
‣ >4.5 µg/L cylindro 
‣ >75 µg/L saxitoxin 


Tier II 







172,640 µg/L anatoxin-a 


Anderson Lake, 
Jefferson County  


Tier III 







‣ Track human health and animal health 
incidents 


‣ Add saxitoxin and cylindrospermopsin 


‣ Monitor 30 Puget Sound lowland lakes 
‣  3 Years – 6 months per year 


‣  Biweekly sampling 


‣ Evaluate outreach efforts 


 


Cottage Lake, 
King County 







Lake Illness Investigations 


Year 


# 


Lakes 


# Human 


Illnesses 


#  Animal 


Illnesses 


2009 16 122 4 


2010 2 2 1 


2011 4 4 3 


2012 2 2 2 







Process for: 
‣ Receiving 
‣ Reporting 
‣ Investigating 







Year 


# 


Lakes 


# Samples 


above Std. 


Maximum 


Conc. (µg/L) 


2007 9 22  4,810 


2008 18 88  4,620 


2009 19 69  18,700 


2010 14 78  1,330 


2011 31 85  26,400 


2012 23 68  2,700 
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Year 


# 


Lakes 


# Samples 


above Std. 


Maximum 


Conc. 


(µg/L) 


2007 1 1  4,000 


2008 8 25  172,640 


2009 4 21  144,000 


2010 5 14  538 


2011 8 32  1,170 


2012 7 40  706 
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Toxin 


# 


Counties 


#  


Lakes 


Maximum 


Conc. 


Lake(s) with 


Maximum 


Conc. 


Saxitoxin 3 5 193 Waughop 


Cylindrospermopsin 3 7 1.123 Long, Black 







‣ 1976 – Four dogs in Spokane County died after    
 drinking water during a toxic Anabaena 


bloom 


‣ 1982 – Two hunting dogs died, Moses Lake 


‣ 1989 – Five cats died, American Lake, Pierce  


County 


‣ 2006 – Two dogs died, Anderson Lake, 


Jefferson County 


‣ 2007 – Two hunting dogs died,  


 Potholes Reservoir 


 







‣ Acetaminophen 


‣ Nonsteroidal anti-inflammatories 


‣ Aflatoxin 


‣ Mushrooms 


‣ Copper, Zinc, Iron 


‣ Xylitol 


‣ Sago Palm 


Clear Lake,  
Pierce County 







‣ Organophosphate and carbamate    


   insecticides 


‣  Strychnine 


‣  Metaldehyde 


‣  Pyrethrins 


‣  Moldy foods 


‣  Chlorinated hydrocarbon pesticides 


‣  Bromethalin 


‣  Mushrooms 







‣ There are no antidotes to these toxins 


‣ Medical care is supportive 


‣ Activated charcoal slurry may be of benefit 


 







‣ Helps clients identify: 
◦ Toxic Blooms 
◦ Poisoning Signs  
◦ What to do if pet is sick  
◦ Who to call 


 































Site/Lake Species Date Abraxis 
ADDA 


Envirologix 


Arlington 
Hatchery 


Rainbow 
Trout 


19-Apr 7.0 1.0 


Cassidy 


Pumpkinseed 26-Aug 8.7 0.31 


Yellow Perch 
26 Aug 7.7 0.76 


21-Sep 8.0 0.47 


Pattison 
Largemouth 
Bass 


8-Sep 8.2 0.25 


Anderson 


Rainbow 
Trout 


27-Aug 


6.3 2.2 


Rainbow 
Trout (dup) 


11 2.4 


Rainbow 
Trout 


28-Aug 9.6 0.38 







Waterbody Species Tissue N = 
Microcystins 
(ug/Kg, wet) 


Reference 


Western Wash. lakes 
(5) 


4 species 
muscle 14 5.6 


Present study 
liver 16 50 


Western Wash. lakes 
(6) 


6 species 
muscle 20 14 


Johnson (2010) 
liver 11 64 


Lago de Patzcuero, 
Mexico 


Carp 
muscle ? 5.0 


Berry et al. (2011) 
liver ? 94 


Lake Albufera, Spain Mullet 
muscle 103 5.0 


Romo et al. (2012) 
liver 103 200 


Greek Lakes (13) Carp 
muscle 130 7.1 Papadimitriou et al. 


(2010) liver 130 124 


Lake Ontario and 
Lake Erie 


17 
species 


muscle 57 7.8 Poste et al. (2011) 
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Fold-change in hepatic vitellogenin 1 (Vtg1) expression in fish fed on diets 
containing inactivated algae extract (sham) or increasing concentration of  
active algae extract (low, medium, high). 







Date Cyano genus 
# 


Colonies 
anaC PCR mcyE PCR 


4 June Aphanizomenon 
3 -ve + 
7 -ve -ve 


18 June 


Gloeotrichia 2 -ve -ve 


Microcystis 
6 -ve + 
2 + + 


9 July 


Anabaena 


1 + + 
1 -ve + 
1 -ve -ve 


Gloeotrichia 
2 -ve -ve 
1 -ve + 


Woronichinia 1 -ve -ve 


Microcystis 
17 -ve + 
1 + + 







Pilot Project 
‣ Bay Lake – Mayo Cove 
‣ Lake Steilacoom –      


Chambers Creek 
‣ Kitsap Lake – Chico Creek 


WSU analyzing microcystins 
‣ Preliminary results show  


bioaccumulation at levels     
of potential human health  
concern 







‣ Cooperative approach – partners working 
together 


‣ State funded testing: 4 cyanotoxins 


‣ State recreational guidance values 


‣ FW biotoxin online database 


‣Many public health questions left to answer 


‣ Climate change? 











Public Health – Always Working for a Safer and Healthier Washington 


Lake MacDonald  
King County 








Cylindrospermopsin: 
Genotoxin and Potential 
Carcinogen 


Andrew Humpage, PhD 
Senior Research Specialist in Chemical Contaminants 
Australian Water Quality Centre, SA Water, 
Adelaide, Australia. 







Background - Occurrence 


Palm Island, Australia - 1979 


• Cyanobacterial bloom in water supply reservoir, treated with CuSO4 


• Cells lysed, toxin released, 140 people hospitalised 


• Standard water treatment in place (coagulation, filtration, 
chlorination) 


• C. raciborskii isolated from reservoir, cylindrospermopsin (CYN) 
eventually purified and characterised (1992) 


• Effects in mice similar to those in Palm Island victims 


 


• Later found to be widespread in surface sources of drinking water 







Background - Occurrence 


US/World 


• C. raciborskii &/or CYN identified in various States in US 


• Both cells and CYN identified in Florida treated drinking water 


• CYN as well as microcystins present in dialysis waters that killed 80 
patients in Caruaru, Brazil 


• C. raciborskii and other CYN producers considered invasive in Europe 


• At least 6 other species now known producers of CYN 


 







 


Background – Toxin Structure 


• Zwitterionic – highly water soluble 
 


• Hydroxyl group epimeric or not present: 3 congeners 
 


• Sulfate and guanidino reactive 
 


• Uracil may mimic uranyl nucleotides or intercalate into DNA/RNA 







CYN Toxicity – General Effects 


Organs/Functions Affected 


• Liver, kidneys, heart, lungs, thymus, spleen, vasculature/blood clotting, 
immunotoxicity, reproductive toxicity, genotoxicity 


• Evidence for cumulative toxicity 


• Evidence for carcinogenicity 


 


Modes of Action 


• Protein Synthesis Inhibition (parent compound) 


• CYP450-mediated toxicity (toxic &/or reactive metabolites) 


• Generation of Reactive Oxygen Species & reduced GSH synthesis (ROS 
defence) 


• Cell death: Apoptosis at low concs, necrosis at higher concs 







CYN Toxicity – General Effects 


Gene expression studies (in vitro and in vivo, microarray and RT-PCR) 


 


• Induction of genes involved in: 


• DNA repair and induction of apoptosis (p53-dependent) 


• Xenobiotic metabolism (CYP1A1, CYP1A2, CYP2A4) 


• Oxidative stress response (Nrf2-dependent) 


• Ribosomal proteins 


 


• Down regulation of genes involved in: 


• Xenobiotic metabolism (most other families) 


• Blood coagulation 







CYN Genotoxicity – damage to genes & chromosomes 


Numerous studies show CYN-induced DNA/chromosomal damage (in vitro 
and in vivo) 


• Induction of micronuclei 


• Induction of DNA strand breaks 


• DNA adduct formation 


• Loss of whole chromosomes 


• Chromosomal rearrangements 


• Gene amplification 


 







CYN Genotoxicity – damage to genes & chromosomes 


Most of these effects likely involve metabolism of CYN by CYP450 


• DNA strand breakage & micronucleus formation blocked by CYP450 
inhibitors (SKF525A, omeprazole, ketoconazole) 


• Specific CYP genes up regulated 


 


Oxidative stress may be involved in causing some DNA damage but levels induced 
are not high enough to account for CYN’s genotoxic potency 


• Implies involvement of CYN metabolites 


 


Some chromosomal effects may be secondary to protein synthesis inhibition by 
parent compound (chromatin & microtubule dysfunction) 


 


Multiple genotoxicity modes of action may mean multiple mechanisms 







CYN Genotoxicity – damage to genes & chromosomes 


Most genotoxicity assays have shown effects in the range 0.1 – 10 µM, 
sensitivity likely dependant on the cell type’s metabolic capability 


 


 


However, SHE cell morphological transformation to a cancer-forming 
morphotype was induced by 0.24 pM CYN (ie 10-12 mole/L!) 


• Note:  this was the lowest concentration tested 


 
 







CYN Carcinogenicity– induction of tumors in vivo 


Only one study so far 
• 2.3 or 8.3 mg CYN/kg mouse given orally up to 3 times 2 weeks 


apart.  Most then given tumor promoter in food for 30 weeks 
• 5 of 53 treated animals had evidence of carcinogenicity 
• 0 of 27 control animals had evidence of carcinogenicity 
• Fisher’s Exact Test p = 0.16, RR  = 6.2 (95% CI: 0.33 – 117) 


 
• Hence results suggestive but not conclusive 


 
• Need to treat 100 animals to confirm RR of 10 or 200 animals to 


confirm RR of 5 
 


• Note: the standard carcinogenicity study protocol requires 
continuous exposure for 2 years – requires much more CYN 


 
 


 







CYN Carcinogenicity– importance of proof 


Neither WHO or US EPA have guidelines /MCLs for CYN in drinking water 


Australian Drinking Water Guidelines include a “Health Alert Level” for 
CYN of 1 µg/L (2 nM) based on sub-chronic toxicity NOAEL (Humpage 
& Falconer 2003) 


A NOAEL assumes a threshold below which an exposure to a toxin is safe 


The risk assessment for genotoxic carcinogens usually assumes that no 
exposure is safe – calculates a concentration for an acceptable level of 
risk 


CYN is genotoxic but need to determine if CYN is carcinogenic in vivo and 
at what concentration 


 
 


 


 


MCL:  Maximum Contaminant Level – legally enforceable regulatory limit 
NOAEL: No Observed Adverse Effect Level 







Public Health Significance 


CYN (and other cyanotoxins) can, on occasions, breach normal drinking water 
treatment (low nM concs, lower concs generally not measurable) 


CYN can co-occur with other cyanotoxins including microcystins 


CYN caused transformation to carcinogenic morphology in SHE cells at sub-
pM concentrations 


Microcystins may block DNA-damage induced cell death (apoptosis) at pM 
concentrations 


Hence, potential for synergism between these toxins at concentrations below 
current guideline values (even allowing for ~100-fold lower potency via 
oral route) 
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Current effort towards CYN carcinogenicity study 


Cyanotoxins have been on the CCL since 1998 


2001 US EPA expert group prioritised microcystins, cylindrospermopsin and 
anatoxin-a as highest priority cyanotoxins 


Recent WHO meeting on Guidelines for Drinking Water Quality endorsed the 
need for a carcinogenicity study on cylindrospermopsin 


Major inhibitor of progress has been availability of adequate toxin 


Ingrid Chorus (Europe, WHO): seeking funding for CYN production 


US EPA: in negotiations to conduct the carcinogenicity study 


 


Extremely important that this effort is supported so that the public health risk 
from CYN can be quantified and appropriate drinking water standards 
established 
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Questions? 


 
 


Andrew.Humpage@sawater.com.au 
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Andrew Reich, MS, MSPH
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Aquatic Toxins Program
Public Health Toxicology Section
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Florida’s Public Health Surveillance Strategies
for Detection of Cyanobacteria-related Illness


Human Health Risks Associated with Cyanobacteria and Cyanotoxin Exposure
May  23, 2013          US EPA Webinar







Public Health







Susceptible Populations ?


 Elderly


 Immuno-suppressed


 Underlying disease:  Asthma


 Pregnant women, fetus


 Children


 People with extended exposure periods







Direct Skin Contact


Potential Exposure Pathways


Incidental Ingestion


Drinking Water Inhalation of Aerosols


Ingestion of Food







Cyanobacteria Blooms in Florida







Public Health Surveillance Tools


 EpiCom: Public Health Bulletin Board


 Florida Poison Information Centers 
- Tampa, Jacksonville, Miami


Aquatic Toxins Hotline


 Florida Reportable Disease System 
- Merlin


 ESSENCE
- Syndromic Surveillance


Includes Florida Hospital ED and Acute Care 
Facility data







FDOH EpiCom System


 EpiCom is a web-board 
─ Part of Florida DOH Emergency Notification System (FDENS)


 Immediate, Real Time Exchange of Information 
─ Disease Outbreaks, Incidents


 Subscribers include Health Care Practitioners in Florida 
─ Physicians, County Health Departments, etc.


 All postings reviewed by Moderator


 Restricted Access via User Name / Password 







FDOH EpiCom System


Aquatic 
Toxins 


“Forum”
Blue 


Green 
Algae 







FDOH EpiCom System


Documents 
Attached







FDOH EpiCom System


 Automatic Email Update to Subscribers (600 registered)


 Subject: EpiCom – New Post Forum: Aquatic Toxins







Florida Poison Information Centers


 Staffed by doctors, nurses and pharmacists


 Speak with a poison specialist


 Free, confidential service: 24/7, 365


 3 Centers receive 550-600 total calls/ day


 > 25,000 calls since 1998 on Aquatic Toxins


1-800-222-1222







Florida Poison Information Centers







Florida Poison Information Centers


Query 
Builder


Types of 
Calls


Call Center


Dates of Interest











Case Record – HIPAA Protected Information







Duval


St. Johns


Lake


Broward


Miami-Dade


Walton


Mapping Capability 
within the FPICN







Florida Reportable Diseases


 3 HAB related Illnesses
− NSP, PSP, Ciguatera


 All Health Care Providers 
Required to Report
− to local FDOH Health 


Department
 Different Diseases have 


different Reporting 
Requirements
− Time Frames
− Laboratory Confirmation
− Outbreak Definitions







Merlin: Florida Reportable Disease Database







Merlin: CyanoHAB Outbreak Module


Unique ID for 
CyanoHAB


Cyano-HAB 
Illness


Tabs Available for Data Entry


Symptom Pick List







Merlin: CyanoHAB Outbreak Module


“ 20 Questions” 







Merlin: CyanoHAB Outbreak Module







ESSENCE: Florida System
Electronic Surveillance System for Early 


Notification of Community-based Epidemics


Florida 
Poison 
Control 
Centers


“Merlin” 
Reportable 


Disease 
Database


Florida-
Based 


Emergency 
Room Data







ESSENCE Participating Hospitals


176 hospitals and urgent 
care centers (~85% of 


Florida’s ED visits)


Hospital Emergency Departments and Urgent 
Care Centers Reporting







Florida Slime Crime Tracker







FDOH Cyanobacteria Tracking Website 


Contains a 
Searchable Database 
for Retrieving Data


Collects information on the 
location of bloom events, 


environmental conditions, site 
visit observations, & laboratory 


results. http://www.caspio.com







 CDC Cooperative Agreement to Enhance Surveillance of 
Risk Factors and Health Effects Related to Harmful Algal 
Blooms, #1 U38 EH000334-01


 National Science Foundation: Collaborative Research –
Dynamics of Coupled Natural and Human Systems (CHN) # 
1009244 


 NOAA/NASA: Monitoring and Forecasting Cyanobacterial 
Blooms for Public Health Protection and Response # 
DG133C10SE1964
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