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Chairman Whitehouse, Ranking Member Grassley, and distinguished Members of the Senate Budget 
Committee, it is an honor to have the opportunity to participate in this important hearing. 
 
My name is Nicole Deziel, and I am an Associate Professor at the Yale School of Public Health in the 
Department of Environmental Health Sciences. My testimony will address the human health impacts of 
oil and gas development. These remarks are informed by a strong body of evidence including my own 9 
years of research and more than 25 publications on the exposures, health, and environmental justice 
impacts of oil and gas development (OGD) to communities living near oil and gas wells across multiple 
states.  
 
I have five key points to share.  
 
1. Living near oil and gas development has been associated with a range of health problems, with the 
greatest evidence of risks reported for children.  
 
The growth in the oil and gas development industry has placed millions of United States (US) residents 
in the path of multiple hazards associated with oil and gas operations. In 2020, nearly 1,000,000 oil and 
gas wells were in operation (1), and a 2017 analysis estimated that 17.6 million US residents lived within 
1600 m (1 mile) of an active oil or gas well (2).  
 
Oil and gas development has been associated with a range of health problems in nearby populations, 
with the greatest risks reported for children. The weight of the scientific evidence indicates that the risk 
of various adverse health outcomes (e.g., adverse birth outcomes, respiratory outcomes) increases with 
a greater proximity and density of oil and gas wells around people’s homes.  

 
Approximately 50 peer-reviewed epidemiologic studies, including those from my own research group, 
provide evidence of a relationship between oil and gas development and human health risks (3-6) (Table 
1). These studies report associations between residential proximity to, or density of, oil and gas wells 



2 
 

and increased adverse pregnancy outcomes, childhood cancer incidence, hospitalizations, asthma 
exacerbations, and mental health issues (Table 1).  
 
The strongest evidence is for health problems to newborn babies, such as birth defects, preterm birth, 
and low birthweight. Such associations have been observed across numerous states including 
Pennsylvania, Colorado, Texas, Oklahoma, and Ohio (5-7). The fact that there is consistency of results 
across multiple studies that were conducted using different methodologies, in different locations, during 
different time periods, and among diverse populations provides additional confidence in the body of 
research.  
 
Additional studies in pediatric populations demonstrate a higher burden of childhood leukemia in 
communities exposed to oil and gas extraction (8, 9). For example, in our recent study conducted in 
Pennsylvania and looking at unconventional oil and gas development (UOGD; also referred to as shale 
gas development or fracking), we found that children ages 2-7 living near unconventional oil and gas at 
birth were two to three times more likely to be diagnosed with acute lymphoblastic leukemia than 
unexposed children, after accounting for other factors that can influence cancer risk. 
 
Respiratory health outcomes are another well-studied health outcome, with at least nine peer-reviewed 
studies published to date from California, Pennsylvania, and Texas. These studies reported associations 
between oil and gas development and asthma exacerbations, asthma hospitalizations, and respiratory 
symptoms (10-17). 
 
The Bradford Hill Criteria is a framework used to evaluate the strength of epidemiological evidence 
between an exposure and observed outcome. These criteria are widely used in the field of epidemiology 
and public health practice to guide decision-making. Table 2 shows how the body of evidence on the 
relationship between OGD and perinatal health outcomes meets the criteria and strongly supports an 
association between close geographic proximity to OGD and adverse perinatal outcomes. 
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Table 1. Health studies of oil and gas development. Adapted from Deziel 2022.  

Oil and gas exposure 
assessment method Study endpoints  

 
Adverse perinatal 
outcomes (n=25) 

Hospitalizations, 
asthma, or 
cardiovascular 
diseases (n=13) 

Cancer (n=4) Other health 
outcomes (n=9) 

Aggregate Proximity-
based Metrics and 
Models 

    

Presence or number of 
wells or permits per zip 
code, county, or other 
geographic metric 

Ma 2016 (18) 
Tran 2021 (19) 
Busby 2017 (20) 
Tang 2021 (21) 
Tran 2020 (22) 
Apergis 2019 (23) 
Hill 2018 (24) 

Jemielita (25) 2015 
Willis 2018 (14) 
Denham 2019 (26) 
Denham 2021 (27) 
Willis 2020 (28) 
Peng 2018 (11) 
Johnston 2021 (15) 
Trickey 2023 (17) 

Fryzek 2013 (29) 
Finkel 2016 (30) 

Deziel 2018 (31) 
Beleche 2018 (32)  
Komarek 2017 
(33) 
Johnson 2020 (34) 

Distance to UOG well Currie 2017 (35)  
Willis 2021 (36) 
Hill 2022 (37) 

Koehler 2018 (10)  Weisner 2023 
(38) 

Inverse distance 
weighted well count 

Stacy 2015 (39) 
McKenzie 2014 (40)  
Whitworth 2018 (41)  
Whitworth 2017 (42) 
Janitz 2019 (43)  
Caron-Beaudoin 2021 
(44) 
Willis 2023 (45) 
Gaughan 2023 (7) 

Koehler 2018 (10) McKenzie 2017 
(8) 

 

Inverse distance-
squared weighted 

Gonzalez 2020 (46)    

Activity-based metric Casey 2016 (47) 
Casey 2019 (48) 
Tran 2020 (22) 

McAlexander 2020 
(49) 
Koehler 2018 (10) 
Rasmussen 2016 (13) 
Willis 2020 (28) 

 Tustin 2016 (50) 
Casey 2018 (51) 

Pathway-Specific and 
Other Models and 
Metrics 

    

Water pathway Gaughan 2023 (7)  Clark 2023 (7)  

Air pathway McKenzie 2019 (52) McKenzie 2019 (53)   

Flaring Cushing 2020 
(54) 

   

Manmade earthquakes Han 2023 (55)   Elser 2023 (56) 
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Table 2. Application of the Bradford Hill Criteria for Causation to the peer-reviewed epidemiological 
literature on oil and gas development and perinatal health outcomes. (Adapted from Shonkoff, Seth 
BC, et al. "RE: Response to CalGEM Questions for the California Oil and Gas Public Health Rulemaking 
Scientific Advisory Panel." (57) 

Criteria  Description of Criteria Perinatal Health Studies  

Strength of 
Association 

Environmental studies commonly 
report modest effects sizes (i.e., 
relative to active tobacco smoking or 
alcohol consumption). A small 
magnitude of association can 
support a causal relationship, a 
larger association may be more 
convincing. 

Reported effect sizes are in ranges similar to 
other well-established environmental 
reproductive and developmental hazards, such as 
PM2.5. Some studies have found stronger effect 
estimates for OGD exposures among socially 
marginalized groups. 

Consistency Consistent findings observed by 
different persons in different places 
with different samples strengthens 
the likelihood of an effect. 

Adverse birth outcomes have been observed in 
multiple studies using multiple methods in 
different populations at different times and 
locations (e.g., California, Pennsylvania, 
Colorado, Texas). While there is some variation in 
findings by specific perinatal outcomes, the 
overall body of evidence is highly consistent in 
supporting the association between OGD and 
adverse perinatal outcomes. 

Specificity  Causation is likely if there is no other 
likely explanation. 

All peer-reviewed birth outcome studies included 
in our review controlled for other potential 
confounders by (i) accounting or adjusting for 
other individual-level or area-level factors (e.g., 
other air pollution sources, neighborhood 
socioeconomic status) in the analysis. Other 
studies applied statistical modeling approaches 
such as difference-in-difference that accounts for 
temporal and spatial trends that may confound 
observed effects. 

Temporality Exposure precedes the disease. Most birth outcomes studies have proper 
temporal alignment between exposure and 
outcome and use a retrospective cohort, case 
control or other study design that allows 
retroactive assessment of exposures to OGD 
occurring before the onset of disease. They do 
not consider exposure that occurred at the time 
of disease or oil and gas wells drilled after the 
disease. 
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Biological 
Gradient 
(Dose-
Response)  

Greater exposure leads to a greater 
likelihood of the outcome. 

Some studies have found dose-response 
relationships based on oil and gas production 
volume categories or metrics of inverse distance 
weighting and/or oil and gas well density in 
California and elsewhere. 

Plausibility The exposure pathway and biological 
mechanism is plausible based on 
other knowledge. 

Individual health-damaging chemical pollutants 
are well-understood to be emitted from OGD 
(e.g., PM2.5, benzene) and established as 
contributing to increased risk for the same 
adverse perinatal outcomes observed in the 
epidemiology studies. Stressors associated with 
OGD (e.g., psychosocial stress) can also 
contribute to increased adverse perinatal 
outcomes.  

Coherence Causal inference is possible only if 
the literature or substantive 
knowledge supports this conclusion. 

In particular, the body of peer-reviewed 
literature is converging towards singular 
directions for adverse perinatal outcomes.  

Experiment Causation is a valid conclusion if 
researchers have seen observed 
associations in prior experimental 
studies. 

N/A- Human population-based experimental 
studies are not available due to ethical issues.  
 

Analogy For similar programs operating, 
similar results can be expected to 
bolster the causal inference 
concluded.  

Pollutants well known to be emitted during OGD 
including benzene, toluene and 1,3 butadiene are 
listed as reproductive or developmental 
toxicants. EPA’s current Integrated Science 
Assessments of particulate matter and 
tropospheric ozone conclude that the evidence is 
suggestive of, but is not sufficient to infer, a 
causative relationship between birth outcomes, 
including preterm birth and low birth weight, and 
PM2.5 and long-term ozone exposures. 
Additionally, increased stress during pregnancy 
can alter fetal growth and length of gestation. 
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2. A growing number of environmental monitoring studies have concluded that oil and gas 
development contributes to air pollution, noise, odors, water contamination, radioactive releases, 
seismic activity, and increased traffic. 
 
Chemical Contaminants in Water 
With more than 9 million people in the US relying on drinking-water sources located within 1.6 km (1 
mile) from an unconventional oil and gas well (9), water contamination has been a major community 
concern (15, 16). Hundreds of chemicals have been reportedly used in injection water or detected in 
wastewater, including known and suspected developmental and reproductive toxicants and carcinogens, 
such as metals, volatile organic compounds, polycyclic aromatic hydrocarbons, phthalates, and per- and 
poly-fluoroalkyl substances (PFAS) (58-65). Water contamination may occur due to surface spills of 
fracturing or wastewater fluids, release of improperly treated wastewater, structural failures, and well 
leaks (65-72). Groundwater monitoring studies conducted thus far do not support widespread 
contamination (73-76). However, groundwater and surface water impairments, spills, and violations 
have been documented across multiple states (66, 68, 77-82). 
 
Air Pollutants 
UOGD generates air pollutants from various sources, including well and road construction; use of diesel-
powered construction, drilling, and transportation equipment and vehicles; dust generation during 
drilling; intentional flaring of natural gas; and volatilization of wastewater constituents (83-85). Emission 
sources have different temporal profiles and may be continuous over varying time frames (e.g., diesel 
equipment, leaks) or be intermittent (e.g., flaring, venting). They may also occur at the well pad or off-
site from transportation or associated UOG infrastructure (10). Studies of airborne emissions or 
concentrations have identified several pollutants associated with UOGD activities, including carcinogens 
(e.g., diesel particulate matter, polycyclic aromatic hydrocarbons), and reproductive and/or 
developmental toxicants (e.g., ethylbenzene, toluene) (59, 83, 86-90). 
 
Radiation, Radioactivity, and Radon  
Technologically enhanced naturally occurring radioactive compounds (TENORMS) have been detected 
in a variety of wastes generated by unconventional oil and gas development, including produced water 
(91-93), lateral drill cuttings (93), and impoundment sediments (94), and co-occur with sludges and 
mineral scales that accumulate inside unconventional oil and gas development equipment (91). 
TENORMS have also been found in streambed sediments next to facilities managing unconventional oil 
and gas development wastewaters (95). Additionally, higher indoor radon levels were observed in homes 
with more or closer oil and gas wells compared to those with fewer or farther oil and gas wells (96, 97). 
Health effects of radiation exposure include adult and childhood cancers (58), impaired lung function 
(98), increased blood pressure (99), and oxidative stress (100). 
 
Sensory Stressors 
Sensory stressors include noise, artificial light at night, and odors (3, 101-103). Noise pollution can 
activate the sympathetic nervous system; lead to annoyance, stress, and sleep disturbance; and 
potentially contribute to cardiovascular disease and adverse birth outcomes (3, 104). Odorous 
compounds can reflect mixtures of volatile organic or sulfuric compounds, which have neurotoxic and 
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respiratory effects, and can also trigger annoyance, concern, and anxiety at levels below established 
toxicity thresholds (105, 106). 
 
Greenhouse Gases 
Methane, a potent greenhouse gas, is emitted to the air throughout UOGD from leaks and intentional 
releases (e.g., venting) (107). Although methane is not directly toxic to nearby communities, except at 
very high levels in tap water, at which point it poses a flammability danger, it impacts future health risks 
through its role in climate change.  
 
3. Exposures and health risks are not distributed equally across nearby communities, with 
disproportionate impacts observed for some disadvantaged populations.  

Certain subgroups of the population, such as communities of color or lower income, often bear a 
disproportionate burden of exposure to environmental pollution, can lack adequate access to regulatory 
and reporting information, and health risks may be exacerbated by the co-occurrence of socioeconomic 
stressors. In Texas, unconventional oil and gas wastewater disposal wells were more likely to be sited in 
communities of color (108). In our study in Ohio, we found that oil and gas waste wells were 
disproportionately sited in areas of lower income (109). In Texas, Hispanic populations were more likely 
to be exposed to flaring, a practice of burning excess gas yielding light at night, noise, and noxious odors 
(110). In another study from our group, we found that communities with high proportions of lower-
income and elderly people in rural areas are the most vulnerable to groundwater pollution from 
hydraulic fracturing in the Appalachian Basin (OH, PA, WV) (111). A recent California study found 
that Black, Hispanic, and socioeconomically marginalized people had disproportionately higher exposure 
to oil and gas wells over three time periods (112).  

 
4. The limited monitoring data, particularly in rural areas where substantial drilling occurs, are 
challenges to fully understanding hazards and risks. 
 
I will take the example of water contamination from oil and gas. Potential water contamination events 
include surface spills of fracturing or wastewater fluids, release of improperly treated wastewater, and 
leaks in well infrastructure (113). The fracturing fluids and wastewater used or produced by oil and gas 
development may contain toxic, radioactive, endocrine-disrupting, and/or carcinogenic chemicals (58, 
59). 
 
An estimated 1-4% of UOG wells have reported spills (77, 78) and approximately 20% have a non-
administrative violation (e.g., a pollution indicdent, well construction issue) (66). While unconventional 
oil and gas studies have not found evidence of widespread water contamination. (9, 75, 76, 114), specific 
instances of groundwater and surface water impairments have been identified (68, 79, 115).  
 
Water monitoring data near drilling sites are limited, posing a challenge to the assessment of potential 
water-related impacts. In the US, oil and gas development often occurs in rural areas where homes are 
served by private domestic drinking water wells, which are not subject to federal regulations and 
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monitoring (116). Water testing can be cost-prohibitive, and in our studies, many residents had never 
had their drinking water tested.  
 
5. Multiple, complementary strategies would serve to more adequately address oil and gas hazards 
and better protect community health.  
 
One of the most commonly-used policy protections for communities near oil and gas wells are setbacks, 
the allowable distance between an oil and gas well and a sensitive receptor such as homes, schools, and 
other places where people live, work, and play. The utility of setbacks is based on the premise that the 
hazards associated with oil and gas operations attenuate with distance. Because hazards dissipate at 
different functions of distance, it is challenging to establish a universal setback that optimally addresses 
all hazards. Furthermore, setbacks also do not prevent the release of methane or other greenhouse 
gases that contribute to climate change (117). Finally, increasing distance between OGD activities and 
human residential communities could place OGD infrastructure closer to wildlife communities, thereby 
shifting the burden to ecological rather than human health impacts (118). To date, 23 states have 
adopted or are considering setbacks that vary widely and range from 100 ft (e.g., Arkansas and New 
York) to 3200 ft (California) (119).  
 
From a public health perspective, the most effective strategy for protecting communities from the 
hazards of OGD would be to reduce development of new oil and gas wells and phase out existing oil and 
gas activities and infrastructure with proper well plugging and environmental remediation because the 
local hazards and regional hazards such as greenhouse gases would be completely removed (117). 
Although most effective at protecting health, complete elimination represents a systemic shift from the 
status quo with substantial political, socioeconomic, and logistical ramifications. Despite these 
challenges, examples of elimination are occurring throughout the US. Unconventional oil and gas 
development has been eliminated in Vermont, Maryland, New York, and Washington, states. The 
Delaware River Basin (DRB) Commission prohibited hydraulic fracturing in the DRB region, which covers 
parts of New York, Pennsylvania, New Jersey and Delaware. Some municipalities are moving towards 
complete OGD elimination, including Los Angeles, which has approved a ban of all new conventional and 
unconventional oil and gas wells and a phase-out of existing wells. 
 
Figure 1 below illustrates the concept of a Hierarchy of Controls. The concept of hierarchy of controls 
originated from the fields of occupational health to prioritize mitigation strategies from the most to the 
least effective at reducing hazards to workers. This figure represents an application of this framework to 
the nearby communities. At the top is the most health protective strategy: to stop drilling and developing 
new wells, phase out existing OGD activities and associated infrastructure, and properly plug remediate 
legacy wells and ancillary infrastructure. Other strategies include setbacks and engineering controls. 
 
In conclusion, there is clear evidence for health hazards from oil and gas development, which are not 
adequately addressed by current policies. 
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Figure 1. Hierarchy of controls to reduce public health harms from oil and gas development (OGD) activities. 
PPE: personal protective equipment (Adapted from Deziel et al. 2022) (117). 
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