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In 2011, Maryland established the Marcellus Shale Safe Drilling Initiative to determine whether and how gas
production in the state could be accomplished without causing unacceptable risks to public health, safety,
natural resources, and the environment. This initiative required a statewide health impact assessment of un-
conventional natural gas development and production via hydraulic fracturing (i.e., fracking). Increasing
number of studies have shown that fracking has significant potential to impact health and non-health outcomes.
However, because of its rapid development, there is a lack of substantive research related to the public health
effects of fracking. I discuss my firsthand experiences as a medical anthropologist and public health researcher
on a multi-disciplinary research team tasked with conducting Maryland’s first health impact assessment to de-
termine the potential public health impacts associated with fracking. I focus on how fracking, as a relatively new
economically viable source of energy and an emergent focus of study, brings about public and scientific anxi-
eties, and how these anxieties shape subsequent environmental and health policy decision making processes. I
reflect on the potential role of social scientists in matters of scientific knowledge production and resulting policy

decisions and the broader implications of such engagement for public social science.

1. Introduction

Like many places around the world, Maryland is grappling with the
prospect of large scale natural gas development and production via
hydraulic fracturing (or fracking). In 2011, former governor Martin
O’Malley issued an executive order establishing the Marcellus Shale
Safe Drilling Initiative to assist state policymakers and regulators in
determining whether and how gas production from the Marcellus Shale
formations in Maryland can be accomplished without unacceptable
risks to the environment and the populace (O’Malley and McDonough,
2011). This initiative required research assessing the impacts associated
with drilling in the Marcellus Shale in Maryland on the environment
and natural resources, the economy, and public safety and health. A
state-wide public health impact assessment of fracking (the Maryland
Study), the first of its kind, was commissioned by the state and con-
ducted by a team of interdisciplinary researchers, composed of en-
vironmental and occupational health, environmental justice, and social
science experts, with input from residents and a variety of other sta-
keholders. This assessment warned that fracking had the potential to
impact public health. However, a final report issued by various gov-
ernment agencies concluded that fracking, with adequate regulation
and monitoring, posed minimal risks to the environment and human
health. Despite this government report, fracking was banned in
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Maryland in 2017.

I served as a co-investigator on the Maryland Study based on my
capacity as a public health researcher with methodological expertise in
conducting health impact assessments. In this role, I experienced first-
hand the myriad challenges researchers encounter as they engage in
controversial research matters related to extraction and energy. In this
article, I critically reflect on public and scientific anxieties brought
about by fracking, both as a new economically viable source of energy
and an emergent focus of scholarship. As a social scientist, [ am inter-
ested in exploring how these anxieties shape subsequent environmental
and health policy decision making processes. In doing so, I consider the
broader implications of the role of social science in matters of knowl-
edge production and resulting policy decisions on contested and poli-
tically divided matters such as fracking.

This article has two main parts. In the first half of the article, I
explore the multiple anxieties—of known and unknown health risks,
property rights, the role of experts, and scientific evidence and legit-
imacy—which permeated the research and policy making process re-
lated to fracking. Here, I use the notion of “anxiety” to describe feelings,
actions, discourses of unease and concern about a process—frack-
ing—shrouded in uncertainty. Public anxieties over fracking have been
well-documented in the press and scientific scholarship, much of it
encompassing concerns over environmental degradation including
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water contamination, air pollution, and prolonged noise exposure
(Adgate et al.,, 2014; Boudet et al., 2014; Clarke et al., 2015;
Macnaghten, 2017). Growing concerns over potential short and long-
term health risks and issues of land ownership have been also receiving
increasing attention in the research and public realms (Clough and Bell,
2016; Hays and Shonkoff, 2016; Johnston et al., 2016; Ryder and Hall,
2017; Watterson and Dinan, 2018).

Yet, scientific anxieties—the uncertainties and concerns among
scientists and researchers themselves—have been largely overlooked in
the literature on fracking. Recent work has investigated contexts within
which moral or normative claims of scientists become rendered as
scientific discourse and the influence that this has on social scientists’
engagement with extraction research (Evensen, 2015; Edwards, 2018).
However, very few studies have engaged with scientists as they un-
dertake research or have documented the research process itself as it
unfolds. Introspective studies—ones that reflect on the direct experi-
ence of scientists themselves who are engaged in research of con-
troversial issues—can be useful in understanding how research pro-
cesses unfold, scientific norms are constructed, and researchers engage
with emerging challenges. During the Maryland Study, for instance,
researchers’ community engagement efforts to understand “local”
concerns and questions, along with a lack of existing public health data
on the health outcomes of fracking, generated anxieties among scien-
tists as they sought to generate evidence to predict future health im-
pacts from fracking. Anxieties also surfaced when researchers presented
evidence to indicate that there were several potential serious threats to
public health should fracking move forward and the final report pre-
sented to policy makers by government agencies concluded that
minimal risks would be involved.

Finally, in the latter half of the article, I contextualize fracking as a
site of social scientific inquiry by reflecting on the implications and
impact of social scientific engagement with emergent forms of extrac-
tion and energy. Tracing these multiple interconnected sites of anxiety
invariably necessitates reflections on my own and, therefore, social
scientists’ role in the politics of knowledge production and resulting
policy decisions. I explore how social scientists’ sense-making relate to
the social construction of knowledge about fracking, where knowledge
and expertise is inescapably incomplete, deeply contested, and based on
emerging, and therefore, uncertain evidence. Social scientists have long
effectively engaged in public health and environmental debates through
interdisciplinary engagements of the politics of knowledge production
as both full participatory actors and reflective outsiders (Sovacool,
2014; Rosen, 2015). Yet, inherent aspects of this research—issues of
reflexivity, positionality, and the politics of observation and in-
volvement—remain largely under-examined. I seek to contribute to the
literature by considering the implications of social scientists’ roles and
engagements in contemporary controversies of a moral and scientific
nature such as fracking for public social science (Calhoun, 2004).

2. Background

Fracking has become a catchall term for unconventional natural gas
development and production, the horizontal drilling of a rock layer and
the subsequent injection of pressurized mixture of water, sand, and
other chemicals to release gas and oil (Evensen et al., 2014;
Stoutenborough et al., 2016). I use the term fracking to indicate both a
technique and process used to extract previously inaccessible natural
gas and oil reserves found deep underground in shale formations.
Fracking has been hailed by some as bringing about American energy
independence, recharging the economy, and providing relief to millions
by way of falling prices at the gas pump (Mullaney, 2012). Oil and
natural gas development have rapidly expanded throughout North
America, Europe, Asia, and Australia because of fracking, and as a re-
sult, the United States has become a net exporter of natural gas
(Boersma et al., 2015; US Energy Information Administration, 2017).

Western Maryland, along with Pennsylvania, Ohio, and West
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Virginia, sits atop one of the largest shale formations in the United
States—Marcellus Shale—which is abundant in gas resources. Fracking
has been underway along the Marcellus Shale in the Northern
Appalachian region, in states like West Virginia and Pennsylvania, for
only about a decade (Jacquet et al., 2018); it has had a longer history of
development in the Western United States in states like Colorado and
Texas. Currently, the areas where most fracking activities occur include
the Great Plains region that extends from Canada to Texas and the
Marcellus Shale which spans from New York and Ohio to Western
Maryland and Virginia. Despite its more recent development, Marcellus
Shale is currently the largest producing shale gas basin in the United
States, accounting for almost 40% of US shale gas production (US
Energy Information Administration, 2015).

Fracking remains highly controversial due to its potential economic,
environmental, and health impacts, much of which have not been
adequately researched. For instance, the process of extracting gas from
shale formations is complex and often includes several inter-related
phases. Critical aspects of fracking include the negotiation of mineral
rights with owners of land, tree removal and clearing land for well pads,
construction of roads and other types of infrastructure including pipe-
lines and compressor stations, shipment and management of extracted
gas as well as water and wastewater, and the movement of transient
workers and populations into established communities. These stages of
production and development have the potential to have significant
economic, environmental, health, and social impacts on communities
where fracking is implemented (Colborn et al., 2011; Ferrar et al., 2013;
Jackson et al., 2014; Jacquet, 2014; McKenzie et al., 2012; Maryland
Institute for Applied Environmental Health, 2014; Ladd, 2018).

Although there are some individuals and communities who wel-
come potential economic growth brought about by fracking, un-
certainties about environmental and health risks have contributed to
tension, anxiety, and stress among many who face rapid growth of
energy development, especially those living in impoverished rural re-
gions (Ladd, 2014; Sangaramoorthy et al., 2016; Theodori, 2018). For
instance, research has indicated that fracking can result in varied eco-
nomic impacts with some, like landowners who sign leases with energy
companies, benefitting more than others (Collins and Nkansah, 2013;
Ryder and Hall, 2017). Social impacts such as fluctuating patterns of
community interaction, diminishing social cohesion, increase in crime,
and escalation of indirect and direct health impacts have also been
observed (Adgate et al., 2014; Evensen and Stedman, 2018; Stedman
et al., 2012; Powers et al., 2015; Willow, 2014).

Researchers as well as the public situate fracking as both an emer-
gent social and technological phenomenon as well as an extension of
established extractive processes, which only serves to intensify con-
temporary debates related to the risks, benefits, and uncertainties of
fracking. Although the various phases of fracking bring about new
concerns regarding environmental, health, and social risks and un-
certainty, they also build on previous community anxieties related to
coal mining and oil and gas development. The rich literature on
“boomtowns,” for instance, has documented the cyclical nature of
natural gas extraction industries (Brown et al., 1989; Freudenburg,
1981; Gilmore, 1976). A boom and bust economic cycle traditionally
begins with intensified industrial activity at the start of energy devel-
opment, when labor needs are high and large numbers of workers mi-
grate to host communities. This rapid population influx places strains
on public infrastructure and local communities’ ability to provide
public services; it also has severe adverse environmental and social
impacts. When production evens out and eventually declines, some-
times abruptly, host communities often struggle with loss of jobs, in-
creases in poverty rates, environmental degradation, poor health out-
comes, and strained community relations during what is known as a
“bust” phase. However, characteristics of the fracking process such as
the use of large volumes of water along with unknown additives and
proppants, the extensive infrastructure necessary to produce, process,
and distribute natural gas from underground shale formations, and the
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uncertainties related to regulatory frameworks and long-term en-
vironmental and health impacts, mark it as potentially different from
previous energy development cycles (Jacquet, 2014; Stedman et al.,
2012).

2.1. Western Maryland

Fracking operations in Maryland were slated to occur in Allegany
and Garrett counties, the westernmost counties in the state, when the
Maryland Study was commissioned. Both are positioned in the Ridge-
and-Valley Country of the Appalachian Mountains, bordered to the
north by the Mason-Dixon Line along with Pennsylvania and to the
south by the Potomac River and West Virginia. Both counties have large
acres of parks, lakes, and publicly accessible forestland. Garrett County
is home to the state’s only sub-arctic wetlands and is the only county in
the state to produce natural gas.

Although this region is nestled in the foothills of the Appalachian
Mountains, Western Maryland has been overlooked in the literature on
Appalachia. The limited scholarship on Western Maryland has noted
that Allegany and Garrett counties are more economically and cultu-
rally aligned with neighboring regions in West Virginia and
Pennsylvania than to the rest of the state of Maryland (Hanna, 1995).
Coal mining and oil and gas development have long influenced regional
settlement patterns and still have considerable environmental, eco-
nomic, and social impacts on the area (Bell and York, 2010). Much of
the region is in economic and population decline after being major coal,
oil, and gas production centers in the past century (Thorne et al., 2004).
County residents are older, more racially homogenous, and experience
higher rates of poverty, poorer health outcomes, and reduced access to
health care compared to Marylanders overall (Maryland Institute for
Applied Environmental Health, 2014; Sangaramoorthy et al., 2016).

2.2. The social science of fracking

Despite a long history of focus on extraction and energy, engage-
ment with fracking is relatively new in the social sciences, spurred by
the growing research in the natural and physical sciences on un-
conventional energy resources (Neville et al., 2017). Social scientists
studying fracking have attended to a wide variety of issues including
those of governance and policy, especially as they relate to environ-
mental and human health protection in the absence of new regulatory
frameworks (Balsiger and VanDeveer, 2012; Florini and Sovacool,
2011). Others have focused on emergent technologies and nascent ap-
proaches to extraction in relation to diminishing availability of other
sources of energy such as conventional fossil fuels (Ladd, 2017). The
social scientific scholarship on energy markets is also growing, cap-
turing emerging debates over energy security and the complex and
uneven economic implications brought about by large scale fracking
(Bazilian et al., 2011; McGowan, 2014; Short et al., 2015).

Further, social scientific theoretical and methodological engage-
ments with civil society responses to fracking have proliferated, espe-
cially on issues related to activism and community mobilization, social
and environmental trauma experienced by communities undergoing
fracking, and the shifting understandings of the social and ecological
contexts in which such extractive and energy developments are em-
bedded (Cartwright, 2013; Perry, 2012; Sangaramoorthy et al., 2016;
Wylie, 2018). There is also growing interest in what some scholars have
termed “energopolitics”—the intimate relations between energy pro-
cesses and infrastructures and the politics of life (Boyer, 2014). This
literature has sought to understand the interconnections between the
logics of energy development, relations between states and transna-
tional corporate entities, emergent science and technologies, shifting
understandings of energy, and transformations in ecology, subjectivity,
and social relations (Appel et al., 2015; Rogers, 2015a, 2015b; Strauss
et al., 2013).

Yet, social scientists have remained distant from critically engaging
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with issues of reflexivity and positionality in their work even when
serving in various roles such as industry consultants, community ad-
vocates, and state-funded researchers. With few exceptions, questions
related to social scientific engagements in such projects have remained
overlooked in the literature (Burton, 1998; Downing et al., 2002;
Edwards, 2018; Filer, 1999; Hyndman, 2001; Kirsch, 2002, 2014,
McNamara, 1987). Kirsch, in writing about anthropology and advocacy
and his own political and legal activism in response to the environ-
mental impact of the Ok Tedi copper and gold mine on the communities
in Papua New Guinea, asserts data collected by researchers “has mul-
tiple and overlapping claims on it, including the interests of sponsoring
organizations which may require that a portion of the research results
be publicly archived, of universities and departments which expect that
this information will be published in scholarly venues, and of com-
munity members themselves, who may regard this information as a
form of investment —which may entail certain kinds of reciprocal ob-
ligations - in the researcher” (2002: 176). He argues that this latter
claim requires anthropologists (as well as all researchers) to reexamine
their relationships to the individuals and communities with whom they
work — that the transaction of knowledge as data between communities
and researchers is based on forms of reciprocity and commitments
which necessitate critical engagements in the form of activism and
advocacy rather than a rather than a “scholarly, neutral stance” (Kirsch,
2002: 193).

I suggest that social scientists have a further obligation to critically
reflect on the research process itself in all its contours, including the
complex interactions which unfold in the course of scientific inquiry.
Kontopodis et al., 2011, in their special issue on emerging biomedical
practices, argue that science “cannot be investigated as a readymade
object of inquiry” and that it is part of the daily struggle for “authority
against competing interests” (2011: 609). It is through this reflexive
engagement that I come to illustrate that the fields of public health and
environmental science and local community perspectives and experi-
ences are operating across different analytical levels, scales, and ra-
tionalities, competing with each other about the logics and materiality
of evidence and the production of knowledge about fracking.

Scientific knowledge, especially related to the potential environ-
mental and health effects of fracking remains unclear, evolving, and
contested. Add to that the growing public outcries over the potential
environmental degradation and social impacts of fracking and policy-
makers’ interests in economic development and energy independence,
the various engagements around fracking are enacted and continuously
being reorganized by multiple stakeholders through different practices
at various scales. I explore these interstitial spaces of engagement
where knowledge around fracking is continuously framed and per-
formed by various actors at different scales. By doing so, I am also
considering the usefulness of social science as a critical mode of inquiry
in such engagements.

2.3. Health impact assessments

Although several definitions of the health impact assessment (HIA)
methodology exist, certain elements are considered fundamental to the
process (National Research Council, 2011). HIA is often used as a tool
for examining health impacts of a proposed project, plan, or policy. It
relies on a variety of data and analytic methods including stakeholder
input to determine potential public health risks and recommend ways of
addressing those concerns (Birley, 2011; Cole and Fielding, 2007;
Institute of Medicine, 2014; National Research Council, 2011). Typi-
cally, an HIA is conducted using a series of sequential steps: 1)
screening to determine if a problem warrants the use of HIA; 2) scoping
to understand the extent and reach of the problem and to determine the
direction of the research; 3) assessing “baseline” conditions of the af-
fected population, and how the proposed action would alter those
conditions; 4) recommending ways to address potential risks; 5) re-
porting the findings of the assessment; and 6) monitoring and
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evaluating the implementation of the recommendations (National
Research Council, 2011). The Maryland Study began with an extensive
scoping process, followed by a description of risks and potential public
health responses to fracking using a baseline assessment of population
health, an impact assessment of potential public health impacts of
fracking, and possible adaptive and public health mitigation strategies."

In the next section, I present how anxieties surfaced in each step of
the HIA process using focus group and public meeting transcripts from
the scoping process and field notes from the entire research and policy
making process. I write about such anxieties chronologically in order to
highlight the specific points during the research process where they
became highly problematized. However, anxieties pervaded the re-
search process and were not limited to particular methodological ap-
proaches. Because I was part of the assessment team, I also switch to the
narrative voice of “we,” “our,” and “us” in the next section to indicate
my active participation in these discussions.

3. The contours of anxiety over fracking
3.1. The scoping process and the emergence of competing priorities

The assessment team first determined that a HIA was the most ap-
propriate method to use for the assessment based on the memorandum
of understanding from the State and our expertise in conducting similar
research studies. We then began the assessment with a scoping process
to determine the overall aims and objectives of the HIA, which hazards
and impacts to evaluate, and the types of research strategies and
methods to use for analysis. To ensure that all relevant issues are ad-
dressed and to increase the utility of HIA findings to decision-makers,
experts urge that a wide range of stakeholders be consulted during this
research phase (Witter et al., 2013). Our scoping process sought input
from a variety of stakeholders including community residents through
two public meetings, a review of over 100 public comments submitted
to the state in 2013, two focus groups in West Virginia where fracking
had already been developed, and observational data of fracking op-
erations in West Virginia. Using these data, along with our own review
of the scientific literature and careful consideration of the state man-
date, we finalized a list of specific study topics.

The two public meetings were held in Western Maryland in
September and October 2013 to discuss community concerns with
fracking. Both meetings were open to the public and were advertised
widely through press releases, radio and newspaper announcements,
email blasts, and word of mouth. The first meeting was attended by 29
local residents and various stakeholders while the second drew 27 at-
tendees. The meeting allowed residents and stakeholders to express
their concerns related to the project. If some did not feel comfortable
openly sharing their thoughts, they had the opportunity to submit note
cards with their concerns.

In the meetings, economic impacts—potential short and long-term
benefits to the region—were discussed. Some residents and stake-
holders expressed that they welcomed the potential economic growth
brought about by fracking. For instance, a resident told us, “Jobs impact
the area...we have a need for more income from revenue that drilling
will generate.” A written comment underscored the potential benefits to
the area’s agricultural industries, “The farms in this area really need an
infrastructure boost. They need a production boost. The farmers
themselves are going to assess their own risk and say is this process
going to contaminate my well. The farmers that I talk to feel that the
benefits far outweigh the risks. They are going to build infrastructure
from the money from their mineral rights into their farm.”

1 Please see Boyle et al. (2016), Maryland Institute of Applied Environmental
Health (2013), Maryland Institute of Applied Environmental Health (2014) and
Sangaramoorthy et al. (2016) for further details of the health impact assessment
methodology used in the Maryland Study.
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But these discussions also underscored community anxiety over
potential environmental and social impacts of fracking. Concerns over
water quality was of paramount concern to residents and stakeholders
and included issues related to water acquisition, chemicals used during
hydraulic fracturing, and wastewater. Issues related to air quality were
highlighted, including diesel truck traffic and exhaust. Residents and
stakeholders also expressed worry over the synergistic effects of climate
change, weather, and fracking on population change, reemerging
health conditions, and healthcare capacity. They conveyed their con-
cerns about specific health risks potentially stemming from fracking
operations, “Hundreds of trucks traveling back and forth, truckloads of
toxic chemicals, gasses and chemicals released accidentally or at ‘ap-
proved’ levels during the fracking, drilling process — all leading to
gastrointestinal problems, skin problems, breathing problems, cardio-
vascular events.”

Further, they raised concerns about our ability to get an accurate
depiction of the baseline health status of Western Maryland due to a
lack of secondary data, especially among vulnerable popula-
tions—farmers, children, women of a childbearing age, elderly, im-
mune-suppressed individuals, and individuals living in poverty and
without health insurance, “I know we had talked about some of the
pockets of the community that don’t actually have insurance or access
to doctors because of finances. We looked at some of the smaller
communities that are here...there are folks that aren’t identified in
these types of studies who actually may be more impacted from these
types of activities. I wanted to see if we could keep on the track of
bringing that to the forefront.” They also discussed the importance of
understanding non-direct impacts of fracking such as social disruption,
mental health and stress, increased crime, noise, and traffic, and de-
struction of roadways, “Don’t overlook the peace of living in Garrett
County that would be disrupted and destroyed if fracking invaded our
rural legacy through traffic and emissions, noise, air and water pollu-
tion.” Another key concern raised by residents and stakeholders was the
ability of the healthcare system to handle acute health issues related to
fracking, including its ability to manage care for transient laborers
working in high-risk occupational positions and protect emergency
responders.

In addition, residents and stakeholders urged us to gather the per-
spectives of neighboring Appalachian communities where fracking was
already underway to better understand potential public health im-
pacts.? Finally, residents and stakeholders stressed the importance of
transparency of the overall study process, “I just want to make a plea for
the process to be as transparent as possible. We heard a comment about
New York and how nobody really knows what happened with their
study. This is such a wonderful opportunity and this is a great start.
You've created a dialogue with people out here and you’re going to
continue it. We know it is going to be hard to do this in this amount of
time with the available funds, so try to communicate what’s happened,
even if it’s not perfect.”

After each of these public meetings, we conducted a thematic ana-
lysis of recorded transcriptions and detailed field notes taken from the
meetings to determine which community concerns to focus on during
the HIA. Ten themes emerged related to community concerns over
fracking: water quality, baseline health assessment, secondary impacts,
economic impacts, climate change/weather, air quality, populations of
concern, occupational issues, healthcare infrastructure, and benefits
(Maryland Institute for Applied Environmental Health, 2013; Maryland
Institute for Applied Environmental Health, 2014). These themes served
as the basis for identifying the hazards that were ultimately reviewed in

2Based on this recommendation, we later conducted two focus groups among
Doddridge County, West Virginia residents and participant observation in
fracked areas in November 2013 to gain insight into how individuals living in
neighboring communities where fracking is underway were being impacted, the
results of which have been published elsewhere (Sangaramoorthy et al., 2016).
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the Maryland Study.

Issues of credibility and relevance of an HIA to the decision-making
process depend on systematic evaluations of a full range of potential
risks and benefits (especially community concerns) rather than on is-
sues solely predetermined by investigators’ research interests or reg-
ulatory obligations (National Research Council, 2011; Parry and
Stevens, 2001). However, keeping a balance between the goals of the
assessment and community priorities proved challenging in practice
during the scoping phase. For instance, community concerns in Western
Maryland as described above reflected a strong desire for us to examine
climate change issues and their potential associations with fracking.
Primarily, residents and stakeholders expressed concern about the in-
terrelated effects of climate change, natural disasters, seasonal weather
changes, and community public health. For instance, a resident asked,
“Will you be taking into consideration the effects of climate change in
the coming decades on Western Maryland? It may affect some of the
health effects.”

In our written assessment, we rightfully acknowledged that fugitive
methane emissions, which can occur throughout the fracking produc-
tion and distribution process, can considerably contribute to climate
change and threaten public health (Maryland Institute for Applied
Environmental Health, 2014). But we chose not to examine this issue
for a variety of reasons. Adequately assessing these impacts would have
required specific types of scientific evidence to support eventual con-
clusions (where few exist), climate simulation computations, and major
assumptions about what policy alternatives are politically realistic. We
determined that exploring this issue fell outside not only our expertise
and available resources, but also the scope of our charge by the State
which was to focus on health impacts primarily restricted to the local
areas where fracking was set to take place (Maryland Institute for
Applied Environmental Health, 2014).

Aside from climate change, all other community concerns were
examined in the study including air and water quality, noise pollution,
earthquakes, social determinants of health, healthcare infrastructure,
cumulative exposures and risk, and occupational impacts. Members of
our assessment team, as well as external reviewers who were commis-
sioned by the State to evaluate our study, often expressed “surprise”
about how well the concerns of community members aligned with
priorities such as primary and secondary community impacts and oc-
cupational impacts outlined in previous natural and physical scientific
research conducted on fracking. Such exchanges between researchers
highlight the continued challenges in aligning scientific and local
knowledge within risk-based management approaches such as HIAs.

Participatory research, such as that promoted by the principles of
HIA, fosters a relatively high degree of control over research by com-
munity members and stakeholders and is meant to equalize power
within the research process, which can enrich both the quality and
outcomes of such studies (National Research Council, 2011; Parry and
Stevens, 2001; Witter et al., 2010, 2013). At the same time, such pro-
cesses can be fraught with ethical and other related challenges to sci-
entific norms. For instance, stakeholders expressed concerns about the
relationship between climate change and fracking, but because such
associations had yet to be supported by scientific literature and was
outside the scope of our charge and current resources, it was not con-
sidered to be within the purview of our investigation. Such issues bring
into focus potential tensions between lay and professional ways of
knowing and values placed on particular forms of knowledge and
knowledge production about fracking.

3.2. Baseline assessment: what is an appropriate baseline?

During the next phase of our assessment, we conducted a baseline
assessment to describe the baseline health status of the affected popu-
lation in order to evaluate impacts of potential fracking operations.
Stakeholder input gathered from the scoping process favored the col-
lection of primary, representative, individual health and exposure data.
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However, a lack of time and resources did not allow for this (Maryland
Institute of Applied Environmental Health, 2013). Instead, we created
the baseline health assessment using a variety of existing quantitative
data from national, state, and local public health sources. We focused
on mortality rates, prevalence of morbidity, percentages of the popu-
lation engaging in risky health behaviors, and levels of healthcare ac-
cess. Most of this existing data, however, had been collected at the level
of the county, rather than at the neighborhood or census-tract level
(Maryland Institute of Applied Environmental Health, 2014). This
caused challenges for our team because local-level data (e.g., neigh-
borhood or census-tract level data) is considered ideal by scientific
norms especially in contexts which necessitate understanding health
outcomes and disparities specific to local populations.

In addition, during the scoping phase, community members sup-
ported the comparison of health data for Western Maryland with data
for neighboring counties of Pennsylvania and West Virginia, rather than
to the rest of Maryland, for an overall health profile. Residents and
stakeholders firmly believed that their health profile (as well as their
social identities) were more closely related to these Appalachian com-
munities than to the rest of Maryland. Such perceptions align with the
limited scholarship which has noted that Western Maryland is more
similar to the Northern Sub region of Appalachia than to the rest of the
state of Maryland due to closely-aligned economic, geopolitical, and
cultural histories (Hanna, 1995).

Often local health profiles are based on population health models
that compare localities to each other within a specific state or local-
level health data to state and national-level data. The creation of a
“regional” health profile that included several counties spanning three
states instead of standard county and state-level comparisons posed
challenges and debates within our assessment team. We discussed at
length whether and how to collect constitution of a valid “baseline”
since such data were difficult to collect, measures proved inconsistent
across states, and the process of demarcating regional contours could be
perceived as highly subjective by other researchers. In the end, we
made the decision to include comparisons of Western Maryland health
data to those of other counties in Pennsylvania and West Virginia and to
the state of Maryland, merging our need to consider stakeholder input
as part of the HIA process and create a standard community health
profile that reflected established scientific norms.

Baseline health data, or a profile of existing health conditions, is a
necessary component in a HIA in order to trace the current health status
of a population and to understand any potential needs that may arise
with a project, policy, or plan (National Research Council, 2011; Parry
and Stevens, 2001; Witter et al., 2013). Pre-existing health conditions
or needs of a specific community can have an impact on the public
health consequences of environmental change. Baseline data can in-
clude health status indicators as well as social, economic, and en-
vironmental health indicators; such data can also bring attention to
health inequities among populations. HIA often aims to provide a
context-specific analysis but as in our case, the types of data that sta-
keholders requested were not always available, were not available at
the needed geographic scale, or were difficult to quantify. Such dis-
cussions amongst scientists (including me) and between scientists and
community residents brought to the forefront various anxieties in-
volved in the politics of knowledge production around the constitution
of an appropriate “baseline”— as quantifiable object, social identity,
and geospatial boundary — highlighting how different actors mar-
shalled evidence oscillating between so-called subjective and objective
stances in the process of assessing impacts, risk, and health.

3.3. Impact assessment and the methodological challenges of evaluating
environmental, social, and economic determinants of health

The last phase of our assessment included an impact assessment of
potential public health impacts of fracking which included possible
adaptive and public health mitigation strategies. To provide a thorough
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overview of the impact of fracking associated hazards on public health,
we developed a hazard ranking methodology to evaluate the overall
public health concern for eight hazards associated with fracking in
Maryland that were identified during the scoping process and literature
review (Boyle et al., 2016). The hazard ranking methodology is akin to
a scoring system which seemed like a reasonable choice for our study,
given that a similar scale was used in one of the only other fracking
HIAs conducted to date (Witter et al., 2010). This approach also en-
abled us to provide an assessment of potential public health risks de-
spite limited data on health and environmental effects of fracking. As
we have described elsewhere (Boyle et al., 2016), the hazard ranking
included measures related to the presence of vulnerable populations,
exposure, possible health effects, geographic extent, and effectiveness
of a setback (i.e., distance between natural resources or buildings and
fracking activity). Overall impact was determined by a color-coded
ranking system (low, moderate, and high) that was generated based on
the total for each hazard. Air quality, occupational health and the social
determinants of health were ranked as “high” concern; water quality,
noise, traffic and cumulative risk were ranked as “moderate” concern;
and earthquake was ranked as “low” concern for their potential to
negatively impact public health.

Several challenges arose during this assessment phase that created
anxieties amongst our research team. First, we made a suggestion of
2000 foot setback although this was not empirically determined. This
suggestion was based on traffic-related air pollution literature which
was the closest data we could find (Boyle et al., 2016). However, we
understood and explicitly stated that the spatial and temporal dimen-
sions of fracking activities may be quite different from traffic from
major roads, and additional measurements would be required to de-
termine specific setbacks for fracking.

In addition, there were concerns in applying the hazard ranking
criteria to such a broad range of impacts, especially those that did not
pertain to natural environmental hazards such those categorized as
social determinants of health and health care infrastructure (Boyle
et al., 2016). For instance, the social determinants of health category
included both public safety measures (e.g., industrial traffic and violent
crime) and psychosocial and physical health outcomes (e.g., mental
health, substance use, and sexually transmitted infections). Because this
process of evaluating impacts is dependent on data collected from the
baseline assessment, these categories consisted of only quantitative
data, and did not capture the complex dynamics of public anxieties over
fracking that was captured in the public meetings and focus groups (i.e.,
qualitative data) during our scoping phase related to concerns over
social and environmental change.

Further, although the duration of and frequency of exposure, like-
lihood and magnitude of health effects, and geographic extent could be
evaluated for each of these measures in a consistent manner, the defi-
nition of vulnerable populations varied across measures. Psychosocial
and physical health outcomes could disproportionately impact vulner-
able populations such as those with pre-existing conditions or substance
abuse issues, but public safety issues could affect all subpopulations
evenly. Furthermore, setback regulations may not have any impact on
psychosocial and physical health outcomes as well as public safety is-
sues such as crime.

Likewise, healthcare infrastructure, the use of a community’s health
care facilities and services, cannot easily be assessed according to our
hazard ranking criteria. Exposure in this scenario was established as
population influx, particularly migrant workers engaged in high-risk
occupations, which we then determined to lead to increased demands
on existing healthcare infrastructure. Healthcare infrastructure dis-
proportionately impacts those who are more likely to use healthcare
services such as the elderly, the disabled, those already in poor health,
and children, although the entire community is potentially at risk.
Similar to the social determinants of health, the effectiveness of a
physical setback was not determined to mitigate issues related to
healthcare infrastructure.
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Our final report included an assessment of the potential significance
of public health impacts related to fracking. Certain health impacts and
environmental conditions (e.g., air quality) have established quantita-
tive criteria that can provide justification for the significance in the
impact assessment. However, very few rules or standards exist in the
scientific literature or practice for hazardous agents or for social and
economic determinants of health, and may not actually be adequate to
meet the actual health needs of a place or population (National
Research Council, 2011; Parry and Stevens, 2001; Witter et al., 2013).
These challenges underscore that when there are multiple potential
health effects that are being assessed, the process of evaluating different
types of effects that are assessed using different types of measurements
is often based on the social norms of research and researchers.

3.4. Findings, recommendations, and the ensuing politics of energy

In various presentations and in the final report released in August
2014, our study underscored that without adequate safeguards, drilling
for natural gas using fracking operations could harm the health of re-
sidents, workers, and communities in Western Maryland. Our report,
along with other commissioned reports on economic and environmental
assessments, were used by state agencies to present a final assessment
to policy makers in accordance with the executive order. In late 2014,
these agencies concluded in their final report that with adequate reg-
ulation and monitoring, “the risks of Marcellus Shale development can
be managed to an acceptable level” (Maryland Department of the
Environment and Maryland Department of Natural Resources (MDE and
MDNR, 2014: 2). Weeks before he left office, O’Malley, a Democrat,
ultimately supported moving forward with fracking with regulations to
mitigate against air and water pollution. However, in June 2015, the
Maryland legislature passed a moratorium on fracking until October
2017. In April 2017, the new governor, Larry Hogan, only the second
Republican governor to be elected in Maryland in nearly 50 years,
signed into law a bill establishing a ban on fracking. Debates over
natural gas production in Maryland continue despite this ban.

Although the intention of the HIA is to inform policy determina-
tions, the findings within a HIA do not necessarily result in decisions
that follow research recommendations. This is important because it
underscores that public and scientific anxieties are also political anxi-
eties. It brings to the forefront the inherent tension between scientific
expertise and knowledge, community needs, and political interests.
Some have argued that a precautionary principle—calls for caution in
the face of scientific uncertainty—was not followed due to a shifting
political landscape which favored fostering economic growth and
achieving energy independence (Mooney, 2014). Others have main-
tained that a precautionary approach was employed since fracking
would move forward only with highly restrictive public health and
environmental safeguards in place (Maryland Department of the
Environment and Maryland Department of Natural Resources (MDE and
MDNR, 2014).

These debates over precautionary approaches highlight the inherent
challenges in determining how governing bodies measure and value the
potential of future risks and the kinds of knowledge and evidence
needed to trigger regulatory action. In 2000, the European Union at-
tempted to address these issues in a report that stated that in circum-
stances where scientific evidence is uncertain but where there is in-
dication through scientific risk assessment that there is sufficient
grounds for concern, then the precautionary principle is the appropriate
risk management strategy to use (Commission of the European
Communities, 2000). Yet in the context of a distinctly controversial
activity such as fracking, highly structured approaches (i.e. risk as-
sessments) for studying its effects and the subsequent implementation
of regulations can rarely occur before the activity is underway (Lees,
2011; Patterson and McLean, 2017). Fracking represents a type of
“post-normal science” where facts are uncertain, values are in dispute,
stakes are high, and decisions are urgent (Funtowicz and Ravetz, 1993).
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In such situations, evidence, values, and political judgments combine in
complex ways to produce contradictory policy decisions and vague
precautionary approaches that also contribute to anxieties experienced
by the public and researchers. In the case of the Maryland Study, we
were a group of interdisciplinary researchers drawn from the natural,
physical, and social sciences tasked with making concrete predictions
concerning social ecological-systems in cases such as fracking. This
inevitably enhanced not only our awareness of risk as contextually and
culturally bound, but also the limits and uncertainties that encumber
scientific knowledge and the blurring of boundaries between science
and politics. These types of considerations need further social scientific
exploration.

4. Collaborative entanglements

My official role in this study was as a co-investigator. I was involved
in all aspects of the project—facilitating public stakeholder meetings in
Western Maryland, conducting observations of fracking sites and
moderating focus groups with community members impacted by
fracking in neighboring West Virginia, analyzing health data, writing
reports and recommendations, and publishing findings. In this colla-
boration, I was a full participant involved in the research process itself.
My role in the project was not one of a social scientist per se and I was
not asked to be on the research team due to my content expertise in the
social science of fracking. Therefore, I did not conduct separate studies
of the project, the scientists involved, or community members.

However, as a medical anthropologist and public health researcher
without content expertise in environmental health, my role was also
one of an inherent participant observer, trying to understand and reflect
on the specific factors related to an emergent form of energy extraction
and the subsequent study of it. It was often necessary to consider how
concepts of risk and exposure are constituted within interactions be-
tween human bodies and changing environmental landscapes, espe-
cially in a context where knowledge about fracking is still not con-
sidered “universal” yet these notions are (re)produced in familiar and
new ways in places with long histories of extraction (Sangaramoorthy
et al., 2016).

The method used, a HIA, is likewise an emergent tool in public
health and public policy planning activities related to land use. There is
substantial variation in the content of HIAs and the processes by which
they are produced. HIAs represent one mode of operationalizing and
institutionalizing calls for the democratization of science. Even though I
am implicated in the development and use of our HIA, my social sci-
entific skills allowed me to observe and reflect more broadly on the
kinds of methods often employed in situations where knowledge and
expertise are contested, and how such methodologies sometimes have
unintended consequences. In particular, our HIA underscores the an-
ticipatory dimensions of public health science which, in this case, are
situated in predicting human health risks and benefits in the face of
rapid environmental change. Our HIA is one of only a few to be con-
ducted on oil and natural gas activities; this will have implications for
activities related to energy extraction, particularly in places where such
activities are deeply contested.

This project contributes several discussion points to the landscape of
public social science. First, it demonstrates the ability of social science
and social scientists to effectively engage contemporary social issues
through interdisciplinary engagements of knowledge production as
both full participatory actors and reflective outsiders. In considering the
unparalleled urgency and reflexivity that accompany the politics of
extraction, social scientists must attend to multi-scalar, multi-stake-
holder, and interdisciplinary approaches in research and practice.
These multiple entanglements can help us situate the structures and
processes informing knowledge production around fracking within
broad debates regarding transformations in the relations between sci-
ence, society, and policy (Caduff, 1999; Franklin, 1995; Mitchell,
2011). It can also move us towards more engaged public discussions
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about risk and exposure studies, democracy and governance in science,
scientific transparency and accountability, land use and rights, and
social justice. Finally, such collaborations have the potential to shift our
research focus to both scientists and research tools, which would enrich
our understandings of the contested and continually shifting terrains of
fracking.

References

Adgate, J., Goldstein, B., McKenzie, L., 2014. Potential public health hazards, exposures
and health effects from unconventional natural gas development. Environ. Sci.
Technol. 48 (15), 8307-8320. https://doi.org/10.1021/es404621d.

Appel, H., Mason, A., Watts, M. (Eds.), 2015. Subterranean Estates: Life Worlds of Oil and
Gas. Cornell University Press, Ithaca, NY.

Balsiger, J., VanDeveer, S.D., 2012. Navigating regional environmental governance. Glob.
Environ. Polit. 12 (3), 1-17. https://doi.org/10.1162/GLEP_e_00120.

Bazilian, M., Hobbs, B.F., Blyth, W., MacGill, 1., Howells, M., 2011. Interactions between
energy security and climate change: a focus on developing countries. Energy Policy
39 (6), 3750-3756. https://doi.org/10.1016/j.enpol.2011.04.003.

Bell, S., York, R., 2010. Community economic identity: the coal industry and ideology
construction in West Virginia. Rural Sociol. 75 (1), 111-143. https://doi.org/10.
1111/j.1549-0831.2009.00004.x.

Birley, M., 2011. Health Impact Assessment: Principles and Practice. Earthscan/
Routledge, London.

Boersma, T., Ebinger, C., Greenley, H., 2015. An Assessment of U.S. Natural Gas Exports.
The Brookings Institution, Washington, DC.

Boudet, H., Clarke, C., Bugden, D., Maibach, E., Roser-Renouf, C., Leiserowitz, A., 2014.
Fracking” controversy and communication: using national survey data to understand
public perceptions of hydraulic fracturing. Energy Policy 65, 57-67. https://doi.org/
10.1016/j.enpol.2013.10.017.

Boyer, D., 2014. Energopower: an introduction. Anthropol. Q. 87 (2), 309-333. https://
doi.org/10.1353/anq.2014.0020.

Boyle, M.D., Payne-Sturges, D.C., Sangaramoorthy, T., Wilson, S., Nachman, K.E., Babik,
K., Jenkins, C.C., Trowell, J., Milton, D.K., Sapkota, A., 2016. Hazard ranking
methodology for assessing health impacts of unconventional natural gas development
and production: the Maryland case study. PLoS One 11 (1), e0145368. https://doi.
org/10.1371/journal.pone.0145368.

Brown, R., Geertsen, H., Krannich, R., 1989. Community satisfaction and social integra-
tion in a boomtown: a longitudinal analysis. Res. Rural Sociol. Dev. 54 (4), 568-586.

Burton, B., 1998. Getting engaged? Mining Monit. 33, 2.

Caduff, C., 1999. Ethnographies of science: conversation with the authors and commen-
tary. Cult. Anthropol. 14, 1.

Calhoun, C.J., 2004. Toward a More Public Social Science. Social Science Research
Council, New York.

Cartwright, E., 2013. Eco-risk and the case of fracking. In: Strauss, S., Rupp, S., Love, T.
(Eds.), Cultures of Energy: Power, Practices, Technologies. Left Coast Press, Walnut
Creek, CA, pp. 201-212.

Clarke, C.E., Hart, P.S., Schuldt, J.P., Evensen, D.T., Boudet, H.S., Jacquet, J.B., Stedman,
R.C., 2015. Public opinion on energy development: the interplay of issue framing,
top-of-mind associations, and political ideology. Energy Policy 81, 131-140. https://
doi.org/10.1016/j.enpol.2015.02.019.

Clough, E., Bell, D., 2016. Just fracking: a distributive environmental justice analysis of
unconventional gas development in Pennsylvania, USA. Environ. Res. Lett. 11 (2),
025001. https://doi.org/10.1088,/1748-9326/11/2/025001.

Colborn, T., Kwiatkowski, C., Schultz, K., Bachran, M., 2011. Natural gas operations from
a public health perspective. Hum. Ecol. Risk Assess. 18, 1039-1056. https://doi.org/
10.1080/10807039.2011.605662.

Cole, B.L., Fielding, J.E., 2007. Health impact assessment: a tool to help policy makers
understand health beyond health care. Annu. Rev. Public Health 28, 393-412.
https://doi.org/10.1146/annurev.publhealth.28.083006.131942.

Collins, A., Nkansah, K., 2013. Divided rights, expanded conflict: the impact of split es-
tates in natural gas production. Presentation at the Agricultural and Applied
Economics Association Annual Meeting.

Commission of the European Communities, 2000. Communique on the Precautionary
Principle. European Commission, Brussels.

Downing, T., Moles, J., McIntosh, 1., Garcia-Downing, C., 2002. Indigenous Peoples and
Mining Encounters: Strategies And Tactics. Accessed from. on October 21, 2016.
http://www.iied.org/mmsd/mmsdpdfs/057downing.pdf.

Edwards, M.L., 2018. Just report the science”: how scientists frame their engagement in
contested debates over fracking in the Barnett Shale. Energy Res. Soc. Sci. 45, 67-74.
https://doi.org/10.1016/j.erss.2018.07.002.

Evensen, D.T., 2015. Policy decisions on shale gas development (’fracking’): the in-
sufficiency of science and necessity of moral thought. Environ. Values 24 (4),
511-534. https://doi.org/10.3197/096327115X14345368709989.

Evensen, D., Jacquet, J.B., Clarke, C.E., Stedman, R.C., 2014. What’s the ‘fracking’ pro-
blem? One word can’t say it all. Extr. Ind. Soc. 1 (2), 130-136. https://doi.org/10.
1016/j.exis.2014.06.004.

Evensen, D., Stedman, R., 2018. Fracking” promoter and destroyer of ‘the good life. J.
Rural Stud. 59, 142-152. https://doi.org/10.1016/j.jrurstud.2017.02.020.

Filer, C., 1999. The dialectics of negation and negotiation in the anthropology of mineral
resources development in Papua New Guinea. In: Cheater, A. (Ed.), The Anthropology
of Power: Empowerment and Disempowerment in Changing Structures. Routledge,
London, pp. 88-102.


https://doi.org/10.1021/es404621d
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0010
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0010
https://doi.org/10.1162/GLEP_e_00120
https://doi.org/10.1016/j.enpol.2011.04.003
https://doi.org/10.1111/j.1549-0831.2009.00004.x
https://doi.org/10.1111/j.1549-0831.2009.00004.x
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0030
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0030
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0035
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0035
https://doi.org/10.1016/j.enpol.2013.10.017
https://doi.org/10.1016/j.enpol.2013.10.017
https://doi.org/10.1353/anq.2014.0020
https://doi.org/10.1353/anq.2014.0020
https://doi.org/10.1371/journal.pone.0145368
https://doi.org/10.1371/journal.pone.0145368
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0055
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0055
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0060
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0065
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0065
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0070
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0070
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0075
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0075
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0075
https://doi.org/10.1016/j.enpol.2015.02.019
https://doi.org/10.1016/j.enpol.2015.02.019
https://doi.org/10.1088/1748-9326/11/2/025001
https://doi.org/10.1080/10807039.2011.605662
https://doi.org/10.1080/10807039.2011.605662
https://doi.org/10.1146/annurev.publhealth.28.083006.131942
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0100
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0100
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0100
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0105
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0105
http://www.iied.org/mmsd/mmsdpdfs/057downing.pdf
https://doi.org/10.1016/j.erss.2018.07.002
https://doi.org/10.3197/096327115X14345368709989
https://doi.org/10.1016/j.exis.2014.06.004
https://doi.org/10.1016/j.exis.2014.06.004
https://doi.org/10.1016/j.jrurstud.2017.02.020
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0135
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0135
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0135
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0135

T. Sangaramoorthy

Ferrar, K., Kriesky, J., Christen, C., Marshall, L., Malone, S., Sharma, R., Michanowicz, D.,
Goldstein, B., 2013. Assessment and longitudinal analysis of health impacts and
stressors perceived to result from unconventional shale gas developments in the
Marcellus Shale region. Int. J. Occup. Med. Environ. Health 19 (2), 104-112. https://
doi.org/10.1179/2049396713Y.0000000024.

Florini, A., Sovacool, B.K., 2011. Bridging the gaps in global energy governance. Glob.
Health Gov. 17, 57-74.

Franklin, S., 1995. Science as culture, cultures of science. Annu. Rev. Anthropol. 24,
163-184. https://doi.org/10.1146/annurev.an.24.100195.001115.

Freudenburg, W., 1981. Women and men in an energy boomtown: adjustment, alienation,
and adaptation. Rural Sociol. 46 (2), 220-244.

Funtowicz, S., Ravetz, J., 1993. Science for the post-normal age. Futures 25 (7), 739-824.
https://doi.org/10.1016,/0016-3287(93)90022-L.

Gilmore, J., 1976. Boom towns may hinder energy resource development. Science
535-540. https://doi.org/10.1126/science.191.4227.535.

Hanna, S., 1995. Finding a place in the world-economy: core-periphery relations, the
nation-state and the underdevelopment of Garrett County, Maryland. Polit. Geogr. 14
(5), 451-472. https://doi.org/10.1016/0962-6298(95)93406-9.

Hays, J., Shonkoff, S.B., 2016. Toward an understanding of the environmental and public
health impacts of unconventional natural gas development: a categorical assessment
of the peer-reviewed scientific literature, 2009-2015. PLoS One 11 (4), e0154164.
https://doi.org/10.1371/journal.pone.0154164.

Hyndman, D., 2001. Academic responsibilities and representation of the Ok Tedi crisis in
postcolonial Papua New Guinea. Contemp. Pac. 13 (1), 33-54. https://doi.org/10.
1353/ep.2001.0014.

Institute of Medicine, 2014. Health Impact Assessment of Shale Gas Extraction: Workshop
Summary. The National Academies Press, Washington DC.

Jackson, R.B., Vengosh, A., Carey, J.W., Davies, R.J., Darrah, T.H., O’sullivan, F., Pétron,
G., 2014. The environmental costs and benefits of fracking. Annu. Rev. Environ.
Resour. 39, 327-362. https://doi.org/10.1146/annurev-environ-031113-144051.

Jacquet, J., 2014. Review of risks to communities from shale energy development.
Environ. Sci. Technol. 48 (15), 8321-8333. https://doi.org/10.1021/es404647x.

Jacquet, J.B., Junod, A.N., Bugden, D., Wildermuth, G., Fergen, J.T., Jalbert, K., Glenna,
L., 2018. A decade of Marcellus Shale: impacts to people, policy, and culture from
2008 to 2018 in the Greater Mid-Atlantic region of the United States. Extr. Ind. Soc.
https://doi.org/10.1016/j.exis.2018.06.006.

Johnston, J.E., Werder, E., Sebastian, D., 2016. Wastewater disposal wells, fracking, and
environmental injustice in southern Texas. Am. J. Public Health 106 (3), 550-556.
https://doi.org/10.2105/AJPH.2015.303000.

Kirsch, S., 2002. Anthropology and advocacy a case study of the campaign against the ok
Tedi mine. Crit. Anthropol. 22 (2), 175-200. https://doi.org/10.1177/
03075X02022002851.

Kirsch, S., 2014. Mining Capitalism: The Relationship Between Corporations and Their
Critics. Stanford University Press, Stanford, CA.

Kontopodis, M., Niewohner, J., Beck, S., 2011. Investigating emerging biomedical prac-
tices: zones of awkward engagement on different scales. Sci. Technol. Human Values
36 (5), 599-615. https://doi.org/10.1177/0162243910392798.

Ladd, A., 2014. Environmental disputes and opportunity-threat impacts surrounding
natural gas fracking in Louisiana. Soc. Curr. 1 (3), 293-311. https://doi.org/10.
1177/2329496514540132.

Ladd, A., 2017. Meet the new boss, same as the old boss: the continuing hegemony of
fossil fuels and hydraulic fracking in the third carbon era. Hum. Soc. 41 (1), 13-36.
https://doi.org/10.1177/0160597616628908.

Ladd, A., 2018. Fractured Communities: Risk, Impacts, and Protest Against Hydraulic
Fracking in US Shale Regions. Rutgers University Press, New Brunswick, NJ.

Lees, Z., 2011. Anticipated harm, precautionary regulation and hydraulic fracturing. Vt.
J. Envtl. L. 13, 575.

McGowan, F., 2014. Regulating innovation: European responses to shale gas develop-
ment. Environ. Polit. 23 (1), 41-58. https://doi.org/10.1080/09644016.2012.
740939.

McNamara, J., 1987. Taking sides in conflict: applied social research in the South African
fold-mining industry. In: Wenger, G.C. (Ed.), The Research Relationship: Practice and
Politics in Social Policy Research. Allen & Unwin, London, London, pp. 76-92.

Maryland Department of the Environment and Maryland Department of Natural
Resources (MDE and MDNR), 2014. Marcellus Shale Safe Drilling Initiative Study
Part III Final Report Findings and Recommendations. Annapolis, MD: State of
Maryland.

Maryland Institute for Applied Environmental Health, 2013. Detailed Scoping Report:
Potential Public Health Impacts of Natural Gas Development and Production in the
Marcellus Shale in Western Maryland. University of Maryland, College Park, MD.

Maryland Institute of Applied Environmental Health, 2014. Potential Public Health
Impacts of Natural Gas Development and Production in the Marcellus Shale in
Western Maryland. University of Maryland, College Park, MD.

Macnaghten, P., 2017. Public perception: distrust for fracking. Nat. Energy 2 (5), 17059.
https://doi.org/10.1038/nenergy.2017.59.

Mitchell, T., 2011. Carbon Democracy: Political Power in the Age of Oil. Verso, London.

Mooney, C., 2014. These Two States had the Same Basic Information About Fracking.
They Made Very Different Decisions. Washington Post. December 22. .

Mullaney, T. 2012. U.S. energy independence is no longer just a pipe dream. USA Today,
May 15. Accessed from http://usatoday30.usatoday.com/money/industries/energy/

The Extractive Industries and Society xxx (XxxX) XXX—-XXX

story/2012-05-15/1A-COV-ENERGY-INDEPENDENCE/54977254/1 on October 11,
2016.

McKenzie, L., Witter, R., Newman, L., Adgate, J., 2012. Human health risk assessment of
air emissions from development of unconventional natural gas resources. Sci. Total
Environ. 424, 79-87. https://doi.org/10.1016/j.scitotenv.2012.02.018.

National Research Council, 2011. Improving Health in the United States: The Role of
Health Impact Assessment. National Academies Press, Washington DC.

Neville, K.J., Baka, J., Gamper-Rabindran, S., Bakker, K., Andreasson, S., Vengosh, A.,
Weinthal, E., 2017. Debating unconventional energy: social, political, and economic
implications. Annu. Rev. Environ. Resour. 42, 241-266. https://doi.org/10.1146/
annurev-environ-102016-061102.

O’Malley, M., McDonough, J., 2011. Executive Order 01.01.2011.11: The Marcellus Shale
Safe Drilling Initiative. Maryland Department of the Environment, Annapolis, MD.

Parry, J., Stevens, A., 2001. Prospective health impact assessment: pitfalls, problems, and
possible ways forward. Br. Med. J. 323 (7324), 1303. https://doi.org/10.1136/bmj.
323.7322.1177.

Patterson, A., McLean, C., 2017. The regulation of risk: the case of fracking in the UK and
the Netherlands. Sci. Public Policy 45 (1), 45-52. https://doi.org/10.1093/scipol/
scx036.

Perry, S., 2012. Development, land use, and collective trauma: the Marcellus Shale gas
boom in rural Pennsylvania. Cult. Agric. Food Environ. 34 (1), 81-92. https://doi.
org/10.1111/j.2153-9561.2012.01066.x.

Powers, M., Saberi, P., Pepino, R., Strupp, E., Bugos, E., Cannuscio, C.C., 2015. Popular
epidemiology and “fracking”: citizens’ concerns regarding the economic, environ-
mental, health and social impacts of unconventional natural gas drilling operations.
J. Commun. Health 40 (3), 534-541. https://doi.org/10.1007/510900-014-9968-x.

Rogers, D., 2015a. The Depths of Russia. Oil, Power, and Culture After Socialism. Cornell
University Press, Ithaca, NY.

Rogers, D., 2015b. Oil and anthropology. Annu. Rev. Anthropol. 44, 365-380. https://
doi.org/10.1146/annurev-anthro-102214-014136.

Rosen, G., 2015. A History of Public Health. John Hopkins University Press, Baltimore.

Ryder, S.S., Hall, P.M., 2017. This land is your land, maybe: a historical institutionalist
analysis for contextualizing split estate conflicts in US unconventional oil and gas
development. Land Use Policy 63, 149-159. https://doi.org/10.1016/j.landusepol.
2017.01.006.

Sangaramoorthy, T., Jamison, A.M., Boyle, M.D., Payne-Sturges, D.C., Sapkota, A.,
Milton, D.K., Wilson, S.M., 2016. Place-based perceptions of the impacts of fracking
along the Marcellus Shale. Soc. Sci. Med. 151, 27-37. https://doi.org/10.1016/j.
socscimed.2016.01.002.

Short, D., Elliot, J., Norder, K., Lloyd-Davies, E., Morley, J., 2015. Extreme energy,
“fracking” and human rights: a new field for human rights impact assessments? Int. J.
Hum. Rights 19 (6), 697-736. https://doi.org/10.1080/13642987.2015.1019219.

Sovacool, B.K., 2014. What are we doing here? Analyzing fifteen years of energy scho-
larship and proposing a social science research agenda. Energy Res. Soc. Sci. 1, 1-29.
https://doi.org/10.1016/j.erss.2014.02.003.

Stedman, R., Jacquet, J., Filteau, M., Willits, F., Brasier, K., McLaughlin, D., 2012.
Marcellus Shale gas development and new boomtown research: views of New York
and Pennsylvania residents. Environ. Pract. 14 (4), 382-393. https://doi.org/10.
1017/51466046612000403.

Stoutenborough, J.W., Robinson, S.E., Vedlitz, A., 2016. Is “fracking” a new dirty word?
The influence of word choice on public views toward natural gas attitudes. Energy
Res. Soc. Sci. 17, 52-58. https://doi.org/10.1016/j.erss.2016.04.005.

Strauss, S., Rupp, S., Love, T. (Eds.), 2013. Cultures of Energy: Power, Practices,
Technologies. Left Coast Press, Walnut Creek, CA.

Theodori, G.L., 2018. Shale Energy Development in the Southern United States: a Review
of Perceived and Objective Social Impacts. The Extractive Industries and
Societyhttps://doi.org/10.1016/j.exis.2018.05.006.

Thorne, D., Tickamyer, A., Thorne, M., 2004. Poverty and income in Appalachia. J.
Appalach. Stud. 10 (3), 341-357. https://doi.org/10.1007/1-4020-3902-6_17.

US Energy Information Administration, 2015. Drilling Productivity Report. U.S.
Department of Energy, Washington, DC Accessed from on July 1, 2015. http://www.
eia.gov/petroleum/drilling/#tabs-summary-2.

US Energy Information Administration, 2017. Annual Energy Outlook Retrospective
Review. U.S. Department of Energy, Washington, DC Accessed from on November 1,
2018. https://www.eia.gov/outlooks/aeo/retrospective/.

Watterson, A., Dinan, W., 2018. Public health and unconventional oil and gas extraction
including fracking: global lessons from a Scottish government review. Int. J. Environ.
Res. Public Health 15 (4), 675. https://doi.org/10.3390/ijerph15040675.

Willow, A., 2014. The new politics of environmental degradation: un/expected land-
scapes of disempowerment and vulnerability. J. Polit. Ecol. 21 (1), 237-257. https://
doi.org/10.2458/v21i1.21135.

Witter, R., McKenzie, L., Towle, M., Stinson, K., Scott, K., Newman, L., Adgate, J., 2010.
Battlement Mesa Health Impact Assessment. University of Colorado School of Public
Health, Denver.

Witter, R., McKenzie, L., Stinson, K., Scott, K., Newman, L., Adgate, J., 2013. The use of
health impact assessment for a community undergoing natural gas development. Am.
J. Public Health 103 (6), 1002-1010. https://doi.org/10.2105/AJPH.2012.301017.

Wylie, S.A., 2018. Fractivism: Corporate Bodies and Chemical Bonds. Duke University
Press, Durham, NC.


https://doi.org/10.1179/2049396713Y.0000000024
https://doi.org/10.1179/2049396713Y.0000000024
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0145
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0145
https://doi.org/10.1146/annurev.an.24.100195.001115
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0155
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0155
https://doi.org/10.1016/0016-3287(93)90022-L
https://doi.org/10.1126/science.191.4227.535
https://doi.org/10.1016/0962-6298(95)93406-9
https://doi.org/10.1371/journal.pone.0154164
https://doi.org/10.1353/ep.2001.0014
https://doi.org/10.1353/ep.2001.0014
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0185
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0185
https://doi.org/10.1146/annurev-environ-031113-144051
https://doi.org/10.1021/es404647x
https://doi.org/10.1016/j.exis.2018.06.006
https://doi.org/10.2105/AJPH.2015.303000
https://doi.org/10.1177/03075X02022002851
https://doi.org/10.1177/03075X02022002851
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0215
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0215
https://doi.org/10.1177/0162243910392798
https://doi.org/10.1177/2329496514540132
https://doi.org/10.1177/2329496514540132
https://doi.org/10.1177/0160597616628908
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0235
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0235
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0240
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0240
https://doi.org/10.1080/09644016.2012.740939
https://doi.org/10.1080/09644016.2012.740939
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0250
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0250
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0250
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0255
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0255
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0255
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0255
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0260
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0260
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0260
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0265
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0265
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0265
https://doi.org/10.1038/nenergy.2017.59
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0275
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0280
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0280
http://usatoday30.usatoday.com/money/industries/energy/story/2012-05-15/1A-COV-ENERGY-INDEPENDENCE/54977254/1
http://usatoday30.usatoday.com/money/industries/energy/story/2012-05-15/1A-COV-ENERGY-INDEPENDENCE/54977254/1
https://doi.org/10.1016/j.scitotenv.2012.02.018
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0295
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0295
https://doi.org/10.1146/annurev-environ-102016-061102
https://doi.org/10.1146/annurev-environ-102016-061102
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0305
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0305
https://doi.org/10.1136/bmj.323.7322.1177
https://doi.org/10.1136/bmj.323.7322.1177
https://doi.org/10.1093/scipol/scx036
https://doi.org/10.1093/scipol/scx036
https://doi.org/10.1111/j.2153-9561.2012.01066.x
https://doi.org/10.1111/j.2153-9561.2012.01066.x
https://doi.org/10.1007/s10900-014-9968-x
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0330
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0330
https://doi.org/10.1146/annurev-anthro-102214-014136
https://doi.org/10.1146/annurev-anthro-102214-014136
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0340
https://doi.org/10.1016/j.landusepol.2017.01.006
https://doi.org/10.1016/j.landusepol.2017.01.006
https://doi.org/10.1016/j.socscimed.2016.01.002
https://doi.org/10.1016/j.socscimed.2016.01.002
https://doi.org/10.1080/13642987.2015.1019219
https://doi.org/10.1016/j.erss.2014.02.003
https://doi.org/10.1017/S1466046612000403
https://doi.org/10.1017/S1466046612000403
https://doi.org/10.1016/j.erss.2016.04.005
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0375
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0375
https://doi.org/10.1016/j.exis.2018.05.006
https://doi.org/10.1007/1-4020-3902-6_17
http://www.eia.gov/petroleum/drilling/#tabs-summary-2
http://www.eia.gov/petroleum/drilling/#tabs-summary-2
https://www.eia.gov/outlooks/aeo/retrospective/
https://doi.org/10.3390/ijerph15040675
https://doi.org/10.2458/v21i1.21135
https://doi.org/10.2458/v21i1.21135
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0410
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0410
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0410
https://doi.org/10.2105/AJPH.2012.301017
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0420
http://refhub.elsevier.com/S2214-790X(18)30212-0/sbref0420

	Maryland is not for Shale: Scientific and public anxieties of predicting health impacts of fracking
	Introduction
	Background
	Western Maryland
	The social science of fracking
	Health impact assessments

	The contours of anxiety over fracking
	The scoping process and the emergence of competing priorities
	Baseline assessment: what is an appropriate baseline?
	Impact assessment and the methodological challenges of evaluating environmental, social, and economic determinants of health
	Findings, recommendations, and the ensuing politics of energy

	Collaborative entanglements
	References




