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Upper Right: Signage from Sandusky Bay, Ohio. Ohio Sea Grant and Stone Laboratory.

Background:  Microscopic image of Oscillatoria from a cyanobacteria mat near San Francisco, CA (UC-Berkeley, Department of Architecture)


Webinar: Logistics

ssJoday’smwebinar will consist of a presentation discussing the basic
sciencebeingiconsidered,in the development of the criteria
.followed by’a Q&A section. . . = = ————_

* Please mute'yournmicrophones.,.

e We will only take questlons in the Chat Box. 7

e Please enteryour questlons in the chat box at anyjlme durlngjhe—- -
webinar. -— Yy

e-Your.questions‘will'be discussed during the.Q&A-section-
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Cyanobacteria (aka Blue-green Algae)

ICrOCystIS




Cyanobacterial Harmful Algal Blooms

e Cyanobacteria occur naturally in marine and
freshwater ecosystems.

e Some species can form blooms that can produce
toxins, these are known as Harmful Algal Blooms
(HABs).

* Blooms are dependent on numerous factors,
including nutrient loading, temperature, and
weather patterns.

* In freshwater, cyanobacteria are the most
common; some produce highly potent
cyanotoxins.

* Different toxins can be produced by a number of
different species making visual monitoring
difficult.




* In June 2015, EPA published Drinking Water Health
Advisories for two cyanotoxins: Total Microcystins and

Cylindrospermopsin.

 These advisories are based on consumption of finished
drinking water containing these cyanotoxins.

 EPA recommended levels for two age groups: children pre-
school age and younger (< 6yo); and, school-age children
through adults (>6 yo)

. Health Advisory Values
Toxin
<6yo >6Yyo

Microcystins 0.3 ug/L 1.6 ug/L
Cylindrospermopsin 0.7 ug/L 3.0 ug/L

http://www.epa.gov/nutrient-policy-data/guidelines-and-recommendations
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HAs are non-regulatory values that serve as informal technical guidance to assist federal, state and local officials, and managers of public or community water systems to protect public health from contaminants. 

HAs do not address recreational exposure to cyanotoxins.

Photo lower right:  a glass of Lake Erie water near the Toledo water intake crib (from the Toledo Blade, Aug 3, 2014).


http://www.epa.gov/nutrient-policy-data/guidelines-and-recommendations

* People can also be exposed to cyanotoxins during
recreational activities.

e EPA is currently reviewing the state of the science
describing the human health effects from exposure to
cyanobacteria and the toxins microcystins and
cylindrospermopsin during recreation.

e EPA will use the information to support derivation of

304(a) ambient water quality criteria protective of
primary contact recreation.
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Regulatory Context

Guidelines for
safe recreational water

* Collecting information on guidelines recommended T
by other governments.

e Evaluating what is recommended and the scientific &
basis for the recommendation.

e Collating state-reported information on recreational
WATER CURRENTLY NOT ( . . )
VA ek health advisories’ issued due to HABs.

OR SWIMMING!

* Including the toxin occurrence and concentration, when
reported.

All current advisories posted at www.des.nh.gov.
Click “beach advisory” in left column




Summary of State Recreational Water Guidelines for

Cyanobacteria and Cyanotoxins

Recreational Water
Guideline Type
and Scope

Number of States and
List of States

Additional Information

Quantitative guidelines
for cyanobacterial cells
only

6 states
Arizona, Connecticut, Idaho, Maine,
New Hampshire, and Wisconsin

Measurements for these criteria including
cyanobacterial cell densities, proportion of
toxigenic cyanobacteria, chlorophyll
concentration, and Secchi disk depth
measurements.

Quantitative guidelines
for cyanotoxins only

8 states

California, lllinois, lowa, Nebraska,
New York, Ohio, Vermont, and
Washington

Quantitative guidelines
for both cyanotoxins and
cyanobacterial cells

10 states

Indiana, Kansas, Kentucky,
Massachusetts, Oklahoma, Oregon,
Rhode Island, Texas, Utah, and
Virginia

State guidelines address four cyantoxins in
order from most to least common:

microcystins (17 states)
cylindrospermopsin (7 states)
anatoxin-a (6 states)

saxitoxin (3 states)

Qualitative guidelines
only

6 states

Delaware, Maryland, Montana,
North Carolina, North Dakota, and
West Virginia

Examples include:
presence of surface scum
visible discoloration

presence of potentially toxic algae

Note: EPA found that Texas and North Carolina published guidelines in the past, but the guidelines can no longer be

found on their website.




Selected International Recreational Water Guidelines for Cyanotoxins

Authority/State Recreational Water Guidance/Action Level

RelatlveHI;;ﬂoha E#;thf ges Cyanobacteria (cells/mL)  Chlorophyll-a (ug/L) EStIT:\tzlci l(\fl:/rf)c *y stin
WHO (2003) Low < 20,000 <10 <10
Moderate 20,000-100,000 10-50 10-20
High 100,000-10,000,000 50-5,000 20-2,000
Very High > 10,000,000 >5,000 >2,000
Australia 10 pg/L microcystins(total); cyanobacteria (total) >= 4 mm3/L (biovolume); Microcystis aeruginosa > 50,000 cells/mL
20 ug/L microcystins (total); cyanobacteria (total): >= 100,000 cells/mL
New Zealand 12 ug/L microcystin (total); cyanobacteria (total) >= 1.8 mm?3/L (biovolume)

e Other countries have developed guidelines for cyanobacteria and cyanotoxins.

* Some use or adapt recommendations made by the World Health Organization (WHO) in
2003.

* Some have derived their guidelines using local monitoring information, specific risk
assessments or other metrics.

10
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WHO. (2003) Guidelines for Safe Recreational Water Environments. Chapter 8.

“Low” corresponds to multiple short-term health effects observed in the Pilotto (1997) epidemiological study.  
“Moderate” corresponds to a mix of the WHO drinking water guideline value for microcystin-LR adjusted for a recreational exposure scenario and a back-calculated cell density. This assumes an average toxin value per cell (0.2 pg/cell) to estimate the 20 ppb toxin level.  Some species may produce significantly more toxin.
“High” corresponds to a high cell density, such as occurs in accumulated surface scums. Toxin enrichment can occur (e.g., 24 ppm microcystin reported from scum material [Chorus and Fastner, 2001). 

The average toxin per cell value (0.2 pg/cell) is derived from information for Microcystis. Other species can produce more toxin per cell, such as Plankothrix spp., which can be approximately double.  

References:
Chorus I, Fastner J (2001) Recreational exposure to cyanotoxins. In: Chorus I, ed. Cyanotoxins,
occurrence, causes, consequences. Heidelberg, Springer, pp. 190–199.

Pilotto LS, Douglas RM, Burch MD, Cameron S, Beers M, Rouch GR, Robinson P, Kirk M,
Cowie CT, Hardiman S, Moore C, Attwell RG (1997) Health effects of exposure to cyanobacteria
(blue-green algae) due to recreational water-related activities. Australian and New Zealand
Journal of Public Health, 21: 562–566.




HABs Monitoring in Recreational Waters - 2015

e States reported at least NUMBER OF HEALTH ADVISORIES
252 notices for HABs. ISSUED BY MONTH
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. 2015 Reported HAB Advisories by Region




Range of 2015 Reported Microcystin Levels

| Miooosin

Average Cyanotoxin

: 627.7
Concentration (pg/L)

Median Cyanotoxin

. 20
Concentration (pg/L)

o

Range of Cyanotoxin
, 0.2-42000 _ .
Concentration (ug/L) Microcystin
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- Ambient Water Quality Criteria (AWQC) Development for

Recreational Exposures

e Clean Water Act §304(a) recreational Ambient Water Quality
Criteria (AWQC) recommend values protective of human health
given a primary contact recreational exposure scenario.

e Goal: To provide guidance to ensure safety for recreational
exposures to cyanobacteria and cyanotoxins.

e Objective 1: To develop §304(a) recreational AWQC
recommendations for the cyanotoxins microcystin and
cylindrospermopsin.

e Objective 2: To evaluate state of the science in regards to human
health effects from recreational exposures to cyanobacteria and
discuss within the AWQC as appropriate.

14
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Photo info:

Top right: A Cyanobacteria bloom in Lake Agawam in Southampton Village. DANA SHAW. http://www.27east.com/news/article.cfm/General-Interest-Southampton/107863/Cyanobacteria-Found-In-Some-Southampton-Town-Bodies-Of-Water

Bottom right: Signs posted at the Town of Brookhaven's Michael J. Murphy Beach at Lake Ronkonkoma warn of harmful blue-green algae in the water. (Aug. 5, 2013) (Credit: Newsday / John Paraskevas) http://www.newsday.com/long-island/towns/blue-green-algae-bloom-found-in-lake-ronkonkoma-1.5835495




Scoping the criteria

* Focus on human exposure as a result of primary contact recreation activities such as
swimming where immersion and incidental ingestion of ambient water are likely.

 Dermal and inhalation exposures associated with primary contact recreation will be
considered if data are sufficient.

e Consumption of fish and shellfish will not be considered in the assessments.

e Develop AWQC based on the same peer-reviewed science as supported EPA’s Drinking
Water Health Advisories for microcystins and cylindrospermopsin.

* The Health Effects Support Documents (HESDs) discussed the human health effects from exposure to
these toxins and the key studies used to derive a reference dose (RfD).

e The health advisories used the RfDs to derive health-protective recommendations given a drinking
water exposure scenario.

e EPA plans to use the same RfD values to derive health-protective AWQC recommendation given a
recreational exposure scenario.



Scoping the criteria

e Develop a conceptual model to help guide the AWQC
development.

e |dentify the potential pathways of human health risk from
recreational exposures to cyanobacteria and their toxins.

 |dentify factors and endpoints that will be addressed
guantitatively and qualitatively within the criteria
document.
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The conceptual model is visual representation of the relationship between recreators and the toxins (and cells) to which they may be exposed.
Includes various elements: stressor(s), source(s), exposure pathways, receptors, and endpoints.



Conceptual Model of Cyanotoxin and Cyanobacteria Exposure Pathways While Recreating

STRESSORS

SOURCES

EXPOSURE ROUTES

RECEPTORS

ENDPOINTS

Cylindrospermopsin Microcystins Cyanobacteria cells
| | |
| | | |
Lakes, ponds, and rivers Estuaries, bays, lagoons and
(freshwater, inland) oceans (marine, coastal)
. E
Oral Dermal Inhalation
' | | Incidental
! ngestion bl .| Dermal contact el N
(R mgestlon_w 1€ --- while recreating .
| recreating | : recreating
General population (adults and children)
~—  Children
v It > Il v v
. i Inflammatory response
: Kidney Reproductive Developmental
Liver damage damage offects effects Cancer _ effects,.e.g., .GI_
distress, skin irritation
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Stressors: agents that cause an effect

Cylindrospermopsin Microcystins Cyanobacteria cells
| !

|
|
I
———————————————————————————————————————————————
! I
! I

e Some States already use both measures as criteria.

. Considerin% both the cyanotoxins (quantitatively) and cyanobacterial cells
(qualitatively).

e Toxin-related effects:
 Liver (microcystin)
e Kidney (cylindrospermopsin)

e Cell-related effects:
e Various endpoints with many considered inflammatory responses.
e Gastrointestinal (Gl), Dermatologic, Eye/ear, Respiratory

 Dermatologic, Gl and respiratory symptoms are the most frequently reported
following outbreaks of HAB-related illness in recreational waters (CDC)




Stressor: Cylindrospermopsin

e Exposure pathway: oral ingestion of drinking water (by gavage)

e Key Study Selected: Humpage and Falconer (2002, 2003); 11 weeks
drinking water study in mice

* Most sensitive endpoint: kidney damage

* Increased weight of kidney and decreased urinary protein

Information on this slide taken from EPA’s
Drinking Water Health Advisory for the
| Cyanobacterial Toxin Cylindrospermopsin
-1 (2015).




Stressor: Microcystins

e Microcystin-LR, considered a surrogate for all microcystins

e Toxicity data are most complete

* LR is the same or more toxic than other congeners, based on available data
e Key Study Selected: Heinze, 1999; 28 day drinking water study in rats
* Most sensitive endpoint: liver toxicity

* Increase in liver weight and in liver enzymes

Information on this slide taken from EPA’s
Drinking Water Health Advisory for the
Cyanobacterial Microcystin Toxins (2015).
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Lower left: microcystis cells. http://protist.i.hosei.ac.jp/pdb/images/Prokaryotes/Chroococcaceae/Microcystis/sp_3d.html





Stressor: Cyanobacterial Cells

e Cell components other than the toxins produced have been implicated as
etiologic agents (e.g., lipopolysaccharides, phycocyanins)

e Linkage to health suggested by epidemiological evidence

e Pilotto (1997) informed the recommendations made by the WHO in Guidelines for
Safe Recreational Water Environments (2003).

* Demonstrated a significant trend for increasing symptom occurrence with an increase in cell
density.

* Did not observe an association between the presence of hepatotoxins and symptom
occurrence
e HAB-related illness outbreaks in recreational waters reported by CDC
suggests that cell-related endpoints can be an important public health
consideration.

e EPA envisions a qualitative evaluation of health effects from cyanobacterial
cells.
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Pilotto et al. 1997. Health effects of exposure to cyanobacteria (blue-green algae) during recreational water-related activities. 21:562-566. Australian and New Zealand Journal of Public Health.

WHO. (2003) Guidelines for Safe Recreational Water Environments. Chapter 8.



Sources: where is the stressor coming from?
| !

[ | i
Lakes, ponds, and rivers Estuaries, bays, lagoons and
(freshwater, inland) oceans (marine, coastal)

[ e t

* Focusing on freshwater occurrence of HABs producing microcystin
and cylindrospermopsin.
e All HAB-related outbreaks reported by CDC in the last two reporting cycles
occurred in fresh water.

e Evaluating reports of upstream fresh water HAB events affecting the
downstream interface with estuarine/marine waters.



Exposure Routes: How are recreators exposed?

______________________________________________________________

Oral Dermal Inhalation
i | | Incidental
- i Inc!demariw | Dermal contact —inhalation while
F==-- Ingestion while ' | while recreating :
. recreating . | recreating

e Surveying the scientific literature for information on the three exposure routes.

* Evaluating literature to identify differences in exposure levels used by EPA, States, and
other regulatory authorities to inform the recreational exposure scenario in this AWQC

* Finding less information is available on dermal and inhalation exposure routes compared
to ingestion.

* HAB-related illness outbreaks in recreational waters reported by CDC suggests dermal
and inhalation pathways can be important to consider.

e Qutbreaks: dermal > ingestion > inhalation

23
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9 outbreaks reported dermatologic symptoms
8 outbreaks reported GI symptoms
6 outbreaks reported respiratory symptoms



Exposure Routes: Incidental Ingestion while Recreating

e Evaluating studies which measured or surveyed recreational water
ingestion (n=6).

e Swimming is associated with the highest incidental ingestion rates
compared to other recreational activities.

* Ingestion volumes described in these studies ranged from 0 to 0.154 L
(duration of ingestion varied among the studies).

* Ingestion average for adults: 0.016 L
* Ingestion average for <18 yo: 0.037 L

e Currently evaluating age ranges and groups considered in these
studies.



Exposure Routes: Current Thinking

e EPA plans to include the oral ingestion route quantitatively within the
AWQC.

e EPA envisions discussing dermal and inhalation exposures
qgualitatively.

e Specialized exposures, such as ceremonial uses of surface waters, will
also be discussed qualitatively.

25
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Photo Lower right: microcystis bloom in a pond.  Alan Wilson, Auburn University. http://wilsonlab.com/photos.html



Receptors: Populations and/or life stages exposed to

the stressor
¥ ¥

General population (adults and children)

Children

e Evaluating children-specific parameter values that could support the
development of AWQC benchmarked to children’s recreational

exposures.

e Four states (CA, OH, IN, and MA), Grayson Co., TX, Australia, and New Zealand
calculated guideline values based on both children-specific and adult
exposure parameters.

e Five states (ID, OR, UT, VA, and WA) and Canada calculate guidelines values
based on children-specific parameters only.



Receptors: Identifying the population

e Children’s smaller body mass compared to adults increase the
potential for toxic effects.

e Children tend to have more exposure during recreation:
* |ngest more water, both incidentally and hand-to-mouth
e Spend more time in contact with near shore waters.

e CDC reports that 66% of HAB-associated outbreaks in 2009-2010
were < age 19. Thirty-five percent were age 9 or younger.

e 80% of all confirmed illness reports due to fresh water cyanotoxin
exposure involved (or exclusively involved) children (Weirich and
Miller, 2014).
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Weirich and Miller. (2014) Freshwater harmful algal blooms: toxins and children’s health. 44(1), 2-24. Curr Probl Pediatr Adolesc Health Care


Receptors: Pets and Agricultural Animals

e Searching the literature and reviewing published reports for
information on animal (pets and livestock) poisonings linked to
exposure to cyanotoxins.

e Envision discussing how states could use and/or adapt the AWQC for
developing values protective of animals.




Receptors: Current Thinking

e Because:

e Children incidentally ingest more water during
recreational activities than adults.

e Children spend more time swimming in fresh waters
compared to adults.

e Children can be exposed more frequently compared
to adults.

e EPA intends to derive criteria protective for a
child who ingests water incidentally while
swimming.
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Current Thinking Summary

e Focus on a recreational scenario where immersion
and incidental ingestion of ambient water are likely.

e Focus on fresh waters, but consider reports of
potential effects at the estuarine interface.

e Recommend AWQC for the cyanotoxins microcystins
and cylindrospermopsin.

e Benchmark the AWQC to children’s exposures.
e Consider cell densities (for now, qualitatively)
e Evaluate dermal and inhalation exposure routes.

 Characterize effects to domesticated animals and
livestock




Qutreach and Stakeholder Engagement

e EPA is planning to have a HAB-related session at the
2016 Recreational Water Conference in April.

e EPA is planning to hold additional webinars in 2016.
 Engage with stakeholders
e Communicate our progress
e Provide a venue for feedback
e Forum for information/data sharing

e We want to hear from youl!

Do you have information that you think would be helpful to
EPA’s efforts?

e Topics for consideration for future webinars?




EPA HAB information SEPA oo i SIS R

Learn the Issues Science & Technology Laws & Regulations About EPA Search EPA.gov Q

Related Topics: Nutrient Policy and Data ContactUs  Share

CyanoHABs

® E PA’S Cya n O H A B We b po rta I : Cyanobacterial Harmful Algal Blooms

Algae are natural components of marine and fresh water flora performing many roles that are vital for the
. health of ecosystems. However, when certain conditions are favorable, algae can rapidly multiply causing
¢ htt p '//WWW' e p a ° gov/cya n O h a bS "blooms." When blooms (or dense surface scums) are formed, the risk of toxin contamination of surface
waters increases especially for some species of cyanobacteria algae with the ability to produce toxins and Algal bloom at Grand Lake
other noxious chemicals. These are known as cyanobacterial harmful algal blooms (cyanoHABs). iofrb’;sﬁuog‘;’;ég;:'
Cyanobacteria, also known as blue-green algae, are of special concern because of their potential impacts Ohio EPA i
on drinking and recreational waters.

d I n fO r m a t I O n a b O U t : | EPA has compiled information on freshwater cyanoHABs including causes, detection, treatment, health and ecological effects,

current research activities in the U.S.; and policies and regulations for cyanotoxins at the state and international levels.

e cyanobacteria and cyanotoxins
e Detection methodologies

* Health and ecological effects g g
e Research news

cyanotoxins in the U.S.

e Causes and prevention S

Cyanobacteria/Cyanotoxins Detection Health and Ecological Effects

Routes of exposure,
list tllf t;1let;old10f1 methods adverse human hezlth
e Control and treatment e i

SCosystems.

Research and News Causes and Prevention Control and Treatment

e Lesley D’Anglada danglada.lesley@epa.gov
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