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The Endocrine Disruption Exchange (TEDX) is a US 501(c)3 non-profit organization dedicated
to disseminating scientific evidence on the health and environmental effects of exposure to
chemicals that interfere with hormone (endocrine) action, otherwise known as endocrine
disrupting chemicals (EDCs). A major concern with endocrine disruptors is that they are
associated with adverse health effects at very low concentrations, particularly when exposure
occurs prenatally or in early childhood.

In 2005, TEDX became aware of the large number of chemicals used during unconventional oil
and gas operations (UOG; which includes drilling, hydraulic fracturing, and associated
activities). In 2011, we published the first peer-reviewed study identifying such chemicals as a
public health threat. We also made this research publicly available through an online database,
in order to inform stakeholders, including the public, advocacy groups, and government
agencies.

UOG utilizes horizontal drilling to penetrate tight geological formations (e.g. shale), and it uses
hydraulic fracturing (fracking) to create openings in the rock that release the target
hydrocarbons to the surface. Fracking requires millions of gallons of water and chemicals, and
thousands of pounds of proppants per well. In addition, UOG releases tons of polluting
chemicals into the air and produces millions of gallons of sometimes toxic wastewater over the
lifetime of a well.

As UOG unlocks vast shale resources in the US, it is contributing to the industrialization of rural
areas as well as encroaching on urban centers. Large populations are now exposed to harmful
chemicals where they live, work, and play. The frequent proximity of oil and gas facilities, such
as refineries, near minority or low-income residences is an environmental justice issue.
Research also suggests that UOG wells are disproportionately located in disadvantaged
communities. Further, certain subpopulations are more susceptible to the health harms of UOG,
including children, the elderly, and those with compromised immune function.



Before epidemiological research studies were conducted on the health effects of exposure to
UOG, TEDX identified 353 chemicals used during UOG and searched the literature for known
health effects of those chemicals. We found the following:

Nearly 75% could have skin/eye/sensory organ, respiratory, and gastrointestinal effects
Approximately 40-50% could affect the brain/nervous system, immune and
cardiovascular systems, and the kidneys

Over 30% could affect the endocrine system

25% could cause cancer and mutations'

More recently, the US Environmental Protection Agency (EPA) compiled a list of over 1000
chemicals used in fracking?. Elliott et al. analyzed these chemicals and found 49 were known,
probable, or possible human carcinogens®. A previous Elliott et al. study identified 95 fracking
chemicals potentially associated with adverse reproductive and developmental effects®. In
addition to chemicals introduced during the processes of drilling and fracking, UOG contributes
to air and water pollution by releasing chemicals into the environment from ‘native’ underground
sources. Now that nearly a decade has passed since TEDX’s first published study, over 200
original research papers have been published on the health effects of UOG. Much of that
research has been conducted in Colorado, a state hit particularly hard by the recent boom in
UOG.

Adverse Health Effects of UOG

Research on fracking and health is growing rapidly, as evidenced by TEDX's FrackHealth
Database, an online resource providing information on the peer reviewed studies of fracking and
various health endpoints®. Figure 1 displays the number of studies published each year,
including human, animal, and in vitro research, health impact assessments, and reviews. As of
August 2019, 200 studies are included in this database.
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Figure 1. Number of UOG peer-reviewed health studies by year of publication
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Colorado research

Public health scientists from the University of Colorado School of Public Health have published
numerous studies on possible health effects of living in close proximity to UOG. Two studies
published in 2019 consider the relationship between oil and gas operations and cardiovascular
function. The first study published by McKenzie et al. looked at intensity of oil and gas activity
near homes and cardiovascular disease in adults®. An association was found between
increased activity and several indicators of cardiovascular health (augmentation index, blood
pressure, inflammatory markers).

In the second study, McKenzie et al. used an intensity adjusted proximity model to estimate
maternal exposure from three months preconception through the second gestational month.
This nested case-control study used data from 3324 infants born in 34 Colorado counties with
active oil and gas operations. Results indicated higher congenital heart defects (pulmonary
artery and valve, aortic artery and valve, conotruncal, tricuspid valve) in babies born near oil and
gas activity, especially in rural areas’. This research built on a previous, 2014 study using a
retrospective cohort of 125K birth records in 57 rural Colorado counties, which showed a linear
relationship between well density/proximity and the likelihood of a baby having a congenital
heart defect, as well as an association with neural tube defects®.

In 2018, McKenzie et al. conducted a risk assessment demonstrating that both air pollutants
and acute and chronic health risks, such as neurological and development effects and cancer,
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increased with increasing proximity to UOG®. Earlier work from this team concluded that
residents living less than a half mile from wells were at greater risk of experiencing health
effects than those living further away'. In a case-control study of childhood risk, McKenzie et al.
concluded that children with acute lymphocytic leukemia were more likely to live near oil and
gas wells™".

Another Colorado risk assessment by Witter et al. in 2013 identified cancer, birth defects, and
exacerbation of chronic diseases like asthma, COPD and cardiac disease as possible long term
health effects of UOG. They also identified more immediate, probable health effects from air
emissions, including headaches and other neurological symptoms, and airway and mucous
membrane irritation'?. These immediate effects were supported by symptoms of residents living
within a half mile of well development, as reported in the Colorado Oil and Gas Conservation
Commission inspection/incident database.

Evidence from other states

Evidence from other states support the findings in Colorado. In addition, many studies assessed
different endpoints, such as hospitalizations, respiratory effects, and acute symptoms.

Birth outcomes
In addition to the two studies from Colorado reporting increased birth defects in UOG exposed
offspring, eight studies from other states identified significant associations including altered birth
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weight'®'41% small for gestational age'®"’, infant mortality'®'°, preterm birth?%2'2223 and birth
defects®. An additional study found no associations®. Some of these outcomes, such as
preterm birth and small for gestational age, have been associated with learning disabilities,
lower 1Q, and behavioral problems in children as they mature. These retrospective studies only
report the conditions apparent at birth. The longitudinal research required to follow a child’s
development is rare, as it is costly and time consuming to conduct.

Hospitalizations

There are five studies suggesting an association between increased hospitalization rates and
living near fracking operations. Respiratory complaints (asthma, pneumonia, general complaint)
were the most common cause for hospitalization®2"28, Additional research reported positive
associations between well density and genitourinary hospitalizations®=°, as well as inpatient
prevalence rates for cardiovascular, neurological, and dermatological conditions, and oncology
visits®'.
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Respiratory system

Impacted respiratory function can occur immediately with acute exposure to UOG activity.
Residents exposed to high levels of UOG activity, as determined by well data, had increased
odds of asthma exacerbations®. A related study by Koehler et al. looked at additional activity
metrics (compressor stations, impoundments, flaring events) and confirmed an association with
asthma exacerbations*®. Respiratory symptoms reported by residents living near UOG include
coughing, wheezing, shortness of breath, and increased prevalence of asthma3+3%%6:37,

Other health effects

Studies of self-reported conditions in residents living in close proximity to UOG include a variety
of other symptoms as well. Examples include neurological symptoms (headaches, dizziness,
and seizures), dermatological conditions (rashes, burning or itchy skin, and dermatitis),
cardiovascular effects (irregular heartbeat, high blood pressure, and heart palpitations), and
other symptoms (nosebleeds, nausea, eye irritation, muscle aches, and fatigue)®®:39:4041:42:43.44.435

Laboratory research

Laboratory research is a critical component of the total body of evidence available to answer the
question of whether UOG affects human health. It is used precisely because it helps scientists
predict human outcomes in the natural environment and can lend support to findings from
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epidemiological studies. In particular, it can address the limitations of such research with regard
to exposure timing (e.g. during prenatal development), dose, and control of covariates.

In laboratory experiments using rodent models, exposure to UOG chemicals resulted in
numerous adverse impacts. Specifically, male rodents exposed prenatally to a mixture of
chemicals used during hydraulic fracturing were shown to have increased testosterone,
decreased sperm counts, and heavier testes and thymus*®. Effects in female rodents included
hormone suppression, changes in uterine, ovary, heart, and body weights, and disrupted
ovarian folliculogenesis*’. Additionally, recent research found altered mammary gland
development*®, impaired immune system development and function*®, and altered adult energy
expenditure®®®" in prenatally exposed female mice.

Other species provide supporting evidence as well. Zebrafish embryos exposed to
flowback/produced water had increased embryo deformations and mortality, reduced metabolic
rates, and altered cardio-respiratory gene expression®%, and juveniles exposed embryonically
had decreased metabolic rates and fitness®*. Exposure in juvenile rainbow trout showed
adverse impacts to multiple pathways, including biotransformation and oxidative stress
pathways, and potential endocrine disruptive effects®. Finally, exposure of Daphnia to
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flowback/produced water resulted in decreased reproduction and altered gene expression®® and
physical immobility®’.

Research using in vitro assays also supports the laboratory and epidemiological findings. For
example, studies of chemicals detected in water collected near UOG operations, such as spill
sites and surface water near wastewater injection sites, were shown to have hormone activity in
estrogen, androgen, progesterone, glucocorticoid, and thyroid hormone receptor assays®°.
Altered hormone activity was also found in extracted groundwater samples near UOG sites in
Wyoming®®. One study of wastewater samples demonstrated dose-dependent toxicity in human
and rat cells, altered gene expression, and impaired cell behavior, with some effects at very low
concentrations®'. A study using Marcellus Shale flowback water induced malignant cell
transformation in vitro®?. Most recently, fracking chemicals, wastewater, and surface water
collected near UOG activity spurred fat cell development and proliferation in mouse cells®.

Notably, many of the effects described above were found in developing organisms (i.e. via
prenatal exposure), are related to the endocrine system, and occurred at low exposure
concentrations. This highlights the importance of assessing impacts on the endocrine system
with regard to UOG exposure. Such effects can have widespread and long lasting implications
for overall health.

Indirect health impacts

In addition to the effects from chemical exposure, there are also non-chemical stressors,
including noise pollution, traffic, and other community impacts, that could be affecting health on
their own or in combination with chemical exposure. Also, risks from fires or explosions on well
pads pose a safety issue that is not well studied®*®.
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Noise

There is a growing body of evidence that UOG activities produce noise at high enough levels
that it may be harmful to health. Researchers documented noise levels at a residential UOG site
in the Denver-Julesburg Basin where noise mitigation measures were in place. They found both
daytime and nighttime levels exceeding 50 dBA, a threshold above which adverse health effects
may be seen®®. Additionally, noise levels were measured during different phases of
development (drilling, fracking, flowback, production) and exceedances were found during all
four phases®’. Environmental noise exposure has been associated with annoyance, sleep
disturbance, and cardiovascular disease®.

Traffic

Increased volume of traffic at oil and gas locations is a big concern for nearby communities. The
risk of injury rises with increased trucking activity. One Colorado study recorded nine heavy
truck trips per hour, 24 hours a day, in a residential area during the fracking phase alone®®. Data
shows that Colorado counties with increased oil and gas operations have more trucking
accidents per capita than those with less activity, with higher populations and well density
impacting injury numbers™. Associated air and noise pollution from diesel trucks affects
individuals living near well pads as well as those living along access roads.

Socio-environmental stress

Many social stressors are brought on by the underlying uncertainty surrounding oil and gas
development, especially in areas with no previously existing extraction activities. Concern over
quality of life, health effects, environmental contamination, and property values begin when
drilling is proposed, and conflicting information around these impacts can lead to stress and
community tension’"’?. Residents in Battlement Mesa Colorado reported increased anxiety and
depression as well as negative community impacts (increased crime and sexually transmitted
disease) during a previous natural gas boom”®.
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Environmental Pollution

The population exposed to environmental pollution associated with UOG is not limited to the
frontline communities living near UOG sites. Air and water pollution can occur throughout the
UOG extraction and supply chain, with local, regional, and even global impacts.

Air pollution

Numerous studies attest to the fact that UOG creates air pollution. A recent study identified 61
Hazardous Air Pollutants (HAPs) associated with upstream oil and gas operations (drilling,
fracking, production)’. Fifteen were measured in Colorado. The US EPA defines HAPs as
chemicals known or suspected to cause cancer or other serious health effects. In addition to
HAPs, many endocrine disrupting chemicals have been detected near upstream operations. A
TEDX review of 48 peer-reviewed studies reported over 200 chemicals in the air’®. Thirty-four of
these chemicals are EDCs, shown to impact hormone function or hormone mediated outcomes.
Benzene, ethylbenzene, toluene and xylenes (BTEX) were among the top 10 most frequently
found chemicals. They are HAPs, with well known respiratory, cardiovascular, neurological and
carcinogenic, and endocrine disrupting effects. Ten of the studies in our review sampled the air
in Colorado, with eight being in the Denver-Julesburg Basin (detecting approximately 76
chemicals).

Atmospheric research conducted on the Front Range provides some of the most compelling
evidence for UOG related air pollution”®’"8° For example, multiple studies from National
Oceanic and Atmospheric Administration researchers, collecting top-down emission
concentrations, found high levels of non-methane volatile organic compounds and traced it to
UOG extraction. Air pollution from UOG development in rural locations in Colorado has also
been studied, identifying dozens of toxic chemicals®®? .

4 Garcia-Gonzales DA, Shonkoff SBC, Hays J, Jerrett M. 2019. Hazardous air pollutants associated with upstream oil and natural
gas development: A critical synthesis of current peer-reviewed literature. Annu Rev Public Health 40(1):283-304, doi:
10.1146/annurev-publhealth-040218-043715.
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look at methane and nonmethane hydrocarbon emissions from oil and natural gas operations in the Colorado Denver-Julesburg
Basin. J Geophys Res Atmos 119(11):6836-6852, doi: 10.1002/2013JD021272.

& Swarthout RF, Russo RS, Zhou Y, Hart AH, Sive BC. 2013. Volatile organic compound distributions during the NACHTT
campaign at the Boulder Atmospheric Observatory: Influence of urban and natural gas sources. J Geophys Res Atmos
118(18):10,614-610,637, doi: 10.1002/jgrd.50722.

80 Colborn T, Schultz K, Herrick L, Kwiatkowski C. 2014. An exploratory study of air quality near natural gas operations. Hum Ecol
Risk Assess 20(1):86-10, doi: 10.1080/10807039.2012.749447.
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Ozone

Many air pollutants associated with UOG are ozone precursors, volatile organic compounds
(VOCs) that mix with nitrogen oxides (NOXx) in sunlight to form ozone. UOG emits both VOCs
and NOx. Once emitted, these compounds can travel downwind, contributing to ozone formation
in cities near shale plays. In Colorado, this has led to both urban and rural areas being out of
compliance with current US standards®®84_ A report by the Clean Air Task Force quantified the
health impacts from ozone produced by the US oil and gas sector. They attributed over 25,000
summertime asthma attacks in Colorado children per year to oil and gas related ozone pollution
with predicted cases exceeding 32,000 per year in 2025%°. Similarly, 2025 models estimate 70
premature deaths per year in Colorado based on oil and gas ozone and PM2.5 emissions®.

Even relatively low levels of ozone can cause health effects in humans. In the short term, ozone
can cause coughing, difficulty breathing, and sore throat. It can also make the lungs more
susceptible to infection and can continue to damage the lungs even when the symptoms have
disappeared. In the long term, ozone can inflame and damage the airways, aggravating lung
diseases including asthma, emphysema, and chronic bronchitis®”. Children are particularly
vulnerable because their lungs are still developing until about age 18, and they don’t process
chemicals as efficiently as adults because theirimmune and metabolic systems are not fully
developed. As their lungs grow in the presence of ozone, children may suffer from decreased
lung function and immune response making them more susceptible to lung infections®®. Women
exposed to higher ozone during pregnancy have been shown to deliver preterm, low birth
weight babies with decreased lung function®.
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Water pollution

UOG operations can contaminate ground and surface water through multiple pathways such as
faulty well casings, spills, and leaks®*®'. Spills and leaks of fracking chemicals and produced
water occur on pads, and also during transport of fluids to and from the well site and during
disposal. Spill data from over 30,000 wells across four states reported hydrocarbon spills at 2-
16% of wells each year, most within the first few years when production volumes are highest.
Colorado alone accounted for 476 spills, many from wells reporting more than one spill*2.

Wastewater

It is estimated that over 900 billion gallons of wastewater are generated each year from oil and
gas production in the US®. This includes the initial flowback of the fracking fluid as well as the
produced water that surfaces for the life of the well. Current management and disposal practices
include deep well injection, storage in impoundments, recycling for reuse in UOG, and treatment
in industrial or municipal facilities®. There is limited reuse of wastewater outside of oil and gas
production (beneficial reuse), but interest is mounting in Colorado. Wastewater has been used
in some states for crop irrigation, livestock watering, and road spreading for dust suppression or
deicing®°.

TEDX participated in a review of 101 studies identifying over 1000 chemicals in UOG
wastewater (flowback and/or produced water) from onshore oil and gas production®”. Twenty-
one studies reported wastewater constituents in Colorado including carcinogens and
EDCs*%1% The majority of the identified chemicals have no toxicological hazard data, so risk
estimates may be based on only a few well-studied chemicals. For example, naturally occurring
radioactive materials (NORM) are a known component in wastewater, including the carcinogen
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radium. Long-term exposure to radium, as well as exposure to other chemicals of concern in
UOG wastewater including benzene, polycyclic aromatic hydrocarbons, and heavy metals, can
increase excess lifetime cancer risk'". Based on this limited knowledge, caution should be used
in exploring options to re-use UOG wastewater, particularly in light of the many more millions of
people who will then be at risk.

CDPHE Review of the Evidence

The evidence presented thus far is overwhelmingly in support of numerous health hazards and
risks from UOG. In fact, a recent review found only two studies since 2000 failed to find
significant health effects associated with UOG'®?. However, in 2019 the Colorado Department
of Public Health and Environment (CDPHE) published a review of the epidemiological evidence
and claimed there was only “limited evidence” of harmful health effects'®. Unfortunately, their
conclusions were compromised by severe flaws in their application of systematic review
methods.

As recognized by the CDPHE authors, systematic reviews are the gold standard for answering
research questions in clinical medicine and have recently been adapted by the US National
Toxicology Program and others'**'% to accommodate features unique to environmental health.
However, the authors chose not to follow the adapted frameworks in at least two critical steps.

One, despite the fact that adapted frameworks specifically state that observational studies in
environmental health should begin with a moderate certainty rating when assessing evidence of
an effect'®® CDPHE chose to use a baseline rating of low certainty. Had studies been
accurately characterized as moderate quality at the start, it is highly likely the authors’ overall
conclusions would have been very different. Two, they used a study quality scoring system that
is invalid according to the National Toxicology Program. Scoring systems are not advised
because they are affected by the number of questions used, which is arbitrary, and by the
assumption that all questions are weighted equally. Most frustrating is that the authors were
aware of this, as written in their limitations section, yet failed to apply readily available valid
methods.

Further, if CDPHE had followed approved systematic review methods, they would have
published their protocol online a priori, providing an opportunity for systematic review experts to
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improve their methodological approach. TEDX has participated in worldwide collaborations to
develop systematic review methods and has published several peer-reviewed systematic and
scoping reviews. We would have welcomed the opportunity to comment. In addition to providing
the above input, we would have urged CDPHE to include the growing body of animal and
mechanistic studies in the review, which is a key feature of systematic reviews in environmental
health.

Colorado has been a frontrunner in producing the strongest science available on the impacts of
UOG on health and the environment. It is very concerning that the Colorado health department’s
scientifically compromised review of the evidence could have damaging repercussions on the
ability of the state to protect its citizens from the harmful effects of UOG.

In sum

The current body of scientific evidence indicates that people are at risk for health effects from
UOG. ltis likely that risk is underestimated, given that these studies do not account for all
possible chemical interactions, vulnerabilities of sensitive populations (e.g. infants), or outcomes
that may arise long after initial exposures. Amplifying this risk is the fact that in many areas,
UOG is now being conducted in close proximity to large populations, bringing it closer to more
people in their homes, schools, hospitals, and businesses. A recent study demonstrated that in
the US alone, 17.6 million people live within 1,600 m (~1 mi) of at least one active oil and/or gas
well'” including at least 6% of the Colorado population'®. Efforts to find uses for UOG
wastewater, such as dust suppression or deicing of roads, similarly threatens to expose a
greater number of people to the hazards of UOG.

Further, the scale of UOG operations is growing, posing threats to even more people. As the
industry has evolved, the number of wells per unit area has increased, with up to 50 horizontal
wellbores that can now extend two miles in any direction. These large capacity well pads require
more chemicals, water, sand, and truck trips, and produce more waste. Compared to
conventional wells, this can be as much as 50 times more water and associated fracking
chemicals - up to 20 million gallons per well. Thousands of tons of sand must be mined and
transported to the pad, and millions of gallons of hazardous wastewater must be transported off
the pad, stored, and disposed. Industrial activity on the well pad now lasts for months or years,
leading to increased air pollution from diesel and truck engines. Larger scale operations mean
higher risk of spills, water contamination, air pollution, truck hazards, etc.

Due to these concerns, states and localities across the country are asking what is a safe
distance for UOG in relation to human activity. The answer is ultimately a question of how much
risk one is willing to accept. As of yet, there is no scientific basis for a gradient of safe distances.
Significant health effects have been demonstrated at distances up to 3,280
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feet!09110.111.112113.114 1 3 review published in 2016, Haley et al. concluded that even the most
protective setbacks, up to 1500 feet among the three states evaluated (PA, TX and CO), are not
sufficient'®. Unfortunately, it could be decades before we have conclusive evidence of how
close is too close. Meanwhile, the health and well-being of entire communities continues to be
threatened. In the interest of the people of the state of Colorado, and as a model for the nation,
we urge you to make the most health protective decisions possible.
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