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INTRODUCTION 

Chairman Lowenthal, Ranking Member Gosar and distinguished Members of the Subcommittee, it is 
an honor to appear before you today at this important hearing on oil and gas development and its 
impacts on human health and climate change.  

By way of background, I am an environmental public health scientist and the executive director of 
PSE Healthy Energy, based in Oakland, California. PSE Healthy Energy is a multidisciplinary, 
nonpartisan, nonprofit research institute that studies the way energy production and use impacts 
public health and the environment. I also hold formal research affiliations in the Department of 
Environmental Science, Policy and Management at the University of California, Berkeley and at 
Lawrence Berkeley National Lab.  

My testimony today is focused on the hazards, risks and impacts of oil and gas development and 
climate change on human health. My testimony is based on a strong and growing body of science 
supported by decades of peer-reviewed research.  

There is strong scientific consensus that we are in a climate emergency and only have a limited 
period of time to dramatically reduce greenhouse gas emissions to avert dire economic, health, 
security and ecological consequences. I am in front of you today as a scientist, but also as a father 
with an interest in protecting the health, security and livelihoods of my children. 

HAZARDS, RISKS AND IMPACTS OF OIL AND GAS DEVELOPMENT ON HUMAN 
HEALTH 

Oil and gas development poses well-understood hazards, risks, and impacts to human health through 
various pathways, including through environmental media (e.g., air, water), from noise and light 
pollution, and kinetic injuries (e.g., vehicle and well-pad accidents). Hazards that are directly 
attributable to oil and gas development consist of human exposures to chemicals through inadvertent 
or intentional release to water, air, or soil.  In this testimony I focus on what is known regarding air 
and water pathways and human health. While traffic, noise and light pollution are potentially 
important sources of hazards, for sake of brevity, they are beyond the scope of this testimony. 

PSE Healthy Energy keeps track of a near-exhaustive collection of peer-reviewed studies of shale 
and tight gas development by topic area (e.g., health, air pollution, water pollution) in our Repository 
of Oil and Gas Energy Research (ROGER)1.  

An evaluation of the peer-reviewed literature on air, water and human health impacts of shale gas 
development published through 2015 concluded that 87% of air quality studies indicated elevated air 
pollutant emissions and/or atmospheric concentrations; 69% of water quality studies found 
associations with water quality impairment; and 84% of public health studies reviewed indicated 
public health hazards, elevated health risks, or adverse health outcomes (Hays and Shonkoff, 2015). 

                                                        
1 Available at: https://www.psehealthyenergy.org/our-work/shale-gas-research-library/  
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While some of these studies had multiple findings beyond those evaluated in our review article, the 
fact that the majority of the research on these topics found increased risks and impacts is noteworthy. 

Summary of Peer-Reviewed Science on Human Health and Distance from Oil and Gas 
Development 

Increased risks from air pollution and elevated noise levels associated with adverse health outcomes 
have been observed in close proximity to oil and gas development. At 500 ft, the peer-reviewed 
literature suggests increased cancer risks (McKenzie et al., 2018a; McMullin et al. 2018) and 
elevated noise levels (Radke et al. 2017).  Paulik et al. (2016) found no increased cancer risk at 500 
ft, but the researchers only looked at polycyclic aromatic hydrocarbons (PAHs) rather than a wider 
array of pollutants identified in the literature. Elevated noise levels were also observed out to 
approximately 1,000 feet from compressor stations at levels at which adverse health effects, such as 
sleep disturbance and insomnia had been reported (Boyle et al. 2017). Additionally, a survey of 
experts determined that the minimum safe distance from unconventional oil and gas development is 
1/4 mile (1,320 feet) and additional setbacks should be considered for vulnerable groups (Lewis et al. 
2018). Hazards, risks, and impacts attributable to oil and gas development are also observed in the 
peer-reviewed literature at 2,500 ft and beyond, including elevated noise levels (Blair et al. 2018), 
adverse birth outcomes (Currie et al. 2017; Hill et al. 2018; McKenzie et al. 2014; Stacy et al. 2015; 
Whitworth et al. 2017; Whitworth et al. 2018), increased non-cancer and cancer risks (McKenzie et 
al. 2012), childhood cancer (McKenzie et al. 2017), and other acute adverse health outcomes 
(Weinberger et al. 2017). One small peer-reviewed industry study (Maskrey et al. 2016) found that 
the maximum VOC concentrations did not exceed USEPA regional screening levels beyond 2500 
feet. Furthermore, studies that have evaluated increased proximity, well density, and certain activities 
at the well pad have also found associations with adverse respiratory, cardiovascular, perinatal, 
mental health, and other acute health outcomes (Casey et al., 2016; Casey et al., 2018; Koehler et al., 
2018; McKenzie et al., 2018b; Rasmussen et al., 2016; Tustin et al., 2016). 

To put the scale of this into context, a peer-reviewed national spatial assessment of population 
proximity to oil and gas development found that 17.6 million Americans live within 1 mile (5,280 ft) 
of an active oil and/or gas well (Czolowski et al., 2017).  

Air Pollution 

The California Council on Science and Technology (CCST) concluded in its independent, peer-
reviewed scientific report on hydraulic fracturing and oil and gas development pursuant to California 
Senate Bill 4 that concentrations of health damaging air pollutants are more concentrated near oil and 
gas development than further away and present higher health hazard to populations in proximity to 
oil and gas development. As explained in the previous section, the vast majority of peer-reviewed 
studies that have evaluated human health as a function of distance agree with this conclusion. It 
should be noted that not all studies that found health impacts include field based measurements of air 
quality and air pollutant emissions, but many have included surrogates associated with air pollutant 
emissions such as well productivity and well density.  
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Studies have found that the source of these potential exposures are both from petroleum – for 
example, benzene and petroleum hydrocarbons – as well as volatile and air-polluting compounds 
added to hydraulic fracturing fluids and routine drilling and well maintenance activities, such as 
biocides, corrosion inhibitors and surfactants. (Stringfellow et al. 2017). 

Intended (e.g. venting) and unintentional (e.g. fugitive emissions or leaks) air pollutant emissions 
from upstream oil and gas development can contain health-damaging air pollutants, such as 
hazardous air pollutants (HAPs)2, criteria air pollutants3, and reactive organic gases which are 
associated with the formation of tropospheric ozone (i.e., smog) (Shonkoff et al. 2015). Specific 
sources of these emissions include pumps, generators, compressors, condensate tanks venting and 
flaring of natural gas, dust from well stimulation and land-clearing activities, leaks from gas transfer 
lines and well heads, emissions from storage and separator tanks, surface impoundments and other 
solid and liquid waste handling methods. Air pollutant emissions also include combustion products 
from diesel trucks, pumps and other sources. 

The majority of the oil and gas air pollution and public health studies have concluded that geographic 
proximity to active oil and gas development is an exposure and health impact risk factor, largely due 
to increased risk of exposure to air pollution associated with oil and gas development (Brown et al., 
2014; Brown et al., 2015; Colborn et al., 2014; Macey et al., 2014; McKenzie et al., 2012; McKenzie 
et al., 2018a; Rich & Orimoloye, 2016). Many air-quality monitoring and modeling studies estimate 
that emissions of health-damaging air pollutants from oil and gas development are episodic and lead 
to degraded air quality in proximity to oil and gas development operations (Allen, 2014; Brown et al. 
2015).  The majority of studies that have assessed oil and gas development emissions of hazardous 
air pollutants (HAPs) have identified benzene, toluene, ethylbenzene and xylenes (BTEX), n-hexane, 
styrene, and 1,3 butadiene as emitted pollutants, although other health-relevant pollutants are found 
to be emitted throughout various stages of oil and gas development (Garcia-Gonzales et al., 2019) 
(Figure 1). The minority of studies, such as Bunch et al. (2014) – an oil and gas industry-funded 
study – did not find a positive correlation between proximity and air pollutant concentrations. 

                                                        
2 A hazardous air pollutant (HAP), also known as toxic air pollutants or air toxics, are those pollutants that cause or 
may cause cancer or other serious health effects, such as reproductive effects or birth defects, or adverse 
environmental and ecological effects. The United States Environmental Protection Agency is required to control 187 
hazardous air pollutants (USEPA, 2018).   
3 The Clean Air Act (CAA) of 1970 identified six common air pollutants of concern, called criteria pollutants. The 
criteria pollutants are carbon monoxide, lead, nitrogen dioxide, ozone, particulate matter, and sulfur dioxide. Criteria 
pollutants are the only air pollutants with national air quality standards that define allowable concentrations of these 
substances in ambient air. 
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Figure 1.  Hazardous air pollutant (HAP) compounds collected through primary measurements and 
recategorized. Abbreviations: ONG, oil and natural gas; POMs, polycyclic organic matter.  

(Source: Garcia-Gonzales et al. 2019) 

With respect to criteria air pollutants, a recent analysis estimated that on a per-ton basis, the health 
benefits of reducing PM2.5 precursor emissions from the oil and gas sector vary by pollutant type, and 
range from $6,300 and $320,000, while the value of reducing ozone precursors ranges from $500 to 
$8,200 in the year 2025 (Fann et al., 2018). 

The peer-reviewed literature suggests that more stringent regulation is required to attenuate public 
health risks from exposures to air pollutants emitted from oil and gas development. First, increased 
emission control technologies (e.g., reduced emission completions and leak detection and repair) as 
was required under the Bureau of Land Management (BLM) Methane Rule prior to President 
Trump’s Executive Order 13783 should be reinstated. These are cost-effective and critical measures 
to undertake. Additionally, the implementation of minimum setback distances between oil and gas 
development and where people live, work and play should be considered in permitting and regulatory 
decisions. 

Water Pollution 

Water is a significant component of oil and gas development. It is injected to facilitate oil and gas 
production and large volumes of wastewater return to the surface as produced water that must be 
managed and disposed of. Produced water is often saline and contains toxic chemicals sourced from 
the petroleum geological formations as well as chemicals and their byproducts that were used to 
facilitate production. Oil and gas development introduces a number of well-described pathways 
through which water can become contaminated and introduces potential for human exposure to toxic 
chemical constituents. The most well-described water pathways that can result in human exposures 
are the following: 
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• Compromised structural integrity of well bores (e.g., “leaky wells”) near aquifers with 
current or future human consumption uses 

• Direct injection of hydraulic fracturing fluids or produced water into groundwater that meets 
the definition of an underground source of drinking water (USDW) under the Safe Drinking 
Water Act (SDWA) as has been done in many oil and gas producing states in the U.S. 
(DiGiulio et al. 2018) 

• Spills and leaks of produced water and stimulation or maintenance fluids containing 
chemicals 

• Reuse of produced water that may contain hazardous levels of chemicals for agricultural 
irrigation of food crops for human consumption (Shonkoff et al., 2016);  

• Discharge of insufficiently treated produced water into Waters of the United States upstream 
of drinking water intakes 

• Disposal of produced water that with hazardous concentrations of chemicals into unlined pits 
with hydrogeological connectivity to groundwater that is currently or could be used in the 
future for drinking water or other types of human consumption (CCST 2015) 

Human health risks of produced water handling and reuse may be exacerbated by the presence of 
chemicals used for well stimulation activities (e.g. hydraulic fracturing) and routine oil and gas 
operations (Stringfellow et al. 2017). Numerous studies have noted the lack of chemical disclosure in 
oil and gas operations and lack of toxicity information available for chemical additives (Shonkoff et 
al. 2015; Stringfellow et al. 2017; Yost et al., 2016).  

Experimental findings in the peer-reviewed literature demonstrate adverse effects to the endocrine, 
metabolic, and reproductive systems associated with identified and unidentified substances that 
comprise produced water (He et al. 2017, Kassotis et al. 2018b, 2016a, 2016b, Tasker et al. 2018). 
Despite insufficient information to identify and quantify specific constituents in produced water, 
these experimental and bioanalytical results indicate aspects of the health relevance of exposure to 
produced water. 

CLIMATE DIMENSIONS OF OIL AND GAS DEVELOPMENT 

Global climate policy is founded on the understanding that the average global temperature rise 
caused by greenhouse gas emissions should not exceed 2 °C above the average global temperature 
of pre-industrial times (UNFCCC, 2019). To meet this goal, it is estimated that a third of global 
oil reserves, half of gas reserves and over 80% of current coal reserves should remain unused 
from 2010 to 2050 in order to meet the target of 2 °C, and that development of resources in the 
Arctic and any increase in unconventional oil production are incompatible with this target 
warming limit (McGlade and Ekins, 2015).  

The Intergovernmental Panel on Climate Change (IPCC) stated with high confidence that global 
temperature is likely to increase by 1.5°C between 2030 and 2050 if it continues to increase at the 
current rate. Climate models predict significant differences in regional climate conditions between 
present-day and global warming of 1.5°C, and between 1.5°C and 2°C. These differences include 
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increases in mean temperature in most land and ocean regions, hot extremes in most inhabited 
regions, heavy precipitation in several regions, and the probability of drought and precipitation 
deficits in some regions (IPCC, 2018).  

Oil and natural gas are fossil fuels that result in emission of greenhouse pollutants through two 
primary pathways: (1) emissions of carbon dioxide (CO2) – a long-lived greenhouse gas – during the 
combustion of oil and gas; and (2) the accidental leakage or intentional venting of methane – the 
primary constituent in natural gas – to the atmosphere during oil and gas development, transmission 
and distribution. Methane is a potent greenhouse gas that is 87-times more potent than CO2 over a 
twenty-year time horizon. Given that greenhouse gas emissions must be significantly reduced in the 
near-term and methane’s high greenhouse gas potential within this time horizon, it is imperative to 
dramatically cut methane pollution right away. 

A recent review paper published in Science that synthesized methane measurements across dozens of 
studies estimated that in 2015, oil and gas development released 13 million metric tons (1 metric ton 
= 1,000 kg) of methane to the atmosphere – a resource worth at least 2 billion dollars (Alvarez et al. 
2018). This estimate is 63% higher than that estimated by EPA (Alvarez et al. 2018) and 42% of all 
anthropogenic methane emissions considering 18 million metric tons from all other anthropogenic 
methane emissions in 2015 (EPA 2017). This estimate results in a production-normalized emission 
rate of 2.3%, which does not incorporate substantial methane loss in natural gas distribution systems 
(McKain et al. 2015, Lamb et al. 2016, Wunch et al. 2016). These findings challenge the assertion 
that natural gas produces fewer greenhouse gas emissions than coal combustion. 

While current methane emissions from oil and gas development are unacceptably high, methane 
emission surveys indicate that major methane reductions are readily attainable using leak detection 
and repair systems and other off-the-shelf emission control technologies.   

Moreover, while not always the case, the control of methane from oil and gas systems will likely also 
control the emissions of health-damaging volatile organic compounds (VOC) and other HAPs that 
are health damaging. These health-damaging air pollutants are often co-mingled and co-emitted with 
methane. For instance, gas samples from wells in Wyoming indicate that benzene concentrations are 
as high as 331 part-per-million (ppm) (DiGiulio and Jackson 2016), posing hazards and potential 
risks to nearby populations when gas is emitted to the atmosphere. As a reference, the Reference 
Exposure Level (REL) for benzene is 1 part-per-billion (ppb) for an 8-hour or chronic exposure and 8 
ppb for an acute exposure (OEHHA 2016). 

IMPACTS OF CLIMATE CHANGE ON HUMAN HEALTH 

In addition to exposure to air pollutants and risks posed by water contamination from underregulated 
operations, oil and gas contributions to climate change introduces climate-specific risks to human 
health. Climate change increases the frequency and intensity of extreme heat and weather events and 
causes and exacerbates droughts, sea level rise and wildfires. These changing conditions have direct 
and indirect impacts on the health of human populations (Figure 2).  
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Figure 2. Direct and indirect impacts of climate change on human health. 
 (Source: CDC, 2014) 

Direct impacts of climate change include increases in heat-related illness and death. For instance, a 
recent analysis concluded that achieving a 2°C and 1.5°C threshold could avoid between 70 to 1,980 
and 110 and 2,720 deaths in 15 U.S. cities, respectively where reliable climate and health data are 
available (Lo et al. 2019).  

Indirect impacts of climate change on health are numerous. For example, rising temperatures can 
alter geographic ranges where vectors (e.g. mosquitoes, ticks) can survive and thrive, spreading the 
diseases they carry (e.g. Zika virus, malaria, dengue and Lyme disease). Rising temperatures can also 
lengthen and worsen pollen seasons, exacerbating asthma and respiratory symptoms. Additionally, 
increased temperatures can increase the formation and concentration of air pollutants, like ozone 
which causes negative respiratory and cardiovascular health impacts.  

Furthermore, extreme weather events, including droughts, wildfires, and floods, can impair water and 
food supplies leading to malnutrition and causing displacement and forced migration. In 2018, 
California experienced the deadliest and most destructive wildfire in its history, breaking records set 
just one year earlier during 2017’s devastating fire season (CAL FIRE, 2019a; CAL FIRE, 2019b). 
Air pollution from the Camp Fire in Paradise (CA) traveled thousands of miles and impacted millions 
of Californians. In addition to the loss of life and infrastructure, the water supply in Paradise became 
contaminated with benzene, a known human carcinogen, as a result of the Camp Fire (Paradise 
Irrigation District, 2019). Mental health impacts are also expected as a result of severe weather 
events, damages to homes and community infrastructure, changing environmental conditions, 
displacement and migration.  
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Impacts on health will be experienced more intensely by socially and economically disadvantaged 
communities, and by vulnerable populations, including children, the elderly, the chronically ill and 
the disabled.  

In the Human Health chapter of the 2014 report (Smith et al. 2014), the International Panel on 
Climate Change (IPCC) summarized major changes in human health predicted to occur based on 
climate change projections in the following ways: 

• “Greater risk of injury, disease, and death due to more intense heat waves and fires (very high 
confidence) 

• Increased risk of undernutrition resulting from diminished food production in poor regions 
(high confidence) 

• Consequences for health of lost work capacity and reduced labor productivity in vulnerable 
populations (high confidence) 

• Increased risks of food- and water-borne diseases (very high confidence) and vector-borne 
diseases (medium confidence) 

• Modest reductions in cold-related mortality and morbidity in some areas due to fewer cold 
extremes (low confidence), geographical shifts in food production, and reduced capacity of 
disease-carrying vectors due to exceedance of thermal thresholds (medium confidence). 
These positive effects will be increasingly outweighed, worldwide, by the magnitude and 
severity of the negative effects of climate change (high confidence) 

 

IMPLICATIONS OF DISMANTLING THE BLM METHANE RULE  

The venting or flaring of at least some gas during oil and gas development is unavoidable. Whether 
during well drilling, well stimulation, exploration, production, well purging, or emergencies, some 
natural gas reaches the surface that cannot be easily used, sold or controlled (BLM 2018b). When 
this occurs, the gas either must be combusted (“flared”) or released to the atmosphere (“vented”). 
Operators may also flare natural gas on a longer-term basis from production operations in situations 
where an oil well co-produces natural gas (or “associated gas”) in an exploratory area or a field that 
lacks adequate gas-capture infrastructure to bring the gas to market (BLM 2018b).  

In response to oversight reviews from the Government Accounting Office (GAO 2010) and increased 
flaring on Federal and Indian leases, in 2016, the U.S. Bureau of Land Management (BLM) adopted 
a rule entitled “Waste Prevention, Production Subject to Royalties, and Resource Conservation.” The 
stated purpose of the this was to reduce flaring, venting, and leaks of methane – a greenhouse gas 
that is 86-times as strong as carbon dioxide (CO2) over a 20-year timeframe – associated with oil and 
gas production on onshore Federal and Indian leases (Federal Register 2016). Another stated benefit 
of the rule was to reduce emissions of health-damaging volatile organic compounds (VOCs) and 
hazardous air pollutants (HAPs) that effect local and regional air quality (Federal Register 2016). 
These VOCs and HAPs include benzene, a known human carcinogen. 
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The 2016 BLM rule implemented reasonable, simple engineering, phased-in changes to reduce 
flaring, venting, and leaks during oil and gas production. One significant rescission of the 2016 rule 
was the removal of leak detection and repair because checking for leaks was “unnecessarily 
burdensome” (BLM 2018b). During the first year of implementation, repair of leaks would have 
reduced methane emissions by 51% and NMVOC emissions by 31% (BLM 2018b). Another 
requirement of the 2016 rule was to route vapor from storage tanks to a distribution line or to a 
combustion device. During the first year of implementation, this would have reduced methane 
emissions by only 4% but reduced NMVOC emissions by 41% (BLM 2018b). Changes required 
under the 2016 BLM rule would have reduced profit by the oil and gas industry by only 0.15% 
(Federal Register 2016). 

The oil and gas industry (Western Energy Alliance, the Independent Petroleum Association of 
America) and four states (Wyoming, Montana, North Dakota, Texas) filed motions for a preliminary 
injunction to stay the rule which was denied in January 2017 (BLM 2018c). However, in March 
2017, President Trump issued Executive Order (EO) 13783 entitled “Promoting Energy 
Independence and Economic Growth” to avoid “regulatory burdens that unnecessarily encumber 
energy production, constrain economic growth, and prevent job creation” (BLM 2018b) which 
initiated the process of largely rescinding the BLM rule.  

In October 2017, the BLM suspended compliance with the 2016 BLM rule and in September 2018 
formally rescinded virtually all portions of the BLM rule (Federal Register 2018) that would have 
reduced flaring, venting, and leaks during oil and gas production on Federal and Indian lands. In the 
Environmental Assessment (EA) for the 2018 BLM rescission of the 2016 BLM rule, the impact of 
the rescission on climate change was not considered because EO 13783 rescinded previous BLM 
references to the 2013 President’s Climate Action Plan, the subsequently issued Climate Action Plan: 
Strategy to Reduce Methane Emissions (March 2014), and the Council on Environmental Quality’s 
climate change guidance, entitled “Final Guidance for Federal Departments and Agencies on 
Consideration of Greenhouse Gas Emissions.”  

CONCLUSION 

Oil and gas development is associated with multiple human health hazards, risks and impacts via air, 
water and other environmental pathways. Given that oil and gas are fossil fuels, strong scientific 
consensus supported by decades of peer-reviewed research has confirmed that their production and 
use present significant climate risks.  

• While it is true that there are still some unanswered questions regarding the exact 
mechanisms of observed health impacts of oil and gas development, there is clearly enough 
information for decisionmakers to take - at a minimum - the following actions:  

• First, immediately implement the cost-effective approaches to methane and health-damaging 
VOC emission control (for example, leak detection and repair and increased vapor recovery) 
as was required under the now rescinded 2016 BLM Methane Rule.  
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• Mandatory increased distances between where oil and gas development occurs and where 
people live, work, recreate and play should be considered in permitting and regulatory 
decisions to protect public health. 

This testimony has been provided to inform the Subcommittee of the need for increased regulation of 
oil and gas development at the federal and state level. 

Again, I wish to thank members of the Subcommittee for the opportunity to speak on the issue of the 
human health dimensions of oil and gas development and climate change. 
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