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ABSTRACT

Across the United States, the race for new energy sources is picking up speed
and reaching more places, with natural gas in the lead. While the toxic and
polluting qualities of substances used and produced in shale gas development
and the general health effects of exposure are well established, scientific
evidence of causal links has been limited, creating an urgent need to understand health impacts. Self-reported survey research documenting the symptoms experienced by people living in proximity to gas facilities, coupled
with environmental testing, can elucidate plausible links that warrant both
response and further investigation. This method, recently applied to the gas
development areas of Pennsylvania, indicates the need for a range of policy
and research efforts to safeguard public health.
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Public health was not brought into discussions about shale gas extraction
at earlier stages; in consequence, the health system finds itself lacking critical
information about environmental and public health impacts of the technologies and unable to address concerns by regulators at the federal and state
levels, communities, and workers. . . .
—Institute of Medicine at the National Academies of Science [1]
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For many years, extracting natural gas from deep shale formations across the
United States (such as the Marcellus Shale in the East or the Barnett Shale
in Texas) was considered economically and technologically infeasible. More
recently, changes in hydraulic fracturing technology and its combination with
horizontal drilling have made it possible to drill much deeper and farther.
Bolstered by declining global oil resources and a strong political push to expand
domestic energy production, this has resulted in a boom in shale gas production
nationwide and projections of tens or even hundreds of thousands of wells being
drilled in the coming decades.
By mid-2012, there were nearly 490,000 producing natural gas wells in the
United States, 60,000 more than in 2005 [2]. In Pennsylvania alone, more than
5,900 unconventional oil and gas wells had been drilled, and more than 11,700
had been permitted, between 2005 and September 2012; the pace of expansion
has been rapid, with 75 percent of all unconventional wells drilled just in the last
two years [3]. The rapid pace of industry expansion is increasingly divergent
from the slower pace of scientific understanding of its impacts, as well as policy
and regulatory measures to prevent them—in turn raising many questions that
have yet to be answered [4]. Further, the limited availability of information has
both contributed to the public perception and supported industry assertions that
health impacts related to oil and gas development are isolated and rare.
Modern-day industrial gas and oil development has many stages, uses a
complex of chemicals, and produces large volumes of both wastewater and solid
waste, which create the potential for numerous pathways of exposure to substances harmful to health, in particular to air and water pollution [5]. Many
reports of negative health impacts by people living in proximity to wells and
oil and gas facilities have been documented in the media and through research
by organizations [6-8]. In addition, several self-reporting health survey and
environmental testing projects have been conducted in response to complaints
following pollution events or the establishment of facilities [9-12].
Such short-term projects have been initiated in a research context in which
longer-term investigations—particularly ones that seek to establish causal links
between health problems and oil and gas development—have historically been
narrow and inconsistent [13]. Reflecting growing concern over the need to
deepen knowledge among scientists, public agency representatives, and environmental and health professionals, four conferences on the links between shale
gas development and human health were convened in just a one-year period
(November 2011–November 2012), including by the Graduate School of Public
Health at the University of Pittsburgh; by Physicians, Scientists, and Engineers
for Healthy Energy; and by the Institute of Medicine of the National Academy
of Sciences.
In-depth research on the health impacts of oil and gas development has
also begun to appear in the literature. In 2011, a review of more than 600 known
chemicals used in natural gas operations concluded that many could cause cancer
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and mutations and have long-term health impacts (including on the skin, eyes,
and kidneys and on the respiratory, gastrointestinal, brain/nervous, immune,
endocrine, and cardiovascular systems) [14]. In early 2012, a study by researchers
at the University of Colorado concluded that the toxicity of air emissions near
natural gas sites puts residents living close by at greater risk of health-related
impacts than those living farther away [15]. Also in 2012, a paper (published
in this journal) documented numerous cases in which livestock and pets
exposed to toxic substances from natural gas operations suffered negative
health impacts and even death [16].
Public health has not been a priority for decision-makers confronting the
expansion of natural gas development and consumption. Commissions to study
the impacts of shale gas development have been established by Maryland and
Pennsylvania and by the U.S. Secretary of Energy, but of the more than 50
members on these official bodies, none had health expertise [17]. In addition,
state and federal agencies in charge of reviewing energy proposals and issuing
permits do not require companies to provide information on potential health
impacts, while only a few comprehensive health impact assessments (HIAs)
on oil and gas development have ever been conducted in the United States [18].
Data on air and water quality near oil and gas facilities are also lacking because
federal environmental testing and monitoring has long focused on a limited
number of air contaminants and areas of high population density [19], while
testing at oil and gas facilities in states like Pennsylvania began only recently
[20]. Finally, only a few states (including Pennsylvania, Ohio, and Colorado)
have any requirements for baseline air and water quality testing before drilling
begins, making it difficult for researchers and regulators—as well as individuals
who are directly impacted—to establish a clear connection afterwards.
SUMMARY OF THE RELEVANCE OF SELF-REPORTING
HEALTH SURVEYS
For many individuals and communities living amidst oil and gas development
and experiencing rapid change in their environments, too much can be at stake to
rely solely on the results of long-term studies, especially those that are just now
being developed. Recent examples include a new study by Guthrie Health and
the Geisinger Health System in Pennsylvania, set to take from 5 to 15 years [21],
and research proposals solicited in April 2012 by the National Institute of
Environmental Health Sciences [22].
In contrast, self-reporting health survey research facilitates the collection and
analysis of data on current exposures and medical symptoms—thereby helping
to bridge the prevailing knowledge gap and pointing the way toward possible
policy changes needed to protect public health. Another premise throughout
the various phases of this project (location selection, survey distribution and
completion, environmental testing, report development and distribution, and

58 / STEINZOR, SUBRA AND SUMI

outreach to decision-makers) was the value of public participation in science
and the engagement of a variety of actors and networks to both conduct the
research and ensure its beneficial application [23].
With this in mind, this health and testing project reflects some of the core
principles of community-based participatory research (CBPR), including an
emphasis on community engagement, use of strengths and resources within
communities, application of findings to help bring about change, and belief in the
research relevance and validity of community knowledge [24]. For example, the
current project selected areas for investigation based in part on the observations
of change in environmental conditions by long-time residents, and upon completion, participants received resources on air and water testing and reporting
of drilling problems for use in their communities.
In addition, CBPR is often used by public agencies and academic researchers
to gather information on health conditions that may be related to social or
environmental factors manifested on the community as well as individual level
[25]. Relevant examples include identification of linkages between environmental health and socioeconomic status [26], adverse health impacts associated
with coal mining [27], and the perception of health problems from industrial
wind turbines [28].
Community survey and environmental testing projects such as the current
one are also valuable in identifying linkages and considerations that can be
used to develop protocols for additional research and policy measures. For
example, community survey projects similar to the current one have revealed
the presence of toxic chemicals in water and air that were known to be associated
with health symptoms reported by residents, resulting in the strengthening of state
standards for the control of drilling-related odors in Texas [9], expansion of a
groundwater contamination investigation by the U.S. Environmental Protection
Agency in Wyoming [10], and relocation of residential communities away from
nearby oil refineries and contaminated waste storage areas in Louisiana [29].
METHODS
Between August 2011 and July 2012, a self-reporting health survey and environmental testing project was undertaken in order to:
• investigate the extent and types of health symptoms experienced by people
living in the “gas patches” (that is, gas development areas) of Pennsylvania;
• provide air and water quality testing to some of the participating households
in need of such information;
• identify possible connections between health symptoms and proximity to
gas extraction and production facilities;
• provide information to researchers, officials, regulators, and residents concerned about the impact of gas development on health and air and water
quality; and
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• make recommendations for both further research and the development of
policy measures to prevent negative health and environmental impacts.
This project did not involve certain research elements, such as structured
control groups in non-impacted areas and in-depth comparative health history
research, that aim to show a direct cause-and-effect relationship or to rule out
additional exposures and risks. Such work, while important, was beyond the
scope of the project.
The primary routes of exposure to chemicals and other harmful substances
used and generated by oil and gas facilities are inhalation, ingestion, and
dermal absorption—of substances in air, drinking water, or surface water—
which can lead to a range of symptoms. The health survey instrument explored
such variations in exposure through checklists of health symptoms grouped into
categories (skin, sinus/respiratory, digestive/stomach, vision/eyes, ear/nose/mouth,
neurological, urinary/urological, muscles/joints, cardiac/circulatory, reproductive, behavioral/mood/energy, lymphatic/thyroid, and immunological). A similar
structure was followed for different categories of problems in participants’
disease history (kidney/urological, liver, bones/joints, ulcers, thyroid/lymphatic,
heart/lungs, blood disorders, brain/neurological, skin/eyes/mouth, diabetes, and
cancer). Questions were also asked about occupational background and related
toxic exposure history. In addition, the survey included questions on proximity
to three types of facilities (compressor and pipeline stations, gas-producing
wells, and impoundment or waste pits) to explore possible sources of exposure.
It also asked participants to describe the type and frequency of odors they
observe, since odors can both indicate the presence of a pollutant and serve as
warning signs of associated health risks [30].
As indicated in Table 1, the survey was completed by 108 individuals (in 55
households) in 14 counties across Pennsylvania, with the majority (85 percent)
collected in Washington, Fayette, Bedford, Bradford, and Butler counties.
Taken together, the counties represent a geographical range across the state
and have active wells and other facilities that have increased in number in the
past few years, allowing reports of health impacts and air and water quality
concerns by residents to surface [31, 32]. The survey and testing locations were
all in rural and suburban residential communities.
All survey participants were assured that their names, addresses, and other
identifying information on both the surveys and environmental testing results
would be kept confidential and used only for purposes related to this project,
such as following up with clarifying questions, responding to requests for assistance, or providing resources. Due to expressed concerns about confidentiality,
participants had the option of completing the surveys anonymously, which some
chose to do. Most participants answered questions on their own. In some cases,
spouses, parents, or neighbors completed surveys for participants, and a few
provided answers to the project coordinator in person or over the phone.
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Table 1. Survey Locations
County
surveyed

Number of surveys
collected and percent
of all surveys

Washington

24 (22%)

Fayette

20 (18%)

Bedford

20 (18%)

Bradford

17 (16%)

Butler

12 (11%)

Jefferson

3 (3%)

Sullivan

2 (2%)

Greene

2 (2%)

Warren

2 (2%)

Elk

2 (2%)

Clearfield

1 (1%)

Erie

1 (1%)

Susquehanna

1 (1%)

Westmoreland

1 (1%)

Total

108

While less formal and structured, the approach taken to identifying project
participants has similarities to established non-random research methods that
are respondent-driven and rely on word-of-mouth and a chain of referrals to
reach more participants, such as “snowball” and “network” sampling [33]. As
in studies in which these methods are used, the current project had a specific
purpose in mind, focused on a group of people that can be hard to identify or
reach, and had limited resources available for recruitment [34].
The survey was distributed in print form either by hand or through the mail
and was initiated through existing contacts in the target counties. These individuals then chose to participate in the project themselves and/or recommended
prospective participants, who in turn provided additional contacts. The survey
was also distributed to individuals who expressed interest in participating directly
to the project coordinator at public events or through neighbors, family members,
and friends who had already completed surveys.
A second phase of the project involved environmental testing conducted at
the homes (i.e., in the yards, on porches, or at other locations close to houses) of a
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subset of the survey participants (70 in total) in order to identify the presence
of pollutants that may be coming from gas development facilities. In all, 34 air
tests and nine water tests were conducted at 35 households. Test locations were
selected based on household interest, the severity of symptoms reported, and
proximity to gas facilities; results were made available to the households where
the testing took place. The air tests were conducted with Summa Canisters put
out for 24 hours by trained individuals and the results analyzed with TO-14 and
TO-15 methods, which are used and approved by the U.S. Environmental Protection Agency to test for volatile organic compounds (VOCs) such as benzene,
toluene, ethylbenzene, and xylene (known as BTEX chemicals). The water tests
were based on samples drawn directly from household sinks or water wells
by technicians employed by certified laboratories and covered the standard
Tier 1, Tier 2, and Tier 3 (including VOCs/BTEX) and in one case, gross
alpha/beta radiation, radon, and radium.
FINDINGS
Health Surveys
Among participants, 45 percent were male, ranging from 18 months to 79 years
of age, and 55 percent were female, ranging from 7 to 77 years of age. The closest
a participant lived to gas facilities was 350 feet and the farthest away was 5 miles.
Participants had a wide range of occupational backgrounds, including animal
breeding and training, beautician, child care, construction, domestic work, farming, management, mechanic, medical professional, office work, painter, retail,
teaching, and welding. About 20 percent of participants reported an occupationrelated chemical exposure (for example, to cleaning products, fertilizers, pesticides, or solvents). At the time of survey completion, 80 percent of participants did
not smoke and 20 percent did. More than 60 percent of the current nonsmokers
had never smoked, although 20 percent of nonsmokers lived with smokers.
Almost half of the survey participants answered the question on whether
they had any health problems prior to shale gas development. A little less than
half of those responses indicated no health conditions before the development
began and a little more than half reported having had one or just a few—in particular allergies, asthma, arthritis, cancer, high blood pressure, and heart, kidney,
pulmonary, and thyroid conditions were named by respondents.
While not asked specifically in the survey, some participants volunteered
(verbally or in writing) additional information that points to health-related
concerns warranting further investigation. For example, five reported that their
existing health symptoms became worse after shale gas development started and
15 that their symptoms lessened or disappeared when they were away from
home. Participants in 22 households reported that pets and/or livestock had
unexplained symptoms (such as seizures or losing hair) or suddenly fell ill and
died after gas development began nearby.
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Some variation was noted with regard to the specific symptoms reported
for each category surveyed, and some symptoms were reported to a notable
degree in only one or a few locations. However, as seen in Table 2, the
same overall categories of problems reported by survey participants
garnered high response rates among survey participants regardless of
region or county. For example, sinus/respiratory problems garnered the
highest percentage of responses by participants overall, as well as in four
of the five focus counties; the second top complaint category, behavioral/
mood/energy, was the first in one county, second in three, and fourth in
one. The total number of symptoms reported by individual participants
ranged from 2 to 111; more than half reported having more than 20 symptoms and nearly one-quarter reported more than 50 symptoms. The highest
numbers were reported by a 26-year-old female in Fayette County (90),
a 51-year-old female in Bradford County (94), and a 59-year-old female in
Warren County (111).
The 25 most prevalent individual symptoms among all participants were
increased fatigue (62%), nasal irritation (61%), throat irritation (60%), sinus
problems (58%), eyes burning (53%), shortness of breath (52%), joint pain
(52%), feeling weak and tired (52%), severe headaches (51%), sleep disturbance
(51%), lumbar pain (49%), forgetfulness (48%), muscle aches and pains
(44%), difficulty breathing (41%), sleep disorders (41%), frequent irritation
(39%), weakness (39%), frequent nausea (39%), skin irritation (38%), skin
rashes (37%), depression (37%), memory problems (36%), severe anxiety
(35%), tension (35%), and dizziness (34%).
Many symptoms were commonly reported regardless of the distance from
the facility (in particular sinus problems, nasal irritation, increased fatigue,
feeling weak and tired, joint pain, and shortness of breath). In addition, there was
some variability in the percentage of respondents experiencing certain symptoms
in relation to distance from facility, including higher rates at longer distances
in a few instances. Possible influencing factors could include topography,
weather conditions, participant reporting, the use of emission control technologies at facilities, or type of production (e.g., wet gas contains higher levels
of liquid hydrocarbons than dry gas).
However, many symptoms showed a clearly identifiable pattern: as the
distance from facilities increases, the percentage of respondents reporting the
symptoms generally decreases [35]. For example, when a gas well, compressor
station, and/or impoundment pit were 1500-4000 feet away, 27 percent of participants reported throat irritation; this increased to 63 percent at 501-1500
feet and to 74 percent at less than 500 feet. At the farther distance, 37 percent
reported sinus problems; this increased to 53 percent at the middle distance and
70 percent at the shortest distance. Severe headaches were reported by 30 percent
of respondents at the farther distance, but by about 60 percent at the middle
and short distances.

87
67
60
47
33
47
27
53

95
74
79
74
63
68
63
79

85
85
70
70
75
75
75
70

75
67
50
67
58
50
67
50

82
88
71
82
65
59
70
65

80
60
45
55
55
40
45
40

88
80
74
70
64
66
64
63

Sinus/respiratory

Behavioral/mood/energy

Neurological

Muscles/joints

Digestive/stomach

Ear/nose/mouth

Skin reactions

Vision/eyes

aIncludes Clearfield, Elk, Erie, Jefferson, Greene, Sullivan, Susquehanna, Warren, and Westmoreland counties. The surveys from
these counties (15) were analyzed together to create a group comparable in number to each of the counties where more surveys
were collected.

Othersa

Washington

Fayette

Butler

Bradford

Bedford

All counties

Symptom category

Percent of individuals reporting symptoms in category

Table 2. Percent of Participants Reporting Symptoms in the Most Prevalent Categories of Symptoms, by County
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Figure 1 shows, for the top 20 symptoms, the percentage of residents living
within 1500 feet of a natural gas facility (well, compressor, or impoundment)
who reported the symptom, compared to the percentage among residents living
more than 1500 feet from the facility. For 18 of the 20 symptoms, a higher
percentage of those living within 1500 feet of a facility experienced the symptom
than of those living further away.
The difference in percentages reporting the symptom in the two groups
(i.e., 1500 feet or closer vs. more than 1500 feet from a facility) was statistically
significant for 10 of the 20 symptoms. Notably, this finding reinforces the value
of data attained through self-reporting health surveys. It shows that, regardless of
how symptom data were acquired, they suggest that increased proximity to gas
facilities has a strong association with higher rates of symptoms reported.
When the most prevalent symptoms are broken out by age and distance from
facility, some patterns stand out [35]. Within each age group, the subset living
within 1500 feet of any oil and gas facility had a higher percentage of most
symptoms than the age group as a whole.
Among the youngest respondents (1.5-16 years of age), for example, those
within 1500 feet experienced higher rates of throat irritation (57% vs. 69%)
and severe headaches (52% vs. 69%). It is also notable that the youngest group
had the highest occurrence of frequent nosebleeds (perhaps reflective of the
more sensitive mucosal membranes in the young), as well as experiencing
conditions not typically associated with children, such as severe headaches,
joint and lumbar pain, and forgetfulness.
Among 20- to 40-year-olds, those living within 1500 feet of a facility reported
higher rates of nearly all symptoms; for example, 44 percent complained
of frequent nosebleeds, compared to 29 percent of the entire age group. The
same pattern existed among 41- to 55-year-olds with regard to several symptoms
(e.g., throat and nasal irritation and increased fatigue), although with smaller
differences and greater variability than in the other age groups.
The subset of participants in the oldest group (56- to 79-year-olds) living
within 1500 feet of facilities had much higher rates of several symptoms, including throat irritation (67% vs. 47 %), sinus problems (72% vs. 56%), eye burning
(83% vs. 56%), shortness of breath (78% vs. 64%), and skin rashes (50% vs. 33%).
In sum, while these data do not prove that living closer to oil and gas facilities
causes health problems, they do suggest a strong association since symptoms are
more prevalent in those living closer to facilities than those living further away.
Symptoms such as headaches, nausea, and pounding of the heart are known to
be the first indications of excessive exposure to air pollutants such as VOCs [36],
while the higher level of nosebleeds in the youngest age group is also consistent
with patterns identified in health survey projects in other states [9, 10].
The survey also asked respondents to indicate whether they were smokers.
While the average number of symptoms for smokers was higher for smokers
than nonsmokers (30 vs. 22), the most frequently reported symptoms were very

Figure 1. Association of symptoms and distance from facilities.
Note: The significance of the effect was tested using a two-way contingency table analysis, and the chi-square value
is given in parenthesis after each symptom. Effects significant at p < 0.001 are indicated by ***, those significant at
p < 0.01 by **, and those significant at p < 0.05 by *.
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similar (including forgetfulness, increased fatigue, lumbar pain, joint pain, eye
burning, nasal irritation, sinus problems, sleep disturbances, severe headaches,
throat irritation, shortness of breath, frequent nausea, muscle aches or pains,
and weakness). The fact that the nonsmokers experienced symptoms that are
commonly considered to be side effects of smoking (e.g., persistent hoarseness,
throat irritation, sinus problems, nasal irritation, shortness of breath, and sleep
disturbances) suggests that factors other than smoking were at play.
In addition, while the smoking subpopulation generally reported a larger
number of symptoms, the symptoms most frequently reported by smokers and
nonsmokers were remarkably similar within each age group [35]. For example,
for 20- to 40-year-olds, increased fatigue, sinus problems, throat irritation, frequent nausea, and sleep problems were among the top symptoms for both
smokers and nonsmokers. In the 41- to 55-year-old group, increased fatigue,
throat irritation, eye burning, severe headaches, and nasal irritation were among
the top symptoms for both smokers and nonsmokers, and in the over-55 age
group, eye burning, sinus problems, increased fatigue, joint pain, and forgetfulness were among the top symptoms of both smokers and nonsmokers.
Participants were asked if they had noticed any odors and were asked whether
they knew the source of the odors. In all but a few cases, survey participants
mentioned only gas-related sources. Responses focused on locations, facilities,
and processes, including drilling, gas wells, well pads, fracturing, compressor
stations, condensate tanks, flaring, impoundments and pits, retention ponds,
diesel engines, truck traffic, pipelines and pipeline stations, spills and leaks,
subsurface ground events or migrations from underground, seismic testing, bluecolored particles in the air (possibly catalytic compounds or particulate matter),
and water and stock wells. Odors were among the most common of complaints,
with 81 percent of participants experiencing them sometimes or constantly. The
frequency ranged from one to seven days per week and from several times per
day to all day long; 18 percent said they could smell odors every day.
Participants were also asked to describe odors and whether they noticed any
health symptoms when odor events occurred. The most prevalent links between
odors and symptoms reported were:
• nausea: ammonia, chlorine, gas, propane, ozone, rotten gas;
• dizziness: chemical burning, chlorine, diesel, ozone, petrochemical smell,
rotten/sour gas, sulfur;
• headache: chemical smell, chlorine, diesel, gasoline, ozone, petrochemical
smell, propane, rotten/sour gas, sweet smell;
• eye/vision problems: chemical burning, chlorine, exhaust;
• respiratory problems: ammonia, chemical burning, chlorine, diesel, perfume
smell, rotten gas, sulfur;
• nose/throat problems: chemical smell, chlorine, exhaust, gas, ozone, petrochemical smell, rotten gas, sulfur, sweet smell;
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• nosebleeds: kerosene, petrochemical smell, propane, sour gas;
• skin irritation: chemical smell, chlorine, ozone, sulfur;
• decreased energy/alertness: chemical gas, ozone, rotten/sour gas, sweet
smell; and
• metallic/bad taste in mouth: chemical burning, chlorine, turpentine.
Environmental Testing
As detailed in Table 3, the air tests detected a total of 19 VOCs in ambient air
sampled outside of homes.
The number of compounds detected in a single sample ranged from one to 25;
there was some consistency with regard to the chemicals present in most of
the samples, although the concentrations of VOCs detected varied across
counties [35]. The highest numbers of VOCs were detected in air samples from
Washington County (15), Butler County (15), Bradford County (12), and Fayette
County (9). Washington County also had the highest measured concentration
of five VOCs and the second highest concentration of 12 chemicals. Samples
from Butler and Bradford Counties had the highest concentrations of five
and three VOCs, respectively. Five chemicals were detected in all nine of the
samples from Washington County and in the six samples from Butler County:
1,1,2-trichloro-1,2,2-trifluoroethane, carbon tetrachloride, chloromethane, toluene,
and trichlorofluoromethane.
It is also possible that in some places, sampling did not occur at the precise
times when facilities were emitting high concentrations of chemicals or when
the wind was blowing contaminants toward canisters. Some of the additional
variation in number of chemicals and concentrations could be due to differences
in topography, the total number of active oil and gas wells, the types of wells
(conventional versus unconventional), the use of emission control technologies,
and the number of active drilling sites, compressor stations, and oil and gas waste
impoundments located within a certain radius of the sampling locations.
In 2010, the Pennsylvania Department of Environmental Protection (DEP)
conducted air testing around natural gas wells and facilities in three regions
across the state, in part using the same canister sampling methods as in this
project [37]. When compared to DEP’s results, our results showed some striking
similarities in both the chemicals detected and concentrations. In particular,
BTEX chemicals that we measured in Butler and Washington counties were
consistently higher than concentrations found at DEP control sites (ethylbenzene
and — and p-xylenes were not detected at any of the control sites). When
compared to the sampling done by DEP around oil and gas facilities, the concentrations in Butler and Washington counties were in the same range for
benzene, but were considerably higher for toluene, ethylbenzene and m- and
p-xylenes. It is also striking that some of the concentrations of ethylbenzene and

3.32-3.66
2.52-2.79
3.32-3.66
2.37-2.61
2.14-2.36

0.28
0.19
0.25
NA
0.16

0.81-1.2
0.53-0.82
NA
NA
0.46-0.67

1.8
7.9
2.8
7.04
1.5

0.6
0.68
1.9
3.03
0.31

76
65
63
38
32

26
22
9
3
11

34
34
17
8
34

Toluene

Dichlorodifluoromethane

n-Hexane

Benzene

Trichlorofluoromethane

4.21-4.65
0.31
0.091-0.14
0.76

0.4

76

26

34

Carbon tetrachloride

5.13-5.67
0.38
0.22-0.34
0.73

0.54

76

26

34

1,1,2-Trichloro-1,2,2-trifluoroethane

1.39-1.53
0.1
0.59-0.90
1.66

1.0

79

27

34

Chloromethane

NA
NA
6.5-10

19

8.0

88

15

17

Acetone

NA
NA
0.85-1.3

2.9

0.95

94

16

17

2-Butanone

Paceb
Con-Test

Chemical reporting limits for
the three labs
Columbia

Compound

Minimum
Maximum
concentration concentration

Percent of
samples
detecting
VOCs

Number of
samples
detecting
VOCs

Total
number
of samples

Table 3. Volatile Organic Compounds (VOCs) in Ambient Air,
Sorted by Percent Detectiona
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2.91-3.21
2.71-2.99

0.22
0.2

1.2-1.9
0.59-0.90

1.9
0.64

0.39
0.64

15
3

5
1

34
34

Xylene (o)

1,2-Dichloroethane

µg/m3

2.82-3.12
0.43

2.5-3.8

5.2

0.92

15

5

34

are in micrograms per cubic meter,
(n = total number of canister samples that were analyzed for a particular
chemical).
bPace Lab’s reporting limits were in parts per billion volume (ppbv). We converted to micrograms per cubic meters (µg/m3) using
equations in the Air Unit Conversion Table (Torrent Labs, www.torrentlab.com/torrent/Home/ResourceCenter.html).
cTotal hydrocarbons reported as parts per billion volume (ppbv).

aConcentrations

Xylene (— and p-)

3.60-3.98
0.27

0.08-0.12

5.37

0.17

18

6

34

Trichloroethylene

2.91-3.21
0.22

1.4-1.9

1.5

0.27

1

6

34

Ethylbenzene

3.30-3.64

24

4

17

1,2,4-Trimethylbenzene

0.25

24

8

34

Tetrachloroethylene
NA

0.12

25

2

8

0.61

2.33-2.57

0.38

1.7

4.54-5.02

0.49-0.76

0.34

146

32.62

0.10-0.16

49.8

1.9

10.85

29
46.9-52.2

10
NA

34
NA

Total hydrocarbons (gas)c

Methylene chloride
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xylene measured at rural and suburban residential homes in Butler and
Washington counties were higher than any concentration detected by the DEP
at the Marcus Hook industrial site in 2010.
As stated above, several factors can influence air results. However, it is also
highly possible that the poorer air quality in the areas where we tested—which
were rural and residential, with little or no other industry nearby—can be
attributed to gas facilities. While the DEP reports on the agency’s air testing
indicated that some of the VOCs we found in our study may not be due to
oil and gas development since they persist in the atmosphere and have been
widely used (for example, as refrigerants), the agency also indicates that acetone
and the BTEX chemicals can be attributed to gas development [37].
With regard to the water tests conducted, Table 4 shows the 26 parameters
that were detected in at least one sample. More than half of the project water
samples contained methane; although some groundwater contains low concentrations of methane under normal conditions, this finding could also indicate
natural gas migration from casing failure or other structural integrity problems
[38]. Four of the substances detected in water well samples in Bradford and
Butler Counties—manganese, iron, arsenic, and lead—were found at levels
that exceed the Maximum Contaminant Levels (MCLs) set by Pennsylvania
DEP’s Division of Drinking Water Management [39]. Two of the water samples,
both from Butler County, were more acidic than the recommended pH for
drinking water.
Some metals, such as manganese and iron, are elevated in Pennsylvania
surface waters and soils, either naturally or due to past industrial activities, and
levels can vary regionally [40]. In 2012, Pennsylvania State University (PSU)
researchers found that some drinking water wells in the state contained somewhat
elevated concentrations of certain contaminants prior to any drilling in the
area [41]. However, seven out of the nine water supplies sampled in our study
(78%) had manganese levels above the state MCL—a much higher percentage
than what was found in the pre-drilling samples in the PSU study (27%). Even
where metals are naturally occurring or predate gas development, drilling and
hydraulic fracturing can contribute to elevated concentrations of these contaminants [42] and have the potential to mobilize substances in formations such
as Marcellus Shale, which is enriched with barium, uranium, chromium, zinc,
and other metals [43].
LINKAGES BETWEEN SURVEYS AND
ENVIRONMENTAL TESTING
More research would be required to identify cause-and-effect connections
between the chemicals present in air and water in Pennsylvania’s gas patches
and symptoms reported by residents in specific locations. Nonetheless,
such links are plausible since many of the chemicals detected in the testing are
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known to be related both to oil and gas operations and to the health symptoms
reported by individuals living at the sites where air and water testing was
conducted [13-15].
The air tests together detected 19 chemicals that are known to cause sinus, skin,
ear/nose/mouth, and neurological symptoms, 17 that may affect vision/eyes, and
16 that may induce behavioral effects; as well as 11 that have been associated
with liver damage, nine with kidney damage, and eight with digestive/stomach
problems. In addition, the brain and nervous system may be affected by five
of the VOCs detected, the cardiac system by five, muscle by two, and blood
cells by two [44, 45].
Using these sources [44, 45], we compared lists of the established health
effects of the chemicals detected at households where testing occurred with
lists of the symptoms reported in surveys by participants at those testing locations
in order to identify associations. We then calculated the rate of association, in
which the denominator is the total number of health impacts reported by an
individual and the numerator is the total number of health impacts reported
by that individual that are consistent with the known health impacts of the
chemicals detected through air or water testing where they live.
Benzene, toluene, ethylbenzene, xylene, chloromethane, carbon disulfide,
trichloroethylene (TCE), and acetone were detected through testing at the same
households where survey participants reported symptoms established in the
literature [13-15, 44, 45] as associated with these chemicals, including symptoms
in the categories of sinus/respiratory, skin, vision/eyes, ear/nose/mouth, and
neurological. Some of these chemicals, as well as others (such as carbon tetrachloride and tetrachloroethylene) were found at sites where survey participants
reported known associated symptoms in the categories of digestion, kidney and
liver damage, and muscle problems. Specific examples of chemicals and symptoms that are linked in the research literature, and were found together at
households where testing and surveys were conducted, are: benzene and dizziness and nasal, eye, and throat irritation; carbon tetrachloride and nausea, headaches, and liver and kidney disease; and tetrachloroethylene and skin rashes,
persistent cough, and nerve damage.
As shown in Table 5, health symptoms reported by the individuals living
in a home where testing occurred matched the known health effects of
chemicals detected in that home at an overall rate of 68 percent. Fayette and
Washington counties had the highest match, followed by Greene, Bedford, and
Butler counties.
In addition, the percent of individuals reporting symptoms that have been
associated with chemicals detected in air testing at households participating in
this study showed some consistency across counties with regard to the most
significant categories of problems reported, as shown in Table 6—indicating
that patterns in both chemicals detected and symptoms exist despite different
geographic locations.
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Table 4. Water Quality Results from Nine Private Water Wells in Bradford and
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chemical, the minimum value in the table was shown as being less
than (<) the lowest laboratory detection limit.
cMean values: Non-detected chemicals were assigned a concentration equal to half of the detection limit only if there were other
samples that detected the chemical.
dMCL: Maximum Contaminant Levels published by the Pennsylvania Department of Environmental Protection Division of Drinking
Water Management.
eNo values are provided if MCLs for substances do not exist.
fTwo samples had higher acidity (lower pH) than the value recommended by the PA DEP.
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Table 5. Match between Health Symptoms Reported by Individuals at
Air Testing Sites and Known Effects of Chemicals Detected

County

Number of
individuals
surveyed at homes
where testing was
conducted

Overall

Match between known health
effects of chemicals detected
and symptoms reported (percent)a
Average

Range

59

68

33-100

Fayette

16

73

33-100

Washington

15

73

33-100

Bradford

8

58

16-100

Butler

8

63

56-68

Bedford

6

69

63-100

Elk

2

64

53-74

Clearfield

1

none

none

Greene

1

70

70

Susquehanna

1

50

50

aWhen a health symptom was associated in the literature with more than one of the
chemicals detected, only one match was counted for that symptom.

As mentioned above, levels of iron, manganese, arsenic, and lead were
detected in our water well samples in Bradford and Butler Counties at levels
that exceeded drinking water standards set by the Pennsylvania DEP. These
substances are known to be associated with numerous symptoms reported by
individuals living in the homes where these particular exceedances occurred,
including symptoms in the categories of sinus/respiratory, skin reactions,
digestive/stomach, vision/eyes, ear/nose/mouth, neurological, muscle/joint,
behavioral/mood/energy, and liver and kidney damage. Survey participants
in the homes where water samples contained methane reported health symptoms known to be associated with methane, including in the categories of
sinus/respiratory, digestive/stomach, neurological, and behavioral/mood/energy.
While the water samples taken for this project did not show detectable exceedances of safety standards for other substances, it is notable that no drinking
water standards have been set for methane, bromide, sodium, strontium, or
Total Suspended Solids (TSS)—and thus no exceedances would be indicated
in laboratory reports.
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DISCUSSION
Complete evidence regarding health impacts of gas drilling cannot be
obtained due to incomplete testing and disclosure of chemicals, and nondisclosure agreements. Without rigorous scientific studies, the gas drilling
boom sweeping the world will remain an uncontrolled health experiment
on an enormous scale.
—Michelle Bamberger and Robert Oswald [16]

While the survey and testing results, and their related findings, do not constitute definitive proof of cause and effect, we believe they do indicate the
strong likelihood that the health of people living in proximity to gas facilities
is being affected by exposure to pollutants from those facilities. Most participants
report a high number of health symptoms; similar patterns of symptoms were
identified across project locations and distances from facilities; and consistency
in symptoms reported exists regardless of age group or smoking history. In
addition, contaminants that result from oil and gas development were detected
in air and water samples in areas where residents are experiencing health symptoms that are established in the literature as consistent with such exposures.
Because of the short-term nature of the air-canister testing (24 hours) and
the single water tests conducted at households, our results were contingent on
conditions at particular “moments in time.” Thus additional chemicals, or the
same chemicals at different concentrations, might be captured through expanded
testing; and residents could be experiencing exposures that were not detected
but would be detectable through such testing. In addition, some of the variation
in the air test results may have been due to the different reporting protocols of the
laboratories used in this project. Although all the labs test for the same core suite
of chemicals, both their reporting limits and the additional chemicals for which
they test vary. These will be key considerations for future testing work.
Another consideration that warrants further exploration involves the established standards on both the state and federal levels for “safe” concentrations,
which are set only for exposure to single contaminants. This prevailing regulatory approach can not adequately address the potential risks posed by chronic,
long-term exposure to lower levels of multiple contaminants simultaneously—
in other words, the experience of people living in oil and gas areas day in and day
out, and of workers at job sites where toxic substances are continuously used.
In addition, for many substances in the environment (including those that come
from gas operations and were detected in our air and water sampling), data on
health risks or safe exposure levels simply do not exist.
More research is also needed that focuses on the sources of odors and odor
events experienced by residents living near gas facilities. In some cases,
participants reported different health impacts associated with specific sources and
odor events than those they reported in the overall health survey. Since odors are
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a clear sign of the presence of airborne substances (such as fuel and chemicals),
this aspect warrants tracking and analysis.
Although we did not investigate additional factors that can influence health
conditions (e.g., through ordered control groups, in-depth health history research,
or identification of other potential sources of contaminants), such factors may
affect an individual’s health independent of gas operations. The relationship
between symptoms and distance from gas facilities also warrants more research.
At the same time, we strongly suggest that for individuals with a history of
other health concerns (e.g., asthma or heart conditions) and who are already
living with other exposures (e.g., traffic fumes or workplace chemicals), the
presence of gas facilities and related pollution could have a strong “trigger effect”
that can make existing problems worse and put individuals at higher risk of
developing new ones.
RECOMMENDATIONS
As discussed earlier, scientific knowledge about the health and environmental
impacts of shale gas development—and also the adoption of policy and regulatory measures to prevent them—are proceeding at a far slower pace than the
development itself. This timing mismatch creates situations (already being
experienced by residents of Pennsylvania and other states) in which problems are
widely reported but left unaddressed. Several measures can be taken to ensure
that public health impacts are fully understood and given greater priority in
decision-making about shale gas development.
1) Elevate the role of public health considerations in gas development decisions. A key measure would be to conduct health impact assessments before
permitting begins. HIAs aim to minimize negative impacts and to improve health
outcomes associated with land use decisions by analyzing problems that could
arise over time, as well as existing health and environmental risks that could
be exacerbated by new activities [46]. HIAs can also have a strong preventive
effect by identifying mitigation measures related to aspects such as toxic exposures, air and water pollution, and emergency response [47]. In addition, regulatory agencies could comprehensively plan the scope and pace of permits for
wells and other facilities in order to reduce impacts on air and water quality,
rather than continuing the permit-by-permit process currently being followed
in Pennsylvania and other states. Information on where wells and facilities would
be built in relation to places where health could be at risk (e.g., homes, schools,
and hospitals) could also be required in permit applications.
2) Increase the involvement of state departments of health in assessing the
impacts of gas development. Efforts should be increased to track and respond
to health concerns, and a database should be established to document these
problems and the agency response. Health departments could provide training for
health and medical professionals on exposure pathways and health symptoms
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related to gas operations, so that residents receive more informed advice and
appropriate testing and care referrals. Financial aid mechanisms should be
established to enable low-income residents to have blood and urine tests for
chemical exposure.
3) Conduct baseline water testing and continuous long-term monitoring of
air quality. Such testing would apply to private wells and public drinking water
supplies prior to drilling and to the air at or near facilities during all phases of
operations. Testing and monitoring should cover a full suite of chemicals, and
contaminants and results should be reported regularly and made available to the
public. Air quality testing in particular should be conducted at a range of facilities
(e.g., compressor stations, impoundment pits, dehydrators) that cause emissions.
These efforts could be carried out by the state regulatory agencies that issue
permits or through an agreement between those agencies and health departments. Inter-agency agreements could also be developed to track potential health
impacts that could result following spills of chemicals and waste, the underground migration of fracturing fluids, leaks, and other problems.
4) Strengthen regulations for facilities to minimize air and water pollution
risks. These could include significantly increased setback distances; the installation of advanced technologies on all equipment to reduce emissions, odors,
and noise; the use of closed-loop storage systems for waste and drilling fluids
(rather than open pits); and the practice of “green completions” to reduce or
eliminate flaring and venting of methane gas and other pollutants.
5) Advance changes in testing parameters that determine “safe” exposure in
order to account for low-level, chronic exposure and multiple chemical exposure
in testing and monitoring. Such changes are necessary to reflect impacts on
people living in oil and gas development areas day in and day out, as well as
workers at facilities. Under current testing parameters (which are based largely
on acute episodes involving single contaminants), results may show belowthreshold levels even though residents are negatively affected. For example, a
recent paper showed that endocrine-disrupting chemicals can have different but
still harmful effects at lower doses than at higher ones and concluded that fundamental changes in chemical testing and safety protocols are needed to protect
human health [48]. Additionally, current health guidelines should be updated to
capture more of the chemicals currently in use and to assess complex or indirect
sources of contamination, such as oil and gas operations that rely on a variety of
substances, equipment, and facilities at numerous stages of development.
CONCLUSION
While we realize that human activities may involve hazards, people must
proceed more carefully than has been the case in recent history. Corporations,
government entities, organizations, communities, scientists, and other individuals must adopt a precautionary approach to all human endeavors. . . .
When an activity raises threats of harm to human health or the environment,
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precautionary measures should be taken even if some cause and effect
relationships are not fully established scientifically.
—Wingspread Consensus Statement on the Precautionary Principle [49]

Across the gas patches of the United States, people experiencing health
problems voice the simple wish to be believed. Many say that their health has
worsened since gas development began in their communities and that they feel
better when they are away from home. Often these conversations turn to what
it will take for regulators and policymakers to view their stories not just as
“anecdotes,” but as valid concerns worthy of an effective response.
There is no doubt that more research on the environmental and health impacts
of shale gas development is needed and can play a critical role in making sound
decisions about a complex and controversial issue. Yet an equally important
consideration is how to respond to the presence of unanswered questions. For
many proponents of unfettered gas development, the absence of definitive causal
links between gas facilities and specific health impacts indicates the absence of a
problem. But for impacted communities and others who believe health and the
environment deserve protection and that water and air quality should be maintained, what we don’t yet know makes the need for caution even greater.
We believe that the findings of this survey and testing project in Pennsylvania,
coupled with similar projects elsewhere and an emerging body of research,
provide sufficient evidence for decision-makers to take action to slow the rush to
drill, at least until the wide gaps in scientific knowledge, policies, and regulations
are bridged. Much is already known about the chemicals used and pollution
caused by oil and gas activities, which alone create the real potential for negative
health effects in any area where development occurs [50]. The precautionary
principle should be applied to decisions about shale gas development (both in
existing gas patches and in areas slated for new development), and this should
include shifting the burden of proof that harm does or does not occur to those
proposing the action.
The status quo—in which science and policy changes proceed slowly while
gas development accelerates rapidly—is likely to worsen air and water quality,
resulting in negative health impacts and possibly a public health crisis. Greater
understanding of the experiences reported by individuals living near gas facilities can play an important role in pointing the way forward to preventing these
problems, both in Pennsylvania and nationwide.
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