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High-volume horizontal hydraulic fracturing of shale formations has the potential to make natural gas a significant, economical
energy source, but the potential for harm to human health is often dismissed by proponents of this method. While adverse health
outcomes of medical conditions with long latency periods will not be evident for years and will depend on the exposure, duration
of exposure, dose, and other factors, we argue that it would be prudent to begin to track and monitor trends in the incidence and
prevalence of diseases that already have been shown to be influenced by environmental agents. The dirty downside of modern,
unconventional natural gas development, as well as the potential for harm, is discussed.

1. Introduction

A modern form of natural gas development has become a
global “game changer” in the quest for energy. Natural gas,
abundant around the world, has a clean reputation compared
to other fossil fuels since it burns less carbon when used. It is
easy to transport, reasonably economical, and requires com-
paratively quick construction timelines and low capital costs.

Traditionally, natural gas was extracted using a method
that bores a vertical well in single gas reservoirs close to
the surface (conventional natural gas drilling). However,
drilling for natural gas in shale rock was not particularly
economical, primarily because shale typically has insufficient
permeability to allow significant fluid flow to a well bore.
With technological advances and unconventional methods
(i.e., horizontal hydraulic fracturing), gas extraction from
tight formations (e.g., shale) is now feasible.

This type of unconventional natural gas development
relies on clustered, multi-well pads and long, horizontal
laterals. Wells are drilled vertically (often thousands of feet)
and horizontally in multiple directions. The method entails
injecting large volumes of fluid consisting of chemicals,
water, and sand into the well to fracture the shale rock that

releases the natural gas. The internal pressure of the rock
formation also causes a portion of the injected fracking fluids
to return to the surface (flowback fluids); these fluids are
often stored in a tank or pit before being pumped into trucks
for transport to a disposal site. Flowback has been shown
to contain a variety of formation materials, including brines,
heavy metals, radionuclides, and organics, which can make
wastewater treatment difficult and expensive [1]. Further,
other studies found that 20% to 85% of fracturing fluids
may remain in the formation, which means the fluids could
continue to be a source of groundwater contamination for
years to come [2]. By 2009, there were more than 493,000
active natural gas wells across 31 states, almost double the
number in 1990, of which approximately 90 percent have used
hydraulic fracturing to extract gas [3].

Whereas shale gas has the potential to become a signifi-
cant, economical energy source, the potential for harm and
the potential of giving a false sense of energy security are
often dismissed by its proponents. The process is potentially
polluting and damaging not only to human and animal health
but also to the environment, as a result of clearing of land
for well pads, drilling the wells, extracting the gas, storing
the byproducts of the extraction, transporting the gas by
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diesel trucks, and the final capping of the well. The potential
for harm to children is especially worrisome. This paper
focuses on a literature review of unconventional natural gas
development and its potential impact on human health.

2. Discussion

Canaries in coal mines were used as an early-warning
signal for toxic gases, primarily carbon monoxide. The birds,
being more sensitive, would become sick before the miners
thus providing advanced warning of a danger. Animals and
children also can be viewed as sentinel species. A 1993 report,
now viewed as a watershed moment for health and environ-
mental policy, documented that children aremore vulnerable
and sensitive than adults to chemicals in the environment [4].
Early development (in utero and during the first few years
after birth) is particularly sensitive to disruption by exposures
to chemicals in the environment and to imbalanced nutrition,
with potentially adverse consequences for health later in life
[5]. A child’s ability to metabolize toxic chemicals is different
from an adult’s. Children receive proportionately larger doses
of chemical toxicants than adults, and these exposures occur
at a time in the life cycle when organs and tissues are rapidly
growing and developing.

Endocrine disrupting chemicals (EDCs) present a partic-
ularly concerning hazard during human growth and devel-
opment. EDCs can affect the reproductive system and often
effect epigenetic mechanisms leading to pathology decades
after exposure. Given the potential for harm, it would be a
prudent course of action that chemicals used in the hydraulic
fracturing process be evaluated for their EDC potential and
screening assays be developed to test flowback fluids.

Landrigan et al. [6], looking at children’s vulnerability to
toxic chemicals, found strong evidence that toxic chemicals
are important causes of disease in children. For example, ben-
zene, being toxic to all humans, has been shown to contribute
a disproportionate risk of leukemia to young children [7].
Neural tube defects, spina bifida being the most common
[8], and decreased fetal growth [9] also have been shown to
occur disproportionately higher in children exposed to toxic
chemicals, including benzene. Further, because of the long
latency period of some diseases, toxic exposures in childhood
are more likely to result in disease in adulthood compared to
exposure in adulthood [10].

Trasande and Liu [11], building on Landrigan et al.’s anal-
ysis of the costs of environmental pollutants and disease [12],
estimated that costs of environmentally mediated diseases in
American children totaled $76.6 billion (in 2008 dollars) and
called for federal policy action to limit children’s exposure
to known chemical hazards, including exposures to toxic
chemicals. Given the staggering human and economic costs
of environmentally mediated diseases, a wise course of action
would be to empirically document trends in specific diseases
among children living in close proximity to unconventional
natural gas operations compared to those living in areas
where drilling is not occurring.

We acknowledge that adverse health outcomes ofmedical
conditions with long latency periods will not be evident for
years and will depend on the exposure, duration of exposure,

dose, and other factors. A higher incidence of asthma,
cancer, heart disease, and the effects of endocrine disruption
on developing fetuses and children, due to contaminant
exposure, only become evident over time. However, baseline
measurements should be recorded and updated over time.
As of this writing, the extent of health risks associated with
unconventional natural gas operations among children is
unknown.

In an effort to assess the impact of hydraulic fracturing
on children’s health, we are advocating that local and state
governments work together to establish a system to track the
incidence and prevalence of diseases that have been shown in
the literature to be causally related or exacerbated by expo-
sure to environmental agents. In Pennsylvania, for example,
there has been active, on-going unconventional natural gas
development since the late 2000s. There are currently 6,773
horizontal wells drilled or under development and over 9,600
drilling permits have been issued [13]. As of May 2011, 320
daycare facilities, 67 schools, and 9 hospitals were located
within twomiles of natural gas wells [14].What effect will this
activity have on the development of disease among children
living in counties with active drilling as compared to children
living in counties with little or no drilling activity? Trends in
childhood cancers, especially acute lymphoblastic leukemia,
birth outcomes including birth defects, premature and low
birth weight births, neurodevelopment disorders, and, respi-
ratory disease, especially asthma, should be monitored.

The limited information available on the chemicals that
are used in the drilling hampers efforts to empirically assess
the potential for harm. Oil and gas companies are legally
permitted to withhold information on their proprietary
mixtures, and the federal government has granted oil and
gas companies exemption from many environmental law
restrictions such as the Clean Water Act, Clean Air Act, Safe
Drinking Water Act, Resource Conservation and Recovery
Act, Toxic Release Inventory under Emergency Planning and
Community Right-to-Know Act, and the National Environ-
mental Policy Act. By default, states have the responsibility
for enacting regulations; however, many states have weak or
no regulations. As of February 2012, only four of 31 states have
significant drilling rules; of these, 5 adopted disclosure rules,
although they still allow for “proprietary trade secrets” [15].

3. Harm to Health

The production process creates a huge pressure cooker of
organics and inorganics, and even if every single compound
pumped into the well is harmless by itself (which is not the
case), the pressure would create hundreds if not thousands of
different compounds that are highly toxic. Of the few studies
that have looked at the chemical cocktails used in the process,
findings have identified chemicals that are known to cause
cancers, mutations, and diseases of the nervous, immune,
and endocrine systems, the kidney, gastrointestinal tract and
liver, heart, and skin [16]. Colburn identified almost 1,000
chemical products and nearly 650 individual chemicals used
in natural gas operations, many of which have the potential
to cause adverse health effects as well as to potentially cause
deleterious effects on the environment [17]. Specifically, the
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researchers documented that the hydraulic fracturing process
releases toxic and cancer-causing chemicals such as benzene,
toluene, xylene (BTEX), andmethylene chloride among other
health-hazardous air pollutants.These health-hazardous pol-
lutants are released from a number of sources including
blowouts, flaring, condensate tanks, construction activity,
engines, and venting. Methane, a powerful greenhouse gas,
also is emitted throughout the oil and gas development pro-
cess.Methane interactswith sunlight to produce tropospheric
ozone, which is a strong respiratory irritant associated with
increased respiratory morbidity and mortality [18].

Witter et al. were one of the first to present a detailed
assessment of health trends in Garfield County, CO, that
documented the negative impact of drilling on air, soil, water,
and human health [19]. Building on those findings,McKenzie
et al. estimated health risks for exposures to air emissions
from a natural gas development project also in Garfield
County and found that residents living less than one-halfmile
away from wells were at greater risk for ill health effects than
those living farther away [20]. Although these studies focused
on Garfield County, CO, the researchers maintain that the
exposure pathways and related health risks would be similar
wherever oil and gas development is occurring.

4. Water Contamination

Whereas the conventional method of natural gas production
utilizes about 20,000 to 80,000 gallons of fluid, the uncon-
ventional method utilizes up to 5 million gallons of fluid per
hydraulic fracturing event, which includes not only water
and sand, but also numerous toxic chemicals. The potential
for contamination of aquifers by the residual fracking fluids
that remain undergroundmust be considered.The likelihood
of spills throughout the entire lifecycle of development also
must be taken into account. Blowouts (uncontrolled release
of natural gas from a gas well after pressure control systems
have failed) allow gas and/or highly contaminated produced
waters to flow to the surface; hoses come undone, gaskets
fail, pits or tanks that hold the fracking fluids leak raising the
serious risk of ground and water contamination. Even small
quantities of the toxic fracking fluids can contaminate shallow
aquifers with hydrocarbons, toxic chemicals, heavy metals,
and radioactive materials.

Further, improper wastewater disposal, specifically the
handling of fracking fluids including flowback wastewater
(a byproduct of the process), can lead to contamination of
ground and water [21]. The flowback can be taken to sewage
plants, but it is widely acknowledged that sewage plants are
not equipped to handle the contaminants. There have been
reports of untreatedwastewater being dumped into rivers and
streams and sprayed on rural roads and forests [22].

The New York Times, in its analysis of more than 30,000
pages of federal, state, and company records relating to
more than 200 gas wells, found that radioactive wastewater
from the process has been discharged into rivers that supply
drinking water to millions of people in Pennsylvania and
Maryland. At least 12 sewage treatment plants in three
states have discharged waste that was only partly treated

into rivers, lakes, and streams [23]. There have been well-
publicized instances of water contamination in Pavillion,
WY, and Dimock, PA [24, 25], and gas has seeped into
underground drinkingwater supplies in five states (Colorado,
Ohio, Pennsylvania, Texas, and West Virginia). Further, a
study conducted in Northeastern Pennsylvania found that
water wells near a fracking site were 17 times more likely to
exhibit methane contamination than wells not near drilling
sites [26].

5. Air and Soil Contamination

Unconventional natural gas development causes air pollution
from multiple sources. Many particulates and chemicals are
released into the atmosphere, including sulfuric oxide, nitro-
gen oxides, volatile organic compounds (VOCs), benzene,
toluene, diesel fuel, hydrogen sulfide, and radon gas, all
of which can have serious health implications. Further, the
venting or flaring of wells during drilling and production
contributes to local air pollution.

The drilling sludge, which is brought to the surface during
the drilling process, contains fracking fluid, drilling mud,
and radioactive material from the subsurface land forma-
tion, hydrocarbons, metals, and volatile organic compounds.
Sludge, often left to dry on the surface in waste pits, may be
removed to waste disposal sites (but not always to hazardous
waste sites) or may be tilled into the soil in “land farms.”
These practices raise the risk of contaminating soil, air,
and surface water, as a result of the fine dust becoming
airborne thus affecting local air quality and raising the risk
of respiratory disease. Based on concerns about the exposure
to dust containing silica sand, the US Occupational Safety
and Health Administration, along with the National Institute
of Occupations Safety and Health (NIOSH), released a joint
hazard alert on fracking silica in June, 2013 [27].

Unconventional natural gas development requires many
diesel trucks for the transportation of the products used
in drilling as well as the removal of flowback fluid. Diesel
emissions contain nitrogen oxides and volatile organic com-
pounds, which can react to sunlight to produce ozone, a
strong respiratory irritant associated with increased respira-
tory morbidity and mortality [28].

6. Conclusion

The health impacts related to unconventional natural gas
development may not be evident for years, as medical
conditions with long latency periods will present over time.
While the potential long-term, cumulative effects will not
be known for years, we argue that it would be prudent to
begin to track and monitor trends in the incidence and
prevalence of diseases that already have been shown to be
influenced by environmental agents. Meanwhile, the natural
gas industry needs to address the risks to human and animal
health and take steps to limit, preferably to eliminate, the
exposure pathways.We need far greater transparency and full
chemical disclosure. There needs to be an end to discharging
effluent into rivers, streams, and groundwater. There needs
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to be much more attention paid to curtailing or preferably
eliminating spills and leaks of radioactive wastewater. There
needs to be an end to the disposal of radioactive sludge from
drilling sites in landfills. There needs to be a safer way to
develop this resource to limit the exposure to silica, which can
cause silicosis, chronic obstructive pulmonary disease, and
lung cancer. Banning the practice of burning off the initial
flow of natural gas (flaring) needs to be mandated sooner
than 2015, the date when EPA ruling goes into effect. And,
perhaps most importantly, there needs to be a well-designed
epidemiologic study conducted to empirically assess health
status among those living proximate to active development
compared to those living in areas where development is not
occurring.
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