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Information on Federal Agencies’ Expenditures
and Coordination Related to Harmful Algae

What GAO Found

Twelve federal agencies reported expending an estimated total of roughly $101
million from fiscal years 2013 through 2015 to fund various research, monitoring,
and other activities related to harmful algae—overgrowths of algae that can
create toxic “blooms” in marine or freshwater environments. The agencies
provided a mix of actual and estimated expenditure data and used different
methods for collecting the data, making comparisons among agencies, and a
federal total, inexact. Based on the data, the 5 agencies with the largest
expenditures related to harmful algal blooms for this period—totaling roughly $86
million—were the National Oceanic and Atmospheric Administration, $39.4
million; National Science Foundation (NSF), $15.4 million; Environmental
Protection Agency (EPA), $14.5 million; U.S. Geological Survey, $9 million; and
the National Institute of Environmental Health Sciences (NIEHS), $8 million.
According to agency officials, these 5 agencies funded efforts to research and
analyze harmful algal blooms; forecast, monitor, and respond to their
occurrence; and investigate human and ecological health effects. In addition,
other agencies expended millions of dollars funding activities to address harmful
algae. For example, from fiscal years 2013 through 2015, the National
Aeronautics and Space Administration reported expending nearly $2 million on
research to improve the detection of algal blooms using satellite imagery.

Federal officials reported that their agencies coordinate in a variety of ways with
each other and with nonfederal stakeholders to share information, expertise, and
opportunities for collaboration on activities to address harmful algae. For
example, since 2014, an interagency working group has been the primary,
government-wide mechanism through which federal agencies coordinate such
activities, develop plans for future work, and identify any gaps in federal activities
and capabilities. In addition, federal officials reported that agencies participate in
numerous groups, task forces, and other coordination efforts led by federal
agencies, states, international organizations, or academics. Furthermore, federal
officials reported a number of interagency partnerships directly related to their
harmful algae work, such as NIEHS’ and NSF’s collaboration since 2005 to
jointly fund research projects.

Harmful Algal Blooms Can Have Toxic Effects on the Environment and Aquatic Species
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An algal bloom appears on the water’s surface at
Assateague Island National Seashore, Maryland.

A cyanobacteria (also called blue-green algae)
bloom on Binder Lake, lowa, caused a fish kill.

Sources: Eric Vance, Environmental Protection Agency (left); Jennifer L. Graham, U.S. Geological Survey
(right). | GAO-17-119
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Washington, DC 20548
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The Honorable Barbara Boxer

Ranking Member

Committee on Environment and Public Works
United States Senate

The Honorable Fred Upton

Chairman

The Honorable Frank Pallone
Ranking Member

Committee on Energy and Commerce
House of Representatives

Harmful algal blooms (HAB)—overgrowths of algae in marine or
freshwater environments, like the one that began in May 2016 in Lake
Okeechobee, Florida’s largest lake—are an environmental problem in all
50 states, according to the Environmental Protection Agency (EPA).
While algae are essential to the ecosystem, providing food for all types of
animals, HABs can produce toxins, and even non-toxic blooms can hurt
the environment and local economies. Specifically, HABs can cause
human illness or death from consumption of seafood or water
contaminated by toxic algae; harm aquatic and other animal species
through neurological or liver damage or severe oxygen depletion
(hypoxia);" and hurt the seafood industry, recreation, and tourism. While
HABs and hypoxia can occur naturally, their prevalence, frequency, and
severity are increasing—and this increase is influenced by climate,
pollution, and human activities such as agriculture and wastewater, which
can produce runoff laden with excess nutrients, according to a report by

"While the focus of this report is HABs, we frequently refer to hypoxia throughout this
report because HABs and hypoxia are, at times, interrelated. According to EPA’s website,
hypoxia can be caused by a variety of factors, including excess nutrients, primarily
nitrogen and phosphorus, which promote algal growth. As dead algae decompose, oxygen
is consumed in the process, resulting in low levels of oxygen in the water.
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the Interagency Working Group on the Harmful Algal Bloom and Hypoxia
Research and Control Act (IWG-HABHRCA).2

HAB outbreaks in the United States with significant environmental and
economic effects include blue-green algae (cyanobacteria) in the Great
Lakes, “red tide” on the Gulf of Mexico coast, and “brown tide” in the mid-
Atlantic states.® According to the National Oceanic and Atmospheric
Administration (NOAA) and EPA websites, marine and freshwater HABs
cause millions of dollars per year in economic losses in the United States.
HABSs reduce tourism, close beaches, and decrease the catch from both
recreational and commercial fisheries, among other impacts. In the
summer of 2015, NOAA pronounced a bloom from central California to
Alaska to be the largest and most severe marine HAB recorded along the
West Coast in at least 15 years. This HAB event resulted in massive
economic losses because of closures of recreational and commercial
shellfish harvesting areas in three states. For instance, shellfish
managers shortened or closed the razor-clam season in parts of
California, Oregon, and Washington, and closed the southern Washington
coast to Dungeness crab fishing—the largest-ever shutdown of that
state’s multi-million-dollar industry. In addition, elevated levels of a
potent neurotoxin, domoic acid, caused by this HAB event were the

2For example, the incidence of hypoxia globally has increased tenfold over the past 50
years, and by almost thirtyfold in the United States since 1960. See Harmful Algal Blooms
and Hypoxia Comprehensive Research Plan and Action Strategy: An Interagency Report
(Washington, D.C.: Feb. 11, 2016), a report to Congress produced by the Interagency
Working Group on the Harmful Algal Bloom and Hypoxia Research and Control Act.

3Red tide” is a colloquial term often used to describe HABs in marine coastal areas;
however, the term is misleading since algal blooms can be a wide variety of colors, and
growth of algae is unrelated to the tides. As a result, scientists prefer the term “harmful
algal bloom” as a more appropriate descriptor for overgrowths of algae that can cause
human, environmental, or economic harm. To the human eye, algal blooms can appear
greenish, brown, reddish-orange, or golden, depending upon the algal species, the
aquatic ecosystem, and the concentration of the organisms. However, many blooms
discolor the water but are not harmful, and other blooms of highly toxic cells cause
problems at low, and essentially invisible, cell concentrations.

4NOAA officials reported in July 2016 that the agency is working to quantify the economic
losses related to this bloom; the initial estimate for losses in tourism-related spending
related to the lost razor clam harvest is $22.7 million.
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highest ever reported for anchovies, mussels, and crabs, exceeding
regulatory limits by 10 times or more.®

In 2011, a then-record bloom of toxin-producing Microcystis in Lake
Erie—a source of tourism and recreation for Ohio and Michigan, and
Toledo’s primary drinking water supply—caused an estimated economic
impact of roughly $71 million in lost property values, tourism, recreation,
and water treatment.® Three years later, another Microcystis bloom in
Lake Erie disrupted the municipal water system, causing about 500,000
Toledo residents to be advised not to drink their tap water for 4 days and
incurring an estimated $65 million in economic losses.’

The Harmful Algal Bloom and Hypoxia Research and Control Act
(HABHRCA) is the key law regarding federal HAB activities.® HABHRCA
designates roles and responsibilities for federal agencies to maintain and
enhance marine and freshwater HAB programs, conduct research,
develop and submit to Congress various reports, and carry out
coordination and other functions through an interagency working group.
The IWG-HABHRCA, established in October 2014 to carry out several
activities under the law, consists of the following 14 federal agencies:

5According to NOAA'’s website, certain types of algae produce domoic acid, which can
accumulate in shellfish and fish without apparent ill effects, but in humans, very high
doses of the toxin can cause death, and lower doses can cause permanent brain damage
(short-term memory loss).

6Cyanobac’«-zria, including Microcystis species—bacteria that produce a class of toxins
known as microcystins—typically occur in freshwaters, although they have also appeared
in marine waters. Cyanobacteria can produce two groups of toxins: neurotoxins, such as
anatoxin-a, which can cause neurological damage, and peptide hepatotoxins, such as
microcystins, which can cause serious damage to the liver.

"The estimated economic losses caused by the 2011 and 2014 Lake Erie HABs were
prepared for the International Joint Commission, an international organization created by
the Boundary Waters Treaty, signed by Canada and the United States in 1909. See
Economic Benefits of Reducing Harmful Algal Blooms in Lake Erie, M. Bingham, S. K.
Sinha, and F. Lupi, Environmental Consulting & Technology, Inc. (Gainesville, Fla.:
October 2015).

8pub. L. No. 105-383, Title VI, 112 Stat. 3448 (1998), as amended; 33 U.S.C. § 4001 et
seq.
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o EPA;

o Department of Agriculture’s (USDA) National Institute of Food and
Agriculture (NIFA) and Natural Resources Conservation Service
(NRCS);®

o Department of the Interior's Bureau of Ocean Energy Management
(BOEM), National Park Service (NPS), and U.S. Geological Survey
(USGS);

o Department of Defense’s Department of the Navy (Navy) and U.S.
Army Corps of Engineers (USACE);

o Department of Health and Human Services’ Centers for Disease
Control and Prevention (CDC), Food and Drug Administration (FDA),
and National Institutes of Health’s National Institute of Environmental
Health Sciences (NIEHS);

« National Science Foundation (NSF); and
« National Aeronautics and Space Administration (NASA).

NOAA and EPA are designated by HABHRCA as having primary
responsibility for administering a national HAB and hypoxia program for
marine and freshwater bodies, respectively.'® Because federal agencies
do not generally receive appropriations dedicated specifically for HAB-
related activities, the extent and nature of their HAB-related expenditures
are not readily available to Congress or the general public.

The Drinking Water Protection Act includes a provision for us to review
federally funded HAB-related activities and to report within 90 days.'" We
provided you with preliminary information on November 6, 2015. This
report provides additional information on (1) how much federal agencies
expended on activities related to marine and freshwater HABs, and the

%n addition, officials from USDA'’s Agricultural Research Service and Forest Service
reported that their agencies have participated in the IWG-HABHRCA and have conducted
HAB-related activities in the past, but these expenditures occurred prior to fiscal year
2013.

033 U.S.C. § 4002(d), (h). NOAA has responsibility for the HAB and hypoxia program for
the Great Lakes. See 33 U.S.C. § 4002(f)(2), (h).

Pub. L. No. 114-45, § 2(b), 129 Stat. 473 (2015).

Page 4 GAO-17-119 Harmful Algae



types of activities funded, from fiscal years 2013 through 2015; and (2)
how federal agencies coordinate their HAB-related activities with each
other and with nonfederal stakeholders.

For both objectives, we reviewed HAB-related laws; federal agencies’
reports on HABs; our prior work on ocean acidification, the Great Lakes,
water quality, climate change, and interagency collaboration (a list of
related products is included at the end of this report); and other relevant
documents. To identify how much federal agencies expended on activities
related to marine and freshwater HABs for fiscal years 2013 through
2015, we conducted interviews and collected information from agency
officials; and we identified 17 agencies that have conducted research,
monitoring, response, or other HAB-related activities for this period.'?
These agencies include the 14 participating in the interagency working
group, plus 3 additional agencies: the Department of the Interior’s Fish
and Wildlife Service (FWS) and the Executive Office of the President’s
Council on Environmental Quality (CEQ) and Office of Science and
Technology Policy (OSTP).

To identify the types of activities the agencies funded in relation to marine
and freshwater HABs, we conducted interviews with and requested data
from the 17 relevant agencies on their HAB-related expenditures in fiscal
years 2013, 2014, and 2015." To gather expenditure data, we developed
and distributed a questionnaire that asked the 17 agencies to identify their
HAB-related research, monitoring, or other activities at the program and
project levels. To assess the accuracy and completeness of the
expenditure data and to learn of any data limitations, we conducted a

12Based on our review of documents, interviews with federal agencies, and the agencies’
written responses to a questionnaire that, in part, asked them to identify other relevant
agencies, we identified 17 agencies that conducted HAB-related activities in fiscal years
2013 through 2015. We started with NOAA and EPA officials because of their lead roles,
as designated by HABHRCA, in administering a national HAB and hypoxia program for
marine and freshwater bodies, respectively; and we interviewed and collected information
from additional agencies as they were identified by other agencies.

3In cases where expenditure data were not available, we used obligated funding data,
which contributes to an inexact, federal total. Obligated funds refer, in part, to a definite
commitment that creates a legal liability of the government for the payment of goods and
services ordered or received. An agency incurs an obligation, for example, when it places
an order, signs a contract, awards a grant, purchases a service, or takes other actions that
require the government to make payments to the public or from one government account
to another.
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data reliability assessment through written questions and follow-up
interviews, as necessary, with agency officials. Our questions asked for
officials to specify if the associated activities were single-purpose in
addressing HABs only, or if they addressed multiple purposes including
HABs.' Of the 17 agencies we contacted, 12 provided HAB-related
expenditure data for fiscal years 2013 through 2015, which we
determined were sufficiently reliable for the purpose of producing a rough
estimate of federal HAB-related expenditures and are presented in this
report.’

Even with the efforts we made to ensure the reliability of the data, each of
the agencies had its own methods for collecting HAB-related expenditure
data. For example, some agencies collected data from their databases
using key word searches, while other agencies relied on subject matter
experts to identify HAB-related activities and submit expenditure data.
Some agencies provided actual expenditure data, whereas other
agencies provided estimated expenditure data or obligated funding data.
In addition, we asked agencies to identify whether their HAB-related
activities were (1) single-purpose in addressing HABs only, (2) multi-
purpose including HABs, or (3) a mixture of both. The lack of a
standardized approach to collecting HAB-related expenditures across the
agencies means that any comparisons among agencies and any

"Our data reliability questions asked agency officials to identify whether their HAB-related
activities were (1) single-purpose in addressing HABs only, (2) multi-purpose including
HABs, or (3) a mixture of both. To provide a rough, estimated total for federal HAB-related
expenditures, we excluded one agency—NRCS—that provided solely multi-purpose HAB-
related expenditures for fiscal years 2013 through 2015. Specifically, NRCS provided
expenditures that funded multi-purpose initiatives designed to improve the water quality of
areas where HABs and hypoxia are of critical concern, but the agency does not directly
track HAB expenditures. More information on NRCS’ multi-purpose expenditure data is
included in app. Il.

SThere are five agencies that we did not present in table 1 but that are involved in HAB-
related activities. For example, CEQ and OSTP are entities within the Executive Office of
the President whose overall budgets are relatively small. According to CEQ and OSTP
officials, their agencies do not track staff time spent on specific HAB-related activities, thus
they reported that their agencies could not provide expenditure data. In addition, two
agencies—BOEM and FWS—provided data that we determined were not sufficiently
reliable for our purposes, therefore those agencies’ expenditure data are not presented in
this report. Finally, we excluded NRCS, which provided solely multi-purpose HAB-related
expenditure data, because NRCS officials told us they provided a generous estimate for
initiatives that target water quality, including HABs, and we believed it could skew the
overall federal agencies’ estimated total.
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estimated federal total are inexact. In addition, our questionnaire asked
the agencies for information on (1) their key activities regarding HABs; (2)
the purposes of these activities; (3) the specific statutory provisions
authorizing these activities; and (4) the funding mechanisms used, such
as grants or contracts.

To determine how federal agencies coordinate their HAB-related activities
with each other and with nonfederal stakeholders, we collected and
analyzed information from the agencies through interviews and our
questionnaire on (1) their participation with each other and nonfederal
stakeholders in interagency working groups or other mechanisms to
share information and coordinate on HABs research, monitoring, or other
activities; '® (2) efforts taken by federal agencies to minimize duplication;
and (3) gaps, if any, in federal HAB-related activities. Among other things,
we also reviewed the official notes from a nongeneralizable sample of 21
IWG-HABHRCA twice-monthly meetings, starting from the group’s
creation in October 2014 through July 2016. In addition, through our
correspondence with federal agencies and our own web searches, we
identified agencies’ publicly accessible websites describing HABs and
HAB-related activities. See appendix | for more information on our scope
and methodology.

We conducted this performance audit from September 2015 to October
2016 in accordance with generally accepted government auditing
standards. Those standards require that we plan and perform the audit to
obtain sufficient, appropriate evidence to provide a reasonable basis for
our findings and conclusions based on our audit objectives. We believe
that the evidence obtained provides a reasonable basis for our findings
and conclusions based on our audit objectives.

8For the purpose of this report, we define coordination as any joint activity by two or more
organizations that is intended to produce more public value than could be produced when
the organizations act alone. We use the term “coordination” broadly to include interagency
activities that others have variously defined as “collaboration,” “cooperation,” “integration,”
or “networking.” We have done so since there are no commonly accepted definitions for
these terms, and we are unable to make definitive distinctions between these different
types of interagency activities. See GAO, Results-Oriented Government: Practices That
Can Help Enhance and Sustain Collaboration among Federal Agencies, GAO-06-15
(Washington, D.C.: Oct. 21, 2005).
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Background

Algae are natural components of marine and freshwater flora, performing
many roles that are vital for the health of ecosystems. Most algae are not
harmful, and the proliferation of algae generally provides the energy
source to fuel food webs. However, when certain conditions are
favorable, algae can rapidly multiply, causing “blooms” and increasing the
risk of toxin contamination of water. When algae bloom in significant
numbers and produce toxic or harmful effects, such events are termed
HABs. The risk is especially great for blooms caused by some species of
cyanobacteria, historically known as blue-green algae, which typically
occur in freshwater but may also appear in marine environments.
Cyanobacterial HABs are of special concern because of their potential
impacts on drinking and recreational waters. Toxins produced by
cyanobacteria (cyanotoxins) can cause allergic and respiratory issues,
attack the liver and kidneys, or affect the nervous system in mammals,
including humans. Cyanobacterial HABs can also cause detrimental
effects on aquatic ecosystems. High biomass blooms, whether of toxic or
nontoxic species, can accumulate as thick scums and mats, which
decompose, causing excessive oxygen consumption—which, in turn,
leads to an increased mortality rate in local fish, shellfish, invertebrate,
and plant populations because of hypoxia. Cyanobacterial HABs may
also adversely affect some types of flora and fauna because they cause
decreased light penetration. Figure 1 shows a satellite image of the then-
record-setting cyanobacterial HAB in Lake Erie in September 2011 (an
even larger Lake Erie HAB set a new algal biomass record in 2015),
overlaid on a map of the lake’s tributaries. This image shows the algal
bloom (in green) covering the entire western basin and beginning to
expand into the central basin of Lake Erie, where it continued to grow
until October 2011."7

17Micha|ak, A.M., et al., “Record-setting algal bloom in Lake Erie caused by agricultural
and meteorological trends consistent with expected future conditions,” Proceedings of the
National Academy of Sciences (Washington, D.C.: Apr. 16, 2013).
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Figure 1: Satellite Image of a Harmful Algal Bloom in Lake Erie in 2011
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Marine HABs and Health
Impacts

Coastal waters of the United States are subject to most of the major HAB
impacts and poisoning syndromes. Marine HAB impacts on animals and
plant life include fish kills, shellfish mortalities, widespread marine
mammal mortalities, and loss of submerged vegetation. ' Specifically,
some types of harmful algae produce potent toxins that cause illness or
death in humans and marine organisms—fish, seabirds, manatees, sea

18Submerged vegetation, such as seagrasses, provides habitat, food, and shelter to
aquatic species; it may also stabilize sediments and help maintain water clarity.
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lions, turtles, and dolphins are some commonly affected animals. Other
types of harmful algae are nontoxic to humans but cause harm to fish and
invertebrates by damaging or clogging their gills or by forming such large
blooms that the death, and subsequent decay, of the algae lead to
hypoxia in the bottom waters of marine environments, forcing animals to
either leave the area or die. Birds can also get sick by eating algae,
drinking contaminated water, or eating contaminated fish or shellfish.

Exposure to marine HAB toxins can occur through direct contact by
swimming (dermal exposure); breathing in aerosolized toxins (toxins in
water turned into tiny airborne droplets or mist); or eating toxin-
contaminated seafood, including shellfish and finfish. Impacts on human
health through contaminated seafood include amnesic shellfish poisoning,
ciguatera fish poisoning, diarrhetic shellfish poisoning, neurotoxic shellfish
poisoning, and paralytic shellfish poisoning—illnesses that have been
reported in the United States. Two major groups of marine algae—
diatoms and dinoflagellates—produce HAB toxins that cause these
syndromes. According to NOAA’s website, the toxins that cause these
syndromes have been found in U.S. marine waters, and these syndromes
have adverse human health impacts, as follows:

« Amnesic shellfish poisoning, which is caused by several species of
Pseudo-nitzschia that produce the toxin domoic acid, produces
gastrointestinal and neurological effects. Mild cases arise within 24
hours of consumption of contaminated shellfish. Symptoms include
nausea, vomiting, diarrhea, and abdominal cramps. In more severe
cases, neurological symptoms occur, which include headaches,
hallucinations, confusion, short-term memory loss, respiratory
difficulty, seizures, coma, and, in extreme cases, death. These toxic
species have been found on the Pacific Northwest coast from Canada
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to mid-California and the Atlantic northeast coast of Canada, as well
as the Gulf of Mexico.™

« Ciguatera fish poisoning is the most common seafood-toxin illness
reported in the world, and certain algal species have caused this
syndrome in many tropical and subtropical regions with coral reefs in
the United States, including Caribbean and Pacific Islands, Florida,
and the Gulf of Mexico.?° Ciguatoxins are transferred through the food
chain from small toxic algae to large fish, such as grouper, and
produce gastrointestinal, neurological, and cardiovascular symptoms
that usually begin developing within 12 to 24 hours of eating
contaminated fish. Gastrointestinal symptoms include diarrhea,
abdominal pain, nausea, and vomiting occur, and neurological
symptoms include numbness and tingling of hands and feet,
dizziness, altered hot/cold perception, muscle aches, and low heart
rates and blood pressure. In extreme cases, death occurs through
respiratory failure.

« Diarrhetic shellfish poisoning is a gastrointestinal illness that has
been reported worldwide. Symptoms usually occur within 30 minutes
to a few hours after consumption of contaminated shellfish. Symptoms
include diarrhea, nausea, vomiting, and abdominal pain. A full
recovery is expected within 3 days, regardless of medical treatment,
but long-term exposure may promote tumor growth in the digestive
system. Various species of Dinophysis and their related toxins, which

19According to representatives from the U.S. National Office for Harmful Algal Blooms,
amnesic shellfish poisoning toxin (domoic acid) occurrences have also been documented
along the southern coast of California and confirmed in the northeastern United States,
including Long Island, Maine, and locations near Cape Cod, Massachusetts. The U.S.
National Office for Harmful Algal Blooms, located at Woods Hole Oceanographic
Institution, is funded by NOAA’s Center for Sponsored Coastal Ocean Research and
supports the agency’s national program for HABs research. Specifically, the Center for
Sponsored Coastal Ocean established the U. S. National Office for Harmful Algal Blooms
to provide critical coordination and technical support capabilities that enhance the nation’s
ability to respond to and manage the growing threat posed by HABs. It also provides
liaison with the scientific community and related programs nationally and internationally.

20According to U.S. National Office for Harmful Algal Blooms representatives, ciguatera
fish poisoning is endemic to the Hawaiian Islands; there have been clinical cases of the
syndrome reported, as well as the detection of ciguatoxins in fish.

Page 11 GAO-17-119 Harmful Algae



cause this syndrome, have been found along the Texas Gulf coast
and the Chesapeake Bay.?'

« Neurotoxic shellfish poisoning produces gastrointestinal and
neurological symptoms within 3 to 6 hours of ingestion of
contaminated shellfish. Milder cases may include symptoms of
headaches, diarrhea, and muscle/joint pain and commonly occur
when beachgoers are exposed to toxic aerosols produced by wave
action. Symptoms include irritation of the throat and upper respiratory
tract, causing asthma-like effects. More severe effects are altered
perceptions of hot and cold, difficulty breathing, or double vision.
Neurotoxic shellfish poisoning is caused by Karenia brevis, a toxic
dinoflagellate found in the Gulf of Mexico and the east coast of
Florida. Karenia brevis “red tides” are typically characterized by
patches of discolored water, dead or dying fish, and toxic aerosols.

« Paralytic shellfish poisoning symptoms include tingling sensations
or numbness, headaches, fever, rash, dizziness, and gastrointestinal
illness. In severe cases, symptoms include muscular paralysis,
respiratory difficulty, and choking sensation. Despite the severity of
this toxin, victims generally begin to recover within 12 to 24 hours of
intoxication. In some severe cases, victims may die from paralysis
and respiratory failure. A number of species of the dinoflagellate
Alexandrium, which produce a group of toxins (called saxitoxins)
responsible for paralytic shellfish poisoning, have been observed
along the northeast and west coasts of North America, including
Alaska. Another species associated with this syndrome, Pyrodinium
bahamense, has also been found in Florida. The United States has
reported persistent problems with cases of this syndrome since the
mid-1960s.

Each of these syndromes is caused by different species of toxic algae
that occur in various coastal waters of the United States and the world.
According to the U.S. National Office for Harmful Algal Blooms’ website,
there are virtually no human populations that are free of risk, in part
because of an increase in interstate and international transport of
seafood. CDC officials stated that records of these syndromes are
incomplete because their diagnosis is difficult, physicians might not

21According to U.S. National Office for Harmful Algal Blooms representatives, Dinophysis
and diarrhetic shellfish poisoning toxins have also been detected in coastal waters of the
Pacific Northwest (particularly Puget Sound), Long Island and Cape Cod.
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always report cases to their health departments, and reporting to CDC is
voluntary; however, CDC estimates that 15,910 cases of ciguatera fish
poisoning occur in the United States annually. According to NOAA
officials, the recent emergence of diarrhetic shellfish poisoning in U.S.
waters, the massive domoic acid-producing bloom on the West Coast in
2015, and the rapid expansion of cyanobacterial blooms in freshwater
indicate that HABs are an increasing threat in the United States.
However, FDA officials stated that controls are in place to prevent
contaminated seafood from entering interstate commerce.

Beyond human health threats, NOAA officials noted, marine HABs can
have other deleterious impacts. For example, massive fish kills drive
away tourists, require costly beach cleanup, and impact fisheries
management. Some HABs Kill or weaken young stages of shellfish,
damaging shellfish aquaculture and impairing shellfish restoration.
Furthermore, NOAA officials stated, water discoloration and accumulation
of algae on beaches affects tourism and property values. Many of these
effects can have serious economic impacts on communities in coastal
areas that depend on marine resources for their livelihoods.

HAB Occurrences in the
United States

HABs have occurred in all 50 states in the past decade in marine waters,
freshwaters, or both. According to the U.S. National Office for Harmful
Algal Blooms’ website, all 50 states have been affected by cyanobacterial
HABs, typically in many different lakes, rivers, streams, reservoirs, and
other freshwater sources. In addition, 23 states have been affected by
“golden algae” blooms caused by Prymnesium parvum. Furthermore, the
dinoflagellate Karlodinium veneficum blooms along the mid-Atlantic coast;
and brown tides caused by the rapid population growth of a minute alga,
Aureococcus anophagefferens, have decimated multiple fisheries and
seagrass beds in mid-Atlantic estuaries for three decades.?? A

22According to the U.S. National Office for Harmful Algal Blooms’ website, Prymnesium
parvum, commonly referred to as golden algae, is one of the most problematic HAB toxins
in the United States and has caused fish kills in Texas annually since 2001. Similarly,
Karlodinium veneficum has been associated with toxic activity ever since its discovery in
the 1950s, with significant fish kills in Maryland. Brown tides can also negatively affect
shellfish (such as clams, oysters, and scallops) and submerged vegetation, and have
been found along the Atlantic seaboard, including Maryland, New Jersey, New York, and
Rhode Island. Another brown tide species, Aureoumbra lagunensis, has caused massive
blooms and ecosystem impacts in Texas and Florida, according to representatives from
the U.S. National Office for Harmful Algal Blooms.
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generalized map appears in figure 2, depicting marine and freshwater
HAB occurrences—as well as locations where HAB poisoning syndromes
affecting human health have been reported, or where the associated
toxins have been detected in fish and shellfish tissue extracts or marine
algae samples—in the United States from 2006 through 2015.
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Figure 2: Generalized Map Depicting Harmful Algal Blooms (HAB) and Related Poisoning Syndromes and Toxin Occurrences

in the United States, 2006-2015
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Notes: Because it is not practical to indicate the location of each cyanobacterial or golden algae
bloom, each state experiencing these blooms is indicated by a single green circle, gold square, or
both. Green ovals denote widespread cyanoHAB problems. In addition, this generalized map depicts
the various HAB poisoning syndromes and toxins that have occurred in specific areas. Colored dots
or ovals indicate locations where the incidence of a particular syndrome has been reported, or where
the related toxins have been detected in fish and shellfish tissue extracts, marine algae, or both.
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HAB Causes and Human
Influence

Twelve Federal
Agencies Reported
Expending Roughly
$101 Million from
Fiscal Years 2013
through 2015 on
Various HAB-Related
Activities

HABs were recorded as early as the 16th century, according to NOAA’s
website, but human activities seem to play a role in the increased
occurrence of some blooms. In general, HAB growth is enhanced when
environmental conditions are optimal for a given species. These
conditions may include natural phenomena, such as unusually high water
temperatures; extreme weather events, such as hurricanes, floods, or
drought; or sluggish water circulation that allows biomass to accumulate.
One way that human activities may contribute to HABs is by supplying
nutrients to aquatic ecosystems at a rate that “overfeeds” the algae that
exist naturally. These nutrients (mainly nitrogen, phosphorus, and carbon)
can originate as runoff from lawns and farmland or wastewater
discharges from municipalities and industry. Human activity may also
influence HABs through ecosystem disturbances such as water flow
modifications or the introduction of new species.

Twelve federal agencies expended an estimated total of roughly $101
million from fiscal years 2013 through 2015 to fund various HAB-related
activities—such as research and analysis, forecasting, surveillance and
monitoring, outreach, and response—according to data reported by the
agencies.?® Based on the data, the 5 agencies with the largest HAB-
related expenditures for this period—totaling roughly $86 million—were
NOAA ($39.4 million), NSF ($15.4 million), EPA ($14.5 million), USGS
($9.0 million), and NIEHS ($8.0 million). According to agency officials,
these 5 agencies provided internal and external funding for research on
and analysis of HABs; forecasting, monitoring, outreach and response
efforts; and investigations of human and ecological health effects, as
follows:

« NOAA developed and provided capabilities to predict, detect, monitor,
and respond to marine and Great Lakes HAB events. NOAA

2as previously noted, each of the agencies had its own methods for collecting HAB-
related expenditure data, and therefore comparisons among agencies, and any estimate
of federal expenditures for HAB-related activities, are inexact. For example, some
agencies collected data from their databases using key word searches, while other
agencies relied on subject matter experts. In addition to the 12 agencies whose
expenditure data we determined were reliable for our purposes, officials from 2 agencies
(CEQ and OSTP) reported that their agencies could not provide HAB-related expenditure
data, and 2 agencies (BOEM and FWS) provided expenditure data that we determined
were not sufficiently reliable for our purposes.
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competitively funded additional research on HAB ecology, monitoring,
prediction, mitigation, and control.

o NSF funded HAB-specific and broader research that contributed to
the understanding of algal blooms. It also funded workshops and
activities that built and facilitated international collaboration on HAB-
related research.

+ EPA funded internal research on HABs and their toxins, focused on
four main areas: water quality, human and ecological health effects,
monitoring and analytical methods, and drinking water treatment. It
performed outreach to other federal agencies, state agencies, and
academia regarding HAB-related activities.

o USGS developed laboratory analysis and field testing to detect and
quantify HABs, researched causal factors, and developed early
warning systems for HABs.

« NIEHS supported peer-reviewed research grants to develop
approaches to enhance prediction of HAB events and understand the
effects of HAB toxins on human health.

In addition, other agencies—such as FDA, CDC, and NASA—expended
millions of dollars funding activities to address HABs, associated with
their respective missions. For example, from fiscal years 2013 through
2015, NASA reported expending nearly $2 million on basic and applied
research to use satellite imagery to improve the detection of algal blooms.

Table 1 provides the estimated HAB-related expenditures for the 12
agencies that provided expenditure data for fiscal years 2013 through
2015.2* The agencies reported actual or estimated expenditure data, or a
mix of both; and a few agencies also provided some obligated funding

24Expenditure data for CEQ, OSTP, BOEM, FWS, and NRCS are not included. CEQ and
OSTP officials reported that their agencies do not track staff time dedicated toward
specific HAB-related activities, and thus they could not provide expenditure data. BOEM
and FWS provided expenditure data that we determined were not sufficiently reliable for
our purposes. In addition, we excluded NRCS'’ reported expenditure data from table 1
because NRCS officials told us that their estimated total of $208 million was a generous
estimate for initiatives that target water quality, including HABs, and we believed it could
skew the overall federal agencies’ estimated total.
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data.?® Four agencies—NASA, NIEHS, NSF, and USGS—provided actual
expenditures. NIFA officials provided estimated expenditures and
reported that the identified NIFA funding does not include multi-purpose
capacity awards that relate, in part, to HABs.?® Other agencies, such as
NOAA, Navy, USACE, CDC, FDA, NPS, and EPA, provided mostly actual
expenditures but also included some estimated HAB-related
expenditures. For example, the identified EPA funding does not include
multi-purpose nutrient reduction projects, nutrient monitoring,
phytoplankton community monitoring, or assessment of nutrient reduction
projects intended, in part, to support reductions in HABs.?” A few other
agencies—CDC, NIEHS, and NSF—also provided some obligated
funding data for a portion of their HAB-related activities f