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Appendix G
VOCs Form Ground‐Level Ozone, or Smog, that Harms Human Health
Ozone forms when VOCs and oxides of nitrogen (NOx) react in the presence of heat and
sunlight. This process becomes more pronounced in the summertime.
A longstanding body of scientific research, including numerous EPA assessments, demonstrates
that exposure to ground‐level ozone harms human health. In its 2013 Integrated Scientific
Assessment for Ozone, EPA concluded that “a very large amount of evidence spanning several
decades supports a relationship between exposure to [ozone] and a broad range of respiratory
effects.” 2013 Final Report: Integrated Science Assessment of Ozone and Related Photochemical
Oxidants (“ISA”) (EPA/600/R‐10/076F) at 1‐6. These effects range from decreases in lung
function among healthy adults to increases in respiratory‐related hospital admissions and
emergency room visits, to premature death. Id. at 6‐131 to 6‐158, 6‐162 to ‐163.
Multiple studies across various states (California, Georgia, North Carolina), counties (Maricopa
County, AZ; Erie County, NY) and cities (Seattle, New York, Newark, Atlanta, Houston, Dallas,
San Antonio, Austin, Indianapolis, St Louis) have found that changes in ozone concentrations
were associated with higher asthma emergency room visits, most at concentrations below the
current standard.1 It is estimated that up to 11% of all asthma Emergency Room visits in the
United States are attributed to ozone.2 According to the Centers for Disease Control and
Prevention, asthma affects 25 million Americans and results in 1.7 million emergency room
visits, 9.7 million visits to the physician and 188 thousand hospitalizations. CDC, Most Recent
National Asthma Data.3 Asthma costs the U.S. economy more than $80 billion annually in
medical expenses, missed work and school days and deaths.4
Ozone pollution is particularly harmful for vulnerable populations, such as children, people with
respiratory diseases or asthma, older adults, and people who are active outdoors, especially
outdoor workers. ISA at 1‐8. Children with asthma also face heightened risks from ozone
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exposure. Many studies have demonstrated that children with asthma experience decrements
in lung function and increases in respiratory symptoms when exposed to ozone pollution.5
EPA concluded that there is a causal relationship or likely causal relationship between both
short‐ and long‐term ozone exposure and a broad range of harmful respiratory effects in
humans. ISA at 1‐5–1‐8, Table 1‐1. Short‐term exposure is defined as hours, days, or weeks, and
long‐term exposure is measured in months to years. Id. at 1‐4.
Short‐term exposure to ozone can have critical health implications. For instance, there is
evidence of an association between out‐of‐hospital cardiac arrests and short‐term exposure to
ozone, as reported in Ensor, et al., 2013.6 Time scales of exposure up to three hours in duration
and also at the daily level on the day of the event were significant. Other studies indicate higher
rates of stroke in populations following higher exposures to ozone. A study in Pennsylvania that
used a time‐stratified case‐crossover analysis to evaluate the relationships between stroke
hospital admissions and ozone, among 26,219 patients in Allegheny County, PA, between 1994
and 2000 found that exposures to ozone on the current day increased the risk of total stroke
hospitalization.7 Another study in Nunces County, Texas evaluated associations with incident
stroke and stroke severity with cases identified in the Brain Attack Surveillance in Corpus Christi
project between 2000 and 2012 and found elevated risk of having a first stroke with higher
ozone concentrations in the preceding 2 days. Effect measure estimates were not changed in a
model that included PM2.5.8 This is supported by two independent meta‐ analyses of multiple
studies.9,10 This evidence augments the long‐standing body of literature demonstrating the
serious impacts from short‐term exposure to ozone pollution, including the increased risk of
premature death. ISA at 1‐14 (concluding that there is “likely to be a causal relationship
between short‐term exposures to [ozone] and total mortality”). EPA has recognized that
positive associations have been reported between “short‐term [ozone] exposures and
respiratory mortality, particularly during the summer months.” EPA, National Ambient Air
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Quality Standards for Ozone, 80 Fed. Reg. 65,292, 65,307 (Oct. 26, 2015); see also ISA 6‐220 to
6‐221.
Long‐term exposure likewise has critical health implications. EPA has concluded that there is
“likely to be a causal relationship between long‐term exposure to [ozone] and respiratory
effects.” ISA at 1‐8. Similarly, EPA notes that “recent evidence is suggestive of a causal
relationship between long‐term [ozone] exposures and total mortality.” Id. Some longitudinal
studies have further demonstrated that “long‐term [ozone] exposure influences the risk of
asthma development in children.” ISA at 7‐2.
A recent study of almost 61 million Medicare patients conducted nationwide indicates a
significant association between short and long term ozone exposure and all‐ cause mortality,
with effects strongest in minorities and those of low socio‐economic status. These effects were
seen at ozone concentrations well below the current standard of 70 ppb.11,12
Health effects other than cardiovascular or respiratory are also likely. A 2017 study suggested
that ozone exposure may be linked to approximately 8,000 stillbirths per year.13 Prolonged
exposure to ozone may also accelerate cognitive decline in the early stages of dementia.14
There is now accumulating evidence that suggests that ozone exposure during pregnancy can
result in Autism Spectrum Disorders among children.15,16
In 2015, EPA strengthened the national health‐based standard for ground‐level ozone, lowering
the standard from 75 parts per billion (“ppb”) to 70 ppb.17 The record for that rulemaking,
however, along with subsequent scientific studies, demonstrates that health effects can occur
at much lower levels, especially in sensitive populations. For that reason, EPA’s independent
scientific advisors recommended that the agency establish the standard in the range of 60–70
ppb. Many health and medical associations suggested that lower standards may be
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appropriate.18 EPA has issued designations for counties under the 2015 ozone standards. EPA,
Air Quality Designations for the 2015 Ozone National Ambient Air Quality Standards, 82 Fed.
Reg. 54,232 (Nov. 16, 2017); Additional Air Quality Designations for the 2015 Ozone National
Ambient Air Quality Standards, 83 Fed. Reg. 25,776 (June 4, 2018); Additional Air Quality
Designations for the 2015 Ozone National Ambient Air Quality Standards—San Antonio, Texas
Area, 83 Fed. Reg. 35,136 (July 25, 2018).
According to EPA calculations, there are over 120 million people living in ozone non‐attainment
areas in the U.S19 and there is evidence that adverse health effects are being seen at lower
concentrations too. These unhealthy levels of ozone air quality can result in acute respiratory
illness and other damaging health outcomes.
The Oil and Natural Gas Sector Is a Substantial Source of Smog‐Forming
Emissions
The oil and natural gas sector is a substantial source of smog‐forming emissions. According to
EPA’s most recent National Emissions Inventory (NEI), “Oil and Gas Production” is the largest
source of human‐caused VOCs nationally.20 Regional analyses likewise underscore the
significant ozone‐forming emissions from these sources, including work in the Uinta Basin in
Utah,21 the Barnett Shale in Texas,22 and in Colorado.23
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Studies and analyses have linked ozone formation to emissions from oil and gas development.
For example, a recent study by NOAA scientists at the Cooperative Institute for Research in
Environmental Sciences (“CIRES”) found that, on Colorado’s Northern Front Range, oil and gas
operations contribute roughly 50% to regional VOC reactivity and that these activities are
responsible for approximately 20% of all regional ozone production.24 Another study analyzing
ozone impacts associated with unconventional natural gas development in Pennsylvania
concluded that “natural gas emissions may affect compliance with federal ozone standards,”25
and an analysis in the Haynesville Shale in Texas found that emissions associated with projected
future production from the oil and gas sector could be responsible for as much as a 5 ppb
increase in 8‐hour ozone design levels.26 There are also well‐documented connections between
oil and gas development and ozone formation in Wyoming’s Upper Green River Basin and
Utah’s Uinta Basin, among others.27
EPA’s Failure to Adopt Methane Guidelines Allows Substantial Harmful Ozone‐
Forming Pollution
Analysis completed by Dr. Renee McVay and Hillary Hull found that over 90,000 wells that
would be subject to Methane Guideline are located in areas that are not in attainment with the
2015 ozone standard.28 These wells emit 160,000 tons of VOCs annually.
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Many Americans live in counties that experience unhealthy levels of ozone pollution. These
counties have existing wells that will be able to emit harmful pollution if EPA continues to delay
the promulgation of Methane Guidelines. Nationwide, it is estimated that almost 18 million
people live within 1 mile of at least one active oil and/or gas site.29
Analysis carried out by the Clean Air Task Force found that 2,000 asthma‐related emergency
room visits and over 600 respiratory related hospital admissions nationally were due to ozone
smog resulting from VOC and NOx emissions from oil and gas. Additionally, children miss
500,000 days of school each year due to poor health associated with smog pollution.30 A recent
study published by scientists at EPA found that oil and gas emissions in 2025 could be
attributed to cause 1,900 deaths in that year alone.31
These impacts can disproportionately affect minority communities living in the vicinity of the oil
and gas activity. For example, in Texas, there are over 800,000 Latinos living within half a mile
of an oil or gas well, in Colorado nearly 3 out of 10 people living near a well are Latino, and in
California 2 out of 5 people living in close proximity to a well are Latino.32
EPA’s failure to adopt Methane Guidelines will allow additional emissions of smog‐forming
pollutants in these areas and communities already burdened with unhealthy levels of ozone
pollution. This added pollution enhances the risk of near‐term harm to children, older adults,
those suffering from respiratory diseases such as asthma, low income populations, outdoor
workers, and others recreating outdoors.
Oil and Natural Gas Operations Emit Hazardous Air Pollutants like Benzene,
a Known Human Carcinogen
Oil and natural gas operations also emit several different hazardous air pollutants (“HAP”) from
equipment leaks, processing, compressing, transmission and distribution, and storage tanks.
HAPs emitted from oil and gas operations include benzene, a known carcinogen. In issuing the
New Source Rule, EPA recognized the negative health and welfare consequences of HAPs
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emitted from oil and gas extraction and the health benefits the Rule provides by reducing HAP
emissions in addition to methane and VOC emissions.33
There is no safe level of human exposure to many of the toxic pollutants released as a result of
oil and gas extraction. Exposure to HAPs can cause cancer and seriously impair the human
neurological system. For example, EPA has found that benzene, found naturally in oil and gas, is
a “known human carcinogen (causing leukemia) by all routes of exposure, and… that exposure
is associated with additional health effects, including genetic changes in both humans and
animals.”34
Further, a “number of adverse noncancer health effects including blood disorders, such as
preleukemia and aplastic anemia, have also been associated with long‐term exposure to
benzene.”35 Along with benzene, EPA has also catalogued the harmful effects of other specific
air toxics emitted from oil and gas operations, including toluene, carbonyl sulfide,
ethylbenzene, mixed xylenes, n‐hexane, and other air toxics.36 Each of these hazardous
pollutants is harmful to human health. For example, the serious health effects associated with
exposure to toluene range from the dysfunction of the central nervous system to narcosis, with
effects “frequently observed in humans acutely exposed to low or moderate levels of toluene
by inhalation.”37
Recently, the Colorado Department of Public Health and Environment and consulting firm ICF
released a Quantitative Human Health Risk Assessment based on advanced air pollution
modeling.38, 39The study estimated exposures from specific oil and gas activities including
drilling, fracking, flowback and production, over different time durations (acute/worst case‐
scenario exposure, multi‐day exposure, and long‐term chronic exposure over years), from
different sized well pads (one, three and five acres), and different basins in the state. Calculated
33
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population exposures were compared against established health‐based guideline
concentrations (considered safe) at increasing distances from the well pad.
The study found elevated lifetime cancer risk from benzene exposures from production
emissions alone, and all activities combined (drilling, fracking, flowback and production), were
associated with an increased lifetime risk (above one in a million) of leukemia for the average
individual at 500 feet; as well as risks in the most exposed populations (people who live
downwind and spend more time outdoors) only dropped below the one‐in‐a‐million risk
threshold after a distance of 2000 feet. Nearly 240,000 Coloradoans living within 2000 ft of an
oil and gas well pad.
The study also found non‐cancer health risks, including that benzene and 2‐ethyltoluene
emissions resulted in maximal one hour (acute) exposures higher than considered safe for most
simulated populations 500 feet away and exposures of benzene were more than 10 times
higher than considered safe for this acute exposure and are a risk for blood disorders. Blood
disorders could result in anemia, disturbances in clotting or the ability to fight infections, and
could manifest as fatigue, nose bleeds or infections. The study also found the potential for
neurotoxic effects, such as headaches, blurred vision and dizziness, from combined acute
exposures of benzene and 2‐ethyltoluene. Risks were seen with acute exposure in every age
group assessed. Exposures and risks during the flowback stage were found to be higher than
those from other drilling and fracking activities. Specifically, long term exposure to multiple
VOCs (n‐nonane, benzene, m+p‐xylene, and trimethylbenzenes) during prolonged flowback
activities in large well sites resulted in elevated risks for neurotoxicity and blood disorders.
Many Americans live in very close proximity to these wells. These Americans will be exposed to
additional hazardous air pollutants, increasing their risk of experiencing adverse health
outcomes.
Recent Studies Suggest Proximity to Oil and Gas Development Is Associated
with Adverse Health Outcomes
In addition to the threats to public health posed by exposure to HAPs and ozone, new studies
document associations between proximity to nonconventional oil and gas development and
human health effects. While these studies do not evaluate concentrations of specific air
pollutants, they document health effects that are consistent with exposure to smog and
hazardous air pollutants.
Air pollutants associated with oil and gas operations are known to cause serious health impacts
in sensitive populations such as pregnant women, babies, and children. Studies have
documented that living near natural gas wells is associated with lower birth weight babies40 and
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preterm birth.41 Other studies have found an association between oil and gas proximity and
congenital heart defects in infants.42 Congenital heart defects (CHDs) are the leading cause of
death due to birth defects.43 A 2014 Colorado study found that babies whose mothers had large
numbers of natural gas wells within a 10‐mile radius of their home had an increased risk of
birth defects of the heart, compared to babies whose mothers had no wells within 10 miles of
their home.44 A 2019 follow‐up study by the same research team fortified these results.45
Perhaps most notably, a recent study of over 1.1 million births in Pennsylvania demonstrated
evidence for negative health effects (including low birth weight) from in utero exposure to
fracking sites within 3 kilometers of a mother’s residence, with the largest health impacts seen
for in utero exposure within 1 kilometer of oil and gas sites.46
Other studies also document correlations between proximity to oil and gas drilling and human
health effects in otherwise healthy populations. This emerging body of scientific literature
includes several new studies documenting negative human health impacts based on proximity
to oil and gas wells. For example, a study from 2016 demonstrated that oil and gas well
proximity was correlated with an increase in the likelihood of asthma exacerbations, including
mild, moderate, and severe asthma attacks.47 A 2015 study documented increased
hospitalization rates in counties with a high density of oil and gas wells.48 Similarly, other
41
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(Mar. 2016), available at https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4738074/.
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International (July 28, 2019), available at https://www.sciencedirect.com/science/article/pii/S0160412019315429.
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46
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American Association for the Advancement of Science (Dec. 1, 2017), available at
advances.sciencemag.org/content/3/12/e1603021.
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studies, including a 2017 study, have demonstrated an increase in the reporting of nasal, sinus,
and migraine headaches, and fatigue symptoms in areas with high volumes of oil and gas
drilling.49
A 2018 study in Colorado found that communities living in close proximity to oil and gas activity
had higher measured exposures to HAPs and face increased risks to their health, including a
heightened risk of cancer.50 The study found that the lifetime cancer risk was 8.3 per 10,000
people for populations living within approximately 500 feet of oil and gas activity, above EPA’s
allowable risk. The study also found elevated levels of acute and chronic blood system and
developmental risks, and acute nervous system risks for the same population. Benzene
exposures contributed to 80‐95% of risks across the different health effects.
While this literature is developing, it substantiates that people living in close proximity to oil
and gas development are exposed to air pollution from these sources and experience acute,
adverse, and often near‐term health impacts.
Conclusion
As long as EPA fails to issue Methane Guidelines for existing sources in the oil and gas sector,
these sources will continue to emit harmful methane, VOC and HAP pollution that would
otherwise be abated. Individuals exposed to these emissions face a higher risk of adverse
health effects, including acute and immediate respiratory ailments like asthma and enhanced
risk of longer term, deleterious health effects associated with toxic pollution exposures.
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