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Toward an understanding of the environmental and public health 
impacts of shale gas development: an analysis of the peer-reviewed 
scientific literature, 2009-2014 
 
 
Introduction 
 
Conversations on the negative environmental and public health impacts of shale gas 
development continue to play out in the media, in policy discussions, and among the 
general public. But what does the science actually say? While research continues to lag 
behind the rapid scaling of shale gas development, there has been a surge of peer-
reviewed scientific papers published in recent years. In fact, of all the available scientific 
peer-reviewed literature on the impacts of shale gas development approximately 73% has 
been published since January 1, 2013. What this tells us is that the scientific community 
is only now beginning to understand the impacts of this industry on the environment and 
human populations. Hazards and risks have been identified, but many data gaps still 
persist. Importantly, there remains a dearth of quantitative epidemiology that assesses 
associations between risk factors and human health outcomes among populations.  
 
Still, there is now a lot more known about the impacts of shale gas development than 
when New York’s de facto moratorium went into effect. This analysis is intended to 
provide a cursory overview of what is currently known about the potential impacts of 
shale gas development on human health and the environment. We include only the 
published peer-reviewed literature available on the subject. Specifically, this analysis 
uses studies relevant to near-term and long-term population health in communities 
experiencing shale gas development.  
 
As the industry continues to expand in other parts of the country, New York has been in a 
unique position to learn from experiences and research in places like Pennsylvania, 
Texas, and Colorado. Clearly, this is a complex, polarizing issue and one that likely 
requires more than simply empirical evidence to create sound policy decisions. Yet, New 
York should pay close attention to the actual experiences and evidence arising out of 
other parts of the country that have opened their borders to shale gas development.  
 
There are limitations to this analysis and it provides just a snapshot of what we know 
scientifically about the public health hazards, risks, and impacts associated with shale gas 
development. Furthermore, this document is preliminary and has not yet been subjected 
to external peer review. Nonetheless, it should provide readers with a general sense of the 
existing body of scientific literature on shale gas development.    
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Methods 
 
Database assemblage and review  
 
This analysis was conducted using the PSE Study Citation Database (available at: 
http://psehealthyenergy.org/site/view/1180). This near exhaustive collection of peer-
reviewed literature on shale gas development was broken into 12 topics that attempt to 
organize the studies in a useful and coherent fashion. These topics include air quality, 
climate, community, ecology, economics, general (comment/review), health, regulation, 
seismicity, waste/fluids, water quality, and water usage. This collection was assembled 
over several years using a number of different search strategies, including the following: 
 

• Systematic searches in scientific databases across multiple disciplines: PubMed 
(http://www.ncbi.nlm.nih.gov/pubmed/), Web of Science 
(http://www.webofknowledge.com), and ScienceDirect 
(http://www.sciencedirect.com) 

• Searches in existing collections of scientific literature on shale gas development, 
such as the Marcellus Shale Initiative Publications Database at Bucknell 
University (http://www.bucknell.edu/script/environmentalcenter/marcellus), 
complemented by Google (http://www.google.com) and Google Scholar 
(http://scholar.google.com) 

• Manual searches (hand-searches) of references included in all peer-reviewed 
studies that pertained directly to shale gas development. 

 
For bibliographic databases, we used a combination of Medical Subject Headings 
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(MeSH)-based and keyword strategies, which included the following terms, as well as 
relevant combinations: 
 

shale gas, shale, hydraulic fracturing, fracking, drilling, natural gas, air pollution, 
methane, water pollution, public health, water contamination, fugitive emissions, 
air quality, climate, seismicity, waste, fluids, economics, ecology, water usage, 
regulation, community, epidemiology, Marcellus, Barnett, Denver-Julesberg 
Basin, unconventional gas development, and environmental pathways. 

 
This database and subsequent analysis excluded technical papers on shale gas 
development not applicable to determining potential environmental and public health 
impacts. Examples include papers on optimal drilling strategies, reservoir evaluations, 
estimation algorithms of absorption capacity, patent analyses, and fracture models 
designed to inform stimulation techniques. Because this collection is limited to papers 
subjected to external peer-review in the scientific community, it does not include 
government reports, environmental impact statements, policy briefs, white papers, law 
review articles, or other grey literature. This database also does not include studies on 
coalbed methane, coal seam gas, tar sands or other forms of fossil fuel extraction 
(offshore drilling, etc.).   
 
We have tried to include all literature that meets our criteria in our collection of the peer-
reviewed science; however, it is possible that some papers may have gone undetected. 
Thus, we refer to the collection as near exhaustive. We are sure, however, that the most 
seminal studies on the public health dimensions of shale gas development in leading 
scientific journals are included. The PSE Healthy Energy database has been used and 
reviewed by academics and experts throughout the U.S. and internationally and has been 
subjected to public and professional scrutiny before and after this analysis. It represents 
the most comprehensive public collection of peer-reviewed scientific literature on shale 
gas development in the world and has been accessed by thousands of people. Many of the 
publications in this database can be found in a review paper, published in the peer-
reviewed journal, Environmental Health Perspectives, authored by Shonkoff et al. (2014) 
(http://ehp.niehs.nih.gov/wp-content/uploads/122/8/ehp.1307866.pdf).   
 
Scope of analysis & inclusion/exclusion criteria  
 
There has been great confusion about environmental dimensions of shale gas 
development or “fracking” because of the lack of uniform, well-defined terminology and 
boundaries of analysis. The public and the media use the term fracking as an umbrella 
term to refer to the entirety of shale gas development, including processes ranging from 
land clearing to well stimulation, to waste disposal. On the other hand, the oil and gas 
industry and many in the scientific community generally use the term as shorthand for 
one particular type of well stimulation method used to enhance the production of oil and 
natural gas – hydraulic fracturing.  
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The PSE Healthy Energy database and this analysis are both concerned with shale gas 
development in its entirety, enabled by hydraulic fracturing, and not just the moment of 
hydraulic fracturing well stimulation, which should have a limited role in policy 
discussions. If we are to understand the social, environmental, and public health 
dimensions of shale gas development we must look beyond only the moment of well 
stimulation, especially when the scientific literature indicates other aspects of the overall 
process warrant concern. Thus, this project can be viewed as an analysis of the scientific 
literature on hydraulic fracturing and its associated operations and ancillary 
infrastructure.  
 
The focus of this analysis is, first and foremost, on the primary research on shale gas 
development published to date. To that extent we have only included papers that evaluate 
the association between shale gas development and environmental and public health 
impacts. As such, not all publications in the PSE Healthy Energy database were used in 
this analysis. We have not included the following topics in this analysis: climate, 
community, ecology, economics, general, regulation, seismicity, waste/fluids, and water 
usage. We have also not included all of the papers that fit within the three topics used in 
this report (health, water quality, and air quality). For instance, with the exception of 
public health papers, for which there has been very little primary research, we have 
excluded commentaries and review articles. Further, we have excluded those papers that 
provide baseline data or address research methods that do not assess impacts. We have 
also excluded letters to the editor of scientific journals that critique a particular study or 
the subsequent response of the author(s). 
 
We have restricted the studies included in this analysis to those published between 2009 
and 2014. The main reason for doing so is that scientific literature on shale gas 
development did not appear until around that time. There are some studies in the database 
on conventional forms of oil and natural gas development that are relevant to shale gas, 
but to maintain greater consistency we have decided to exclude those prior to 2009 from 
the analysis. For instance, we excluded a study published in The Lancet that examined the 
association between testicular cancer and employment in agriculture and oil and gas 
development published in 1986 (Sewell et al. 1986). Relatedly, some of the studies 
included in this analysis may be broader than shale gas development and could 
potentially include other forms of both conventional and unconventional oil and gas 
development. This is true for some of the top-down, field based air pollutant emissions 
studies that gauge leakage rates and emission factors in Western oil and gas fields. Where 
studies are not specifically related to shale gas development we included them only when 
the findings are recent and substantially relevant.  
 
Again, it is important to note that scientists are only beginning to understand the 
environmental and public health impacts of these rapidly expanding industrial practices. 
Our analysis represents a survey of the existing science to date in an attempt to determine 
the direction in which consensus is headed and to achieve a deeper understanding of the 
environmental and public health impacts of this form of energy development. What we 
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know at this time is based on modeling and field-based studies on unconventional oil and 
gas development (primarily from shale) in parts of the United States, such as Texas, 
Colorado, and Pennsylvania, where the extraction of natural gas from shale formations 
has only been scaled relatively recently.  
 
Categorical framework  
 
We have created categories for each topic in an attempt to identify and group studies in 
ways that are both useful and intuitive. Clearly, there are limitations to this approach and 
many studies are nuanced or incommensurable in ways that may be inappropriate for this 
type of analysis. This is especially true for some topics, such as air and water quality. 
Further, some studies may properly belong in multiple topics and in a few cases we have 
done so. For instance, some studies may contain data that are relevant to both air quality 
and public health (Bunch et al. 2014; Colborn et al. 2014; Macey et al. 2014).  
 
Nonetheless, in order to glean some kind of scientific overview or growing scientific 
consensus on the environmental public health dimensions of shale gas development that 
may be useful to policy determinations we strived to create the most simple and accurate 
approach possible. Please refer to the tables included in the appendix for the citations and 
categorization of the studies.  
 

Topics Categories 

Health 

• Indication of potential public health risks or actual 
adverse health outcomes 

• No indication of significant public health risks or actual 
adverse health outcomes 

Water Quality 

• Indication of potential, positive association, or actual 
incidence of water contamination 

• Indication of minimal potential, negative association, or 
rare incidence of water contamination 

Air Quality 

• Indication of elevated air pollutant emissions and/or 
atmospheric concentrations 

• No indication of significantly elevated air pollutant 
emissions and/or atmospheric concentrations 

 
Health 
 
Health outcome studies and epidemiologic investigations continue to be particularly 
limited and most of the peer-reviewed papers to date are commentaries and reviews. We 
have also separately analyzed peer-reviewed scientific commentaries (“all papers”) 
because original research is still so limited for public health. Although commentaries 
should essentially be acknowledged as opinions, they are the opinions of experts formed 
from the available literature and have also been subjected to peer-review.  
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We have included in this topic papers that consider the question of public health in the 
context of shale gas development. Of course, research findings in other categories such as 
air quality and water quality are relevant to public health, but here we only include those 
studies that directly consider the health of individuals and human populations. We 
considered this topic and its related categories in both the context of original research and 
commentaries and reviews. We only consider research to be original if it measures health 
outcomes or complaints (i.e., not health research that only attempts to determine opinion 
or methods for future research agendas). The vast majority of these papers indicate the 
need for additional study, particularly large-scale, quantitative epidemiologic research. 
 
Water Quality 
 
Papers on water quality are more nuanced in that some rely on empirical field 
measurements, while others explore mechanisms for contamination or use modeled data 
to determine water quality risks. Further, some of these studies explore only one aspect of 
shale gas development, such as the well stimulation process enabled by hydraulic 
fracturing. Thus, these studies do not indicate whether or not shale gas development as a 
whole is associated with water contamination and are therefore limited in their utility for 
gauging water quality impacts. Nonetheless, we have included all original research, 
including modeling studies. We have excluded studies that explore only evaluative 
methodology or baseline assessments as well papers that simply comment on or review 
previous studies. Here we are only concerned with actual findings in the field or 
modeling studies that specifically address the risk or occurrence of water contamination.  
 
Air Quality 
 
Air quality is a more complex, subjective measure that beckons comparison to other 
forms of energy development or industrial processes. Yet, a review and analysis of the air 
quality data is still useful and certainly relevant to health outcomes. Although methane is 
a precursor to tropospheric ozone we have excluded studies that focus exclusively on 
methane emissions from this topic. However, studies that address methane and non-
methane volatile organic compound (VOC) emissions have been included, given the 
health-damaging dimensions of a number of VOCs (i.e., benzene, toluene, ethylbenzene, 
xylene, etc.) and the role of VOCs in the production of tropospheric ozone, a strong 
respiratory irritant. Studies that have explored the health implications of air pollution 
emissions, atmospheric concentrations, and exposure levels are included in both this 
category and the public health category. The papers in this topic are those that 
specifically address air emissions and air quality from well stimulation-enabled oil and 
gas development (i.e., unconventional oil and gas development) at either a local or 
regional scale. These include local and regional measurements of non-methane volatile 
organic compounds and tropospheric ozone.  
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Results  
 

 
 

 
 
 

87% 

13% 

Health: Original Research 

Indication of potential public health risks or actual adverse health outcomes (n = 13) 

No indication of significant public health risks or actual adverse health outcomes (n = 2) 
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Health: All Papers 

Indication of potential public health risks or actual adverse health outcomes (n = 45) 

No indication of significant public health risks or actual adverse health outcomes (n = 2) 
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72% 

28% 

Water Quality: Original Research 

Indication of potential, positive association, or actual incidence of water contamination 
(n = 21) 
Indication of minimal potential, negative association, or rare incidence of water 
contamination (n = 8) 
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5% 

Air Quality: Original Research 

Indication of elevated air pollutant emissions and/or atmopsheric concentrations 
(n = 21) 
No indication of significantly elevated air pollutant emissions and/or atmospheric 
concentrations (n = 1) 
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Limitations  
 
This project aims to provide an overview of existing scientific studies and findings based 
on the world’s experience with shale gas development. While our database is to our best 
estimation exhaustive, our literature search may not have captured all relevant scientific 
literature. Additionally, differences in geography may render some studies less relevant 
when interpreted across geographic and geological space. While the majority of the 
studies included in this analysis are directly relevant to shale gas development, some may 
include data from other types of well stimulation-enabled oil and gas reservoirs (e.g., 
tight sands). However, because many of the processes are for practical purposes 
sufficiently similar (e.g., drilling, hydraulic fracturing, generation and disposal of waste), 
we have included them in this analysis.  
 
Despite the inherent limitations in this type of analysis, our literature review provides a 
general idea of the weight of the scientific evidence of possible impacts that could ensue 
in New York State should it open its borders to shale gas development. It is important to 
note that this analysis only concerns itself with current empirical evidence and does not 
take into account developments that could potentially influence environmental and public 
health outcomes in positive or negative ways under different regulatory regimes. For 
instance, technological improvements may mitigate some existing problems, but as 
development continues, well pad intensities increase, and novel geologies and practices 
are encountered, impacts may increase.  
 
Finally, all forms of energy production and industrial processing have environmental 
impacts. This report is only focused on reviewing and presenting the available science on 
some of the most salient environmental and public health concerns associated with shale 
gas development. We make no claims about the level of impacts that should be tolerated 
by society – these are ultimately questions of value.       
  


