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Fracking, the Environment, and Health
New energy practices may threaten public health.

M

elissa Owen became concerned when her
10-year-old son developed such severe nosebleeds that she used tampons to stop the
bleeding. Soon after, a blistering rash appeared on
his skin, and his sister began having similar nosebleeds. The Colorado family’s physician attributed
these symptoms to air pollution caused by the use of
hydraulic fracturing—“fracking”—to extract natural gas in their community. He recommended they
move.
In northeastern Pennsylvania, the Micelles family
thought signing a lease to allow fracking operations
on their farm would relieve some of their financial
burden. But within the first week of drilling, Elizabeth
Micelles noticed a sweet odor and a metallic taste in
her mouth; by the second week, she and her husband
and three children were experiencing fatigue, dizziness, vomiting, headaches, and nosebleeds. A visit to
their NP and laboratory tests revealed that each had
measurable levels of benzene, a known human carcinogen, in their blood.
These acute health problems are common among
people living in communities in which “unconventional” oil and natural gas extraction, such as fracking, occurs. (These examples are composites based on
the experiences of families affected by fracking as
compiled by the Damascus Citizens for Sustainability.1) Common symptoms or complications among
people living near fracking sites include2-4
• fatigue.
• burning eyes.
• dermatologic irritation.
• headache.
• upper respiratory (difficulty breathing), gastrointestinal (severe abdominal pain), musculoskeletal
(backache), neurologic (confusion, delirium),
immunologic, sensory (smell and hearing), vascular, bone marrow (nosebleeds), endocrine, and
urologic problems.
• the risk of endocrine disruption.
• changes in quality of life and sense of well-being.
Longitudinal reports from long-term exposure to contaminated air and water from gas extraction don’t
exist, but anecdotal reports make clear that the removal of fossil fuels from the earth directly affects
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human health. It’s well known, for instance, that the
combustion of fossil fuels emits greenhouse gases that
contribute to climate change,5 and increased rates of
asthma, cardiovascular disease, and lung cancer are all
associated with our reliance on and use of fossil fuel
energy, including coal, oil, and natural gas.2, 6-8
Children are at higher risk than adults for developing asthma and suffering complications from asthma
owing to poor air quality, which can be caused by the
burning of fossil fuels.9, 10 As the population ages,
older adults become more vulnerable to climaterelated extremes in temperature and ambient air
pollution from fossil fuels because of comorbidities
and age-related changes, such as decreased respiratory reserve and the slowing of cardiac compensatory mechanisms.11-14 Moreover, there are numerous
occupational hazards for the fossil fuel extraction
workforce, ranging from noise concerns15, 16 to major injuries17 and respiratory irritants that result in
chronic disease.18
Despite these health concerns and efforts to institute a moratorium on fracking until its environmental and health effects are better understood, the United
States continues to rely heavily on fossil fuel energy.
Currently, 36% of annual U.S. energy consumption
is derived from petroleum, 26% from natural gas,
20% from coal, and 8% from nuclear sources, with
only 9% supplied by renewable energy, such as wind
and solar power.19 President Obama’s administration has repeatedly emphasized its plan to continue
development of all energy sources—including a significant expansion of drilling and fracking operations
for natural gas and oil. Although the extraction of
these nonrenewable sources of energy help the United
States to meet its current energy demands and security needs, it’s critical that the human and ecologic
health threats associated with fracking be better understood and addressed.

FRACKING

Extracting natural resources trapped within the pore
spaces of low-permeable rock, such as shale, typically requires drilling deep—up to 8,000 feet.20 Using
a process called high-volume hydraulic fracturing,
or fracking, areas of weakness and small fractures
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When Jodie Simons and Jason Lamphere put a lighter to their faucet, the high methane content of the water sets it on fire. Since
gas drilling started in their Pennsylvania neighborhood, they’ve been without clean drinking or bathing water. High levels of methane
in drinking water can create a risk of explosions and asphyxiation hazards for households. Photo by Nina Berman / NOOR / Redux.

that already exist in the rock are further opened. Depending on the characteristics and depth of the rock,
fracking a single well requires the high-pressure injection of anywhere from 2 to 10 million gallons of
water mixed with sand21 and 80 to 300 tons of hazardous and nonhazardous chemicals.22
Colborn and colleagues compiled a list of chemicals known to be used during natural gas extraction.3
Of the more than 350 that were investigated further,
75% were found to potentially affect the respiratory
and gastrointestinal systems, the liver, and various
sensory organs. Moreover, more than half of these
chemicals could affect the brain and nervous system.3
It’s estimated that 15% to 80% of the fluid containing
these chemicals flows back through the well to the
surface,20 where it’s usually stored at the well site in
tanks or open, lined pits, awaiting transport to treatment facilities or to deep-well injection sites for permanent disposal.
Fracking operations have grown exponentially
since the mid-1990s, when technologic advances
and increases in the price of natural gas made this
technique economically viable. Fracking is currently
taking place in Arkansas, California, Colorado,
Louisiana, North Dakota, Oklahoma, Pennsylvania, Texas, Virginia, West Virginia, and Wyoming.
Other states, such as Alabama, Indiana, Maryland,
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Michigan, Mississippi, New Jersey, New York, and
Ohio, are either considering or preparing for drilling using this method. Vermont has permanently
banned fracking, and New York and North Carolina
have instituted temporary bans. New Jersey currently
has a bill before its legislature to extend a 2012 moratorium on fracking that recently expired, whereas
Maryland has decided not to approve fracking permits
until a state panel studying its safety has completed
its final report, which is expected in mid-2014. Although a fracking moratorium was recently lifted in
the United Kingdom, the government is proceeding
cautiously because of concerns about earthquakes
and the environmental impact of drilling. Fracking
is currently banned in France and Bulgaria.

HEALTH RISKS

It’s believed that the potential health consequences of
fracking begin at the onset of drilling and may last
long after the operation has concluded. Researchers
have described an array of environmental factors and
health risks associated with fracking and other extraction processes.6, 23, 24 These include water and air
contamination; increased intensity in diesel-truck traffic volume; constant, elevated noise levels; occupational hazards; and stress within rural communities
from a swelling population made up of drilling crews
ajnonline.com
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Figure 1. In hydraulic fracturing, or fracking—the method used to extract gas from shale deposits—rock
layers are fractured by fluids (a mixture of sand, chemicals, and water) pumped under high pressure from the
surface (upper left) down through horizontal wells (lower right) to form fissures in the shale. The sand
keeps the fissures open, allowing the gas to flow into the well and be taken to the surface. Image by Gary
Hincks / Science Source Images.
and related businesses, and the subsequent increased
demands on the social and health care infrastructures.23
There are also potential economic and ecologic
issues, including decreased property values owing to
drilling site proximity, drilling malfunctions, and violations of regulations designed to protect the environment, which could lead to long-term environmental
and health damages to the surrounding community. Furthermore, compared with conventional gas
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extraction methods, the fracking process leads to
what’s believed to be a 30% greater amount of methane “escape.”25 Methane can also leak from the well
and during natural gas processing, transport, storage, and distribution.25
Water contamination. People obtain drinking water from either surface water, which includes rivers
and reservoirs, or groundwater aquifers, accessed
by public or private wells. There are already a host of
documented instances in which nearby groundwater
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has been contaminated by fracking activities, requiring residents with private wells to obtain outside
sources of water for drinking and everyday use.26, 27
A primary health hazard is methane migration
from active drilling sites to aquifers. In Pennsylvania,
Osborn and colleagues found that the average methane level was 17 times higher in private drinking-water
wells within one kilometer, or about 3,280 feet, of active drilling sites, compared with those in nondrilling
areas.26 High levels of methane in drinking-water
supplies create a risk of explosions and asphyxiation
hazards for households. In one case, the buildup of
methane caused a private drinking-water well to explode.27 Currently, the U.S. Environmental Protection
Agency (EPA) doesn’t regulate methane in drinking
water, and there is a lack of research on the health
effects of chronic exposure to methane in drinking
water.28
Methane is only one of many chemicals of concern. In Pavillion, Wyoming, the EPA detected high
concentrations of benzene, xylenes, purgeable hydrocarbons, and gasoline and diesel by-products in shallow groundwater near fracking-wastewater holding
pits.29 Collectively, these chemicals present risks of
neurotoxicity, reproductive problems, and cancer.30-32
The EPA determined that the most likely cause of the
groundwater contamination was leaky pits used to
store fracking fluid waste.29 Groundwater contamination from toxic drilling wastewater poses a health
risk to humans, as well as to pets and farm animals
that drink or bathe in the contaminated water.
Despite the evidence of health risks related to
fracking, communities and health care providers have
had limited access to information about the chemicals used in the hydraulic fracturing process, as well
as limits placed on their ability to inform and share
information about chemical exposures. For example, Pennsylvania’s Act 13 of 2012 states that drilling
companies are not required to share information
about the components or concentration of chemicals
if these are deemed proprietary trade secrets.33 This
act also requires that health professionals submit a
written request for information on proprietary solutions used in fracking and sign a “confidentiality
agreement” identifying that the information is needed
to diagnose or treat an individual.
Although exceptions are made for emergency
situations, these policies delay nurses’ and other
health care providers’ ability to quickly assess and
treat the public or extraction workforce for potentially hazardous exposures. Furthermore, the Pennsylvania law states that health care professionals
are not permitted to share exposure information.
This hinders the development of effective, evidencebased assessment and treatment practices related to
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the health effects of these chemicals on exposed patients.33
Air pollution. The air is significantly impacted by
fracking operations, including by the release of methane, which is especially likely during the initial period following hydraulic fracturing injection and
during transport of the fuel to customers.25 Public
health threats related to climate change, which is
partly a function of the continued release of greenhouse gases like methane, are forecast to be one of
the greatest global health concerns of this century.5
Moreover, high levels of known carcinogens in the
air, such as benzene, have been attributed to natural
gas drilling operations.6
The large fleets of diesel trucks (typically 1,000
to 2,000 per well) that are required to support the
fracking process significantly increase ground level
ozone and particulate matter15, 34 as well as the risk
of traffic accidents.35 Ground level ozone is a potent
pulmonary irritant responsible for reduced pulmonary function and the exacerbation of asthma and
emphysema.36, 37 Elevations in particulate matter are
responsible for an increased incidence of asthma,38
cardiovascular disease,39 chronic obstructive pulmonary disease, and cancer.40
Occupational hazards. Statistics collected by the
Department of Labor and analyzed by the Centers
for Disease Control and Prevention show a correlation
between drilling activity and the number of occupational injuries related to drilling and motor vehicle
accidents, explosions, falls, and fires.17 Extraction
workers are also at risk for developing pulmonary
diseases, including lung cancer and silicosis (the latter because of exposure to silica dust generated from
rock drilling and the handling of sand).41 At the well
sites, workers can be exposed to dangerously high
levels of silica—as many as 79% of hydraulic fracturing sites exceed the National Institute for Occupational Safety and Health standards for silica dust.18
Additionally, the extraction workforce is at increased risk for radiation exposure. Fracking activities often require drilling into rock that contains
naturally occurring radioactive material (NORM),
such as radon, thorium, and uranium.42-44 Rock cuttings containing NORM may be buried at the drilling site or taken to a landfill. However, NORM is
also brought to the surface intermingled with fracking fluids and subsequently deposited in open lined
pits or holding tanks as waste.21 While awaiting permanent disposal, the radioactive materials become
concentrated, producing “technologically enhanced
NORM” (TENORM).21, 44 Workers may be exposed
to TENORM at the drilling site or through the spilling
of waste material during transport; and while many
TENORM contains low levels of radiation, extraction
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workers and people living near drill sites can potentially be exposed to elevated levels of radiation.44

THE ANA’S STANCE

The “precautionary principle” or approach was developed in recent decades in response to the perceived
risk to health and the environment posed by certain
activities. This concept places the burden of proving
that an activity is safe for human health or the environment, in the absence of scientific consensus, on
the entity initiating the activity. This principle has
been embraced by the American Nurses Association
(ANA), which in 2003 adopted a policy that states
that when there’s an environmental threat to human
health, nurses must advocate for public policies that
reduce risk to people and the natural environment.45

Evidence-Based Resources on
Fracking and Its Health Impacts
Alliance of Nurses for Healthy Environments
A Web forum on fracking and public health.
http://bit.ly/ZYFBaU
American Public Health Association
Policy Statement: The Environmental and
Occupational Health Impacts of High-Volume
Hydraulic Fracturing of Unconventional Gas
Reserves.
http://bit.ly/TYv13W
Natural Resources Defense Council
Information on the health impacts of natural gas
extraction and climate change.
www.nrdc.org/energy/gasdrilling
Physicians, Scientists, and Engineers for
Healthy Energy
Learning models and continuing education
about the health effects of shale gas extraction.
www.psehealthyenergy.org
Southwest Pennsylvania Environmental
Health Project
Information and assessment tools for health care
providers working in gas extraction communities.
www.environmentalhealthproject.org
U.S. Environmental Protection Agency
“Questions and answers about EPA’s hydraulic
fracturing study.”
http://1.usa.gov/ZvvI5x
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The ANA’s policy says: “the Precautionary Principle
implies that there is an ethical imperative to prevent
rather than merely treat disease, even in the face of scientific uncertainty.”
In June 2012, the ANA passed a resolution drafted
by the Pennsylvania State Nurses Association entitled
“Nurses’ Role in Recognizing, Educating and Advocating for Healthy Energy Choices.”45-47 It calls for
a national moratorium on new drilling permits for
unconventional natural gas and oil extraction based
on mounting evidence that fracking leads to human
health threats, disruption in communities, and ecologic degradation. It emphasizes the need for nurses
to be well versed in the health risks associated with
fossil fuel energy and supports their engagement in
patient and community education as well as in policy and advocacy work. The resolution asserts that it’s
critical for nurses to know that safer energy options—
such as wind, hydroelectric, solar, and geothermal
power— exist, and that state and national policies can
help or hinder whether the use of these alternative energy sources is explored.

NURSING IMPLICATIONS

Addressing our national energy needs while assuring
the health of communities and the extraction workforce is a complex and multifaceted issue. Nurses can
best promote the health of their patients, the community, and the public by embracing the precautionary
approach and supporting energy policies that make
human health a priority. The ANA’s resolution calling for a moratorium on drilling permits provides a
framework for nurses looking to influence energy policy, and calls for self-education and active support
of legislation that would require better monitoring
and regulation of the fossil fuel industry, particularly
in regard to its effect on health.
Nursing and other health professional groups,
such as the Alliance of Nurses for Healthy Environments, in addition to federal agencies, have published resources on fracking (see Evidence-Based
Resources on Fracking and Its Health Impacts). Using these, nurses can gain a better understanding of
the issues surrounding fracking and help to educate
their colleagues, patients, and other members of
their communities while also taking the lead in promoting better monitoring and prevention of the potential health effects associated with fracking.48 Two
of us (RM-L and NK), for example, have previously
suggested that community health nurses in Pennsylvania, where there is extensive fracking operations
on the Marcellus shale, incorporate evaluation of
exposure risk (to air or water that may have been
contaminated by drilling operations) into their patient assessments.48
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Public and individual health concerns are rarely
raised when energy policies are discussed on the
state or federal level, and health professionals are
typically excluded from these decision-making discussions. As Goldstein and colleagues noted last year,
none of the advisory committees formed to investigate drilling activities on the Marcellus shale included
representatives of state or federal public health agencies or individuals with expertise in the effects of environmental hazards on human health.49
Nurses are being joined in their efforts by a wide
range of stakeholders, ranging from the health professionals in the American Public Health Association
and Physicians for Social Responsibility, to national
organizations such as Breast Cancer Action and Food
and Water Watch, to grassroots organizations such
as Catskill Mountainkeeper and Frack Free Stark
County. Many of the well-known national environmentalist organizations are actively engaged as well,
such as the Sierra Club, the Nature Conservancy, and
the Natural Resources Defense Council. National
Nurses United and the ANA have both called for banning new fracking permits. These two nursing organizations have constituents throughout the country
who are engaged in legislative and other policy initiatives regarding fracking.
Both the Maryland Nurses Association and the
Pennsylvania State Nurses Association have been actively engaged in efforts to address fracking. The national Alliance of Nurses for Healthy Environments
has received several grants to help coordinate nurses’
educational and policy efforts on fracking, to keep
current on scientific studies, and to develop nursing
spokespeople and leadership around this critical
issue.
Increasingly, we are seeing nurses on boards, commissions, and advisory councils for environmental
health. The national Children’s Environmental Health
Network has a nurse on its board of directors, and
the EPA’s Children’s Health Protection Advisory Committee has several nurses. Maryland’s Commission on
Environmental Justice and Sustainable Communities
also includes several nurses. Ensuring that nurses are
involved with these councils and commissions requires that we be proactive, contacting the chairpersons and staff of such bodies, finding out when a seat
will become available, having a state or national
nurses association make a nomination or support a
nomination, and, or course, finding nurses willing
to take on these roles.
Evidence of the negative human and ecologic
health effects of fracking are emerging, and it should
be noted that sufficient evidence has been presented
to the ANA, the American Public Health Association,
and the American Medical Association’s Resident
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and Fellow Section to result in a call for a moratorium on the issuance of new fracking permits nationally. Nurses’ voices in our communities, in state
legislatures, in Congress, and with the EPA can help
to keep health issues front and center as we address
national energy needs and policies. ▼
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