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Cyanobacterial Blooms in Freshwater 
and Potential Health Impact in the 
United States
Jiyoung Lee
Ohio State University

Abstract

Background: Harmful cyanobacteria are get-
ting special attention because they are known to 
produce various types of cyanotoxins. There is 
evidence suggesting that microcystin (the most 
common cyanotoxin in fresh water) can cause 
liver damage and cancer. However, because 
there is little epidemiologic research, the excess 
risk of liver disease remains uncertain. The 
goal of this study is to assess the spatial distri-
bution of cyanobacterial blooms in the United 
States and to perform statistical analysis to see 
whether cyanobacterial blooms are a potential 
risk factor for liver disease (nonalcoholic).

Approach: With an ecological study design, 
county-specific gender and age standardized 
mortality rates (SMR) of liver disease in the 
United States were computed (for 1999 and 
2010). Bloom coverage was mapped and phy-
cocyanin levels were calculated from Medium 
Resolution Imaging Spectrometer (MERIS) 
water color images (08/01/2005 to 09/30/2005). A 
scan statistical tool was used to identify signifi-
cant clusters of death from liver disease. A map 
of local indicators of spatial association (LISA) 
clusters and a Bayesian spatial regression model 
were used to analyze the relationship between 
the bloom coverage and death rates.

Findings: Cyanobacterial blooms were 
found to be widespread in the United States 
(in 62% of the counties). Bayesian regression 
analysis showed that bloom coverage was 
significantly related to the risk of liver disease 
death. The risk increased by 0.3% (95% CI, 0.1% 
to 0.5%) with each 1% increase in bloom cover-
age in the affected county after adjusting for 
age, gender, educational level, and race.

Biosketch

Dr. Jiyoung Lee is an associate professor in 
the Division of Environmental Health Sciences, 
College of Public Health (70%) and Department 
of Food Science & Technology (30%), at Ohio 
State University. The main theme of Dr. Lee’s 
research is microbial contamination in environ-
ments that leads to human exposure and its 
linkage to human health. Her research focuses 
on understanding pathways of microbial trans-
mission, microbial dynamics and interactions 
within microbial community in multi-temporal 
and spatial scales, and effects on gastrointes-
tinal illness and cancers. Her environmental 
microbiology laboratory has established com-
prehensive research tools for understanding 
the broad spectrum of microbial contamination 
and its human health impact using molecu-
lar detection, microbial source tracking, next 
generation sequencing, health survey, and 
eco-epidemiology.
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Application of a Linked Hydrodynamic-
Harmful Algal Bloom Model for Assessment 
of Management Scenarios to Impaired Long 
Island Embayments
Raghav Narayanan
Anchor QEA

Abstract

Harmful algal blooms (HABs) linked 
to fish kills and shell and finfish depletion 
have been increasing in some Long Island 
coastal waters. Prior studies have associated 
these blooms with increasing nitrogen load-
ings coming mainly from cesspool and septic 
tank effluents. A quantitative understanding 
of the relationship between nitrogen loads 
and algal blooms is necessary to evaluate and 
prioritize nitrogen reduction options. Anchor 
QEA is working with Dr. Christopher Gobler 
at Stony Brook University’s School of Marine 
and Atmospheric Sciences and the Town of 
Southampton, New York, to develop a linked 
hydrodynamic-HAB eutrophication model for 
Moriches and Quantuck bays in the Long Island 
South Shore Estuary Reserve, where HABs have 
been the most prevalent in recent years. The 
model comprises a hydrodynamic submodel to 
simulate water flows and residence time in the 
bays and a water quality submodel to simulate 
the nitrogen cycle and growth rate of brown 
tide (Aureococcus anophagefferens) and red 
tide (Alexandrium). This talk will focus on the 
development of the model, its use in under-
standing and evaluating nitrogen cycling and 
algal blooms to address associated water qual-
ity impairments, and its application to support 
the Town of Southampton’s efforts to assess the 
benefits of various nitrogen reduction scenarios.

Biosketch

Mr. Raghav Narayanan is a managing 
scientist at Anchor QEA, LLC, in Woodcliff 
Lake, New Jersey. He received his master of 
science degree in civil and environmental 
engineering from Carnegie Mellon University 
and his bachelor’s and master’s of technology 
degrees from the Indian Institute of Technology 
in Delhi, India. Mr. Narayanan has more than 
8 years of experience with contaminated sedi-
ment cleanup and water quality evaluations, 
and has worked on the major Superfund sites of 
the northeastern United States to develop effec-
tive economic remedial strategies. He has led 
studies in site characterizations, conceptual site 
model development, sampling plan design, rem-
edy certification, and other phases of the reme-
dial investigation/feasibility study and cleanup 
process. Mr. Narayanan also is experienced in 
developing water quality and sediment chemis-
try models to better understand impaired water 
and contaminated sediment systems, includ-
ing water quality models to address nutrient 
dynamics and eutrophication and for total 
maximum daily load determination; baseflow 
calculations to estimate nonpoint source load-
ings; and other fate and transport studies.
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Recreational Risk Management of 
Surface Waterbodies: Cyanobacteria 
Surveillance in Massachusetts
Michael Celona
Massachusetts Department of Public Health

Abstract

Cyanobacteria are photosynthetic organ-
isms found in fresh water bodies that under cer-
tain environmental conditions undergo signifi-
cant population growth. The highly concentrated 
growth of these colonies, generally referred to 
as “harmful algal blooms” (HABs), have the 
potential to significantly impact the quality of 
surface water in Massachusetts. In addition to 
the possibility of certain populations produc-
ing visually unpleasant scums on the surface of 
the water, some are capable of producing highly 
potent toxins (referred to as “cyanotoxins”) that 
have the potential to cause significant adverse 
health effects in humans and animals. Despite 
this potential, there are currently no established 
federal guidelines for cyanobacteria in recre-
ational water bodies. As a result, in 2008, the 
Massachusetts Department of Public Health 
(MDPH) developed interim guidelines and, in 
2009, established an environmental surveillance 
program to provide technical assistance to state-
wide partners and develop an episodic response 
capability to collect water quality samples at 
suspected algal blooms. As part of that effort, the 
MDPH Environmental Toxicology Program has 
collected and evaluated over 1,000 water samples 
for the presence of cyanobacteria (as well as other 
water quality parameters), with over 37% of all 
samples exceeding the interim guideline. Given 
the exposure potential at surface water bod-
ies in Massachusetts, future efforts are focused 
on conducting a quantitative risk assessment 
of recreational exposure to cyanobacteria and 
cyanotoxins.

Biosketch

Michael Celona is chief of the Water Toxics 
Unit in the Massachusetts Department of Public 
Health, Bureau of Environmental Health’s 
Environmental Toxicology Program (ETP). He 
received his bachelor of arts degree in environ-
mental science from Wheaton College and his 
master of arts degree in urban and environ-
mental policy from Tufts University, and has 
held a Massachusetts sanitarian license since 
2006. Mr. Celona has been with the depart-
ment for 16 years and currently coordinates 
ETP water-related activities involving bath-
ing beaches, freshwater algal blooms, drink-
ing water, and freshwater fish advisories. He 
represents the department on the New England 
Interstate Water Pollution Control Commission 
and the Massachusetts Board of Registration of 
Operators of Drinking Water Supply Facilities.
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Cyanotoxin Ambient Water Quality 
Criteria for Recreational Waters
John Ravenscroft
U.S. Environmental Protection Agency

Abstract

“Cyanobacteria” are photosynthetic 
bacteria common to freshwater and marine 
ecosystems that can grow to high densities 
forming blooms in surface waters under certain 
conditions, such as elevated nutrient concentra-
tions, temperature, and light intensity. These 
blooms—also known as harmful algal blooms 
(HABs)—can produce toxic compounds called 
cyanotoxins that are harmful to humans and 
animals. Exposure to the HABs and toxins via 
ingestion, inhalation, or dermal pathways can 
result in adverse health effects, including liver, 
kidney, and neurological damage; gastroin-
testinal illness; and skin irritation. HABs have 
been reported in ambient waters in most coastal 
and inland states. Most states have reported 
cyanotoxin poisonings and/or issued recre-
ational health advisories. Last summer, states 
issued 252 notices, warnings, cautions, and/or 
public health advisories for HABs. In 2015, the 
U.S. Environmental Protection Agency (EPA) 
published drinking water health advisories for 
the cyanotoxins microcystins and cylindrosper-
mopsin. To provide guidance to ensure safety 
for recreational exposures to cyanotoxins, EPA 
is currently developing 304(a) Ambient Water 
Quality Criteria (AWQC) recommendations 
for microcystins and cylindrospermopsin. The 
AWQC will focus on a fresh water recreational 
exposure scenario in which immersion and 
incidental ingestion of ambient water are likely. 
This presentation will discuss the AWQC and 
EPA’s current thinking on relevant science 
questions.

Biosketch

John Ravenscroft is a microbiologist in 
the Health and Ecological Criteria Division of 
the Office of Science and Technology in the 
U.S. Environmental Protection Agency’s (EPA’s) 
Office of Water. He has participated in EPA’s 
effort to develop new ambient water quality 
criteria for recreational water and technical sup-
port documents for use in criteria implementa-
tion, including current efforts to develop crite-
ria for cyanotoxins and cyanobacteria. John’s 
interests in the field of environmental micro-
biology include the regulatory and research 
areas with a focus on the appropriate choice 
and application of indicators of fecal pollution, 
public health protection, and more recently, 
the use of microbial risk assessment to help 
inform science policy. He has helped develop 
ecological risk assessments for estimating the 
environmental fate and nontarget effects of 
pesticides in EPA’s Office of Pesticide Programs. 
Prior to joining EPA, Mr. Ravenscroft conducted 
research at Michigan State University on the 
effects of applying various pesticide and fertil-
izer regimes to turfgrass and agricultural crops 
on the carbon and nitrogen cycling functions of 
the soil microbiota. He also has worked for the 
State of Maryland at the local health department 
level, conducting assessment and compliance 
field sampling and enforcement functions for 
Maryland’s Department of the Environment 
and Department of Health and Mental Hygiene. 
Mr. Ravenscroft received a master of science 
degree in environmental microbiology from 
West Virginia University and a bachelor of 
science degree in biology from Frostburg State 
University.
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Anatoxin-a Poisoning in a Dog 
Associated with Exposure to a 
Minnesota Lake, June 2015
Stephanie Gretsch
Minnesota Department of Health

Abstract

A 10-month-old neutered male Labrador-
golden retriever mix died suddenly after swim-
ming in a Minnesota lake on June 4, 2015. The 
dog was retrieving a stick and began to vomit 
upon exiting the water. He subsequently had 
trouble breathing, developed seizures, and died 
approximately 30 minutes later. While nuisance 
cyanobacteria blooms are a routine occurrence 
in the lake, at the time of the dog’s death, no 
bloom was apparent although some algal scum 
was present on the shore. Water and algae 
samples collected on June 4 were submitted for 
analysis, and Anabaena and Microcystis spp. 
dominated. The sample was analyzed for micro-
cystins using a strip test kit, and the concentra-
tion was < 1 ppb. A necropsy was performed on 
June 9, and no gross abnormalities were found. 
The stomach contained a moderate amount of 
green/brown ingesta and plant matter. Due to 
the neurologic signs prior to death, stomach 
contents were analyzed for anatoxin-a by liquid 
chromatography-tandem mass spectrometry 
(LC-MS/MS). The concentration of anatoxin-a 
was > 10 ppm, but quantification of the toxin 
was not possible due to the matrix interfer-
ences of the stomach contents. The dog’s clini-
cal signs and detection of Anabaena, a known 
anatoxin-a producer, in the lake and anatoxin-a 
in the stomach contents confirm anatoxin-a as 
the cause of death. Although microcystin is 
known as the most common cyanotoxin present 
in Minnesota lakes, this case along with similar 
reports of dog deaths following exposure to 
seemingly bloom-free lakes suggest anatoxin-
a could be more common than previously 
thought.

Biosketch

Ms. Stephanie Gretsch is an epidemiolo-
gist in the Waterborne Diseases Unit of the 
Minnesota Department of Health (MDH). She 
received her bachelor of science degree in biol-
ogy from the University of Notre Dame and her 
master of public health degree in epidemiology 
from Emory University. At MDH, Ms. Gretsch 
participates in Cryptosporidium and Giardia 
surveillance activities, investigates waterborne 
disease outbreaks, and coordinates surveillance 
for harmful algal bloom-related illnesses.
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Question & Answer Session

Question 1
Virginia Loftin: We have lakes that discharge to ocean beaches, and one gets occasional blooms. How 
long do they persist? This coastal lake is piped to the beach, and you can see the green water coming 
out.

Answer 1
Jiyoung Lee: It can be diluted, but some are resistant, so they can persist. For toxins, they have 
diverse range of persistence in the water from days to months. It depends on where it is. 
Some are resistant to salinity.

Question 2
Dan Shapley: I have a similar question. We have a river where we think we documented the first HAB. 
It is a tributary to the Hudson with a nearby drinking water intake. How far can these travel before 
they are visible to a drinking water intake?

Answer 2
John Ravenscroft: The health advisories are a recommendation, not a requirement. As far as 
the distance, they can last for a while. The concern is that after it is produced, the cells can go 
away but the toxins are still around. So you don’t always see the green.

Question 3
(Unknown): This is for Dr. Lee. You said there is a skin rash from exposure to microcystin. What is the 
mechanism? Also, you looked at a database for liver problems, what is the source of the database? You 
have 1 month of satellite images and tried to correlate those with 10 years of data. Is that assuming the 
spatial distribution for the algal bloom hasn’t changed in 10 years?

Answer 3
Jiyoung Lee: The health data was for 11 years, so we picked the middle year, 2005, and the late 
summer data for a little more than a month. The eutrophication of the water body is gradual 
but then it stays like that for a while. It was also based on the reference. The middle year 
doesn’t dramatically change. For the microcystin, the study was not done for the skin itself; 
the cells can cause a skin rash, not just the microcystin toxin.

Question 4
(Unknown): For Michael [Celona]. You used the standard of 14 ppb [parts per billion]. What is the 
scientific basis behind that?

Answer 4
Michael Celona: Developed partly on the guidelines from 200 [mL water consumed], based on 
a child’s exposure to microcystin from swimming. We assumed a linear relationship and got 
to 70,000 cells per mL.

Question 5
(Unknown): For salinity, we have seen microcystin persist in brackish conditions. To add to Stephanie 
[Gretsch’s] talk, we are not seeing the cells, but there is toxin. It’s not always visible, so that’s not 
always a good indicator. You said for advisories, 70,000 cells per mL or 14 ppb, is it for any of those 
factors?

Answer 5
Michael Celona: Yes, any of those.
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Question 6
John Wathen: My question is for Michael [Celona]. There are a lot of reservoirs in Massachusetts that 
supply a lot of water. Have they been compromised because of HABs?

Answer 6
Michael Celona: The one we looked at was not a drinking water supply. We focused on the 
recreational water exposure.

Question 7
Dan Shapley: WHO [World health Organization] considers microcystin to be a toxin. EPA has not 
classified it that way. Wouldn’t it be more protective to use a cancer framework?

Answer 7
John Ravenscroft: The most sensitive endpoint was the liver toxicity used to derive the RfD 
[reference dose]. So we wanted to use the state of the science for drinking water advisories, 
and leverage it for recreational water criteria (more of an acute exposure scenario). We are 
also looking at fish consumption; later we might be able to look at a human health criteria.
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