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EXECUTIVE SUMMARY
The Chesapeake Bay and its tributaries are stunningly beautiful and central to the culture 
and economy of the whole Mid-Atlantic region. But beneath the surface, pollution and 
bacteria are spawning human health threats that some scientists see as a warning. Citi-
zens and governments should take notice.

	VIBRIO  The combination of warmer waters, nutrient pollution, and other factors in 
the Chesapeake Bay are contributing to the growth of bacteria called Vibrio that can 
cause life-threatening skin and blood infections and intestinal illnesses, according 
to Dr. Rita Colwell, former director of the National Science Foundation and cur-
rent Distinguished University Professor at the Johns Hopkins Bloomberg School of 
Public Health and University of Maryland, College Park. Although infrequent, the 
number of annual Vibrio infection cases reported in both Virginia and Maryland 
has increased in recent years. In Virginia, the number has more than doubled over 
the last decade, from 12 in 1999 to 30 in 2008. Reports of infections have also 
risen in Maryland, but a change in reporting requirements in that state in 2003 
complicates the picture there. In both states, it is unknown how many of these 
cases come from eating or handling shellfish from other regions. Nutrient pollution 
is nitrogen and phosphorus from many sources, including stormwater runoff from 
streets, farm fields, barnyards and lawns; discharges from sewage plants, septic 
tanks and industries; and air pollution from power plants, factories and vehicles 
that settles into the water.

	CYANOBACTERIA  Nutrient pollution and warmer weather also stimulate the growth 
of harmful algal blooms. Blue green algae, also known as cyanobacteria, can cause 
liver disease, skin rashes, nausea, and vomiting. Dr. Peter Tango, Chesapeake Wa-
tershed Monitoring Coordinator for the U.S. Geological Survey, recently co-au-
thored a report that called harmful algal blooms a “significant and expanding threat 
to aquatic life, human health, and regional economies.” Between 2000 and 2006, 
Dr. Tango tested waters with cyanobacteria blooms and found that 31 percent had 
enough toxins to make the waters unsafe for children to swim in.

	CRYPTOSPORIDIUM  During the summer, polluted runoff, animal waste, and sewage 
often create high bacteria levels at swimming beaches. In the Chesapeake Bay wa-
tershed, Pennsylvania had 22 closures at 17 swimming areas last summer; Mary-
land had 44 no-swimming advisories or closures at 31 beaches during the same 
period; and Virginia had 10 advisories at 6 beaches. But even these numbers might 
not reflect the true prevalence of pathogens at beaches, according to a Johns Hop-
kins Bloomberg School of Public Health researcher. Dr. Thaddeus Graczyk has 
concluded that local health departments don’t test swimming areas often enough, 
thoroughly enough, or quickly enough to protect the public. A study by Dr. Grac-
zyk found the dangerous protozoan pathogen Cryptosporidium (which local health 
departments do not test for) at levels that could infect people in 70 percent of 
weekend samples at a Baltimore County beach.
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	MERCURY  This heavy metal, often released by the burning of coal, pollutes water-
ways, taints fish, and can potentially damage human intelligence. In the Chesa-
peake region, governments have issued statewide fish-consumption advisories for 
mercury for all lakes and rivers in Pennsylvania and Maryland, and for many rivers 
in Virginia. This advisory includes consumption of rockfish from the Maryland 
portion of the Chesapeake Bay. Despite the possible risks, a study by Virginia Com-
monwealth University found that roughly half of state anglers were unaware of the 
mercury advisories. The study found that about 38 percent of survey participants 
were eating fish with mercury at doses that exceeded the warning level set by the 
federal government.

	NITRATES  Polluted runoff causes not only low oxygen “dead zones” in the Chesa-
peake Bay, it also can hurt the health of rural families that drink from private wells. 
Recent studies found that between 21 percent and 60 percent of wells tested in 
Pennsylvania’s lower Susquehanna River Basin had nitrate levels exceeding public 
drinking water standards. Drinking water with too much nitrates can raise the risk 
of cancer, nervous system deformities in infants, hemorrhaging of the spleen, and 
other problems.

These are examples of how our waters have become unhealthy not only for fish, but also 
for people who fish, swim, boat, and drink contaminated water. The U.S. Environmental 
Protection Agency (EPA) and Chesapeake Bay states have a long way to go before they 
achieve the standards of “fishable, swimmable” waters promised by the 1972 federal 
Clean Water Act. More than a quarter century after a 1983 deadline for bringing the Bay 
and other waterways up to these “fishable, swimmable” standards, the numbers do not 
look good.  In the Bay watershed last year, Pennsylvania, Maryland and Virginia issued 
76 no-swimming advisories and closures because of unhealthy bacteria levels; warned 
people to avoid or limit consumption of fish because of mercury or PCB contamination 
in the Bay and 195 other bodies of water; and restricted or closed 224,369 acres of shell-
fish harvesting waters because of bacteria threats.1

About 90 percent of the shellfish waters in the Bay remained open last year, and most 
swimming beaches were judged safe. Eating fish remains healthy, as long as people fol-
low government consumption guidelines. But the fact that many health departments 
warn people to avoid swimming in the water for two days after any significant rain shows 
that EPA and the Bay states are far from meeting their goals. More research is needed 
into the connection between infections in people and pathogens in the Bay. And strong 
federal leadership is required to force EPA and state governments to meet the clean-up 
commitments they made nearly a decade ago in the Chesapeake 2000 agreement. On 
May 12, 2009, President Barack Obama issued an Executive Order that directed the EPA 
Administrator to chair a committee of federal agency representatives that must “define 
the next generation of tools and actions to restore water quality in the Chesapeake Bay” 
and issue a draft report within six months. As EPA weighs its options, the Chesapeake 
Bay Foundation strongly urges the federal agency to create a strong and enforceable 
cap—or limit—on the total amount of nutrient and sediment pollution allowed into the 
Bay and its rivers. While doing so, EPA should impose strict numeric limits on nitrogen, 
phosphorus, and sediment pollution in all stormwater runoff control permits. And the 
federal agency should deny permits for sewage plants, factories, construction projects, 
and power plants that propose to add more nutrient or mercury pollution.  
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Vibrio

Copepod

Source: Dr. Rita Colwell

Source: Dr. Rita Colwell

The need for decisive action can no longer be ignored, because it not just the Chesa-
peake’s oysters and fish that are threatened by the effects of pollution and bacteria, but 
our people as well.

VIBRIO

The Chesapeake Bay in summer is like a warm pond with a broth of nutrients at the 
right temperature to breed algae and bacteria. As the Earth’s climate has warmed, aver-
age water temperatures in the nation’s largest estuary have risen by about a half degree 
Fahrenheit per decade.2 And scientists expect the Bay to keep heating up, with average 
temperatures rising another four to 11 degrees Fahrenheit this century.3 Meanwhile, 
every time it rains, excess fertilizer and other sources of nutrient pollution wash from 
lawns, farm fields, streets, and sewage plants, into the Bay. Last year, an estimated 291 
million pounds of nitrogen and 13.8 million pounds of phosphorus flooded into the 
Chesapeake.4 Those nutrients feed plant growth in the water, just as fertilizers feed plant 
growth on land. But in the water, the plant life–algae–sometimes blooms out of control. 
And that growth can trigger chain reactions that can harm the health of aquatic life and 
humans.

One of the indirect effects of nutrient pollution and warmer waters is the multiplication 
of a potentially dangerous bacterium. Vibrio are in a family of bacteria with a curved 
rod shape and flagella. They are native to oceans and waterways around the world with 
warmer temperatures and moderate to low salinity levels, including the Chesapeake Bay. 
One of several species is Vibrio vulnificus, which can cause severe skin ulcers, gangrene, 
and deadly blood infections in people who expose cuts to warm saltwater containing 
the bacteria, as well as gastrointestinal illnesses in people who eat tainted shellfish.5 
Another species, Vibrio parahaemolyticus, causes diarrhea, vomiting, and skin infections, 
but is seldom deadly.6 The best known variety, Vibrio cholerae, causes cholera, a diarrheal 
disease now virtually eliminated from the United States, but still endemic to developing 
nations where people drink untreated water and eat contaminated food.7 Most of the  
vibrio infections in this region are V. parahaemolyticus and  
V. vulnificus, with only a handful of cholera cases in Mary-
land, and none since 1994 in Virginia.8

More than a quarter century ago, doctors believed that 
Vibrio (and especially V. cholerae) came from sewage. But 
Dr. Rita Colwell and her colleagues demonstrated that the 
comma-shaped bacteria are natural inhabitants of most of 
the world’s warm bays and oceans.9 Colwell and her fel-
low researchers discovered that Vibrio are carried by mi-
croscopic, crab-like animals called copepods. These float-
ing crustaceans—a form of zooplankton common in the 
Chesapeake Bay and elsewhere—have a cooperative rela-
tionship with Vibrio similar to the one that people have 
with bacteria that live in their intestines to help digest food. Vibrio live inside the gut of 
copepods and also attach themselves to their outer shells, which the bacteria feed on.10 
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The copepods are like the cows of the Bay, spending their days grazing on plants—in 
their case, gobbling up algae. Nutrient pollution stimulates the growth of algae, espe-
cially during warm-weather conditions. And algal blooms fuel the multiplication of co-
pepods. Research has suggested that intense algal blooms have the potential to support 
“explosive growth” of Vibrio.11 When copepods die, Vibrio are shed into the water.12 And 
if the bacteria are in very dense concentrations, people can get sick if they drink the 
water or expose an open cut.13
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The number of Vibrio infections reported in Virginia annually has risen steadily over the 
last decade, from 12 in 1999, to 20 in 2004, to 30 in 2008.14 In Maryland, the number 
of reported Vibrio infections has also grown, from 18 in 2001, to 33 in 2008.15 But in 
2003, Maryland made a change in reporting requirements which may have contributed 
to the increase there. Over the last decade 22 deaths in Maryland and 9 in Virginia have 
been linked to Vibrio infections.16 State health department data do not indicate whether 
Vibrio infections come from the Bay or other sources. And it is unknown how many of 
these cases came from people eating shellfish imported from other regions.13

While the reason for the increase is unknown, a 2008 study by a U.S. EPA Chesapeake 
Bay Program scientific committee noted that Vibrio outbreaks in the Chesapeake Bay 
were more common in an especially hot recent summer (2005) than in cooler sum-
mers.18 “Increasing temperatures in the Bay would favor these [Vibrio] bacteria, increas-
ing the threat of the disease in the basin,” said the report by the Science and Technical 
Advisory Committee.

Other researchers have concluded that rising water temperatures around the world are 
causing Vibrio outbreaks—normally associated with balmy waters like those in the Gulf 
Coast—in once cold areas, such as off the coast of Alaska.19 Scientists believe these 
bacteria are spreading and causing illnesses in cooler parts of America and Europe where 
they have never been reported before.20

Dr. Colwell, who has been studying Vibrio in the Chesapeake Bay for almost four de-
cades, believes Vibrio infections are rising in the Bay region because of a combination of 
warming waters, nutrient pollution, and ideal salinity levels. Although the numbers of 
illnesses in the Chesapeake Bay area remain small, she said they are “an early warning 
system” that our natural environment is being thrown out of balance by climate change 
and nutrient pollution.21

Dr. Rita Colwell
Distinguished University Professor
University of Maryland,  
College Park, and Johns Hopkins 
Bloomberg School of Public 
Health

“It’s a dramatic effect, when 
people become ill and a few 
people die (from Vibrio). That’s 
a pretty dramatic indication 
that something is going wrong. 
Unfortunately they are the human 
canaries that tell us there are 
environmental factors creating 
problems. It tells us we ought 
to be paying attention to these 
changes.”
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Tiny Cut On Boater’s Thumb Leads To Battle With Infection

Joe Stover is lifelong boater who fell in love with the water in 
his youth, while guiding a canoe down cascading rapids on the 
Shenandoah River.

Now a 67-year-old real estate broker and motorboat enthusiast 
in Newport News, Virginia, Stover always connected water with 
good health. That was until June 2008, when he spent 10 days 
in a hospital and underwent surgery because of a terrifying 
infection from waterborne bacteria called Vibrio.

The illness struck when he was with his grandson at the Den-
bigh Park Boat Ramp on the Warwick River, a Chesapeake Bay 
tributary. Stover slipped while trying to nudge his boat onto its 
trailer and suffered a slight cut on his right thumb.

That was at 4:00 p.m. on Friday, June 20, 2008. By Sunday 
morning, his hand had “swollen up to the size of a catcher’s 
mitt. It had me quite worried…because the hand had swollen 
so grotesquely,” he recalled while visiting the boat ramp again 
on a recent afternoon. 

His wife drove him to the emergency room at Riverside Regional 
Medical Center, where the doctors at first did not believe that 
Stover had a Vibrio infection, perhaps because he wasn’t a 
waterman. But then a culture came back from the lab proving 
that the bacteria was, in fact, Vibrio, according to his medical 
records.

Vibrio, a bacteria more often associated with warmer waters 
and the Gulf Coast, can cause life-threatening infections in 
people who eat contaminated shellfish or expose open cuts to 
salt water with the germs.

Over the last decade, the number of Vibrio infection cases reported in Virginia has more than 
doubled, from 12 in 1999 to 30 in 2008, and Maryland authorities have also recorded an 
increase, although it is not clear why. Dr. Rita Colwell of the University of Maryland College 
Park, and Johns Hopkins Bloomberg School of Public Health believes these normally warm-
water bacteria are multiplying in the Bay because of a chain reaction of climate change and 
increased nutrient pollution. This combination spawns algal blooms and algae-eating crusta-
ceans called copepods that harbor Vibrio.

“In the case of Vibrio, it’s kind of an early warning system,” Colwell said of illnesses and deaths 
caused by the bacteria. “It’s a signal that we might want to interpret as telling us something 
very dramatic is occurring in the environment that we had better pay attention to.”

Vibrio are naturally occurring bacteria found all over the world, she noted. But with excess pol-
lution and global warming, Vibrio can grow so numerous they create a risk to human health.

Ken Smith, president of the Virginia State Waterman’s Association, said he knows at least three 
watermen who have had Vibrio infections, including himself. He fought off a Vibrio infection in 
his arm last spring that hospitalized him for three days. “There are a lot of infections that are 
going around right now,” Smith said. “You used to never hear of any infections here in the Bay, 
but it’s something you hear more about all the time now.”

Joe Stover at dock in Newport News, Virginia.
Photo by Tom Pelton/CBF staff



Bad Water 2009: The Impact on Human Health in the Chesapeake Bay Region

Chesapeake Bay Foundation, July 2009  cbf.org/badwaters

6

Bad Water 2009: The Impact on Human Health in the Chesapeake Bay Region

Chesapeake Bay Foundation, July 2009  cbf.org/badwaters

7

Mark Allen, a fourth-generation waterman from Hague, 
Virginia, nearly lost his left leg after he contracted what his 
doctor concluded was a Vibrio infection. “My leg got so hot, 
it started to blister and turn black,” Allen, 44, recalled on the 
couch in his home, pulling up his jeans to show a scar from a 
skin graft. “The fever was bad enough that my lips peeled.” 

Joe Stover has similarly harrowing memories. He said that 
after four days of intense antibiotic therapy, his hand was still 
swollen up like a balloon. “The hand looked kind of red and 
black, a lot of different colors,” Stover said 

Streaks of unhealthy colors were coursing through the veins 
on his arm. “I thought, ‘Oh boy, this could be blood poison-
ing,’” he said. “It scared the dickens out of me.”

A surgeon was called in to slice a three-inch cut into his hand 
and release the puss, relieving the pressure.

After a week and a half of treatment in the hospital, and 
several months of post-operative care, his hand recovered. 
But the illness changed him, and now when he returns to the 
waterfront, he no longer has the carefree mindset he enjoyed 
while canoeing in his youth.

“It really brought to my attention how important it is that we 
pay attention to our water, and how dirty our water is,” Stover 
said, as seagulls whirled and cried behind him over the 
Warwick River.

He pointed at a sign nailed to a post on the pier. “WARNING,” 
the sign proclaims in red letters. “Health advisory on eating 
fish…PCB and Kepone.”

“The water…you can’t even get your body into it, it’s so dirty,” 
Stover said. “For somebody who has been playing in the water 
since he was a young man, I was shocked to learn of this 
bacterium.”

He said he learned a lesson with a connection his industry: 
real estate. He believes there is a link between the illness he 
suffered, and excessive development that is creating polluted 
runoff.

“All of the rivers that flow into the Chesapeake Bay are 
constantly being polluted from the development—and there 
is more and more development going in all the time,” Stover 
said. “We need to do everything in our power to make sure the 
Bay stays clean.”

Here are some web sites about swimming beach safety:

	For Maryland residents, www.MarylandHealthyBeaches.com

	For Virginia residents, http://www.vdh.state.va.us/epidemiology/DEE/BeachMonitoring/

	For Pennsylvania residents, http://www.dcnr.state.pa.us/stateparks/recreation/swimming.aspx

	For all area residents: http://www.epa.gov/beaches/

Here are a few tips that public health websites suggest to protect yourself against infection:

	Avoid swimming 48 hours after any heavy rainfall.

	Do not swim with an open cut or wound.

	If you get cut while in the water, wash it thoroughly and cover with a waterproof bandage.

	Try not to swallow water while swimming.

HOW TO PROTECT YOURSELF
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HARMfUL ALGAL BLOOMS And CYAnOBACTERIA

Nutrient pollution and warm conditions promote the growth of algae, including harm-
ful species that release toxins.22 One toxin-producing form, called blue-green algae, is 
not really algae at all, but rather a class of bacteria, called cyanobacteria. It is a primitive 
organism that has been found among the oldest fossils on Earth.23 These cyanobacteria 
are like algae in that they grow in water and use photosynthesis to transform sunlight 
into food. After excess fertilizer and other sources of nutrient pollution flow into waters 
with low salinity, cyanobacteria can multiply into chunky mats of vibrant-colored slime. 
One type of cyanobacteria found in Chesapeake Bay tributaries is Microcystis, which can 
produce toxins that have been associated with fish kills, bird and livestock deaths, and, 
in people, liver and kidney disease, vomiting, fevers, and skin rashes.24

Cyanobacteria blooms have been 
causing problems in the Potomac 
River and other waterways at least 
since the 1930s. Massive blooms 
on the Potomac in the 1960s were 
believed to be worse than today.25 
But researchers began study-
ing toxic algae—of all kinds—
more intensively after a 1997 
bloom of a dinoflagellate called  
Pfiesteria was blamed for tempo-
rary memory loss in watermen 
on the Pocomoke River on Mary-
land’s Eastern Shore. Since then, 
state health officials have set up 
surveillance systems and tried to 
be more vigilant about warning 
the public about blooms through 
websites and swimming beach 
notices.26

The first confirmed presence 
of toxins from cyanobacteria in 
the Chesapeake Bay’s tidal wa-
ters came in 2000 in the Sassa-
fras River on Maryland’s Eastern 
Shore.27 Since then, state offi-
cials have issued no-swimming 
advisories or beach closures be-
cause of cyanobacteria blooms 
on the Sassafrass, Potomac, and 
Transquaking rivers.28 Research-
ers have investigated reports of 
nausea, vomiting, fevers, and 
skin rashes among people who 
have come into contact with 

Dr. Peter J. Tango
Chesapeake Watershed
Monitoring Coordinator
U.S. Geological Survey

“There are potentially toxic 
cyanobacteria, and we should 

be concerned, because in other 
parts of the world, there have 
been cattle deaths, dog kills, 
and illnesses in people from 

ingesting water contaminated 
with these blooms.”

MICROSCYSTIS ALGAL BLOOMS 2008

Source: Maryland Department of Natural Resources, Virginia Department  

of Environmental Quality


