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Research Questions
Are algal toxins present in Falls Lake?

When are 
they 

present?

Where are they 
present within the 

lake?

At what 
concentrations are 

they present?

What patterns can be drawn between toxin concentrations and 
environmental parameters?



Data Collection

- Monthly Sampling at 11 stations

-Sampled algal biomass, toxin 
concentrations and species 

composition (underway)

- Collected environmental data 
(temperature, pH, nutrients, 

dissolved oxygen, conductivity)



Algal Biomass
Aug 2019

Aug- Sep 
2021

Dec 
2021

Oct 2019 –
Jan 2021

Jun 
2020

EPA impairment 
threshold

WHO threshold 
for 

mild/moderate 
risk of adverse 

effects from 
MCY

- Algal biomass has exceeded 
impairment levels based on 
algal growth (EPA)

- Changes in conductivity, 
total P and total N explain 
~20% of variation in algal 
biomass

- With potentially toxic algae 
present,  biomass values 
between 10 and 50 µg L-1

can be indicative of 
moderate toxin exposure 
risks (WHO)



Toxins Measured
Toxin Toxin Class Human health concerns

Microcystin (MCY) Hepatotoxin Abdominal pain, vomiting, diarrhea, 
pneumonia

Cylindrospermopsin 
(CYL)

Hepatotoxin Gastrointestinal effects including 
diarrhea, vomiting, and 

Anatoxin-a (ANA) Neurotoxin numbness, drowsiness, respiratory 
paralysis leading to death

Beta-Methylamino-L-
alanine (BMAA)

Neurotoxin Potential link to neurodegenerative 
effects

Saxitoxin (SXT) Neurotoxin Vomiting, headache, weakness, 
respiratory paralysis leading to 
death



Microcystin
Nov 2020 

May - Jun 2021 
- Microcystin was detected in 70% of 

samples, year-round and highest at 
mid and lower lake sites

- Microcystin concentrations 
remained below safe recreational 
use threshold (8 µg L-1)

- Changes in temperature, ammonia 
and turbidity could explain ~20% 
of variation in microcystin

- Algal biomass-based estimates 
overestimate toxin exposure risk



How often do we see toxins?
MCY ANA BMAA CYL SXT

n 298 72 33 137 51
% samples 

with 
detectable 
toxin levels

70% 88% 70% 13% 0%

Often Rarely Never

- In samples in which all 4 detected toxins were measured, 50% of 
samples have at least 2 or more toxins detected

- Spatiotemporal analyses for ANA, BMAA and CYL are underway



Next Steps

Mostly
Completed

Which toxins 
are detected 

most 
frequently

When we 
detect toxins

Where we 
detect toxins

Which algae 
are producing 

the toxins

Roadmap to 
monitoring 
strategies & 

early detection 
and prediction 

tools

Coming Soon! Goal Product



Take-home Message

 Algal biomass is not sufficient as sole predictor of toxin exposure risk.

Remaining Project Aims:
 Finalize spatiotemporal analyses for all toxins. 

 Identify toxin producers for the development of highly sensitive DNA-based monitoring 
approaches (detection during early bloom stages).

 Microcystin and anatoxin are the most common toxins and should be 
prioritized to assess future changes in toxin dynamics. 

 Preliminary analyses point to mid and lower lake stations as suitable 
monitoring sites with high frequency sampling in summer and fall. 
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Take-home Message

Cyanotoxins are detected but only at low 
concentrations within Falls Lake

Algal Biomass and environmental parameters don’t 
strongly correlate with toxin concentrations and thus 

can’t inform an efficient monitoring approach



Chlorophyll a Model

Parameter Coefficient % Variance 
Explained

Temperature -0.16 1.83
Conductance 0.05 11.08
pH -5.69 1.72
DO Saturation 0.08 1.47
Total Phosphorus 316.84 4.60
Nitrite + Nitrate -40.94 4.13
Turbidity -4.02 1.10
Total 25.93



Algal Biomass
Concentrations typically 
higher in the mid-upper 

stations

Best environmental parameter 
model explains approximately 
26% of variation algal biomass

Chlorophyll  a does not 
significantly correlate with any 

measured toxin values



Microcystin
Concentrations vary across the lake 
with higher values typically in the 

mid-lower stations

A subset of environmental 
parameters correlate with 
microcystin concentrations

Parameter Coefficient % Variance 
Explained

Temperature* 0.036 10.84

NH3 0.004 5.55

Turbidity* -0.003 5.68

Total 22.07



Cylindrospermopsin
Cylindrospermopsin 

concentrations rarely rise 
above 0 and do not rise 

above EPA safety thresholds

Toxin exists primarily 
dissolved in the water 

column, so accumulation data 
has more potential to contain 

high values

Parameter Coefficient % Variance 
Explained

pH 0.02 4.49



Anatoxin-a

Parameter Coefficient % Variance 
Explained

Turbidity* 0.01 13.03

Temperature* 0.004 3.20

Total 
Phosphorus

-3.62 0.55

Total 16.58

Toxin is consistently present, but 
at very low concentrations

Toxin analysis will be continued 
through 2021



BMAA
Concentrations are 

consistently low with a 
few peaks

No known safety or 
recreational standards to 

compare concentrations to

Toxin analysis will be 
continued through 2021, 

potentially increasing 
spatial resolution
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