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Key Messages 
Health effects from recreational exposure: 

• Most reports of human illness following recreational exposure to cyanobacteria 
are mild and self-limiting, but symptoms can be wide ranging from gastrointestinal 
or respiratory symptoms to irritant effects, fever, headache, and fatigue. 

• Occasionally, exposure to cyanobacterial blooms can cause serious and life-
threatening illness, most often following full body immersion and accidental 
ingestion of water, and often involve children (< 18 yrs).  

• Limited research exists on the health effects associated with non-ingestion routes 
of exposure or for incidental water contact, and knowledge gaps remain on the 
health effects of chronic, low-level exposures.  

Dermal exposures and health effects 
• The literature suggests dermal exposures are unlikely to cause serious health 

effects, as cyanotoxins do not absorb well into human skin.  
• Persons with sensitive skin, wounds, and sunburns, or younger people, may 

experience more dermatologic symptoms, especially after long exposures.  
• Endotoxins (lipopolysaccharides) on cyanobacterial surfaces may induce some 

inflammation and allergenic responses, even in the absence of toxic species or 
cyanotoxins in the water. 

Inhalation exposures and health effects 
• Cyanobacteria and their toxins can become aerosolized by water turbulence, 

wind, or boat spray, and people in or near the water can be exposed via inhalation.  
• Environmental conditions (e.g., humidity, temperature) can affect the persistence 

of aerosols around a waterbody. 
• No evidence of serious health effects from inhalation of cyanotoxins or 

cyanobacterial cells was found, but some people may experience inflammatory or 
irritant effects, especially those with underlying respiratory conditions. 

Reducing health effects  
• Enhancing surveillance and reporting systems for cyanobacteria-related illnesses 

could improve our understanding of health effects due to recreational exposures. 
• Raising public awareness, especially at water bodies prone to frequent or 

persistent blooms, could help water users take protective measures to reduce 
exposures to cyanobacteria and their toxins. 

• Awareness raising can extend to clinical practitioners to recognize the symptoms 
associated with exposures to cyanobacteria during recreational bathing season. 
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Introduction 
Cyanobacteria, commonly referred to as blue-green algae, are a group of photosynthetic 
bacteria that can propagate in lakes, ponds, and rivers, forming blooms. Cyanobacterial blooms 
are often referred to as harmful algal blooms (HABs), due to the ability of some cyanobacteria 
to produce cyanotoxins that present a health hazard to humans and animals.1 Decaying blooms 
can also cause rapid depletion of dissolved oxygen in water, which can cause sudden death of 
fish. HABs are most prolific during the summer and early autumn in Canada when recreational 
water use is also at a maximum. Health Canada has established guidelines for assessing water 
quality and managing risks of exposure to cyanobacteria in recreational freshwaters,2 and has 
set a guideline limit for one group of cyanotoxins, microcystins (MC). This limit (10 µg/L) is 
intended to be protective of the most vulnerable population (children) exposed via accidental 
ingestion of water during activities such as swimming. 

While other indicators of bloom intensity (e.g., cell count, biovolume, or chlorophyll-a 
concentration) can be used alone or in combination with the MC guideline, there is some 
uncertainty over the health risks associated with recreational exposures to cyanobacteria and 
their toxins more broadly. This includes the risks for people with frequent low-level exposures, 
such those involved in rowing, boating, or waterside occupations, or people living nearby 
affected water bodies, exposed via pathways other than ingestion such as dermal contact or 
inhalation.  

The aim of this rapid review is to synthesize the evidence on adverse human health events that 
have been associated with recreational exposures to cyanobacterial blooms and summarize 
what is known about the health effects of non-ingestion exposures to cyanotoxins or 
cyanobacterial material.  

The scope of this review does not include recreation exposures to marine waters or marine 
phytoplankton such as Karenia brevis, or brevetoxins, or drinking water exposures. For further 
information on these topics, see our other NCCEH resources: 

• Red tides and health risks for recreational water users 
• Cyanobacteria and drinking water: occurrence, risks, management, and knowledge gaps for 

public health. 

https://ncceh.ca/resources/evidence-briefs/red-tides-and-health-risks-recreational-water-users
http://www.ncceh.ca/documents/evidence-review/cyanobacteria-and-drinking-water-occurrence-risks-management-and-knowledge
http://www.ncceh.ca/documents/evidence-review/cyanobacteria-and-drinking-water-occurrence-risks-management-and-knowledge
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Methodology  
A rapid academic literature search was performed to identify peer-reviewed literature reporting 
on human health effects resulting from recreational exposures to cyanobacteria or cyanotoxins 
(e.g., hepatotoxins (microcystins, cylindrospermopsins, nodularins), neurotxoins (anatoxins, 
saxotoxins), and endotoxins etc.) in freshwater environments. Searches include EBSCOhost 
databases (comprises Medline, CINAHL, Academic Search Complete, ERIC, etc.) and searches in 
ResearchGate, Google Scholar, and Google. Search terms covered recreational activities that 
could result in ingestion, direct contact, or inhalation exposures (e.g., wading, splashing, 
swimming, boating, kayaking, rowing, canoeing, diving, floating, bathing, fishing, immersion). 
Epidemiological reports and field studies were sought, but relevant studies assessing the effects 
of exposure to cyanobacteria or cyanotoxins in-vitro were also included for dermal and 
inhalation exposures. Language was limited to English documents and geography was limited to 
freshwater environments (e.g., lakes, rivers, ponds) and primarily Canada, United States, 
Australia, and Europe; however, other areas were considered where additional health 
information on potential effects of cyanobacterial exposures was available. Studies focussing on 
drinking water and marine exposures were excluded. Variants and Boolean operator 
combination of key search terms were used (a full list of search terms is available upon request). 
The primary search included results up to July 2023. Bibliographies and citations of key articles 
were used to retrieve additional literature via forward and backward chaining, along with 
supplemental searches as necessary. An internet search was performed for additional grey 
literature and government resources. The results of the review were synthesized narratively by 
a single reviewer, and the synthesis was subjected to internal and external review. 

Background 
Appearance of blooms in freshwater systems 

Under ideal environmental conditions, cyanobacteria can propagate to form blooms. These can 
range in appearance from densely coloured water or surface scums to resembling spilled paint, 
grass clippings, or benthic mats on river or lake bottoms.3,4 Blooms are often green or blue-
green but can also appear as red, purple, or brown.5 Substances such as green algae, duckweed, 
pine pollen, or even turbidity arising from surface runoff can sometimes be confused with 
cyanobacteria.  
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The diverse appearance of blooms means there is often uncertainty in identifying whether 
cyanobacteria is present. Many public agency websites use only one or two pictures of clearly 
identifiable blooms; however, greater awareness of atypical bloom appearance is needed. Some 
agencies include more extensive images galleries and guidance to help people identify blooms 
such as BC Algae Watch, Alberta Health Services, others with extensive image libraries4 and 
video guides.  

Drivers of blooms 

Drivers of cyanobacterial blooms include nutrients (phosphorus and nitrogen), warm water 
temperature (typically > 20-25°C),5 and sufficient light to drive photosynthesis. Blooms are more 
frequent in eutrophic (nutrient rich) than in oligotrophic (nutrient poor) water bodies, especially 
those with shallow, calm waters, low flushing rates, and temperature stratification.6 Together 
these conditions allow nutrients to accumulate and be released periodically, such as during lake 
turnover, stimulating growth.7-9  Ecological factors such as grazing, competition, or natural 
pathogens of cyanobacteria can affect growth and proliferation.9,10 

Bloom season in Canada usually begins in late spring and extends into fall. Blooms can 
occasionally form at other times of year and some species can survive in colder water (e.g., < 
15°C) or under ice, particularly in eutrophic lakes.11-13 Once a lake has experienced a bloom, a 
recurrence is more likely. Various factors such changing land use patterns and climate change 
could increase the occurrence of blooms in the future, due to synergistic effects of increased 
nutrient loading from surface runoff and agricultural and sewage pollution, alongside warming. 
Longer bloom seasons are already being observed in some locations.14-18 However, various 
factors such as stratification, alkalinity, humic acid content, and other physical, biological, and 
chemical characteristics, could determine how specific water bodies may respond to drivers of 
bloom events in the future.19,20 

Cyanotoxins in freshwater systems 

Cyanotoxins can be released into the water either by living cells or when cells die and burst, and 
toxins can sometimes persist long after a bloom has dissipated. Although less than 5% of 
cyanobacterial species are known to produce cyanotoxins,21 a high proportion of HABs (e.g., > 
50%) contain one or more toxin producers,22,23 and some species can produce multiple toxins.  
Detailed information on cyanotoxins including common producers, target organs, and health 
effects via ingestion, are well covered in other publications so are only briefly described 
here.2,22,24-27  
 

https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/algae-watch/recognize-algae/algal-blooms-photo-gallery
https://www.albertahealthservices.ca/assets/news/advisories/ne-pha-bga-faq.pdf
https://hcb-1.itrcweb.org/appendix-a/
https://www.youtube.com/watch?v=1Aknc7dZHMg
https://www.epa.gov/habs/common-toxins-produced-cyanobacteria-dinoflagellates-and-diatoms#common1
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Cyanotoxins can cause adverse health effects ranging from minor to severe in exposed humans 
and animals.2,25,28 They are often grouped by the primary organ they affect.29-32 Hepatotoxins 
such as microcystins (MC), cylindrospermopsins (CYN), and nodularins (NOD) primarily affect 
the liver. Neurotoxins such as anatoxins (ATX), saxitoxins (SAX), and β-methylamino-L-alanine 
(BMAA) primarily affect the nervous system. Many species of cyanobacteria, even non-toxin 
producers, have endotoxins, or lipopolysaccharides (LPS), on their cell surfaces. These can act as 
dermatoxins, causing irritant, allergic, or inflammatory effects.27,33,34 
 
In Canada, and elsewhere, the most widely monitored group of cyanotoxins is MC.2,5,32 There 
are over 275 chemical variants of MC,35 but one variant, MC-LR, forms the basis of toxicity 
assessments. MC is the only cyanotoxin for which a Canadian recreational water guideline 
exists. The guideline of 10 µg/L for total MC (intracellular and extracellular) applies to a total of 
all measurable MC variants. Other cyanotoxins are rarely included in monitoring activities, but 
are sometimes detected in research studies or tested for in response to an event.36 For 
example, ATX has been confirmed or suspected in several animal deaths, including pet dogs in 
rivers or lakes that likely ingested benthic cyanobacterial material presumed to contain high 
concentrations of ATX.37-40  

Results 
Types of recreational exposures 

The possible routes of exposure to cyanobacteria and their toxins in bloom-affected 
recreational waters can vary by the type and concentration of toxin present and the nature of 
the activity.41 The activity type will determine the intensity and duration of exposure, but also 
the potential for concurrent routes of exposures by accidental ingestion, direct dermal 
exposure, or inhalation of aerosolized cells or toxins.  

• Primary contact activities: Usually involve full body immersion in water, such as swimming, 
diving, water skiing, and windsurfing, etc. Primary activities carry the highest risk due to 
multiple exposure pathways, including the most hazardous – ingestion. Accidental 
swallowing can occur due to sudden or repeated immersion of the head in water. The 
exposure duration may be prolonged and a large dermal surface area is exposed.  

• Secondary contact activities: Usually involve limited direct water contact, such as during 
rowing, canoeing, fishing, etc., where there could be incidental dermal exposure of hands 
or feet contacting the water, or wet clothing. Inhalation exposure is also possible over a 
long duration but ingestion is unlikely. Some boating activities, such as kayaking, that 
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involve rolling or significant splashing could lead to inadvertent ingestion of small 
quantities of water and greater dermal contact. 

• Beachside activities: Usually involve no water contact and occur beside or near the beach, 
such as walking, running, or cycling. Inhalation exposure is possible. 

 

During primary contact activities, children are more likely than adults to be exposed by 
ingestion as they tend to spend proportionately more time in the water and swallow more 
water per kg of body weight, either deliberately or accidently.42 Swimmers are more likely to 
accidently ingest water than people participating in secondary contact activities.43 One study 
found that less than 2% of rowers, canoers, and kayakers swallowed a teaspoon (5 mL) of water 
or more compared with over 53% of swimmers ingesting a mean of 10 mL per hour.44 Swimmers 
also have more extensive dermal exposure, with full body immersion increasing the likelihood of 
broken skin or wounds being exposed. Cyanobacterial material can also become caught 
between clothing and skin, causing cells to burst and release toxins directly onto skin. Any 
material in contact with the skin that can absorb and retain water could allow exposure to 
persist after direct water contact has ceased.  

All types of activities could result in inhalation exposures. Aerosols containing cyanobacterial 
cells or toxins can be generated by wind, waves, or activities such as powerboating that 
generate spray.2,43 Persons involved in activities in or on the water may be exposed to a higher 
concentration of aerosols, but aerosols can also be transported by wind, exposing beachgoers, 
event spectators, or people further away.45-47 Inhalation exposure may be greater for people 
engaged in strenuous exercise, causing them to breath more heavily. 

Health effects from recreational exposures to cyanotoxins 

The adverse health effects for humans and animals exposed to cyanotoxins can range from 
minor irritation, fever, or self-limiting gastrointestinal (GI) illness to more severe symptoms such 
as organ failure, tumor growth, neurotoxicity, or death. 2,25,28,48,49 Respiratory, gastrointestinal, 
renal, and cardiovascular systems effects may occur via mechanisms such as oxidative stress, 
inflammation responses, interference with cell signalling, or endocrine disruption.28,48  

Most of what is known about recreational exposures to cyanotoxins is associated with 
exposures to MC via ingestion. Acute exposure to MC via ingestion can cause joint and muscle 
pain, rash, mouth ulcers, ear and eye irritation, headache, gastrointestinal symptoms, 
respiratory symptoms, and fever.1,27,28,30,50-52 Chronic exposure may result in adverse health 
effects related to impaired liver function,53,54 dyslipidemia,55 or possible tumour promotion.56 
For ATX, there is limited epidemiological evidence of recreational exposure to ATX causing 
serious acute or chronic health impacts in humans.57 However, animal studies indicate that ATX 
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can easily cross biological membranes in various systems, causing muscles to be continuously 
stimulated,26,58 and could cause neurological symptoms, fatigue, brain hypoxia, heart or 
respiratory failure, and death, which has been observed in exposed animals including pet dogs. 
While the possible health effects of other cyanotoxins, CYN, SAX, BMAA, and NOD via ingestion 
exposure are widely reported in the literature, there is limited evidence of recreational 
exposures causing acute human illness, and even less information on the effects of chronic 
exposure.1,2,25-27,50,59  

Despite the limited epidemiological evidence for health effects from recreational exposures to 
cyanotoxins other than MC, the WHO has established recreational water guidelines for ATX (60 
µg/L), SAX (30 µg/L), and CYN (6 µg/L).52  

Epidemiological studies and reviews 

There have been several global reviews of events of human exposures to cyanobacteria or 
cyanotoxins resulting in acute human illness.34,60,61 Of the reported events related to 
recreational exposures, most occurred following swimming in lakes, with a few examples 
occurring in rivers.62-64 Despite cyanobacterial blooms affecting hundreds of Canadian 
recreational waters each year, only five case reports of human illness following recreational 
exposure to HABs in Canada were found in the literature, all occurring between 1951-1970 
following primary contact activities.60 
 
Many of the studies reporting on recreational exposures globally find that reported human 
illnesses were usually mild to moderate and self limiting, with few examples of severe illnesses 
following recreational exposure.42,62,63,65-77 People who spent more time in the water (> 60 mins) 
and were exposed to higher concentrations of cyanobacteria (e.g., > 5000 cells/mL) were more 
likely to experience symptoms.68  
 
Studies reporting on more serious outcomes of hospitalization or death following recreational 
HAB exposure were examined to identify the type of activity, characteristics of the affected 
person(s), health outcomes, and information on the suspected toxin if available, as summarized 
in Table 1. Most of the cases occurred in young people (< 18 yrs) during primary contact 
activities (e.g., swimming), where accidental ingestion may have occurred. Microcystin was the 
suspected toxin in most cases. In two cases tampon use during swimming may have 
exacerbated the symptoms by prolonging exposure to absorbed toxins from the water.64  
 
While most people fully recovered, there was one suspected human death reported in a boy in 
the US, initially suspected to be related to ATX poisoning, but later deemed to be 
inconclusive.25,78  
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Table 1  Case reports of serious human health effects following acute exposure to cyanobacteria 

Year Location Activity Affected 
population 

Symptoms Outcome Suspected toxin 

195966 Saskatchewan, 
Canada 

Swimming Adult male  Headache, nausea, and severe 
gastrointestinal symptoms. 

Hospitalized for 24h. 
Fully recovered. 

Suspected Microcystis cells 
found in patient’s stool. 

198979 Rudyard, 
England 

Canoeing 
(Barrel roles, heads 
immersed in water) 

Eight teenage 
male army 
recruits 
 
 

Sore throat, headache, abdominal pain, dry 
cough, diarrhoea, vomiting, and blistered 
mouths. Two teens who swallowed water 
had more severe symptoms, malaise, 
pleuritic pain, fever. One suffered confusion 
and hallucinations. 

Two recruits 
hospitalized for 
pneumonia.  
All fully recovered. 

Microcystis aeruginosa and 
MC-LR detected in bloom 
material. 

200225,78 Wisconsin, 
USA 

Playing in a golf 
course pond 

Five teenage 
boys 

Three of the boys had minor symptoms. 
Two boys who were fully immersed and 
accidently ingested water had more severe 
symptoms. One suffered severe diarrhoea 
and abdominal pain. The second suffered 
nausea, vomiting, shock, seizure, acute heart 
failure and death. 

One fatality. 
Four fully recovered. 

Initial stool and blood from 
the fatal case appeared to 
indicate Anabaena flos-
aquae and ATX-a, later 
identified to be 
phenylalanine. Cause of 
death was inconclusive. 

200780 Salto Grande 
Dam, 

Argentina 

Jet skiing  
(Immersion for >2h, 

ingested water) 

19-year-old 
male  

Symptoms included gastrointestinal 
symptoms, nausea, vomiting, weakness, 
Worsened to respiratory, renal, and liver 
problems. 

Hospitalized for 20 d, 
including three days 
in ICU. 
Fully recovered. 

Intense bloom of 
Microcystis spp. 

201181 Kansas, USA Swimming  
 

17-year-old 
male 

Sore throat, cough, malaise, headache, and 
fever.  

Both hospitalized for 
three days. 
Both fully recovered. 

M. aeruginosa and 
microcystins were 
detected in the lake. 

Water skiing 
(Ingested water) 

38-year-old 
male 

Headache, joint pain, fatigue, sore throat, 
fever, chills, and diaphoresis.  
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Year Location Activity Affected 
population 

Symptoms Outcome Suspected toxin 

201582 Montevideo, 
Uruguay 

Repeated 
recreational activity 

at a beach 

Three adults 
and 
20-month old 
child. 

Self-limiting gastrointestinal symptoms for 
the adults.  
Severe symptoms for the child including 
jaundice, elevated liver enzymes, respiratory 
symptoms, liver failure.  

Child hospitalized 
with respiratory 
support; liver failure 
leading to liver 
transplant. 
All fully recovered. 

Microcystis spp. bloom 
was present and MC up to 
8.2 mg/L was reported. 

2014-
201664 

Maumee River 
and Maumee 
Bay, Lake Erie, 

USA 

Swimming Case 1 (2016): 
16-year-old girl  
 
 

Rash, headache, fever, vomiting, diarrhea, 
and severe respiratory distress.  
A male sibling also developed mild self 
limiting symptoms that resolved.   

Hospitalized with 
worsening symptoms 
two weeks after 
exposure. 
Fully recovered. 

Events occurred in areas 
where cyanobacterial 
blooms were present or 
reported shortly after the 
event.  
 
Tampon-use during 
swimming for Cases 1 and 
2 may have caused 
contaminated water to be 
absorbed, prolonging 
exposure and subsequent 
symptoms experienced. 

Case 2 (2015): 
14-year-old girl 
 

Rash, fever, vomiting, diarrhea, and 
dehydration. No ingestion of water 
reported. 

Hospitalized in ICU 
for treatment.  
Fully recovered. 

Case 3 (2014): 
Seven-year-old 
girl; history of 
asthma 

Decreased responsiveness, tachycardia, and 
severe respiratory distress. 

Hospitalized in ICU 
with mechanical 
intubation; prolonged 
hospital stay.  
Fully recovered. 
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Surveillance studies and reports 

Surveillance studies and reviews of health claims and poison centre data provide additional 
information on the scope and scale of acute health effects associated with recreational 
exposure to HABs. For example, a review of US electronic health claims data between January 
2009 and April 2019 identified 144 hospital or emergency department visits that occurred on 
the same day as a HAB exposure (freshwater or marine).83 Respiratory effects were reported 
most frequently, followed by neurological symptoms, skin and eye irritation, and 
gastrointestinal symptoms. Elsewhere, a survey of a subset of callers to five US poison centres 
exposed to HABs between May and October 2019 also found that gastrointestinal and 
respiratory symptoms were frequently reported.84 

Some studies suggest that there is underreporting of illnesses related to HAB exposure. For 
example, a 2015 pilot active surveillance study of recreational water users in New York state85 
identified three times as many HAB-associated illnesses in just 16 counties than would typically 
be reported statewide annually, indicating that passive surveillance activities are missing many 
cases. Most illnesses occurred following swimming, and rash was the most frequently reported 
symptom followed by respiratory irritation and gastrointestinal symptoms.  

The One Health Harmful Algal Bloom System (OHHABS), hosted by the US CDC, reports on 
voluntary data submitted by US state and territorial health departments and partners on HAB 
occurrence and associated human and animal illnesses. Fewer than 20 states reported to the 
OHHABS system between 2016 and 2021, recording several hundred HAB events annually.86-89 
Most events (75-90%) occurred in freshwaters, and were associated with between 63 and 117 
human illnesses (suspected, probable, and confirmed) each year. More than half of the reported 
human cases reported gastrointestinal symptoms, which could be related to accidental 
ingestion of water.43 General symptoms (e.g., headache, fever, fatigue) were the next most 
frequently reported, followed by dermatologic, and irritant symptoms (e.g., ear, nose, throat).  
 
Animals are sometimes unfortunate sentinels of human health hazards in recreational waters. 
The OHHABS captures animal illnesses and deaths, which number from hundreds to thousands 
each year and mostly occur in wildlife, with large mortality events of fish, birds, and bats 
contributing to the high numbers. In the reporting years 2021-2023, between 27 and 48 pets 
(>95% dogs) and up to 25 livestock (cattle) were reported each year, many of which died. 
 
Surveillance systems such as OHHABS can improve our understanding of the extent of HAB 
exposure and the most common health effects experienced. These systems also face some 
limitations, such as identifying the type or concentration of toxins present, exposure duration or 
pathways, and confirmatory testing of cases.  
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Non-ingestion exposures to cyanotoxins and cyanobacteria 
and their health effects 

Most recreational water guidance considers dermal and inhalation exposures to present 
negligible risk compared with ingestion of toxins. However, dermal or inhalation exposures have 
been less widely studied and could cause different health effects or affect some groups more 
severely. This could include people with underlying health conditions or those who experience 
repeated low-level exposures, such as those who live, work, or train (e.g., competitive 
watersports) on or near affected waterbodies. This section provides an overview of the 
evidence on possible health effects of dermal or inhalation exposures.  

Dermal exposures  

Surveillance data indicates that dermatologic effects are often reported following exposure to a 
HAB. Between 27% and 42% of cases reported to the OHHABS’s platform experienced one or 
more dermatologic effects, including rash, itching, redness, swelling, irritation, blistering, or 
allergic-type reactions. Knowledge gaps exist on how the duration of skin exposure, the type of 
contact (full body immersion or incidental), or the type of toxins (e.g., cyanotoxin or LPS) 
influence dermatologic effects.2,43  

Effects of cyanotoxins on skin 

A few studies have investigated the mechanisms by which cyanotoxins absorb via the skin or 
illicit dermal reactions. In general, hydrophobic and smaller cyanotoxin molecules are predicted 
to absorb more readily.27 MC and CYN are not considered to pose a serious health risk from 
dermal exposure, due to their hydrophilic nature and large molecule size, which limit absorption 
potential.27,50 This is supported by in-vitro studies that demonstrate relatively inefficient skin 
penetration or cytotoxic effects at environmentally relevant concentrations of cyanotoxins.90 In-
vitro studies applying MC to skin have identified minimal effects, except at high concentrations 
(e.g., 1.5 µg/mL),91 and long exposure durations (e.g., 96 h).92 Similarly for CYN, limited effects 
were observed in in-vitro studies on guinea pig skin91 and in a mouse ear swelling test, except at 
high doses (e.g., >50 µg/mL purified CYN) and a long exposure (> 24 h).93 Greater cytotoxic 
effects of CYN exposure were observed in human keratinocytes as exposure doses increased 
from 0.1 to 10 µg/mL and beyond 24 h exposure.94 The same study found limited cytotoxic 
effects for human keratinocytes exposed to ATX-a, except at the highest exposure dose (e.g., 
10 µg/mL) and for exposures beyond 24 h.94 No studies on effects of BMAA, NOD, or SAX on skin 
tissue were identified.  
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To date, there is limited data to suggest cyanotoxins elicit serious dermatologic effects. Skin that 
is damaged, sunburned, soaked in water for a long duration, or skin of younger people, could 
absorb toxins more readily and may be more susceptible.50,92 Cyanotoxin exposure may cause 
the expression of cytokines leading to inflammatory responses.95 These responses, carcinogenic 
effects, and the effects of persistent low-level dermal exposures have not been widely studied.  

Effects of cyanobacterial cells or LPS on skin 

Some dermatologic effects following exposure to cyanobacterial blooms could be caused by 
cellular endotoxins (e.g., LPS), which are present even when cyanotoxins are not. Much of what 
is known about cyanobacterial LPS is gained from studies of gram-negative bacteria (e.g., 
Salmonella), that also produce these compounds. Gram-negative bacterial LPS are typically 
more potent than cyanobacterial LPS, producing irritant and allergenic responses, fever, septic 
shock syndrome, inflammation, and promotion of cytokine production.33,96-98 A bloom may 
contain a mixture of both cyanobacteria and other bacteria, and more than one type of LPS 
could be present, affecting human health in different ways.97 Only a few studies have assessed 
dermatologic responses to cyanobacterial cellular material (Table 2). These indicate that most 
people experience only mild responses, but some people with existing skin conditions or 
sensitivities may react more strongly. 

Table 2 Studies assessing dermatologic responses to exposure to cyanobacterial cells 

Exposure Effect Ref 

Human skin patch tests: 
whole and lysed cells; 
multiple species 

• Mild reactions in some people, all resolved without treatment 
• No dose-response observed (< 5,000 to > 200,000 cells/ml) 
• No difference in reaction to different species 
• No significant difference for those with underlying conditions 

(eczema, hay fever, asthma, atopic condition) 

Pilotto et al. 
200496  

Mice abdominal skin: 
lyophilized cells 2% w/v 

• Irritant reactions in 8 of 10 mice exposed to C. raciborskii 
• No response for exposure to M. aeruginosa and A. circinalis 

Stewart et 
al., 2006a93 

Human skin patch test: 
cyanobacteria, 
cyanobacterial LPS, algal 
suspension 

• 39 participants (atopic and healthy volunteers) 
• One atopic subject reacted to Cylidrospermopsis spp. and to a 

non-toxic strain of M. aeruginosa 
• No dose-response observed. Reactions due to hypersensitivity 
• Weak reaction to algae observed in two subjects 
• Weak irritant response to A. circinalis in one subject 

Stewart et 
al., 2006b99 

Human skin prick test: 
detoxified extracts of 9 
cyanobacteria species, 
1:20 w/v 

• 74 of 259 chronic rhinitis patients (age 7-78) reacted to ≥1 species 
• 86% reacted to M. aeruginosa, 12% to Aphanizomenon-flos aquae 
• Patients sensitive to seasonal and perennial aeroallergens and 

smokers were more sensitive to cyanobacteria.   

Bernstein et 
al., 2011100 
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Inhalation exposures  

Surveillance data indicates that respiratory effects are commonly reported following exposure 
to a HAB, ranging from mild effects including sore throat, cough, and hay-fever like symptoms to 
more serious respiratory distress. The contribution of inhalation exposures to irritation or more 
serious respiratory effects through inflammatory responses or other mechanisms has not been 
widely studied. There is evidence, however, that toxins and cellular material can be inhaled on 
or near bloom-affected water bodies. 
 

Detection of cyanotoxins and cellular material in air and human exposures 

Changes to air quality that have been detected during bloom include increased PM2.5,101 volatile 
organic compounds,102 and the presence of cyanotoxins including MC, CYN, ATX-a, BMAA, and 
LPS. Cyanotoxins and cyanobacteria can become aerosolized via physical disturbances (e.g., 
power boats, wind, waves).2,46 Factors such as humidity, fog, water pH, and temperature can 
affect the formation or persistence of these aerosols,103-105 and wind can allow aerosols to be 
transported beyond the HAB boundaries.106 Smaller compounds and cyanobacteria (e.g., 
picocyanobacteria of < 2 µm) and hydrophobic compounds may be more likely to aerosolize 
(e.g., some MC variants). More hydrophilic ones and larger compounds (e.g., CYN)104 are less 
likely to aerosolize, and those that are susceptible to UV degradation (e.g., ATX-a) may not 
persist under intense sunlight, even if aerosolized.  

Studies that have measured concentrations of cyanotoxins in water and air concurrently are 
listed in Table 3 and suggest that concentrations of toxins detected in water may not always be 
a good predictor of concentrations detected in air.101,107 The concentrations of toxins measured 
in air are considered negligible compared with those found in water, and based on what is 
known from toxicity assessments for ingestion exposures, acute intoxication via inhalation of 
ambient air near a HAB is unlikely. However, given that humans inhale many thousands of litres 
of air per day, chronic exposure to low doses in air could be more important for people exposed 
frequently or over a long duration, such as those in waterside occupational, recreational, or 
residential settings.48  
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Table 3 Studies reporting on detection on cyanotoxins in water and air during a bloom 

Location Toxin Concentration in 
water 

Concentration in air Ref 

Small lake in northeast 
US 

MC 2-5 µg/L <0.1 ng/m3 Backer et al., 
2008108 

Two lakes in California, 
US 

MC 15-357 µg/L <LOD-2.9 ng/m3 Backer et al., 
201045 

Walker’s Pond, US MC 0.001-0.006 µg/L  0.33-0.71 ng/m3 Carter, 2022104 

BMAA 0.26-0.41 µg/L 14.74-80.91 ng/m3 

ATX-a 0.01-1.07 µg/L 2.64-8.85 ng/m3 

Lower Mill Pond, US MC 0.002-0.006 ng/L 0.26-0.50 ng/m3 

BMAA <LOD-0.2 µg/L 8.49- 50.16 ng/m3 

ATX-a 0.01-5.40 µg/L 2.35-9.78 ng/m3 

Mona Lake, US MC >200 µg/L 50 ± 20 ng/m3 Olson et al., 
2020105 MC-LR 76.4 µg/L 40 ± 20 ng/m3 

MC-RR 114.8 µg/L  0.7 ± 0.4 ng/m3 

Capaum Pond, US ATX-a 21.0 µg/L 0.16 ng/m3 Sutherland et 
al., 2021106 

Five freshwater bodies 
(Czechia) 

MC 0.3-13.5 ng/L 
(104-105 cells/mL) 

< 35-415 fg/m3  
10-1000 cells/m3 

Laboha et al., 
2023107 

LPS < 10-119 EU/mL  0.13-0.64 EU/m3 

Lake Forsyth, New 
Zealand 

NOD 9.9 µg/L (max) 0.0002-0.0162 ng/m3 Wood and 
Dietrich, 201146 

Lake Rotorua, New 
Zealand 

MC 2140 µg/L (max) 0.0009-0.0018 ng/m3 

Nakdong River, S. Korea MC 64.2 µg/L 6.8 ng/m3 Lee et al., 
2022109 BMAA 8.0 µg/L 16.1 ng/m3 

LOD = limit of detection; EU = endotoxin units  

Previous studies have detected cyanotoxins in personal air samplers and nasal swabs of water 
users engaged in swimming, water skiing, jet skiing, or boating,45 and in people residing or 
working near water bodies experiencing blooms.110 Persons with direct contact with the water 
(outdoor workers, rowers, kayakers) are likely exposed to higher concentrations, but detectable 
MC has also been found in nasal passages of nearby residents with no direct water contact.110   
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It is difficult to estimate how concentrations in air relate to uptake of toxins via inhalation and 
toxic effects. Backer et al. (2010) estimated that based on detected concentrations of MC in air 
(0.1 to 0.4 ng/m3) and average exposure time (109 minutes), an adult study participant inhaled 
0.8 ng MC per recreational session.45 However, the study found no MC in blood serum, 
indicating no uptake of toxins into the body at these concentrations. This exposure level is much 
lower than the tolerable daily intake (TDI) of 17 ng/m3 per day for inhalation of MC-LR 
estimated by Sun et al. (2023) for an average adult and inhalation volume of 7 m3 per day.111 
Wood and Dietrich also estimated a maximum exposure limit in air of 4.58 ng/m3 MC, based on 
a higher average ventilation volume associated with exercise of 30.3 L/min for 24 h.46 This 
breathing rate is about five times higher than resting, and unlikely to be sustained for 24 h.  

Effects of inhalation exposures to cyanotoxins or LPS on human health 

Few studies have reported on the health effects following exposure to cyanotoxins via 
inhalation, with only one study reporting on the occurrence of nasal lesions in mice exposed to 
high inhalation doses of MC-LR.112  

Most of the studies identified were in-vitro studies testing cellular responses in airway tissues 
exposed to different cyanotoxins. In-vitro studies of human airway epithelia cells exposed to 
MC-LR found no significant cytotoxic effects,113 but indicators of inflammatory responses have 
been observed.114  Some cytotoxic effects were observed in in-vitro studies of human bronchial 
epithelial cells exposed to CYN,115,116 with longer exposures being more harmful. Endotoxins 
could also trigger respiratory symptoms,117 and one in-vitro study of human bronchial epithelial 
cells exposed to cyanobacterial LPS found indicators of pro-inflammatory and cytotoxic 
effects.107 Airway epithelia tissues and other mucosal linings may be more sensitive to 
cyanotoxins such as ATX-a, that can stimulate acetylcholine receptors; however, inhalation 
exposures to ATX have not been widely studied.94  

No studies assessing the effects of chronic inhalation exposure to cyanotoxins or cellular 
material were identified. Most of the current understanding of the health effects of chronic 
exposure to cyanotoxins relates to exposures via ingestion, and focuses on microcystin,22,32,48  
with health endpoints related to liver function and tumour promotion.53-56 Some researchers 
have hypothesized about the links between chronic exposure to BMAA and neurodegenerative 
diseases.109,118-121 The results in Table 3 indicate that inhalation exposures to BMAA and other 
cyanotoxins can occur; however, further study is needed to understand whether frequent low-
level exposures via inhalation or other exposure routes could result in chronic health effects, 
even without direct water contact. 
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Summary  
The risks associated with recreational exposure to cyanobacteria in lakes and rivers can vary by 
the type of water contact, the location, and the season, with some indications that bloom 
season may be getting longer. Common symptoms associated with recreational exposure to 
HABs were found to vary in different surveillance studies; however, all studies reported that 
gastrointestinal symptoms and respiratory symptoms commonly occur. Additional symptoms 
sometimes included irritation (e.g., skin, eye, nose, throat) and general symptoms of headache, 
fever, and fatigue, among others. 

Cases of serious health effects or death following recreational exposures usually involved full 
body immersion in water and accidental ingestion of cyanotoxins, and often involved children (< 
18 yrs). While there are few such examples in the literature, there is also likely underreporting. 
Canada lacks a surveillance system for capturing cyanobacterial illnesses for both humans and 
animals, and many illnesses will go unreported; however, sources such as poison centres may 
provide useful data for tracking the health impacts of HABs in the future.122 

There has been limited investigation of the health effects from non-ingestion routes of exposure 
during recreational activities. Evidence suggests that cyanotoxins, particularly MC, do not 
absorb well into human skin, and health effects from dermal exposure may occur only after 
lengthy exposures. Cellular material (LPS) may induce inflammation and allergenic responses, 
even in the absence of toxins, which may affect persons with sensitive skin, wounds, and 
sunburns, or younger people, more. Further study is needed to understand the mechanisms of 
toxic effects, including how absorbent materials in direct contact with skin or other body parts 
(e.g., tampons or bandages) could prolong exposure to absorbed toxins or cells.64 

Several surveillance studies have demonstrated that people engaged in activities near bloom-
affected waters can inhale aerosolized cyanobacteria and toxins. The health impacts of 
inhalation exposure have not been widely studied but the experimental evidence suggests that 
inflammatory and cytotoxic effects are possible and may be more concerning for people with 
underlying health conditions. Several knowledge gaps remain in understanding the effects of 
chronic low-level exposure to aerosolized cyanobacteria and toxins.  

Existing monitoring and surveillance activities of HABs tend to be reactive;123 however, 
proactive steps before and during bloom season such as increased signage and media 
campaigns at bloom hotspots could be beneficial. Public guidance could include advice for 
citizen scientists on recognizing and reporting blooms through platforms such as BC Algae 
Watch, avoiding primary contact during blooms, and taking precautions during secondary or 

https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/algae-watch/recognize-algae/algal-blooms-photo-gallery
https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/algae-watch/recognize-algae/algal-blooms-photo-gallery
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beachside activities. This could include using protective equipment (e.g., waterproof gloves, 
footwear) during boating, fishing, or wading, reducing intense exercise, or wearing a mask near 
the water when aerosol generation is likely during a bloom (e.g., turbulence, wind, humidity, 
fog). Water users should also be informed about the actions to take in case of accidental 
contact, such as removing wet clothing, washing skin with soap and water, and monitoring for 
symptoms. With bloom season getting longer in some locations and bloom occurrence 
predicted to be more frequent in future, greater awareness of the public health hazards is 
needed, especially for higher-risk groups such as children and those with underlying health 
conditions. 

Further study is ongoing in Canada, including a nationwide study on the burden of recreational 
water illness due to cyanobacteria and their toxins in freshwater systems. Studies such as these 
will help to further our understanding of HABs and inform public health approaches to 
managing recreational exposures in the future.  
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