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EXECUTIVE SUMMARY 
 
Cyanobacteria are prevalent components of Florida’s surface fresh and estuarine waters 
and are known to produce toxins that have been linked to liver disease, kidney damage, 
genotoxicity, human cancer, and death.  Upon “bloom” formation these events may pose 
a threat to public health when observed in recreational and/or drinking water supplies. 
 
Since 1999, the Florida Harmful Algal Bloom Task Force has supported statewide 
surveillance of cyanobacteria in surface waters and drinking water supplies.  Dominant 
algal taxa that formed toxigenic blooms included Microcystis, Anabaena, 
Cylindrospermopsis, Aphanizomenon, Planktothrix, and Lyngbya.  Toxins characterized 
by this monitoring project, via analyses performed by Wright State University and the 
Bureau of Laboratories at the Florida Department of Health, included microcystins, 
anatoxin-a, cylindrospermopsin, and debromoaplysiatoxin.  The identification of 
cylindrospermopsin and debromoaplysiatoxin represent new records for such toxins in 
North America.  In 1999, eighty percent of the blooms sampled and analyzed 
demonstrated toxicity in the mouse bioassay. 
 
Cyanotoxins (blue-green algal toxins) were identified in Florida’s surface drinking water 
supplies.  Microcystins (> 12 ug/L), cylindrospermopsin (> 97 ug/L), and anatoxin-a (> 8 
ug/L) were also detected in post-treatment finished water samples collected by the 
individual Florida surface water treatment facilities. 
 
Sites along the St. Johns River previously designated as potential alternate drinking water 
withdrawal locations were reported to have moderate – high levels of cyanotoxins 
periodically throughout the summer.  Concentrations of microcystins and 
cylindrospermopsin ranged from 0-107 and 0-202 ug/L, respectively. Anatoxin-a was not 
detected. 
 
Ecological sample sites from the St. Johns River, Lake Okeechobee, and other 
miscellaneous lakes throughout Florida were observed to contain the most consistent 
levels and the highest values of cyanotoxins detected during the study period.  
Environmental concentrations of microcystins at these sites ranged from 0-65 ug/L, 
cylindrospermopsin ranged from 0-225 ug/L, and anatoxin-a ranged from 0-156 ug/L. 
 
The ecological and human health implications of toxigenic cyanobacterial blooms in 
Florida’s surface and drinking water resources are presently unclear and therefore 
warrant further investigation.  The potential for exposure to cyanotoxins may be a risk to 
human health for those who utilize these waters sources when toxic bloom conditions 
exist.  Furthermore, the effect of chronic or intermittent exposure to low levels of 
cyanotoxins is presently unknown but is of concern due to the potential involvement of 
cyanotoxins in tumor promotion, genotoxicity, and latent toxicity. 
 
It is recommended that surface water management plans, pollution load reduction goals, 
and total maximum daily loads objective for nutrient impaired waters incorporate 
cyanobacteria and cyanotoxins as biological endpoints for setting nutrient discharge 
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limits.  This strategy would help protect aquatic ecosystems and water catchments that 
are used for drinking water supply.  Water treatment operations that produce public 
drinking water should evaluate, monitor, and develop action plans for properly managing 
toxigenic cyanobacteria in raw water sources and possible breakthrough during treatment 
processes. Water managers and water utilities should also be aware of the possibility of 
toxigenic cyanobacterial blooms in surface waters prior to discharge to subsurface 
storage facilities or aquifers.  Epidemiological studies aimed at better understanding the 
risks involved to human health via recreational exposure, drinking water supplies, and/or 
consumption of potentially contaminated aquatic animals is also recommended.  Finally, 
the ecological impact of cyanotoxins on the population dynamics of the biology (animals 
and vegetation) of Florida lakes needs to be determined. 
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INTRODUCTION 
 
 In 1999, the Florida Legislature created the Florida Harmful Algal Bloom Task 
Force (FHABTF). The FHABTF was created to: 1) review harmful algal bloom issues 
within the state; 2) develop research and monitoring priorities; and 3) develop 
recommendations that could be implemented by state and local governments. The 
Technical Advisory Group, a sub-committee of the FHABTF, performed an extensive 
literature review on harmful algal blooms in the state of Florida and determined that 
freshwater Cyanobacteria (blue-green algae) warranted further investigation. 
Cyanobacteria were considered important due to their known ability to produce highly 
concentrated and long lasting blooms, their potential to produce unique chemical 
compounds (cyanotoxins) and their previously reported detrimental impact on animal and 
human health. 
 
 Cyanotoxins are water soluble compounds that can be severely sicken and/or kill 
both animals (McBarron and May 1966, Carmichael 1992, Ressom et al. 1994, Carbis et 
al. 1995, Negri et al. 1995, Henriksen et al.1997) and humans (Tisdale 1931, Byth 1980, 
Bourke et al. 1983, Botes et al. 1985, Teixera et al. 1993, Ressom et al. 1994, Jochimsen 
et al. 1998, Carmichael et al. 1999a, Pouria et al. 1998). In general, these toxins can be 
categorized into two distinct groups: 1) hepatotoxins (microcystins and 
cylindrospermopsin), and 2) neurotoxins (anatoxins and paralytic shellfish poisons). 
Cyanotoxins can be produced by, but are not limited to, species from the following 
genera: Anabaena, Anabaenopsis, Aphanizomenon, Cylindrospermopsis, Hapalosiphon, 
Lyngbya, Microcystis, Nodularia, Nostoc, Phormidium, Planktothrix, Schizothrix, and 
Umezakia. Cyanotoxins normally are found intracellularly isolated from the environment 
within healthy algal cells and thus are not directly bioavailable within the aqueous 
environment. Algal blooms, however, are usually transient in nature and as the bloom 
cycle comes to an end, the algae die and their toxins are released directly into the 
surrounding environment. Once released, cyanotoxins can be very stable and persist for 
weeks to months (Matsunaga et al. 1989, Smith and Sutton 1993, Tsuji et al. 1993, 
Harada et al. 1996, Jones and Negri 1997, Chiswell et al. 1999). 
 
 It is apparent, therefore, that the presence of cyanotoxins in Florida’s surface 
waters might be a health concern for both the aquatic ecosystem and for those animals 
and people that utilize surface waters, especially when a bloom event is present. As of the 
year 2000, no human health problems have been directly associated with the presence of 
cyanotoxins in Florida waters, although several anecdotal cases of possible animal (fish, 
birds) intoxication have been suggested (unpublished data) and human symptoms 
(nausea, vomiting, flu-like symptoms, gastroenteritis, diarrhea, rashes, ulcers) may be 
hard to diagnose as specific to exposure to cyanotoxins. To date, there has been a scarcity 
of information regarding the biological significance of cyanotoxins in the state of Florida 
as well as the United States. 
 
 The Cyanobacteria Survey Project was a monitoring program that was developed 
by the Harmful Algal Bloom Task Force, an interagency group of federal, state, 
academic, and private individuals spearheaded by members of the Florida Marine 
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Research Institute in St. Petersburg, Florida. Funding for sampling and analyses was 
provided by a special Florida State Legislature appropriation and the Center of Disease  
Control (Atlanta, GA.), while the St. Johns River Water Management District (Palatka 
Fl.) provided funds for personnel to coordinate sampling and analyses and to manage the 
progress of the study.  
 
 In June of 1999, the Cyanobacteria Survey Project collected its first samples. The 
goal of the project was two-fold: 1) to representatively sample the state of Florida for the 
presence of toxigenic cyanobacteria and 2) to determine if associated cyanotoxins were 
also present in Florida’s surface waters. Of the more 167 water samples that were 
collected throughout Florida, 88 were observed to contain significant levels (biomass) of 
potentially toxic cyanobacteria. Data showed that cyanobacteria were prevalent and that 
Microcystis, Anabaena, and a relatively new species, Cylindrospermopsis raciborskii, 
were the dominant forms observed by the state. Characterization of cyanotoxins showed 
that microcystins and cylindrospermopsin, but not anatoxins, were present. Assays for 
paralytic shellfish poisons were not performed. Positive protein phosphatase inhibition  
assays, an index of microcystin bioactivity, were recorded in 81% of all samples 
measured to be positive for microcystins. Toxicity to mice was observed in 80% of those 
samples that contained hepatotoxic cyanotoxins. These results provided evidence that 
cyanobacteria and their associated toxins warrant greater attention and may be of 
significant environmental concern (Williams et al., 2001). 
 
 The sample data also showed that toxigenic cyanobacteria and cyanotoxins were 
found in surface waters presently being used as drinking water resources as well as at 
other sites proposed to be alternate drinking water sites. Currently, there are 18 drinking 
water treatment facilities (SWTPs) in the state of Florida that utilize surface waters for 
consumption use, and more of these types of facilities are currently being designed and 
planned. Nearly one-seventh of the population of Florida (2,100,00/15,100,00) is being 
provided with drinking water obtained from surface water sources. Unfortunately, the 
most frequently utilized management technique of SWTPs for neutralizing a bloom event 
is to chemically treat the area where the bloom dominates (usually with copper sulfate) to 
kill the organism present. This procedure, however, may have two detrimental side 
effects: 1) it may actually kill beneficial bacteria that degrade certain cyanotoxins, and 2) 
it lyses algal cell walls thereby liberating toxins directly into the water column where the 
bioavailability of the toxin is increased. 
 
 Presently, SWTPs do not analyze for the presence of any algal toxins. A previous 
study (Carmichael 1999b), sponsored by the American Water Works Association, did 
show that very low levels of microcystins were found in finished drinking water in an 
unidentified Florida water treatment facility. The World Health Organization has 
suggested (1993, 1996, 1998) a guideline level of 1 ug/L for microcystins-LR in drinking 
water. This recommendation is a chronic level (lifetime consumption) of exposure 
(ingestion) for an average adult weighing 60 kg who drinks 2 liters per day. The formula 
used to derive the 1 ug/L was: 
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Guideline value= TDI x bw x P 
                                                                                      L 
 
 

Where: TDI (tolerable daily intake) = 0.04 ug/kg/bw per day (Fawell et al.1994) 
 bw (body weight) = 60 kg 

P (proportion of toxin attributed to ingestion of contaminated water) = 0.8  
  L (average water intake) = 2 liters 
 
 The complications, physically and economically, that toxigenic cyanobacteria 
may impose upon drinking water operations, what protocols might extract cyanotoxins 
from water, and what effects chronic exposure to low levels of cyanotoxins might have 
on human health are unknown. The intensity, duration, and type of species involved 
during bloom events, as well as the capacity of WTPs to identify, estimate concentration 
levels, and counteract these episodic phenomena in a timely fashion, will be vital to 
minimizing this possible problem. 
 
 The 1999 survey consisted of obtaining water samples for a given water body 
only once during the trial period (June-Oct.). This collection strategy led to an 
underestimation of the significance of toxigenic cyanobacteria blooms for any given 
water body and provided a limited amount of information regarding the variability and 
the dynamics of these types of bloom events in each individual system. Furthermore, 
cylindrospermopsin, the toxin produced by C. raciborskii, was not quantified. As the 
biological effects of this toxin are relatively poorly understood, it is necessary to obtain 
more data before its potential as an environmental risk factor can be assessed accurately. 
Quantification of concentration levels of toxins in conjunction with algal cell 
enumeration and toxicity characterization would provide useful information necessary for 
estimating and developing potential health guidelines. 
 
 The 1999 Cyanotoxin Survey Project provided necessary data on the geographical 
significance of toxigenic cyanobacterial blooms and characterization of cyanotoxins in 
the state of Florida. A number of questions remain to be answered, however, before a true 
understanding of the risk involved in exposure to cyanotoxins can be obtained and best 
management practices developed.  
 
 
OBJECTIVES  
 
 Five primary objectives of the 2000 Cyanotoxin Survey Project were: 1)  to 
monitor and identify if cyanotoxins were present in raw water sources and post-treatment 
finished water collected from Florida’s 18 water treatment facilities (see Figure 1) 
presently operating and using surface waters for drinking water purposes; 2) to monitor 
four surface water sites previously designated by the St. Johns River Water Management 
District as being potential alternate sites (Figure 2) for drinking water capture (ADWS); 
3) to monitor water bodies previously shown to maintain populations of 
Cylindrospermopsis raciborskii for toxin levels (ecological samples from St. Johns River 
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and Lake Okeechobee, Figure 3 and 4); 4) to continue to monitor random bloom events 
by identifying species present and analyzing for cyanotoxin concentration levels 
(miscellaneous sites, Figure 5); and 5) to perform analyses for paralytic shellfish poisons 
(the saxitoxins) on appropriate water samples to obtain preliminary data on the frequency 
and abundance of these toxins in Florida surface waters. This information will be used to 
augment the 1999 database that describes the geographical distribution of potentially 
toxic cyanobacterial bloom events and cyanotoxins, including concentration levels, in the 
state of Florida and provide evidence for the relative importance of cyanobacteria as a 
major component of harmful algal blooms. 
 
 

 7



 
MATERIALS AND METHODS 
 
Site Selection 
 
 Sample sites were identified and water sampling was conducted throughout the 
state on a monthly basis with the assistance of the various water treatment plants, the St. 
Johns River Water Management District, and other state and county environmental 
agencies.  
 
 Surface water treatment plants were identified by a US Environmental Protection 
Agency on-line database in the cities of Melbourne, Okeechobee, Clewiston, Bryant, 
South Bay, Pahokee, Belle Glade, Quincy, Punta Gorda, West Palm, Bradenton (2), 
Sarasota, Tampa, Marco Island, North Port, and Fort Myers (Figure 1). 
 
 Designated alternate drinking water capture sites were identified from the St. 
Johns River Water Management District Plan 2020 and were located in Titusville, Cocoa, 
and Switzerland Pt. (Figure 2) 
 
 Ecological sites based on data collected during the 1999 study were determined to 
be, but not limited to, Newnans Lake, Lake Jesup, Lake Johnson, Lake Crystal/Little 
Lake Crystal, Lake Okeechobee, the Harris Chain of Lakes, and several sites within the 
lower St. Johns River basin between Welaka and southern Jacksonville (Figures 3, 4 and 
5). 
 
 
Water Sample Collection 
 
 Water sampling consisted of collecting a total of 6 liters of surface water: 1 liter 
(L) for the purpose of identifying potentially toxic cyanobacteria; 2 L for cyanotoxin 
analyses for microcystin concentrations and toxicity characterization via mouse bioassays 
(Florida Department of Health); 2 L for cylindrospermopsin, anatoxin, and paralytic 
shellfish poison analyses (Wright State University): and 1 L to provide for archive 
samples. Ambient water quality (temperature, pH, specific conductivity, and dissolved 
oxygen) was measured with an YSI MP6600 when possible. 
 
 
Sampling Procedures 

General Practices 
 
 Samples were collected from the bow of the boat; upwind or upstream from the 
motor (upstream from the boat when wading), from piers, or from the perimeter of the 
specified water body. Care was taken not to disturb sediments in the immediate area of 
sample collection. Sample collection equipment was rinsed with sample water prior to 
sample collection. Sample containers were labeled with the complete date-time group 
(YYMMDDHHMM). The time was kept in local time. In order to preserve discretion and 
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to provide blind samples to the appropriate analytical laboratories, the names of the water 
bodies sampled was not recorded. For organizational purposes, the type of water samples 
collected, whether it was collected from a water source associated with a WTP, ADWS, 
or neither (ecological), was recorded. All collected water samples were maintained under 
cool conditions prior to sample preparation for analytical measurement. If collection of 
samples was performed by an organization other than the SJRWMD, samples were 
mailed to SJRWMD via overnight mail. All samples forwarded to the Florida Department 
of Health and Wright State University were also shipped via overnight delivery. 
 

Surface water sampling 
 
 Precleaned 1 L plastic containers were filled with sub-surface (10-30 cm.) water 
via immersion. If a surface layer of algae was present, care was taken to include such 
material within the water collection. Six replicate samples (6L) were collected per sample 
site. Samples were labeled as previously described. In order to preserve the 
morphological characteristics of the algae present for identification, samples were kept 
cool via blue ice and transported in an insulated cooler. Post-transport, an individual 
replicate was selected, the sample contents thoroughly mixed, a 100 ml. aliquot was then 
transferred to an amber bottle, and the aliquot preserved with a 1 ml solution of 100% 
Lugols solution providing a final Lugols concentration of 1 %. 
 

Sub-surface water sampling 
 
 Sub-surface water sampling for chlorophyll was conducted at Lake Griffin, Lake 
County, FL. in an attempt to determine the depth of the chlorophyll maximum. Collection 
of water samples at depth (1.0 meter increments) was similar to that of surface water 
sampling except that samples were collected via a vertical Van Dorn water sampler (4L). 
Depth of sampling was obtained by marking the support line in 0.1m increments and 
lowering the water sampler to the desired depth. Number of samples collected at a given 
sampling site was dependent upon the total depth of the water column at the station. 
 
 
Sample Preparation 
 
 Preparation of all samples for further toxin analyses was performed entirely by the 
appropriate laboratory, dependent upon the parameter being analyzed. 
 

Water/plankton 
 
 In general, 2000 ml of sample was centrifuged, filtered through GF/C filter paper, 
lyophilized, and dry weights determined from biomass on filter paper to analysis. Cells 
on filter paper were extracted with 10 ml 100% methanol. Methanol extracts were diluted 
(1:10 to 1:1000) in 0.01 M PBS buffer for use in the Enzyme Linked Immunosorbent 
Assay (ELISA) and with distilled water for the Protein Phosphatase Inhibition Assay 
(PPIA). For Paralytic Shellfish Poison (PSPs, HPLC-FI), the method of Oshima (1995) 
was used and for anatoxin-a the method of James et al. (1998) was performed. For the 
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mouse bioassay, samples were freeze-thawed 2-4x, sonicated 2-4x at 15-20 s intervals, 
and filtered through GF/C filter paper. 
 

Tissue samples 
 
 Samples of fish and pelican, each consisted of liver and gut contents. Once freeze 
dried (Saker and Eaglesham, 1999), Me/OH/0.1m acetic acid was added, sonicated for 15 
minutes, and then stirred over night. The extract was filtered with a glass fiber filter, 
evaporated to 20mL, and centrifuged. The supernatant was removed and dried down in a 
Savant speed vacuum concentrator. The sample was reconstituted in HPLC water/0.1M 
acetic acid and shaken until thoroughly re-dissolved. Solid phase extraction was 
performed with a Discovery DSC-18LT cartridge. Analyses were conducted on the load, 
wash and elution (20% MeOH) fractions. 
 
 Liquid chromatography conditions consisted of an YMC-ODS AQ 5.5μm 120Å, 
2.0 x 250mm column, initially aqueous with a gradient of 0-50% acetonitrile (CAN) 0-6 
minutes, then a two-step return to aqueous to re-equilibrate for 8 minutes. Mass spectrum 
analysis involved a Finnigan LCQ Duo ion trap with electrospray ionization interface. 
SIM (single ion monitoring) and SRM (selected reaction monitoring) were the scanning 
mode types used for the analyte of interest in scanning for the molecular ion (SIM) and 
its respective daughter ion (SRM) from an increase in collision energy. 
 
 
Analytical Measurement Methods/Test Procedures 

 
Enzyme Linked Immunosorbent Assay (ELISA)  
 
The ELISA assay is based on the polyclonal antibody method  

described by Chu et al. (1990) and adapted by An and Carmichael (1994). Antibody-
coated plates, standards, and all reagents were supplied in the Microcystin Plate Kit 
(Envirologix Inc., Catalog No. EP 022). The level of sensitivity for microcystin and 
nodularin using this method is ~0.5 ng/ml. Values below or near this level were not 
considered significant. Freeze-thawed water samples were filtered and dry weights 
determined from biomass on the filters. Animal tissue was weighed and homogenized. 
Filtered water (or methanol supernatant of homogenized animal tissue) was concentrated 
in C-18 Bond Elut cartridges and the methanol eluate was dried and assayed. Serial 
dilutions of 10-1 – 10-4 (in duplicate) were used to run the assay. 
 

High Performance Liquid Chromatography-Fluorescence (HPLC-FL)  
 
The determination of anatoxin-a in natural waters poses an analytical challenge 

due to the typically low concentrations of this toxin. A highly sensitive HPLC method 
using fluorometric derivitisation with 4-fluoro-7nitro-2,1,3-benzoxadiazole (NBD-F) in 
acetonitrile was developed, which simultaneously determines anatoxin-a, homoanatoxin-
a, and their dihydro and epoxy analogues (James et al. 1998). The HPLC uses a C18 
column at 35ºC. The mobile phase is acetonitrile-water (45:55) with a flow rate of 0.5 
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ml/min, and fluorometric detection (λех= 470 nm , λем= 530 nm). The limits of detection 
are better than 10 ng/L. 

 
Saxitoxin and neosaxitoxin were detected by HPLC-F1 according to the method 

of Oshima (1995). This high-sensitivity method utilized post-column derivatisation 
HPLC, which determines PSP toxin groups separately by isocratic elution of three 
different mobile phases. 

 
High Performance Liquid Chromatography-Ultra Violet (HPLC-UV) 

 
An HPLC-MS/MS  method was developed for detecting low concentrations of 

cylindrospermopsin (Eaglesham et al., 1999). An HPLC-UV method was developed 
based upon the preliminary work of Hawkins et al. (1997) and was applied to this toxin 
when appropriate. 
  

Mouse Bioassay 
 

Mouse bioassay incorporated the use of ICR-Swiss male mice (2mice/dose level) 
injected at concentration between 100-1000 mg/kg body weight, with extracts of freeze-
dried sample. If death was observed at the first concentration utilized, subsequent serial 
dilutions were performed and observed until death was not a result. Lyophilized algal 
cells were sonicated 4-5x in 20 s interval, freeze/thawed 3-5x, and filtered through G/FC 
filter paper. In general, the toxin content in one-half the amount of the total lyophilized 
algal pellet that was extracted from a 2 L water sample was diluted 1:100 (wt. of 
lyophilized pellet: volume of saline), and 0.5 ml of the resuspension solution injected into 
the mouse peritoneum. When samples contained less than the necessary amount of 
freeze-dried sample, the mouse bioassay was altered at the discretion of the investigator 
(i.e. change in concentration levels used and number of mice injected). Mice were 
observed for one hour and then at 1-hour intervals for 8 hours.  
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RESULTS 
 

General 
 
 Water samples from surface water treatment plants (18), designated potential 
alternate drinking water retrieval sites (4), and sample sites in the St. Johns River and 
Lake Okeechobee as well as other miscellaneous water bodies throughout Florida, were 
collected from February through October, 2000. A total of 422 water samples were 
obtained. The most frequently observed species of blue-green algae were: Microcystis, 
Cylindrospermopsis, and, Anabaena spp. Species of Aphanizomenon and Anabaenopsis 
also were recorded on a consistent basis but were reported at a much less frequent rate. 
Prevalences of the major groups of toxigenic cyanobacteria observed for the differing 
types of sample sites are reported in Table 1. 
 
 For the purpose of this report and the efficiency of this project, the terms strong, 
heavy, or large concentrations or biomass of algae and/or blooms are defined as a 
qualitative measurement where cell concentrations of a given genera of algae were 
observed to be dominant or co-dominant with an attributable surface scum or which was 
considered to be the cause of a significant water discoloration. Water samples were 
scanned for the most prominent types of algae present, classified as being low-high 
biomass, and all high biomass samples sent for further cyanotoxin analyses to the 
appropriate laboratories. 
 
 During the sampling period, several large blooms of Microcystis and Anabaena 
were reported in various water bodies (Lake Marianna, the St Johns River, Braden River, 
Peace River, Lake Manatee, and University Lake) while C. raciborskii continued to 
dominate throughout the year at lakes such as Griffin, Wauberg, Seminole, Newnans, 
Jesup, Johnson, Crescent, Monroe, George, and, Crystal. Several mortality events, that 
included the death of birds (white pelican and grackles) in Lake Harney and Crescent 
Lake, American alligators in Lake Griffin, and fish (predominantly Atlantic menhaden, 
Brevoortia tyrannus, and Florida gars, Lepisosteus platyrhincus) in Lake Griffin, the St. 
Johns River and Crystal Lake, occurred during toxigenic cyanobacterial blooms.  
Although no causative links could be directly established between the presence of toxins 
and the death of these animals, general water quality parameters were recorded and 
appeared adequate. 
 
 Cyanotoxins were reported on a consistent basis at both drinking water and 
ecological sample sites. Hepatotoxic algal toxins, the microcystins and 
cylindrospermopsin, were quantified in terms of concentration levels (ug/L.), not merely 
by presence or absence. Two newly identified cyanotoxins, anatoxin-a (a neurotoxin) and 
debromoaplysiatoxin (a Lyngbya-associated toxin) were positively identified in Florida 
surface waters.  Furthermore, protocols for the quantification of cylindrospermopsin and 
anatoxin-a in tissues were developed by Dr. Wayne Carmichael and his staff at Wright 
State University. 
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Surface Water Treatment Plants (SWTPs) 
 

General 
 
 A listing of Florida drinking water plants that were classified as users of surface 
water (surface water treatment plants, or SWTPs) was obtained from the United States 
Environmental Protection Agency’s online database. Eighteen facilities were identified, 
contacted via phone, and asked to collect water samples on a monthly basis. Fifteen of 18 
facilities participated and generously collected and mailed water samples to the St. Johns 
River Water Management District for analyses. Three treatment plants declined to 
participate in the study, expressing concerns over the potential for misinterpretation of 
results, the lack of manpower for sampling, and local political concerns regarding water 
supply issues. Although the water bodies associated with the three non-participating 
facilities were samples periodically throughout the year and potentially toxic blue-green 
algae were observed, monitoring of finished water (post-treatment water) was not 
accomplished. As for the 15 plants that did participate, 134 samples were collected over 9 
months (February-October 2000).      
 
 
 Species composition (Tables 1,2 and Figure 6) 
 
 Species of Microcystis, Cylindrospermopsis, Aphanizomenon, and Anabaena were 
observed consistently and, at times, in heavy concentration levels. Anabaena spp. were 
observed the most frequently in raw water sources at these sites. Significant levels of 
these algae were observed in 14 of 20 water bodies at some time during the year. 
Between April and May, several SWTPs experienced blooms of Anabaena spp. while 
lower concentration levels were reported to persist throughout the rest of the year. 
 
 Eight of 20 of the same water bodies experienced relatively high concentrations 
levels of Microcystis spp. during the year. One large bloom of Microcystis spp was 
observed as a surface scum that had developed overtop the intake station of a SWTP in 
August. Species of Microcystis were observed most often between May - October. 
 
 Aphanizomenon and Cylindrospermopsis spp. were observed at 12 and 9 SWTP-
associated water bodies, respectively. No large blooms of Aphanizomenon or 
Cylindrospermopsis spp. were reported at these sites during the sampling period. Species 
of Aphanizomenon were observed most frequently between May – September while C. 
raciborskii was reported most often in April and September. 
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Cyanotoxins 
 

Microcystins (analyses performed by the Florida Department of Health)  
 
 Raw water/Source Water (Figure 7) 
 

Particulate fraction: The total number of samples analyzed was 49. 
Concentration levels ranged from 0 – 67.5 ug/L. In general, however, concentrations 
were low.  Four samples were reported as having non-detectable levels of microcystins, 
32 of 49 (65%) samples measured below 0.1 ug/L and a total of 43 samples (88%) were 
quantified as below 0.5 ug/L. Only five samples were observed to be greater than 1 ug/L:  
1.02, 1.28, 16.8, 26.6, and 67.5 ug/L. 
  Water-soluble fraction: The total number of samples analyzed was 50. 
Concentrations ranged from 0 – 0.48 ug/L. Forty-five of 50 samples had concentration 
levels below 0.1 ug/L.  The remaining five samples ranged from 0.1 – 0.48 ug/L. 

 
 Finished water (Figure 8): A total of 45 samples were analyzed for 

microcystin concentrations. Sample concentrations ranged from 0 – 1.39 ug/L. Of the 
samples tested, 40 of 45 (89%) were quantified as having levels less than 0.1 ug/L. Four 
samples had concentration levels that ranged from 0.11 – 0.48 ug/L, while only one 
sample (1.39  ug/L) was determined to have a concentration level greater than 1.0 ug/L. 
Two finished water samples were reported to actually contain algal cells; these cells were 
not identified as to their genera/species. 
 

Microcystins (Figure 9, analyses performed by Wright State University) 
 
Raw water:  The total number of samples analyzed was 33.  

Concentrations ranged from 0 –9.12 ug/L. Nine water samples had concentration levels 
below 0.10 ug/L. while eight were between 0.10 – 0.50 ug/L and seven were estimated to 
be between 0.50 – 0.99 ug/L. Eight samples were recorded as having microcystin levels 
above 1.00 ug/L. 

 
Finished water:  A total of 25 samples were analyzed that ranged from 0 

– 12.51 ug/L. Most samples (n=18) exhibited relatively low concentration levels that 
varied between 0 – 0.1 ug/L. Five water samples had concentration levels between 0.11 – 
1.0 ug/L. Two samples (5.17 and 12.51) were reported as having microcystin levels 
above the WHO guideline of 1.0 ug/L. The two maximum levels of microcystin were 
collected in May and June. 

 
Cylindrospermopsin (Figure 10) 

 
  Raw water: Twenty-four raw water samples were analyzed for the 
presence of cylindrospermopsin. Five samples were found not to contain (0.00 ug/L.) 
cylindrospermopsin, two samples were reported to contain the toxin but at levels below 
detection, two samples were reported to contain 0.01-1.0 ug/L, 15 samples exhibited 
levels > 1 ug/L, 11 samples had cylindrospermopsin present at concentrations > 10 ug/L., 
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while six samples had concentration levels > 20 ug/L. Maximum values obtained were 54 
and 78 ug/L. 
 
  Finished water:   Eighteen finished water samples were analyzed for the 
presence of cylindrospermopsin. Eight samples processed were reported as not containing 
any toxin, two samples contained the toxin but at levels below detection limits, which 
therefore could not be quantified, and nine samples had concentration levels that ranged 
from 8.07 – 97.12 ug/L. 
 

Anatoxins (Figure 11) 
 
  Raw water: The total number of raw samples analyzed for anatoxins 
was 29. Concentrations ranged from 0 – 0.11 ug/L. Only three water samples (10%) were 
positively identified as containing anatoxin-a; two of these three samples were reported 
as having anatoxin-a present, but below quantifiable levels, while one sample was 
quantified at 0.11 ug/L. No samples were observed to have anatoxin-a(s) or 
homoanatoxin 
 
  Finished water:  The total number of finished water samples processed 
for anatoxin analyses was 22. Concentrations ranged from 0 – 8.46 ug/L. Three samples 
were reported as having anatoxin-a present, but below quantifiable levels, while three 
other samples displayed levels between 0.28 – 8.46 ug/L. Two samples were estimated to 
have concentrations greater than 1 ug/L (1.82 and 8.46 ug/L).  No samples were observed 
to have anatoxin-a(s) or homoanatoxin. 
 
 Paralytic Shellfish Poisons: 
 
 The total number of samples analyzed for paralytic shellfish poisons was five. No 
paralytic shellfish poisons were identified as being present in any samples. 
 
 Mouse Bioassay (Table 3) 
 
 The total number of water samples analyzed for toxicity via the mouse bioassay 
was 49. 
 

Raw water   
Particulate fraction: A single water sample collected on 26 July 2000 was 

reported as being toxic to mice. 
 
  Water-soluble fraction: The water-soluble fraction from the same 26 July 
2000 sample was reported as not being toxic to mice. 
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Finished water 
 No toxicity was reported for any finished water samples analyzed. A 

finished water sample from the 26 July 2000 sample, however, was unobtainable and 
therefore a finished water sample was not analyzed for potential toxicity for this specific 
sample.  
 
 
Designated Potential Alternate Drinking Water Retrieval Sites 
 
 Species Composition (Tables 1,2 and Figure 12) 
  

The most prevalent toxigenic cyanobacteria observed were Anabaena, 
Microcystis, C. raciborskii, Aphanizomenon, and Anabaenopsis spp. Similar to data 
obtained from water bodies associated with SWTPs, Anabaena spp. were observed the 
most often but were not the numerically dominant species present. In general, C. 
raciborskii was the dominant species present. All species were very prevalent and were 
observed at high concentration levels between April – September. 
 
 Cyanotoxins 
 

Microcystins (Figure 13, analyses performed by the FDOH) 
  

A total of 19 individual water samples were analyzed for each fraction 
 
 Particulate fraction:  Concentration levels ranged from 0.05 – 8050 ug/L. Two 
samples were estimated to have concentration levels below 0.1 ug/L, 10 samples were 
reported with levels between 0.1-1.0 ug/L., and seven samples were estimated to be 
greater than 1.0 ug/L. Six out of seven of these values ranged from 1.21 – 5.86 ug/L. The 
particulate fraction contributed between 25-99% of the total toxin content for all samples 
analyzed (mean = 76.6% + 23.9, 12 of 19 samples > 73%). 
 
 Water-soluble fraction: Concentrations ranged from 0 – 1.05 ug/L. Nine samples 
were reported as having levels less than 0.1 ug/L, nine samples were estimated to have 
levels between 0.1 – 0.64 ug/L, and only one sample (1.05 ug/L) was reported as 
containing greater than 1.0 ug/L.  
  

Three of the 19 water-soluble fraction samples analyzed were calculated to 
contribute a significant proportion of the total toxin content present (62% or greater). 
 
 Microcystins (Figure 14, analyses performed by WSU)  
  

A total of 16 individual water samples were analyzed and contained 
concentrations that ranged from 0.05 – 107 ug/L. Three samples were estimated to have 
microcystin levels between 0 – 0.1, six samples between 0.1 – 0.99, and 7 samples were 
observed to have concentrations greater than 1.0 ug/L. The highest concentration reported 
was collected from a bloom scum on the St. Johns River at Switzerland Pt. in November. 
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Paired samples collected the same day from open water 10-15 yards offshore contained 
only 0.03 – 0.04 ug/L. 
 
 Cylindrospermopsin (Figure 15) 
  

A total of 14 samples were analyzed. Only two samples were found not to contain 
cylindrospermopsin while the other 12 samples had estimated concentration levels that 
ranged from 6.49 – 202 ug/L. The three water samples that exhibited the highest 
concentration levels (148, 202, and 202 ug/L.) were all collected in June 2000. 
 
 Anatoxins 
 
 Fourteen samples were processed for the presence of anatoxins. No samples were 
reported to contain anatoxins. 
 
 Paralytic shellfish poisons 
 
 A total of six samples were analyzed for paralytic shellfish poisons. Paralytic 
shellfish poisons were not found to be present in any of the water samples analyzed. 
 
 Mouse Bioassay 
 
 A total of 19 samples were analyzed for toxicity via the mouse bioassay. 
 
 Particulate fraction: No toxicity was reported. 
  
 Water-soluble fraction: No toxicity was reported. 
 
 
Ecological Sites 
  
 St. Johns River Basin 
 
 Species Composition (Tables 1 and 2): Anabaena, C. raciborskii, 
Aphanizomenon, and Microcystis spp. were observed in 47-55% of all samples collected. 
Samples from the main stem of the St. Johns River had similar species compositions to 
those of designated Alternate Drinking Water locations except for the reduced frequency 
of Anabaenopsis spp. Toxigenic species were found to have high to extremely high 
concentration levels, were more abundant early in the year at southern samples sites, and 
were abundant from March – October. C. raciborskii was, in general, the dominant 
species present. 
 
 Within the St. Johns River, two separate but concurrent major blooms of 
Anabaena (near Ferreira Pt.) and Microcystis (between Green Cove Springs and Doctors 
Lake) were observed in August of 2000. Both blooms were located in the same general 
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area of the St. Johns River and, at one point in time, were estimated to cover over 40 km 
of the river. These blooms did not subside until January of 2001. 
 
 Lake Sites: St. Johns River Basin Lakes consisted of Crescent Lake, Lake 
George, Lake Griffin, Lake Apopka, Lake Jesup, Newnans Lake, Lake Crystal/Little 
Lake Crystal, and Lake Johnson.  Several sample sites (Lake Griffin, Crescent Lake, 
Lake George, Lake Johnson, and Lake Crystal/Little Lake Crystal) exhibited year long or 
nearly year-long blooms of C. raciborskii. Newnans Lake and Lake Jesup also exhibited 
high concentrations of C. raciborskii but typically only in the warmer months and with a 
subsequent scarcity of this algae in the late fall through winter. 
 
 Cyanotoxins 
 

Microcystins: (Figure 16, analyses performed by the FDOH) 
 

Particulate fraction: A total of 69 samples were analyzed. Concentrations 
ranged from 0 – 48.5 ug/L. Fourteen samples (20.3%) contained greater than 1.0 ug/L 
while four of these samples (5.8%) contained greater than 10 ug/L. Only three samples 
(4.3%) were reported as having no microcystins present. Low-moderate concentrations 
(<1.0 ug/L) were observed in all months from March – December. The highest 
concentrations (>10 ug/L) were reported during the spring (May) and the late summer 
through early winter (August and October 2). 

Lake samples produced more samples with elevated concentration levels (>1 
ug/L) when compared to mainstem sample sites (8/43 vs. 1/26, Figures 17 and 18). 

  
  Water-soluble fraction: A total of 68 samples were reported. 
Concentration levels ranged from 0 – 2.95 ug/L but were predominantly between 0 – 0.2 
ug/L (94%). Only one sample contained greater than 1.0 ug/L (L. Jesup, June) while four 
samples (5.9%) were reported as containing no detectable levels. 
 Lake samples (n=42) and mainstem samples sites (n=26) were observed to 
produce similar frequencies of concentration levels (Figures 17 and 18). Lake Jesup 
accounted for all lake samples that contained greater than 0.2 ug/L in the water-soluble 
fraction. 

 
Microcystins (Figure 19, analyses performed by WSU) 
 

 Fifty-three samples were analyzed for total microcystin content. Concentration 
levels ranged from 0 – 43.80 ug/L. Of the samples analyzed, 12 samples were estimated 
to have < 0.10 ug/L, 25 samples had between 0.10 – 1.00 ug/L, nine samples had between 
1.0 – 10.0 ug/L, and 7 had greater than 10.0 ug/L (12-43 ug/L). All samples above 10 
ug/L. were collected between July and October. 
 Lakes of the St. Johns River Basin (n=35) and sample sites in the mainstem of the 
St. Johns River (n=18) exhibited similar rates of occurrence for microcystin levels found 
to be present (Figures 20 and 21). 
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Cylindrospermopsin (Figure 22) 
 
  Fifty samples were analyzed for cylindrospermopsin. Seven samples, all 
collected in October or November of 2000, were reported as not containing any toxin. 
One sample (collected in April of 2000) was reported as containing cylindrospermopsin 
but at a concentration that was below detection limits. The remaining samples had toxin 
levels that ranged from 0.18 – 146 ug/L. Fourteen water samples had concentration levels 
between 1 – 10 ug/L, while 25 samples were reported to have levels greater than 10 ug/L. 
Only one water sample was reported to contain cylindrospermopsin levels > 100 ug/L 
(Lake Jesup). In general, cylindrospermopsin was reported as being produced between 
April through September with maximum values consistently observed in June and 
September. 
 Lake (n=31) and mainstem stations (n=19) both showed highest occurrence rates 
for cylindrospermopsin for the 10-100 ug/L range. In general, patterns of occurrence 
were similar between the two classifications of stations (Figures 23 and 24).  
 
 Anatoxins (Figure 25) 
 
 Fifty-six samples were analyzed for the presence of anatoxins. Most (80%, n=45) 
samples did not contain toxin. A total of eleven samples were reported to contain 
anatoxin-a with concentrations ranging from present but unquantifiable to 156 ug/L.  Six 
samples were reported to contain concentrations in excess of 1 ug/L. The one sample 
estimated at 156 ug/L was sampled from the mainstem of the St Johns River in August 
2000 and consisted mostly of Anabaena circinalis. Other sites that had concentrations in 
excess of 1 ug/L. were Lake Jesup (1.08-9.17 ug/L; July and August), Lake Johnson 
(1.43 ug/L; July), Newnans Lake (1.18 ug/L; July), and the St. Johns River at Browns 
Landing (1.08 ug/L; September).  
 Water samples collected from the mainstem of the St Johns River exhibited 
similar patterns of occurrence to that of lake water samples (Figures 26 and 27). 
 No samples were reported to contain anatoxin-a(s) or homoanatoxin. 
 
 Paralytic shellfish poisons 
 
 A total of 14 samples were analyzed for paralytic shellfish poisons. No samples 
were reported as having paralytic shellfish poisons present. 
 
 Mouse bioassay 
 
 A total of eighty-one samples were analyzed for toxicity via the mouse bioassay. 
 
  Particulate fraction:   No toxicity was reported  
  Water-soluble fraction: No toxicity was reported 
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Lake Okeechobee 
 
 Species composition (Tables 1,2): Aphanizomenon spp. were observed most 
often and were first reported in the northern part of the lake during March, became 
abundant in April, were abundant in the eastern and western sections in May, declined in 
October in the northern region but remained abundant at the other three locales (eastern, 
western, and southern) through October.  
 C. raciborskii was the second most prevalent species reported. This species was 
also first observed in the north, became less abundant from March-July, and then became 
abundant again in August, September, and October in all regions. Anabaena spp. was 
commonly found throughout the lake in May, became less abundant during the summer 
months, and became abundant again in September and October. Species of Microcystis 
showed no pattern of occurrence but were observed in their highest abundance in the 
western section of the lake.  
 
 Cyanotoxins 
  
 Microcystins: (Figure 28, analyzed by FDOH)   
 

Particulate fraction:  A total of 18 samples were reported. Concentration 
levels ranged from 0.005 – 5.03 ug/L. Fifteen samples (83.3%) contained less than 0.1 
ug/L. Only one water sample contained greater than 1.0 ug/L. The highest concentration 
of microcystins was observed in October. Of the three largest concentrations reported, the 
particulate fraction contributed 94, 96, and 98% of the total microcystin content present. 
  Water-soluble  fraction: A total of 18 samples were analyzed. Levels of 
microcystins were consistently low and ranged between 0 – 0.09 ug/L. 
 

 
Microcystins: (Figure 29, analyses performed by WSU) 

  
 Thirteen samples were reported. Nine of the thirteen samples were below 0.1 ug/L 
while 2 samples were between 0.1 – 0.5 ug/L and 2 other samples were between 0.5 – 1.0 
ug/L. No samples were quantified as having microcystin levels greater than 1.0 ug/L. The 
most western station sampled had significantly higher occurrence of microcystins present 
than any of the other stations (north, south, and east). No temporal trends could be 
observed; water samples collected from May-October exhibited low levels of 
microcystins present. Of the three highest concentrations observed, all were collected in 
either August or September. 
 
 Cylindrospermopsin (Figure 30) 
 
 A total of eight samples were analyzed for cylindrospermopsin. One sample, 
collected in October, contained cylindrospermopsin but at levels that were below 
quantification limits. The remaining seven samples had concentration levels that ranged 
from 3.91 – 95.31 ug/L. The water sample with the maximum concentration reported was 
collected in June.  
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 Anatoxins 
 
 A total of ten samples were analyzed for the presence of anatoxin but none were 
found to contain toxin. 
 
 Paralytic shellfish poisons   
 
 The total number of samples analyzed was 14. Paralytic shellfish poisons were 
not reported from any samples. 
 
 Mouse Bioassay 
 
  A total of eighteen samples were analyzed for toxicity via the mouse 
bioassay. 
 
  Particulate fraction:   No toxicity was reported 
  Water-soluble fractions:  No toxicity was reported   
 

 
Miscellaneous Sites 

 
Species composition (Tables 1, 2) 

 Due to the random nature of sample collection, no temporal data was obtained for 
most of these samples. The total number of samples collected was 40. A large percentage 
of these samples was collected because of reported blooms. Early in the year (February 
and March), several large Microcystis spp. blooms were reported in southeast (near 
Miami and characterized as being toxic) and southwest (Polk County) Florida. In June, a 
bloom dominated by Anabaena spp., but which also contained very high levels of 
Microcystis and Cylindrospermopsis, formed in the Caloosahatchee River. Lake 
Seminole, in Pinellas County, was also reported to contain significantly high levels 
(>100,00 filaments/ml.) of C. raciborskii. Lake Hancock in Polk County, which delivers 
water to the Peace River and the Peace River water treatment facility, also was observed 
to contain C. raciborskii at relatively high biomass levels. Finally, East Twin Lakes in 
Interlachen, FL. was the first bloom observed that was dominated by Aphanizomenon 
spp. 
 
 Cyanotoxins 
 

Microcystins (Figure 31, analyses performed by the FDOH) 
 
 Particulate fraction:  The total number of samples quantified was 21. 

Concentrations varied, ranging from 0.1 – 142 ug/L., and, in general, were considered to 
be moderate to high. Thirteen samples (61.9%) measured contained microcystins in 
excess of 1 ug/L, six samples (28.6%) contained 10 ug/L or more, and, finally, two 
samples (9.5%) contained greater then 100 ug/L [Lake Wauberg in Alachua County FL 
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(602 ug/L) and University Park Lake in Miami (142 ug/L, Dade County FL)]. Only one 
samples was reported not to contain microcystins.  
  Water-soluble fraction:  The total number of samples analyzed was also 
21. Concentrations ranged from 0 –1,009 ug/L with the majority (71.4%) of samples 
containing between 0 – 0.1 ug/L. Five samples were recorded as having concentration 
levels greater than 1 ug/L. One sample was recorded as having concentration levels 
greater than 1,000 ug/L. (University Park Lake in Miami FL). The paired Lake Wauberg 
water-soluble fraction contained an estimated 0.13 ug/L. 
 

Microcystins: (Figure 32, analyses performed by WSU) 
 
Twelve miscellaneous samples were analyzed. Concentration levels ranged from 

0.01 – 65.99 ug/L. Eight water samples (67%) had concentration levels > 1 ug/L, two 
samples had greater then 10 ug/L (both at the Lake Harris Conservation Area but in 
different cells). It should be noted that the water sample collected from a lake outside of 
Miami, FL that was shown to have high microcystin levels by FDOH, was not analyzed 
by WSU. 

 
Cylindrospermopsin (Figure 33) 
 
Ten samples were analyzed. Concentration levels ranged from present, but at 

levels below quantification, to 82.61 ug/L (Caloosahatchee River, early June). 
Concentrations of samples were well distributed over the range from 0-100 ug/L. A total 
of six water samples was reported as having cylindrospermopsin at levels > 1 ug/L, four 
at concentration levels > 10 ug/L, and one sample contained > 100 ug/L. 

 
Anatoxins (Figure 34) 
 
Nine samples were analyzed. Six of the samples were reported to be negative for 

anatoxin-a. Lake Seminole (0.002 ug/L) in Pinellas County, Lake Canon (0.101 ug/L), 
and East Twin Lakes in Putnam County (0.23 ug/L) were reported with low levels of 
toxin present. 

 
 Paralytic shellfish poisons: 
 

The total number of water samples collected that contained blue-green algae 
capable of producing PSPs was eleven. No paralytic shellfish poisons were reported from 
any of these samples. 

 
Mouse bioassay  
 
The total number of samples analyzed for toxicity via the mouse bioassay was 

twenty-seven. 
 Particulate fraction:  One sample was determined to be toxic to mice 

(Table 3); the bloom of Microcystis spp. from University Park, near Miami, in southern 
Florida 
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 Water-soluble fraction:  Only the Microcystis spp. bloom from University 

Park was shown to have toxic characteristics associated with its cell-free water fraction 
(Table 3). 
 
 
Tissue Samples 
 
 One white pelican (Pelicanus erythrorhynchus) and several blue tilapia 
(Oreochromis aurea) had liver and stomach tissues analyzed for cyanotoxins. A single 
white pelican that was grossly observed to be sick, was collected during a period of time 
when numerous other white pelicans had died.  No clear cause of death was apparent, but  
dense blooms of Microcystis spp. (Lake Harris Conservation Area) and C. raciborskii 
(Lake Harney) were present at or near the lake of collection. The tilapia (n=6) sample 
was a random collection of fish netted from Lake Griffin that subsequently had livers 
dissected and pooled. 
 
 Data (Figure 35) showed that microcystins (0.02 – 1.01 ug/g) and anatoxin-a were 
present (0.51 – 43.30 ug/g) in both the liver and the gut contents of the pelican and 
tilapia. Cylindrospermopsin, on the other hand, was not detected in any of these samples. 
 
 
Distribution of Lyngbya Species (Table 4) 
 
 Although an intensive survey for the presence of Lyngbya species was not 
performed, a preliminary listing of sites that were shown to contain Lyngbya wollei was 
compiled.  When L. wollei was present, it was dominant, was present in large biomass, 
and was predominantly observed at freshwater springs. Toxin analyses were performed 
by Dr. Glen Shaw’s laboratory at the National Research Centre for Environmental 
Toxicology, Queensland, Australia. Debromoaplysiatoxin was positively identified at low 
concentrations (1.7 – 4.2 mg/kg dry wt.) in two of seven samples collected (Figure 36). 
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DISCUSSION 
 
Surface Water/Drinking Water Treatment Facilities 
 
 Participation by the drinking water facilities was very good (15 of 18) and the 
percent of samples observed for the presence of potentially toxigenic cyanobacteria 
(86%, number of water samples received/total number of water samples possible) was 
also considered good during the study period. It should be noted, however, that this 
sampling strategy only accounted for one day out of any given month and therefore the 
inferences made from these data are considered conservative. A more complete picture 
would have been obtained with an increased frequency of water sampling; for instance, 
weekly to bi-monthly samples, but this strategy was considered to be too intensive in 
terms of manpower and cost for toxin analyses would have been significantly increased. 
Presently, cyanotoxins are unregulated chemical compounds and therefore it is not 
mandatory for water treatment plants to analyze for their presence. The EPA has 
prioritized research regarding the relative importance of cyanotoxins (microcystins, 
anatoxins, and cylindrospermopsin) in drinking water resources and is expected to 
develop a human risk assessment and guidelines for analyzing drinking water for these 
toxic substances. Cyanotoxins remain a strong point of interest for those at the USEPA 
who maintain and regulate drinking water quality as cyanobacteria and the toxins they 
produce have been placed on the final Chemical Contaminant List (CCL2). 
 
 Last year (Cyanotoxin Survey Project-1999), 51% of all surface water samples 
were reported as having high levels of potentially toxic cyanobacteria. In this year’s 
study, 31% of all samples collected from waters associated with SWTPs were found to 
have a significant biomass (potentially toxigenic algal species either dominant or co-
dominant) of these types of organisms. The occurrence of cyanobacteria such as 
Planktothrix spp., Anabaenopsis spp, and Lyngbya wollei in surface water supplies during 
non-bloom conditions should not be overlooked, as these species can form blooms under 
favorable environmental conditions. Understanding the biology, history, and the patterns 
of algal distribution and abundance for a particular water body is a key component in 
developing management practices that minimize the effect of potentially toxic blue-green 
algae.  
 
 The most prevalent of the toxigenic genera identified, which commonly co-occur, 
can produce both hepatotoxins (microcystins and cylindrospermopsin) and neurotoxins 
(anatoxin-a). During this year’s monitoring program, microcystins were the cyanotoxins 
most consistently observed in the raw water of SWTPs. In general, microcystin levels 
were considered to be relatively low in raw source waters (<0.1ug/L), although moderate 
to high levels (8-67 ug/L) were observed when bloom conditions were present. As is 
evident from the data, these compounds also passed through into the finished water 
product (post-treated), at times reaching levels in excess of accepted guidelines (1-1.5 
ug/L, World Health Organization and Australia). The acute response of ingesting water 
containing these levels of microcystins (1.39- 12.51 ug/L) is presently unknown. 
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 Estimates for environmental levels of microcystins typically represent total toxin 
content (water-soluble plus intracellular fractions). In general, the majority of the toxin 
content is maintained in the particulate (intracellular) fraction and therefore is isolated 
from the environment when a bloom is relatively healthy. In this study, the Florida 
Department of Health separated the whole water samples into particulate and water-
soluble fractions. Toxin content in the water-soluble fractions varied, but generally was a 
minor component of the overall toxin content, especially when toxin levels were 
considered to be moderate to high. In one instance, however, the water-soluble portion 
contained a relatively high toxin concentration (0.481 ug/L) and made up the dominant 
fraction (97%) of the sample. This illustrates the possibility for raw waters to contain 
reasonably high levels of toxic compounds in an immediately available form. The health 
of a bloom is usually the deciding factor on the level of extracellular toxin, i.e. old dying 
cells release more toxins to the environment. 
 
 To date, a management practice for controlling cyanobacteria blooms is to 
chemically treat raw water (usually with copper sulfate) in order to reduce the algal 
population. As previously discussed, this method lyses cells and releases toxins directly 
into the environment where they become relatively more bio-available. Copper sulfate, 
by itself, can be toxic to aquatic organisms, especially invertebrates. The additive effect 
of this chemical in conjunction with liberated cyanotoxins is unclear but certainly of 
concern. The addition of copper sulfate into natural waters is presently illegal in 
Australia. Researchers in Australia have shown that copper sulfate can act as a 
bacteriacide, which can kill the bacteria that ultimately breakdown cyanotoxins (personal 
communication, Glen Shaw). This side effect allows for liberated algal toxins to persist in 
the environment for an extended period of time, thereby increasing exposure duration. 
Furthermore, the continued use of copper sulfate on a yearly basis can lead to resistant 
strains of organisms, which would make management practices even more difficult. 
 
 A previous study sponsored by the American Water Works Association Research 
Foundation (Carmichael, 1999b) showed that microcystins were identified from finished 
water sampled from a Florida SWTP. Concentrations levels in the 1999 study ranged 
from non-detectable to 0.01 ug/L. In general, samples of finished water collected during 
this study were similar to those previously reported by Carmichael (1999b).  The majority 
of samples collected during 2000 were reported to contain between 0.01-0.10 ug/L. The 
effects of chronic human exposure to low-moderate levels (< 1 ug/L) of microcystins, a 
reported tumor-promoting compound, have not been well studied. However, data from 
China positively correlate the use of surface waters with high levels of potentially 
toxigenic cyanobacteria as drinking water sources with an increased incidence of 
hepatocellular carcinoma (Yu, 1989; 1995). Furthermore, a statistical study by the 
University of Miami’s Department of Epidemiology reported a statistically significant 
increase in liver cancer rates for persons inside the service boundary areas of Florida 
SWTPs as compared to rates for people outside these areas (Fleming et al., 2000). By no 
means are these studies conclusive, but they do indicate the potential impact these 
chemicals might exert on human health, the importance of further research, and 
justification for SWTPs to consistently monitor for cyanotoxins, at least until more is 
known. 
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 The World Health Organization has developed a suggested safety guideline for 
microcystins of 1 ug/L in drinking water (WHO: 1993, 1996, 1998). This guideline value 
is a provisional estimate for the lifetime consumption of microcystin-LR for a given 
weight (70 kg). Our data suggest that levels significantly greater than these values can, at 
times, be observed. In fact, several (n = 3) finished water samples (analyzed by the 
Florida Department of Health and Wright State University) were quantified as having 
exceeded this guideline level by several fold (max = 12x, Figure 37).  The consequences 
of such an exposure to small children, pregnant women, the elderly and/or immuno-
suppressed individuals are unknown. The results of this study suggest that monitoring 
programs and guidelines for cyanotoxins in drinking water need to be developed and 
established in the state of Florida (USA). 
 
 Cylindrospermopsin (a hepatotoxin) and anatoxin-a (a neurotoxin) also were 
reported in both raw and finished water from Florida SWTPs. Cylindrospermopsin is 
similar to the microcystins in that it has been implicated in carcinogenesis and 
chromosome aberrations (Humpage et al., 2000; Falconer and Humpage, 2001). 
Cylindrospermopsis raciborskii is the blue-green algae most responsible for the 
production of cylindrospermopsin. It should be noted, however, that in water samples 
collected in western Florida cylindrospermopsin was identified and quantified in raw 
water but C. raciborskii was not identified in collected waters. Aphanizomenon 
ovalisporum, a cyanobacteria species, is reported to be able to produce 
cylindrospermopsin (Banker et al., 1997) and a species of Aphanizomenon was identified 
in this particular sample and therefore may have been the source of this toxin production. 
An alternate possibility could be the presence of C. raciborskii in a bloom upstream of 
the collection site.  Toxin would have been produced during the bloom and then, as the 
bloom died off, the toxin might have been transported downstream to the sample site 
without C. raciborskii cells. This observation underscores the importance of properly 
identifying, quantifying, and understanding the biology of algal communities and their 
associated toxins found in surface water resources.  
 
 At the present time, no drinking water guideline levels have been determined for 
either cylindrospermopsin or anatoxin-a. Researchers in Australia, however, are working 
on such a guideline for cylindrospermopsin and have set a preliminary value at 
approximately 1.0 ug/L (Dr. G Shaw, personal communication). Several finished water 
samples (n=6) in this study contained cylindrospermopsin levels (20-90x, Figure 38) and 
anatoxin-a levels (no guideline available but assumed to be equal to or less than those 
previously proposed for microcystins and cylindrospermopsin, Figure 39), in excess of 1 
ug/L, which indicates the potential for cylindrospermopsin and anatoxin-a to pass through 
current water treatment processes and be present at significant concentration levels. In 
fact, in a number of instances, finished water samples had greater concentration levels of 
both cylindrospermopsin and anatoxin-a than did the ambient raw water samples. This 
observation is curious (no such observations were made for microcystins) and is probably 
due, at least in part, to unequal cell distribution and therefore toxin production within and 
across the water column. Data collected from Lake Griffin, not a drinking water source, 
during the course of this study indicated that C. raciborskii could maintain relatively 
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greater populations at depth (Figure 40, 2-4+ meters) compared to surface concentrations. 
Furthermore, preliminary data generated from this project in conjunction with a Florida 
SWTP showed that high levels of C. raciborskii (> 100,000 trichomes/ml) collected from 
Lake Griffin had barely detectable levels of geosmin and MIB content (taste and odor 
compounds commonly produced by cyanobacteria) and therefore may not elicit taste and 
odor complications. These observations might have significant ramifications for SWTPs 
that usually have intake pipes at depth and use taste and odor problems to alert facility 
operators that additional water treatment is necessary. 
 
 Only one raw water source from a SWTP was observed to be lethal to mice. This 
observation demonstrates the potential for raw water sources to contain harmful 
substances (albeit a rare occurrence) that can elicit detrimental effects, although it does 
not directly identify cyanotoxins as being the source of this lethality. There are a variety 
of substances potentially present in a given water sample that could elicit a harmful 
response, although toxigenic cyanobacteria (Microcystis spp.) was the most obvious 
agent in the sample assayed. No finished water samples were reported as being acutely 
toxic to mice. The long-term effect of low levels of cyanotoxin exposure has not been 
well studied.  
 
Designated Potential Alternate Drinking Water Retrieval Sites 
 
 Sites previously designated as potential potable water sources in the St. Johns 
River were shown to contain high concentrations of toxigenic cyanobacteria throughout 
the sampling period. Anabaena, Microcystis, Cylindrospermopsis, Aphanizomenon, and 
Anabaenopsis species were present in significant concentrations throughout the spring, 
summer and fall, and at times, even into the winter months. At Switzerland Point, a major 
Microcystis bloom developed in September and remained present through December and 
into early January. Unfortunately, no microcystin analyses were performed on this 
particular bloom event as the project was being completed. Anabaena, Microcystis, 
Cylindrospermopsis, Aphanizomenon, and Anabaenopsis were consistently reported to 
co-occur at relatively high concentration levels in waters of the St. Johns River at 
DeLand, Titusville, and Cocoa. This assemblage of potentially toxigenic cyanobacteria 
could theoretically produce a mixture of hepatotoxins and neurotoxins. Presently, little is 
known of the interactive effects (synergistic, antagonistic, additive) of different 
cyanotoxins. If the construction of new SWTPs is initiated at these locations or other 
similar sites, an understanding of the biology ad the possible water quality problems 
associated with cyanobacteria needs to be identified and a proper management plan 
incorporated. 
 
 The microcystin and cylindrospermopsin levels at these sites were significantly 
elevated in comparison to those measured at water bodies associated with SWTPs. 
Concentration levels varied greatly, but when toxigenic species were present 
(predominantly in the summer and early fall), toxin concentrations were frequently 
observed to be in a moderate range (1-10 ug/L). In general, elevated levels of 
microcystins ranged between 1-10 ug/L, but on one occasion the level was found to be 
greater than 100ug/L. When microcystin concentrations were greater than 1 ug/L, the 
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toxin content was predominantly in the particulate fraction. Only one sample was shown 
to contain > 1 ug/L in the water-soluble fraction. If a safe and effective method of 
removal of Microcystis and Anabaena cells from intake water without rupturing the cells 
could be found, this advancement could significantly reduce the burden of microcystins 
being present in high levels. 
 
 Cylindrospermopsin, on the other hand, was frequently reported (> 80% when 
significant populations were present) at levels above 10 ug/L. and on two occasions 
above 200 ug/L. It should be noted that cylindrospermopsin levels were measured only in 
total water samples (i.e., these samples were not split into fractions), and therefore it is 
not known if this toxin distributes predominantly in the particulate fraction. It has been 
suggested that cylindrospermopsin can be relatively more abundant in the water-soluble 
fraction than are microcystins (W. Carmichael, personal communication), which would 
make cylindrospermopsin more bio-available than microcystins. 
 
 The production of anatoxins was not observed at these sites. On the other hand, 
species of Anabaena and Aphanizomenon (potentially toxigenic cyanobacteria capable of 
anatoxin production) were commonly reported from these sites and at relatively high 
concentration levels (top five genera present).  These results may warrant further 
investigation. 
 
 Mouse bioassay results suggest that the toxicity of water samples collected during 
the 2000 study was reduced significantly as compared to those samples collected in 1999. 
One reason for this difference may be that the 1999 data centered around identifying 
blooms and sampling those events, while the 2000 study emphasized monthly sampling 
of the same sites, thus reducing the percentage of highly concentrated samples. The three 
toxic samples reported in 2000 were all from large bloom events. On the other hand, 
water samples collected from the St. Johns River and the surrounding area as well as 
samples taken from Lake Okeechobee were reported as being toxic in 1999 but were not 
lethal to mice in 2000. It is possible that the partitioning of samples into particulate and 
water-soluble components eliminated the combined effects of these fractions and 
therefore reduced the overall toxicity. 
 
Ecological Sample Sites 
 
 The St. Johns River Basin 
 
 The St. Johns River displayed, by far, the most consistent and highest levels of 
toxigenic cyanobacteria during the 2000 sampling period. Anabaena, Microcystis, 
Cylindrospermopsis, Aphanizomenon, and Anabaenopsis spp. were observed throughout 
the sampling period. Concentration levels remained high from the spring through the fall. 
Particular species of these genera were positively identified (Table 5). 
 
 The presence of cyanotoxins was also consistent and relatively high compared to 
other sample sites. Water samples with the highest concentrations of microcystins (107 
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ug/L, Switzerland Pt.), cylindrospermopsin (202 ug/L, Cocoa and Titusville), and 
anatoxin-a (156 ug/L, Bayard Pt.) were all collected from this region. 
 
 The St. Johns River, including its associated lakes and springs, is a major 
recreational waterway. Unfortunately, little data exists as to the effects of recreational 
exposure on humans. Obviously, cyanobacteria and their associated toxins have been 
around for a long time and as of yet there are no documented reports of cyanotoxin 
poisoning in humans in Florida. On the other hand, symptoms of toxin exposure (nausea, 
diarrhea, headaches, skin irritation, small sores, gastro-intestinal disorders) are common 
ailments and are not likely to be diagnosed as specific to cyanotoxins. On several 
occasions when large blooms were in progress, recreational activity (swimming, jet 
skiing, and water skiing) was high. If the trend of increased frequency, duration, and 
concentration of bloom events persist, recreational exposure may become a more 
prominent area of interest. Several reports, outside of the USA, have documented 
cyanotoxins as being responsible for causing skin lesions and illness (headaches, 
nausea/vomiting, muscular pain, diarrhea, flu-like symptoms, and eye/ear irritation) in 
humans who were directly exposed to water containing high levels of these compounds 
(Dillenberg and Dehnel, 1960; Turner et al., 1990; Pilotto et al., 1997). 
 
 Previous research (mostly on microcystins) has shown that cyanotoxins can be 
bio-accumulated in aquatic invertebrates (zooplankton: Watanabe et al., 1992; mussels: 
Prepas et al, 1997; Watanabe et al, 1997) and aquatic vertebrates (fish: Carbis et al, 1997; 
Beattie et al, 1998) and the possibility of cyanotoxins being transported through the food 
web is likely. The potential for edible aquatic tissue to be contaminated with cyanotoxins, 
however, is presently unclear. Fortunately, cyanotoxins are water-soluble compounds and 
therefore should be easily eliminated and not readily stored in an animal's body.    
Hepatotoxins and neurotoxins, which target the liver and other internal organs, would be 
significantly eliminated with the discarding of fish viscera. Since very little tissue is 
discarded with regards to invertebrates, bivalves and shrimp in particular, these 
organisms may be relatively more problematic.  
 
 Alligators, Florida gars, and soft-shelled turtles have all exhibited unexplained 
mortalities (1997-2000) in Lake Griffin and, although not directly linked to toxigenic 
blue-green algae, these mortality events may hold a clue is to how and where cyanotoxins 
exhibit their toxic influence. Previous exposure studies using alligators (Richey et al., 
2001) did not show any conclusive toxic responses to the intra-peritoneal injection of 
cultured C. raciborskii cells or the oral administration of Lake Griffin water. Autopsies of 
sickened alligators (1999, US Fish and Wildlife) showed healthy livers but small lesions 
on the brain (T. Schoeb, personal communication). Sick white pelicans from Florida, on 
the other hand, demonstrated relatively high levels of anatoxin-a (Figure 35) in both their 
liver and gut (the only tissues examined). 
 
 Water quality data from Lake Griffin in Lake County, Florida indicated that 
chlorophyll-A levels remained relatively constant or increased from the surface to near 
bottom (Figure 40). Water quality data, using pH as an indicator, from Little Lake Crystal 
and Lake Crystal showed similar patterns. This suggests that C. raciborskii, the dominant 
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phytoplankton in all three of these lakes, can maintain large biomass concentrations 
throughout the water column. The ability to maintain biomass levels at depth with 
reduced light levels is intriguing. This biological information would be important in the 
design of SWTPs, which usually draw source water from sub-surface levels. The exact 
relationship between biomass and toxin production at varying depths has yet to be 
addressed, although it would be expected that toxin production would be positively 
correlated with biomass independent of depth. If indeed this is the case, the potential 
toxic load (assuming similar production rates) of C. raciborskii would be far greater than 
that of Microcystis or Anabaena spp., which are surface floaters under normal conditions. 
The ability of C. raciborskii to produce both cylindrospermopsin and anatoxin-a further 
complicates the successful management of this species. 
 
 Lake Okeechobee 
 
 Lake Okeechobee is a prioritized Florida water body because it is used as the raw 
water source for the greatest number (6: Figure 1) of drinking water treatment facilities 
and it has a high prevalence and abundance of Anabaena, Microcystis, and 
Cylindrospermopsis spp. In addition, Lake Okeechobee is the largest lake in Florida and 
therefore it is extremely important both ecologically and recreationally.  This lake also 
exerts a significant influence over the Caloosahatchee River, the St. Lucie canal, and the 
Kissimmee River. Lake Okeechobee is also expected to be used extensively for Aquifer 
Storage and Recovery (ASR) and therefore a better understanding of the distribution and 
abundance of toxigenic cyanobacteria and their associated toxins is of concern. In 2000, 
toxigenic cyanobacteria appeared first in the northern section of the lake in February, 
became established in the west in March, were prevalent throughout the lake by May, and 
had maintained abundance levels through the time sampling was discontinued (October). 
Whether this pattern of occurrence is an annual phenomenon can only be determined with 
continued monitoring efforts. It does appear, however, that algal levels are relatively high 
from spring through fall. 
 
 In general, microcystin levels in Lake Okeechobee water were relatively low (0.1 
– 1.0 ug/L) whereas cylindrospermopsin levels were relatively high (4 – 95 ug/L). One 
potential reason for low microcystin levels is the sampling technique utilized. Water 
samples were collected and provided by the South Florida Water Management District, 
which performs an integrated sampling of the water column from surface to depth. 
Species of Microcystis and Anabaena, the dominant cyanobacteria present that produce 
microcystins, are surface floaters that are not found at depth and toxin is predominantly 
found in intact cells. In general, depending on the environmental conditions, integrated 
sampling would dilute potential microcystin concentrations. Furthermore, sample sites 
were offshore where build-up of cells would not be expected. This sampling technique 
dilution factor would not be expected to influence cylindrospermopsin concentrations, as 
was previously described, because C. raciborskii can maintain high concentrations at 
depth. As for anatoxin-a, although no detectable levels were reported in Lake 
Okeechobee at the sites and dates sampled, it should be noted that anatoxin-a was 
identified in water samples collected from SWTPs that use Lake Okeechobee as a raw 
water source.  
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 Miscellaneous Sites 
 
 Several miscellaneous bloom events (University Park in Dade County, Lake 
Mariana in Polk County, East-Twin Lake in Putnam County, Lake Seminole in Pinellas 
County) occurred during the 2000 sampling period and were characterized by significant 
levels of both toxic cyanobacteria and cyanotoxins. Blooms of Microcystis, C. 
raciborskii, A. circinalis, and Aphanizomenon spp. were reported and sampled. The 
Aphanizomenon spp. bloom in East-Twin Lakes was the first dominant bloom reported 
for this genus since the inception of this project.  It lasted for approximately three 
months, from late winter to early spring. Water samples collected from Lake Seminole 
were estimated to have C. raciborskii at levels greater than 300,000 cells/ml. (K. Levy, 
personal communication). The variability in geographical occurrence also indicates the 
potential for cyanobacterial blooms to occur throughout the state as was indicated by data 
collected by this project in 1999 (Williams et al, 2001). Bloom formations occurred 
throughout most of the year (February--Microcystis, April--Aphanizomenon, August-- 
Microcystis/C. raciborskii, and September--A. circinalis) and lasted for weeks to months. 
 
 As for cyanotoxins, it should be noted that miscellaneous sites consisted mainly 
of non-St. Johns River lakes that were known to contain populations of C. raciborskii or 
random lakes that were observed to be experiencing a bloom event. In general, 
microcystin levels ranged between 0 – 1 ug/L but exhibited significantly increased 
concentration levels when blooms were observed to be present. Lake Wauberg (602 
ug/L) in Alachua County and University Park (1008 ug/L) in Dade County were 
examples of highly toxigenic Microcystis blooms. Cylindrospermopsin, on the other 
hand, was reported more frequently and at higher concentration levels, as one would 
expect in C. raciborskii -dominated populations, but it was not found at maximum 
concentration levels comparable to those of the microcystins. Anatoxin-a was reported 
but only in a small fraction of these sites and at relatively low concentrations compared to 
the other cyanotoxins.  
 
 An interesting observation was the rare occurrence of high levels (> 1 ug/L) of 
microcystins associated with the water-soluble fraction. One sample was estimated by the 
FDOH to contain microcystins in excess of 1000 ug/L. This is an extremely high level of 
toxin. This data point indicates the potential for the die-off of large toxigenic blooms to 
release high concentrations of toxin directly into the environment where these 
compounds might be more readily accessible for uptake and could create an ecological as 
well as a potential human health risk. 
 
Tissue Samples 
 
 Cyanotoxin analyses performed on pelican and tilapia gut and liver indicated that 
only anatoxin-a was present at any significant concentration (8-43 ug/g of tissue). It is 
interesting that a sick pelican, which was documented to exhibit symptoms of toxicosis 
(respiratory problems and lack of coordinated movement), and tilapia randomly collected 
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from Lake Griffin (dominated by C. raciborskii) showed similar (but not identical) 
cyanotoxin profiles. 
 
 The white pelican sample was one of several animals that were reported to have 
died (all with the same behavioral abnormalities) during a two-three week period in 
August of 2000 at Lake Harney. Unfortunately, birds are mobile animals and may have 
landed at Lake Harney already pre-exposed. At this time, Lake Harney was experiencing 
a significant bloom of C. raciborskii, but these algae are not known to produce anatoxin-
a. The anatoxin-a levels in the gut (7.95 ug/g of gut tissue) and liver (8.07 ug/g of liver 
tissue) of this one sample were considered to be potentially acutely toxic by Dr. Wayne 
Carmichael at Wright University, an expert in the field of cyanotoxin research. The high 
level of anatoxin-a in the gut does suggest that the source of anatoxin-a was ingested. 
Previous work in mice has indicated that the LD50 for anatoxin-a can range from 200-
250 ug/kg-1 bw (Devlin et al., 1977; Carmichael et al., 1990; Skullberg at al., 1992). The 
oral LD50 for mice was reported as 5000 ug/kg-1 bw (Fitzgeorge et al., 1994). Previous 
work by Carmichael and Biggs (1978) indicated that avian species were more susceptible 
to anatoxin-a than were small mammals (mice). Anatoxin-a causes toxicity by binding to 
receptor sites, blocking electrical transmission, and interfering with the proper operation 
of neural synapses. Anatoxin-a has been shown to cause paralysis, asphyxiation and death 
(Carmichael et al., 1975; Carmichael, 1997). 
 
Paralytic Shellfish Poisons (PSPs) 
 
 PSPs were not identified in any water samples during this survey project. Sample 
size, however, was low (n<20) across all classifications of water bodies and it is 
suggested that more analyses be performed before a true conclusion as to the relative 
importance of these compounds can be determined. It should be noted that anatoxin-a 
was not found in our 1999 survey, whereas during our 2000 monitoring project it was 
positively identified on numerous occasions (n=22) and, at times (n=3), in significant 
concentration levels (8-156 ug/L). In Australia, PSPs are frequently reported yet 
anatoxins are not found (G. Show, personal communications). Species of Anabaena, 
Aphanizomenon, Planktothrix, and Cylindrospermopsis, all commonly found 
cyanobacteria in Florida’s surface water, are reported to be able to produce PSPs. 
 
Lyngbya species 
 
 The identification of Lyngbya wollei in water bodies throughout the state of Florida is 
an initial step towards determining the overall distribution and potential impact that this 
species may have on freshwater systems, especially springs. During the 2000 sampling 
period, several samples were sent to Dr. Glen Shaw’s laboratory in Queensland, Australia 
for Lyngbya-associated toxin analyses. Two samples, one from L. wollei and one from L. 
majuscule, were quantified as having low levels (2-4 mg/kg of dry wt.) of 
debromoaplysiatoxin. To our knowledge, this is the first report of these toxins in the 
USA. Although Lyngbya is primarily considered to be an aesthetic and overgrowth 
problem in Florida, other states (Hawaii) and countries (Australia) do experience 
difficulties with heavy growth and toxin production from this macroscopic blue-green 
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alga.  L. wollei is known to produce lyngbyatoxins, aplysiatoxins, and allergenic 
lipopolysaccharides. L. majuscule is an estuarine/marine species of Lyngbya and has been 
observed to produce consistent and prolific blooms in the Charlotte Harbor, FL area. 
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RECOMMENDATIONS 
 
• Microcystis, Anabaena, Aphanizomenon, and Cylindrospermopsis spp. were the 

most prevalent potential toxin-producing cyanobacteria reported in surface waters 
used as drinking water sources. Thus, monitoring for these species might be 
prioritized, and plant operators or water quality analysts at all SWTPs should be 
able to identify these genera if and when they appear in water samples. A 
reasonable management practice might be to monitor surface water several times 
(early morning, midday, and late evening) a day for potentially problematic algae 
and, over time, to develop action levels for the implementation of potential 
treatments as needed. Sampling at different sites on a weekly basis, knowing the 
circulation of the water body in question, and keeping up-to-date on the current 
wind patterns should increase the time to respond and alert personnel to potential 
situations. By knowing the characteristics and tendencies of a given water body, 
the influence of toxigenic cyanobacteria on the quality of a source of water can be 
minimized. Several schemes for the monitoring, evaluation, and response to 
potentially toxic conditions can be found in Chapters 5 and 6 of Chorus and 
Bartram (eds., 1999).  

 
• The presence of cyanotoxins in surface waters needs to be considered during the 

design phase for new water treatment facilities prior to implementation of water 
withdrawal at alternative water supply sites. Sites that consistently have lower 
frequencies of occurrence and/or lower levels of toxin may need to be prioritized. 
If sustainable high volumes of surface water become a priority, then treatment 
methods for the significant reduction or the complete removal of cyanotoxins 
need to be evaluated. A project developed by the SJRWMD and CH2M-Hill, in 
conjunction with the American Water Works Association, has studied the 
efficiency of treatment processes that may significantly reduce microcystins in 
source water. 

 
• In general, it is recommended that surface water management plans, Pollution 

Load Reduction Goals (PLRGs), and Total Maximum Daily Load (TMDLs) goals 
for nutrient-impaired water incorporate cyanobacteria and specifically 
cyanotoxins as biological endpoints for setting nutrient discharge limits. This 
strategy would help protect aquatic ecosystems and water catchments that are 
used for drinking water supply. Water treatment operations that supply public 
drinking water should evaluate and monitor for the potential occurrence of 
cyanobacteria in supply waters and the potential for cyanotoxin breakthrough 
during treatment processes. Adequate water treatment necessary for the removal 
of algae, their associated toxins and other bioactive metabolites from drinking 
water supplies is recommended. Water managers and water utilities should also be 
cognizant of cyanobacterial blooms and toxin concentrations in surface waters 
prior to discharge to subsurface storage facilities or aquifers.  

 
• Epidemiological studies of human exposure to algal toxins in recreational waters 

and drinking water supplies are recommended to elucidate potential human health 

 34



risks.  State and county sponsored monitoring programs should be organized and 
established for water bodies known to maintain or experience high densities of 
potentially toxigenic cyanobacteria. Cyanotoxin analyses should be performed on 
a routine basis to insure that levels do not increase above suggested World Health 
Organizations guideline levels. Data obtained, in conjunction with new research 
and the Florida Department of Health, should be used as the basis for developing, 
organizing, and implementing a state-wide information system for the 
dissemination and communication of lake conditions in order to notify 
recreational users of potential health risks. 

 
• Ecologically, research might be targeted at determining what kind of impact 

cyanotoxins may exert on the recruitment of new individuals (young-of-the-year) 
to the population level, i.e., the effects of cyanotoxins on the reproductive 
capacity of adults, the quality of reproductive cells, the fertilization rates of eggs, 
the development and survival rate of fertilized eggs, the survivability of young-of-
the-year, etc. 

 
• Florida’s drinking water treatment facilities that use surface water as a raw water 

source need to monitor that source for the presence of potential toxigenic 
cyanobacteria (identification and quantification) and, when necessary, 
cyanotoxins in their raw water, treatment processes and post-treated finished 
water. Treatment protocols need to be developed for different types and species of 
cyanobacteria and the toxins they produce. The USEPA needs to develop drinking 
water guideline levels for cyanotoxins. 

 
• Epidemiological studies should be designed and performed by the Florida 

Department of Health, the Center for Disease Control, and members of the Florida 
Harmful Algal Bloom Task Force to determine routes of exposure and the risks 
involved in recreational exposure to cyanobacteria and/or cyanotoxins, as well as 
the risks involved in the ingestion of aquatic animals fished from water bodies 
known to maintain high levels of potential toxigenic cyanobacteria and/or produce 
high concentrations of cyanotoxins. 
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Table 1:  Prevalence of potentially toxigenic cyanobacteria collected from February - October 2000 in selected Florida surface water bodies

Toxigenic species (%)
Sample sites Sample size C. raciborskii Microcystis spp. Anabaena spp. Aphanizomenon spp. Anabaenopsis spp. Planktothrix spp.

Surface Water Treatment Plants 153 20.9 28.8 41.8 32.0 9.8 16.3

Designated Alternate Drinking Water Sites 31 54.8 54.8 61.3 54.8 54.8 12.9

Lower St. Johns River 128 53.9 47.6 55.5 50.0 29.7 10.9

Lake Okeechobee 53 30.2 18.9 28.3 37.7 9.4 9.4

Miscellaneous sites 40 77.5 45.0 32.5 25.0 5.0 7.5

Total 422 39.1 35.5 43.1 37.9 18.2 12.1



Table 2:  Monthly Presence of Potentially Toxigenic Blue-Green Algae Sampled during 2000.

Water Treatment Potable Surface Month of Collection
 Facility Water Resources 1 2 3 4 5 6 7 8 9 10 11 12

Bay County Deer Point Lake/Reservoir 0 2 0

Belle Glade Lake Okeechobee - south 0 0 3 3 2 3

Bradenton Bill Evers Reservoir 2 3 3 3 2 3 2 3 2

Clewiston Lake Okeechobee - west 2 0 2 2 3 3

Lee County Caloosahatchee River 3 3 3 2 0

Manatee County Lake Manatee 0 0 0 3 3  3/2 2 2 0

Marco Island Marco Lakes 3 2 2 2 2 2 2

Melbourne Lake Washington 0 0 2 0 0 3 3 3 2 0 0

North Port MyakkaHatchee Creek 0 0 2 3 3 0 2 0

Okeechobee Lake Okeechobee - north 2 2 2 3 3 3 3 0

Pahokee Lake Okeechobee - east 0 2 3 3 0 3 3 2

Bryant Mill 3 0 2 3

South Bay Lake Okeechobee - east 2 3 2 3 2 2 3

Peace River Regional Water Supply Authority Peace River 0 0 3 2 0 0 3 2

Punta Gorda Shell Creek 0 0 2 2 2 2 0 0

Quincy Quincy Creek 0 0 0 2 0 0 0 2

Tampa Hillsborough River 0 0 0 2  2/3  2/3 2 3 2

West Palm Beach Clear Lake 3 3 2 2 2 2  2/3 2

West Palm Beach Lake Mangonia 2 2 2 2 2 0 2 2

Designated Alternate Drinking Water Sites

St. Johns River @ Switzerland Point 0 0 0 3 0 2 3 3 3 2

St. Johns River @ DeLand 0 2 3 3 3 3 3 3 3 0

St. Johns River @ Titusville 2 3 3 3 2 3 2 0

St. Johns River @ Cocoa 0 0 3 3 3 3 3 0

Blank = no sample collected
0 = no toxigenic species identified
2 = toxigenic species identified at low levels (non-dominant total numbers)



Table 2 (cont.):   Presence of Potentially Toxigenic Blue-Green Algae Sampled during 2000.

Water Month of Collection
Body 1 2 3 4 5 6 7 8 9 10 11 12

Ecological Sites

Lake Crystal 3 3 3 3 3 3

Little Lake Crystal 3 3 3 3 3 3

Lake Johnson 3 3 3 3 3 3

Lake Okeechobee - N 3 3 3 3

Lake Okeechobee - S 3 0 0 3 3

Lake Okeechobee - E 3 3 3 3 2

Lake Okeechobee - W 3 3 3 3 3

Lake Griffin 3 3 3 3

Lake Jesup 3 3 3 3 3 3

Lake Monroe 3 3 3

Newnans Lake 3 3 3 3 3 3

Crescent Lake 3 0 3 3 3 3 2 3

SJR @ Welaka 3 3 3 3 3 3 3

Lake George 3 2 3 3 3 3 3

SJR @ Rice Creek 3 3 3 3 3 3 3

SJR @ Browns Landing 3 3 3 3 3

SJR @ Hallowes Cove 3 3 2 0 3 3 2

SJR @ Ferreira Pt. 3 3 3 3 3 3

SJR @ Mill Cove 0 0 0 0 0

SJR @ Pt. LaVista 0 0 0 0 2 0

SJR @ the Buckman Bridge 0 2 2

Doctors Lake 0 0 0 0 2 2 0

Blank = no sample collected SJR = St. Johns River
0 = no toxigenic species identified
2 = toxigenic species identified at low levels (non-dominant total numbers)
3 = toxigenic species identified at high levels (dominant or co-dominant total numbers)



 



Table 4:  List of sample sites where Lyngbya species were collected. 

No. Species Site Latitude Longitude

1 Lyngybya wollei Silver River 29-12-12 82-01-01
2 L. wollei Chassohowizka Spring 28-42-40 82-35-15
3 L. wollei Rainbow River 29-06-01 82-26-10
4 L. wollei Weeki Wachee Spring 28-31-00 82-34-40
5 L. wollei Crystal River, Kings Bay 28-53-30 82-35-33
6 L. wollei Homasassa Spring 28-47-45 82-35-15
7 L. wollei Withlacoochee Spring 28-54-20 82-38-00
8 L. wollei Wekiva River/SR 46 28-49-00 81-25-10
9 L. wollei Wekiva River/Hardens not provided

10 L. wollei Cove Lake Pond not provided
11 L. wollei Cove Lake/River Bend not provided
12 L. wollei Cove Lake/Laurel Oak not provided
13 L. wollei Rice Creek 29-42-46 81-38-23
14 L. wollei Federal Pt. 29-45-14 81-32-43
15 L. wollei Browns Landing 29-35-47 81-38-17
16 L. wollei Silver Glen Spring 29-14-55 81-38-30
17 L. wollei Fern Hammock Springs 29-10-45 81-42-45
18 L. wollei Silver Spring 29-13-10 82-03-15
19 Lyngbya majuscula Charlotte Harbor 26-45-00 82-07-00



Table 5:  Potentially toxigenic cyanobacterial species actually reported from 
sampling sites in the St. Johns River. 
 
 
 
 
 Species     Potential toxins produced                                   
 
 Anabaena circinalis    Microcystins, Anatoxin-a 
 
 Anabaena flos-aquae    Microcystins, Anatoxin-a 
 
 Anabaena planctonica   Microcystins, Anatoxin-a 
 
 Aphanizomenon flos-aquae   Anatoxin-a, Cylindrospermopsin 
 
 Aphanizomenon ovalisporum  Anatoxin-a, Cylindrospermopsin 
 
 Cylindrospermopsis raciborskii  Cylindrospermopsin, Anatoxin-a 
 
 Lyngbya wollei    Debromoaplysiatoxin 
 
 Microcystis aeruginosa   Microcystins 
 
 Microcystis wesenbergii   Microcystins 
 
 Planktothrix agardhii    Microcystins, Anatoxin-a 
 
 Planktothrix mougeotii   Microcystins, Anatoxin-a 
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Figure 6:  Prevalence of Toxigenic Cyanobacteria Collected from Water 
Bodies used as Drinking Water Sources

Anabaena spp.
Microcystis spp.
C. raciborskii
Aphanizomenon spp.
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Figure 7:  Microcystin Concentrations (FDOH) in Raw Source Waters 
from Florida Drinking Water Facilities

Particulate fraction
Water-soluble fraction
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Figure 8:  Microcystin Concentrations (FDOH) in Post-Treatment Finish 
Water from Drinking Water Facilities
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Figure 9:  Microcystin Concentrations (WSU) at Florida Drinking 
Water Facilities

Raw water
Finish water



0

20

40

60

Pe
rc

en
t

0 -
 0.

01

0.0
1 -

 0.
1

0.1
 - 1

.0

1.0
 - 1

0

10
 - 1

00

Range of concentrations

Figure 10:  Cylindrospermopsin Concentrations at Florida Drinking 
Water Facilities

Raw water
Finish water
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Figure 11:  Anatoxin-a Concentrations at Florida Drinking Water 
Facilities

Raw water
Finish water
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Figure 12:  Prevalence of Toxigenic Cyanoatcteria at Sites Designated as 
Potential Alternate Drinking Water Retrieval Sources
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Figure 13:  Microcystin Concentrations (FDOH) at Potential Alternate 
Designated Drinking Water Retrieval Sites

Particulate fraction
Water-soluble fraction
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Figure 14:  Microcystin Concentrations (WSU) at Designated Potential 
Alternate Drinking Water Retrieval Sites
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Figure 15:  Cylindrospermopsin Concentrations at Designated Potential 
Alternate Drinking Water Retrieval Sites
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Figure 16:  Microcystin Concentrations (FDOH) at All Samples Sites 
Associated with the St. Johns River

Particulate fraction
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Figure 17:  Microcystin Concentrations (FDOH) in Lakes of the St. Johns 
River

Particulate fraction
Water-soluble fraction
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Figure 18:  Microcystin Concentrations (FDOH) at Sample Sites Located in 
the Mainstem of the St. Johns River
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Figure 19:  Microcystin Concentrations (WSU) at All Samples Sites Associated 
with the St. Johns River
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Figure 20:  Microcystins Concentrations (WSU) in Lakes of the St. Johns 
River
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Figure 21:  Microcystin Concentrations (WSU) at Sample Sites Located in the 
Mainstem of the St. Johns River
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Figure 22: Cylindrospermopsin Concentrations at All Sites Associated with 
the St. Johns River
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Figure 23:  Cylindrospermopsin Concentrations in Lakes of the St. Johns 
River
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Figure 24:  Cylindrospermopsin Concentrations at Sample Sites Located in 
the Mainstem of the St. Johns River
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Figure 25:  Anatoxin-a Concentrations at All Sites Associated with the St. 
Johns River
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Figure 26:  Anatoxin-a Concentrations in Lakes of the St. Johns River
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Figure 27:  Anatoxin-a Concentrations at Sample Sites Located in the 
Mainstem of the St. Johns River
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Figure 28:  Microcystin Concentrations (FDOH) in Lake Okeechobee
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Water-soluble fraction
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Figure 29:  Microcystin Concentrations (WSU) in Lake Okeechobee
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Figure 30:  Cylindrospermopsin Concentrations in Lake Okeechobee
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Figure 31:  Microcystin Concentrations (FDOH) at Miscellaneous Ecological 
Sites

Particulate fraction
Water-soluble fraction
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Figure 32:  Microcystin Concentrations (WSU) at Miscellaneous Ecological 
Sites



0

20

40

Pe
rc

en
t

0

0.0
1 -

 0.
1

0.1
 - 1

.0

1.0
 - 1

0

10
 - 1

00 10
0

Range of concentrations

Figure 33:  Cylindrospermopsin Concentrations at Miscellaneous Ecological 
Sites
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Figure 34:  Anatoxin-a Concentrations at Miscellaneous Ecological Sites
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Figure 35:  Cyanotoxins in Tilapia and White Pelican Animal Tissues
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Figure 36:  Debromoaplysiatoxin in Florida Lyngbya  Species
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Figure 38:  Elevated Concentrations of Cylindrospermopsin at Florida 
Surface Water Treatment Plants

Raw water
Finish water
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2000
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