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Dear Secretary Bose,

My name is Mark Salisbury and I live in Temple, New Hampshire. I own and operate a grass fed
beef cattle farm that has been in my family since 1941.This is my family's home and place of
business. My property abuts the land where the proposed compressor station is to be built in

New Ipswich, NH.

I have received documentation from the New Hampshire Department of Environmental Health
Services stating that there will be 50+ chemical emissions from the compressor station as noted
in the attached document (Southwest Pennsylvania and Compressor Stations Environmental
Health Impact Project —Summary on Compressor Stations and Health Impacts —February 24,
2015).

My cattle will be grazing within 500 feet of this proposed site and I have concerns that I would
like to bring to your attention:
What will the emissions do to my cattle?
What kind of chemicals will be released - not just in the air, but in the soil as well?
What will these emissions do to my cattle?
How will they affect the people that eat the beef and the people that live around here?

In the other attached document please find the results from research into these questions. This
report (Impacts of Gas Drilling on Human and Animal Health) details the known effects of the
emissions and pollution from compressor stations on both people and livestock. In other words
—my family and my livelihood!
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My customers have already stated that if this proposal goes through, they will no longer buy my
cattle or my hay. If this happens, I will suffer complete financial ruin, being as this farm and my
cattle are my only source of income.

This will be largest compressor station on the pipeline. With all the noise and the emissions
coming from the compressor station, this will have an extreme negative effect on the children
that attend the elementary school across the street as well as my cows.

The school is downwind of the proposed compressor station and will be directly in line with the
exhaust plume from the general running of the station and the expelled gases during "blow
downs.
Also, the school gets it water supply from a reservoir that is fed by a stream originating on the
site of the proposed compressor. As the construction site is intended to be placed on a
brownfield site, heavily polluted with lead, the disturbance of the topsoil involved in the
construction phase, will leach lead directly into this stream and consequently into the school's
water supply. It should be noted that the same reservoir is also the water supply for the nearby
town of Greenville.

The prospect of an industrial size compressor in our quite, agricultural sunoundings, running
24/7 is appalling. This will totally destroy the peace we have come to regard as the natural state
of our small community.

So —to summarize- we are faced with noise, chemical emissions, a threat to the water supply of
our farm, the school, and the next town all for the profit of a remote, huge corporation with a
known record of poor maintenance to its pipelines and compressors. In addition to all this it

would seem most likely I would lose both my cattle and farm and the land would be ruined for all

future agricultural use.

Can you imagine living next to a compressor station that is running 24/7?

All I ask is that you please take the time to read the attached documents. I know they are not an
exciting read, but there is a lot of relevant information there about what can and will happen to
the surrounding area if this pipeline is approved.

Thank you for your time and consideration.

Mark Salisbury
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Summary on Compressor Stations and Health Impacts
February 24, 2015

Compressor station emissions
Compressor station emissions fall into two categories: construction emissions and
operational emissions. Within operational emissions there are three types that warrant
individual attention —blowdowns, fugitives and accidents. This document provides
perspective on the aptness of the method of estimation (in tons per year) and need for
further detail about the VOC and PM estimated emissions to better consider health risk.

Compressor construction and operational phases are generally projected to produce
emissions below the NAAQS standards. They are presented in tons per year. This

measure of emissions is used for NAAQS purposes which determines the air quality
designation over a region and over long periods of time. The problem posed by
estimating tons of contaminants emitted per year is that over the course of a year
emissions will vary, often greatly. As phases of construction and operation change so
will emissions content and concentrations. For a resident living near a compressor
station, the concern is not simply PM2.5 emisslons over the course of a year, but is

PM2.5 emisslons during the peak construction time when it's at its most Intense.

Even during normal operations compressor stations have been shown not to emit
uniformly ("blowdown" and accident events will be discussed separately).'he
measurement tons per year, while common in the industry and common in the
environmental field where regional air quality is at issue, is not an appropriate measure
to determine individuals'ealth risks which increase during episodes of high exposures.

Table 4 shows the day to day and morning to evening variability in emissions at one
compressor station near Hickory, Pennsylvania. It comes from a Pennsylvania

Department of Environmental Protection. We present this case to show documentation
of fluctuations not captured by averages.'ote how much relevant emissions
information is lost when relying on averages, even of just three days. When extending
this logic across a year, there is little doubt that there will be times of high levels of
contaminants released and these high levels can increase health risks to residents. It is
also notable that the EPA inhalation reference concentration (RfC) for ethylbenzene is 1
mg/mg (equivalent to 1,000 ug/m3).'ome of the reported emlssions exceed this
standard of health safety.

4198 Washington Road Suite 5, McMurray, PA 15317
Office: 724.260.5504 Cell: 724.249.7501
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3 day
average

6,770

2,623
7,746

Table 1.Vadation In ambient air measurements of five VOCs near a compressor
station reported In ug/m

~'hemicalMay 18 May 19 May 20
morning evening morning evening morning evening

Ethyl- No No 964 2,015 10,553 27,088
benzene detect detect
n-Butane 385 490 326 696 12,925 915
n-Hexane No 536 832 11,502 33,607 No

detect detect
«The PA DEP collected data on many more chemicals than those listed above; the
authors of this paper have chosen these chemicals specifically to highlight variation in

emissions.

Documented compressor emissions
It is important to know, with more specificity, what chemicals will be emitted by a

compressor facility so that a targeted assessment can be made about its potential
health impacts.

There is a small but growing body of literature on emissions from shale gas extraction,

processing and transport activities. In its early stages of inquiry, the focus was

predominantly on drill pad activity, but there are now some reports on natural gas

compressor station emissions. Below are examples of chemicals that have been found at
or near compressor stations during operations. These emissions reports —whether from

public databases or from a private sector firm or organization —do not provide relevant

background levels of the chemicals detected. Without a "control" location it is not

possible to say with certainty that the chemicals found are the result of the compressor

station, although these facilities are often the only industrial activity in the areas where

they are found.

Emissions from two compressor stations (Stewart and Energy Corps), published by the
Pennsylvania Department of Environmental Protection (DEP) are:

MTBE

CO

iso-Butane

methyl mercaptan
n-Butane

n-hexane
n-octane

nitrogen dioxide
nltrous-

acidstyrene

2-methyl butane

2 methyl pentane
3 methyl pentane
ethyl benzene

benzene
ethane
propane
methanol

napthlelene
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The Texas Commission on Environmental Quality (TCEQ), as part of its Barnett Shale
Formation Area Monitoring Projects found the following chemicals downwind from two
monitored compressor stations:

~ Downwind of Devon Energy Company LP's Justin compressor station the TCEQ

reports propane, isobutene, n-butane, ethane, cyclohexane, benzene, n-octane,
toluene, m+p-xylene, n-hexane.

~ Downwind of Targa North Texas LP's Bryan Compressor Station the TCEQ reports:
ethane, propane, isobutene, n-butane, cyclohexane, n-octane, toluene,
isopentane, n-pentane+ isoprene, benzene.

Officials in DISH, TX commissioned a study of compressor station emissions in its vicinity.
Wolf Eagle Consultants performed whole air emissions sampling for VOCs, HAPs as well

as Tentatively Identified Compounds (TICs). Chemicals identified as exceeding Texas's
ESLs include:

benzene
dimethyl disulgide

methyl ethyl disulphide

ethyl-methylethyl disulfide

trimethyl benzene
diethyl benzene
methyl-methylethyl benzene

tettramethyl benzene
naphthalene 1,2,4-trimethyl benzene
m&p xylenes
carbonyl sulfide

carbon disulfide

methyl pyridine
dimethyl pyridine

In 2011and 2013, Earthworks, a non-profit organization, collected air samples within
0.33 miles of two compressor stations: Springhill compressor in Fayette County and the
Cumberland/Henderson compressor station in Greene County, Pennsylvania.'esults
from samples collected include:

1,1,2-Trichloro-1,2,2-trifluoroethane,
1,2-dichlorobenzene
2-butanone
benzene
carbon tetrachloride
chloromethane
dichlorodifluoromethane

ethylbenzene
methane
methylene chloride

tetrachloroethylene
toluene
trichloroethylene
trichlorofluoromethane
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Anecdotally, we know that people living near compressor stations report episodic
strong odors as well as visible plumes during venting or blowdowns. Residents often
report symptoms that they associate with odors such as burning eyes and throat, skin

irritation, and headaches. These are simply anecdotes but they are fairly consistently

reported. It should be noted that residents In southwest Pennsylvania where these
anecdotes were collected, often live near drill pads and in some instances processing
plants along with compressor

stations.'missions

oathwavs
In addition to the emissions produced during the normal operations of a compressor
station there are several other ways that emissions might be dispersed from the site.
These include fugitive releases, blowdowns, and accidents. Trucks play a significant

role in the emissions profile during construction but are not common once the facility is

complete and on line.

Fugitive emissions

Fugitive emissions are uncontrolled or under-controlled releases. They occur from

equipment leaks and evaporative sources. It has been suggested that fugitive emissions

will increase over time as machinery begins to wear."

There does not appear to be a central publically available source of information of
these emissions. There are, however, many opportunities for fugitive emissions to be

released from a compressor station. We were able to locate only one study on natural

gas compressor station fugitive emissions. In that study, conducted in the Fort Worth,

TX area, researchers evaluated compressor station emissions from eight sites, focusing

in part on fugitive emissions. A total of 2,126 fugitive emission points were identified in

the four month field study of 8 compressor stations: 192 of the emission points were

valves; 644 were connectors (including flanges, threaded unions, tees, plugs, caps and

open-ended lines where the plug or cap was missing); and 1,290 were classified as
Other Equipment. The Other category consists of all remaining components such as
tank thief hatches, pneumatic valve controllers, instrumentation, regulators, gauges,
and vents. 1,330emission points were detected with an IR camera (i.e. high level

emissions) and 796 emission points were detected by Method 21 screening (i.e. Iow

level emissions). Pneumatic Valve Controllers were the most frequent emission

sources encountered at well pads and compressor stations."

Blowdowns

The largest single emission at a compressor station is the compressor
blowdown.'hey

can be scheduled or accidental. As the natural gas rushes through the blowdown

valve, a gas plume extends upward of 30 to 60 meters. The most forceful rush of air

occurs at the very beginning, then the flow gradually slows down. The first 30 to 60
minutes of the blowdown are the most intense, but the entire blowdown may last up

to three hours.'ne blowdown vents 15 MCf gas to atmosphere on average.

Isolation valves leak about 1.4Mcf/hr on average through open blowdown vents."
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It is not possible to know what exactly would be emitted in a given natural gas
compressor station blowdown as there is no data available. We know that it will

include whatever is in the pipeline when the blowdown occurs. This would

undoubtedly include the constituents of natural gas: methane, ethane, etc., and

various additional constituents would be present during different episodes. We are
especially concerned about the presence of radioactive material during a blowdown.

Anecdotally, there are reports of odors and burning eyes, headaches and coughing
associated with the

events.'n

exposure to blowdown concentrations of contaminants would have different health
implications than a long-term lower level exposure (i.e.yearly average) to the same
contaminants when the compressor is on line.

Accidents
In addition to planned emissions, fugitive emissions and blowdowns there is also the
possibility of accidents at the compressor station. There are no central national or
state inventories of compressor station accidents that we were able to locate. In their
absence we turned to local news accounts of individual accidents (which are generally
in the form of Ares). Without knowing what precisely is in the pipeline nor what else (if

anything) may be housed on the site, it is not possible to estimate emissions from a fire

at the compressor station. The possibility, however, is very real. A gas compressor
station exploded near Godley, TX. That fire destroyed the compressor station where it

started and also the one next to it. The fire burned for several hours." In a
compressor station fire in Madison County, TX volunteer firefighters from four towns
were dispatched to the site. First responders blocked roads near the site and
evacuated three homes. In Corpus Christi, TX a fire broke out at a compressor station
which then spread to nearby brush before being

extinguished.'he

possibility of fire or other accidents raises the concern over whether the localities
surrounding a compressor station have the resources available to contain a fire or
explosion adequately and whether first responders and hospitals are able to care for
injured workers or others nearby or whether an evacuation plan could be
implemented. In Wheeler County, TX four contractors were performing maintenance
activities near a compressor station when a flash fire occurred. The workers were
brought to a nearby hospital. Two were treated and released; the other two were
transferred to a burn unit in Lubbock." In Carbon County, UT an explosion and fire
damaged a natural gas compressor station and other buildings on the site Injuring two
workers and engulfing the facility in flame. Fireflghters from every city in the county
responded to the emergency. Injured workers had to be evacuated by medical
helicopters."

Overall, there is little information on the division of responsibility between the
company operating the facility and the locality. This should be clarified.
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The ouestion of radioactivitv

A 2008 publication of the International Association of Oil & Gas Producers has laid out
the discussion on radioactive material in the natural gas extraction and production
process.

During the production process, naturally occurring radioactive material (NORM)
flows with the oil, gas and water mixture and accumulates in scale, sludge and

scrapings. It can also form a thin film on the interior surfaces of gas processing
equipment and vessels. The level of NORM accumulation can vary substantially

from one facility to another depending on geological formation, operational and

other factors,

[R]adionuclides such as Lead-210 and Polonium-210 can ... be found in

pipelines scrapings as well as sludge accumulating in tank bottoms, gas/oil

separators, dehydration vessels, liquid natural gas (LNG) storage tanks and in

waste pits as well as in crude oil pipeline scrapings.

The gas which flows through the pipeline likely carries gaseous radon with it, and as
radon decays within the pipeline, the solid daughter elements, polonium and lead,
accumulate along the interior of the pipes. There is a concern that the gas transiting,

and being compressed and regulated, will have radioactivity levels which will put at risk

not only the workers at these stations and along the pipeline, but potentially also to
the residents." Radon, a gas, has a short half-life (3.8days) but its progeny are lead

and polonium, and these are toxic and have relatively long half-lives of 22.6 years and

138 days respectively.'" There is no data that we can turn to in order to assess the risk

of radioactive exposures in our community.

Heakh risks from relevant air contaminants
Averaees. oeaks and health events

As stated previously, one of our primary concerns is the poor fit of a tons per year
measurement to the assessment of risk to the public's health near a compressor
station. Furthermore, the National Ambient Air Quality Standards (NAAQS) used as a
benchmark for air quality were not created to assess the air quality and safety in a

small geographic area with fluctuating emissions. NAAQS effectively address regional

air quality concerns. But these standards do not adequately assess risk to human health

for residents living in close proximity to polluting sources such as unconventional

natural gas development (UNGD) sites, where emissions can be highly variable.

Generally, it has been shown that:

1. Current protocols used for assessing compliance with ambient air standards do

not adequately determine the intensity, frequency or durations of the actual
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human exposures to the mixtures of toxic materials released regularly at UNGD

sites, including compressor stations.
2. The typically used periodic 24-hour average measures can underestimate actual

exposures by an order of magnitude.
3. Reference standards are set in a form that inaccurately determines health risk

because they do not fully consider the potential synergistic combinations of
toxic air emissions.

'hus

estimates of yearly totals of contaminants released by a compressor station do
not allow for an assessment of the physiological impact of those emissions on
individuals.

NAAQS reflects what, over a region, over time, is deemed safe population-wide. This is

very different than what is safe within for instance 1200 feet of this compressor
station. As already stated, averaging over a year can wash out important higher spikes
in emissions (thus exposures) that may occur at various points throughout the year.
These high spikes can put residents at risk for illnesses caused by air toxics.

Toxicitv and characterization of exoosures
Toxicity of a chemical to the human body is determined by the concentration of the
agent at the receptor where it acts. This concentration is determined by the intensity
and duration of the exposure. All other physiological sequelae follow from the
interaction between agent and receptor. Once a receptor is activated, a health event
might be produced immediately or in as little as one to two hours. '

ln some
instances, where there is a high concentration of an agent, a single significant exposure
can cause injury or illness. This is the case in the instance of an air contaminant
induced asthma event. On the other hand, after an initial exposure, future exposures
might compound the impact of the first one, in time, producing a health effect.
Repeated exposures will increase, for instance, the risk for ischemic heart

disease.'eak

exoosures
Researchers have demonstrated the wisdom of looking at peak exposures as compared
to averages over longer periods of time. Darrow et al (2011)write that sometimes
peak exposures better capture relevant biological processes. This is the case for health
effects that are triggered by, short-term, high doses. They write, "Temporal metrics
that reflect peak pollution levels (e.g., 1-hour maximum) may be the most biologically
relevant if the health effect is triggered by a high, short-term dose rather than a steady
dose throughout the day. Peak concentrations ...are frequently associated with

episodic, local emission events, resulting in spatially heterogeneous
concentrations....""

Delfino et al (2002) posited that maxima of hourly data, not 24-hour averages, better
captured the risks to asthmatic children, stating, "it is expected that biologic responses
may intensify with high peak excursions that overwhelm lung defense mechanisms."
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Additionally, they suggest that "[o[ne-hour peaks may be more influenced by local
point sources near the monitoring station that are not representative of regional

exposures...."'ecause

episodic high exposures are not typically documented and analyzed by
researchers and public agencies, natural gas compressor stations emissions are rarely
correlated with health effects in nearby residents. However, examination of published
air emission measurements shows the very real potential for harm from industry
emissions." Reports of acute onset of respiratory, neurologic, dermal, vascular,
abdominal, and gastrointestinal sequelae near natural gas facilities contrast with

research that suggests there is limited risk posed by unconventional natural gas
development.

Health Effects from exoosures to VOCs

VOCs, present at compressor station construction and operation, are a varied group of
compounds which can range from having no known health effects to being highly toxic.
Short-term exposure can cause eye and respiratory tract irritation, headaches,
dizziness, visual disorders, fatigue, loss of coordination, allergic skin reaction, nausea,
and memory impairment. Long-term effects include loss of coordination and damage
to the liver, kidney, and central nervous system. Some VOCs, such as benzene,
formaldehyde, and styrene, are known or suspected carcinogens. The case for
elevated risk of cancer from LINGO VOC exposure has been made by McKenzie et al

(2012) and others."

The inhalation of the VOC, benzene, produces a number of risks including

[acute (short-term)) drowsiness, dizziness, headaches, as well as eye, skin, and

respiratory tract irritation, and, at high levels, unconsciousness. Chronic (long-

term) inhalation exposure has caused various disorders in the blood, including

reduced numbers of red blood cells and aplastic anemia, in occupational

settings. Reproductive effects have been reported for women exposed by

inhalation to high levels, and adverse effects on the developing fetus have been
observed in animal tests. Increased incidence of leukemia (cancer of the tissues

that form white blood cells) have been observed in humans occupationally

exposed to benzene. EPA has classified benzene as known human carcinogen for
all routes of

exposure.'enzene,

which is documented at compressor stations by the States of Pennsylvania

and Texas, carries its own risk, including risk for cancer." There is growing evidence

that benzene is associated with childhood leukemia. Benzene affects the blood-

forming system at low levels of occupational exposures, and there is no evidence of a

threshold. It has been argued in the literature that "[t]here is probably no safe level of
exposure to benzene, and all exposures constitute some risk in a linear, if not

supralinear, and additive fashion. '
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Another substance that is detected near compressor stations is methylene chloride.

According to the EPA:

The acute (short-term) effects of methylene chloride inhalation in humans consist
mainly of nervous system effects including decreased visual, auditory, and motor
functions, but these effects are reversible once exposure ceases. The effects of
chronic (long-term) exposure to methylene chloride suggest that the central
nervous system (CNS) is a potential target in humans and animals. Human data
are inconclusive regarding methylene chloride and cancer. Animal studies have

shown increases in liver and lung cancer and benign mammary gland tumors
following the inhalation of methylene

chloride.'he

VOC formaldehyde is also considered a Hazardous Air Pollutant (HAP) by the US

EPA (EPA). It is one of the emissions chemicals that the natural gas development
industry is required to report, for Instance to the PA DEP. According to these reports,
compressor stations are the highest UNGD source for formaldehyde.~ For the year
2012, emissions of formaldehyde from compressor stations in Pennsylvania ranged
from 0.0TPY to 22.5 TPY.

"'

recent study of air emissions in the Barnett shale region of Texas found

concentrations of formaldehyde at sites with large compressor stations. 'ome of
these concentrations were greater than the Texas Commission on Environmental
Quality's health protective levels (page 62). Formaldehyde was one of 101chemicals
found in association with methane in this study. The research showed that aromatics in

particular were associated with compressor stations.

Air exposures to formaldehyde target the lungs and mucous membranes and in the
short-term can cause asthma-like symptoms, coughing, wheezing, and shortness of
breath. The EPA classifies it as a probable human carcinogen. The World Health

Organization classifies it as carcinogenic to humans. It has also been associated with

childhood asthma. The California Office of Environmental Health Hazard assessment
(OEHHA) has "identified formaldehyde as a Toxic Air Contaminant and gives it an
inhalation Reference Exposure Level (REL) of 55 ug/m'or acute exposures and 9
ug/m'or both 8-hour and chronic exposures. The acute REL is 74 ppb based on
irritation of asthmatics." It has also been linked with adverse pregnancy outcomes and
reproductive and developmental toxicity.

More recent investigations on formaldehyde near compressor stations are focused on
the chemical reaction between methane and sunlight. While it is well known that
stationary compressor station engines emit formaldehyde, it is less well known that
formaldehyde may also be formed at these sites through this chemical reaction. While
the research is ongoing, it suggests that health hazards associated with formaldehyde

20150831-0052 FERC PDF (Unofficial) 08/31/2015



may be greater than previously thought. Because reported health symptoms near
compressor stations, such as respiratory impacts and shortness of breath, can be
caused by exposure to formaldehyde, targeted monitoring of this chemical at these
sites would be recommended.

Effects from exoosure to oarticulate matter
In addition to the VOC exposure presented above, PM2.5 also poses a significant health
concern and interacts with the airborne VOCs increasing their impact. In fact, at a

compressor station PM2.5 may pose the greatest threat to the health of nearby
residents. Fine particles are expected to reach a total of 1.136tons for 2015 and 2016.

The size of particles determines the depth of inhalation into the lung; the smaller the
particles are, the more readily they reach the deep lung. Particulate matter (PM10,
PM2.5 and ultrafine PM), in conjunction with other emissions, are at the core of
concern over potential effects of UNGD.

High particulate concentrations are of grave concern because they absorb airborne
chemicals in their midst. The more water soluble the chemical, the more likely it is to
be absorbed onto a particle. Larger sized particles are trapped in the nose and moist

upper respiratory tract thereby blocking or minimizing their absorption into the blood
stream. The smaller PM2.5 however, is more readily brought into the deep lung with

airborne chemicals and from there into the blood stream. As the particulates reach the
deep lung alveoli the chemicals on their surface are released at higher concentrations
than they would in the absence of particles. The combination of particles and

chemicals serves, in effect, to increase in the dose of the chemical. The consequences
are much greater than additivity would indicate; and the physiological response is

intensified. Once in the body, the actions between particles and chemicals are

synergistic, enhancing or altering the effects of chemicals in sometimes known and
often unknown ways.

Reported clinical actions resulting from PM2.5 inhalatlon affect both the respiratory
and cardiovascular systems. Inhalation of PM2.5 can cause decreased lung function,

aggravate asthma symptoms, cause nonfatal heart attacks and high blood pressure."
Research reviewing health effects from highway traffi, which, like UNGD, has

especially high particulates, concludes, "[sjhort-term exposure to fine particulate

pollution exacerbates existing pulmonary and cardiovascular disease and long-term

repeated exposures increases the risk of cardiovascular disease and death."'M2.5, it

has been suggested, "appears to be a risk factor for cardiovascular disease via

mechanisms that likely include pulmonary and systemic inflammation, accelerated
atherosclerosis and altered cardiac autonomic function. Uptake of particles or particle

constituents in the blood can affect the autonomic control of the heart and circulatory
system."'
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Ultrafine particles (&0.1)get less attention in the literature than PM2.5 but is found to
have high toxic potency. These particles readily deposit in the airways and

centriacinar region of the lung. 'esearch suggests increases in ultrafine particles

pose additional risk to asthmatic patients.'ltrafine particles are generally produced

by combustion processes. They, along with the larger PM2.5, are found in diesel

exhaust.

Diesel is prevalent during the construction phase of compressor station site. High

levels of diesel exhaust from construction machinery as well as trucks increase the level

of respirable particles. Health consequences of diesel exposure have been widely

studied and include immediate and long term health effects. Diesel emissions can
irritate the eyes, nose, throat and lungs, and can cause coughs, headaches,
lightheadedness and nausea. Short-term exposure to diesel exhaust also causes
inflammation in the lungs, which may aggravate chronic respiratory symptoms and
increase the frequency or intensity of asthma attacks. Long-term exposure can cause
increased risk of lung cancer.

PM2.5 acute effects
There is an abundance of research on the health effects of short term PM2.5 exposure.
Mills et al demonstrate that one to two hours of a diesel exhaust exposure, which

occurs during the construction phase of development, includes reduced brachial artery
diameter and exacerbation of exercise-induced ST-segment depression in people with

pre-existing coronary artery disease; ischemic and thrombotic effects in men with

coronary heart disease and is associated with acute endothelial response and
vasoconstriction of a conductance artery." Fan He et al. suggest that health effects
can occur within 6 hours of elevated PM2.5 exposures, the strongest effects occurring
between 3 and 6 hours. Such an acute effect of PM2.5 may contribute to acute
increase in the risk of cardiac disease, or trigger the onset of acute cardiac events, such
as arrhythmia and sudden cardiac death."

Numerous epidemiological studies have demonstrated a consistent link between
particulate matter and increased cardiopulmonary morbidity and mortality (Brook et al.
2004; Mann et al. 2002; Pope et al. 2002; Samet et al. 2009; Schwartz 1999). 'revious
studies have suggested that PM2.5 exposure is significantly associated with increased
heart rate and decreased heart rate variability (HRV; Gold et al., 2000; He et al. 2010;
Liao et al. 1999;Luttmann-Gibson et al. 2006; Magari et al. 2001; Park et al. 2005).

In addition to short term exposures and associated effects, there Is evidence of health

impacts from long-term exposures." An HIA reviewing data from a number of
European cities found that nearly 17,000 premature deaths from all causes, including

cardiopulmonary deaths and lung-cancer deaths, could be prevented annually if long-

term exposure to PM2.5 levels were reduced. Equivalently, this reduction would

increase life expectancy at age 30 by a range between one month and more than two
years in the study cities. A Canadian national cohort study found positive and

11
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statistically significant associations between non-accidental mortality and estimates of
PM2.5, the strongest association being with ischemic heart disease. Associations in this

study were with concentrations of PM2.5 as low as only a few micrograms per cubic
meter. 'esearch has also shown that there is an association between PM2.5 and

hospitalization for COPD in elderly people.

There is also a considerable literature on the health effects specifically from diesel
emission that include PM2.5 along with chemical components. Mills et al conclude that
even dilute diesel emissions can induce risk and point to ischemic and thrombotic
mechanisms for the adverse cardiovascular events associated with diesel exposure.

After an extensive review the EPA concluded that

long-term inhalation exposure is likely to pose a lung cancer risk to
humans. Estimation of cancer potency from available epidemiology
studies was not attempted.... A noncancer chronic human health hazard

is inferred from rodent studies showing dose-dependent inflammation

and histopathology in rats. Short-term exposures were noted to cause
irritation and inflammatory symptoms of a transient nature these being

highly variable across an exposed population. The assessment also

indicates that there is emerging evidence fro the exacerbation of
existing allergies and asthma symptoms.

Children. oreenant women and air contaminants
Children and pregnant women are especially sensitive to pollution. Many studies

confirm a range of adverse effects of air pollution on children's lung function and

respiratory symptoms, especially for asthmatics. Recent studies have found statistically

significant associations between the prevalence of childhood asthma or wheezing and

living very close to high volume vehicle roadways. 'ther research aimed specifically

at children's PM2.5 exposure has found that PM2.5 and several of its components have

important effects on hospital admissions for respiratory disease, especially pneumonia.

The authors count among the sources for this exposure diesel exhaust, motor vehicle

emissions, and fuel combustion
processes.'ealth

effects have been found in pregnant women from high particulate highway

pollution. Such particle pollution "may provoke oxidative stress and inflammation,

cause endocrine disruption, and impair oxygen transport across the placenta, all of
which can potentially lead to or may be implicated in some low birth weight ...and

preterm births." The consequences do not stop with low birth weight and preterm

births because these conditions can negatively affect health throughout childhood and

into adulthood.

Mixtures and seauential exoosures
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Mixtures of pollutants are a critically important topic in addressing the public health
implications of UNGD broadly and compressor stations in this case. While this report
has focused primarily on three pollutants (VOCs, formaldehyde as one example, and

pM2.5), in fact, a very large number of chemicals are released together. Medical
reference values are not able to take the complex nature of the shale environment, its
multiple emissions and interactions into full consideration. Although the shale gas
industry is not unique in emitting multiple pollutants simultaneously, this industry is

unique in doing so as close as 500 feet from residences.

Chemicals that reach the body interfere with metabolism and the uptake and release of
other chemicals, be they vitally important biochemical produced and needed by the
body or other environmental chemicals with potentially toxic effects. Some chemicals
attack the same or similar target sites creating an additive effect. This is the case with

chemicals of similar structure such as many in the class of VOCs. Some mixtures like

PM and VOC act synergistically to increase the toxicity of the chemicals. Other
chemicals released environmentally are rapidly absorbed and slowly excreted. These
slowly excreted chemicals will interfere with subsequent actions of chemicals because
the body has not yet cleared the effects from the earlier exposure.

Noise
Excessive noise has been associated with an array of psychological and physical effects.
A review article on noise exposure and health risk published in Noise and Health claims
that the evidence for a causal relationship between community or transportation noise
and cardiovascular risk has risen in recent years. In sum, the author finds limited
evidence for a causal relationship between noise and biochemical effects; limited or
sufficient evidence for hypertension; and sufficient evidence for ischemic heart
disease."

According to a World Health Organization assessment of research, excessive noise can
also increase risk of cognitive impairment in children, sleep disturbance, tinnitus, and

high levels of annoyance." Researchers have found associations between elevated
sound levels —including community sounds levels —and hearing loss, reduced
performance and aggressive behavior." Additionally some attention is being paid to
the health effects of vibration exposure which is connected with but distinct from noise
itself."

Noise exposures are associated with construction activities and during blowdown
episodes. As with air exposures, the periods of extreme exposures (in this case noise
exposures) can cause different and sometimes more serious effects than low-level

exposures.

Summarv

In sum, we know that a number of different chemicals as well as PM2.5 are present
during the construction phase of compressor stations and they are present in close
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proximity to compressor stations that are on line. Some, although not all, have

documented health effects on vulnerable populations and on the population at large.
What we do not know is the precise mix and concentration of chemicals that will be
released into the air. Without that information it is not possible to assess the
compressor station's full impact on area residents.

Reported health effects speclRc to compressor stations
There is a growing body of research on emissions and health impacts from UNGD

generally, though few studies specifically address health impacts from compressor
stations. This is partly due to the fact that many compressors are sited in proximity to
other UNGD sites such as well pads, impoundments, condensate tanks and processing
stations. As the infrastructure for transporting natural gas continues to expand, more

pipelines, metering stations and compressor stations will be sited away from other
UNGD facilities.

Recent research that has been conducted near compressor stations in different parts of
the country shows consistencies in the types of symptoms experienced by those living

near these sites. These symptoms are associated with health impacts on respiratory,

neurological and cardiovascular body systems. It should be noted that in each of the
studies cited here health survey forms were filled out by residents and, as such, the
findings are self-reported. To date there have been no epidemiological studies

performed to identify health impacts from compressor stations.

A peer-reviewed article, Investigating Links Between Shale Gos Development And

Health Impacts Through A Community Survey Project In Pennsylvania (2014) is one of
the few publications that explicitly addresses health impacts from compressors." The

report states:

In the Pennsylvania study, distance to industrial sites correlated with the
prevalence of health symptoms. For example, when a gas well, compressor

station, and/or impoundment pit were 1500-4000 feet away, 27 percent of
participants reported throat irritation; this increased to 63 percent at 501-1500
feet and to 74 percent at less than 500 feet. At the farther distance, 37 percent

reported sinus problems; this increased to 53 percent at the middle distance

and 70 percent at the shortest distance. Severe headaches were reported by 30
percent of respondents at the farther distance, but by about 60 percent at the
middle and short distances.'.62

Age groups also responded differently in terms of health symptoms:

Among the youngest respondents (1.5-16years of age), for example, those

within 1500 feet experienced higher rates of throat irritation (57% vs. 69%) and

severe headaches (52% vs. 69%). It is also notable that the youngest group had

the highest occurrence of frequent nosebleeds (perhaps reflective of the more
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sensitive mucosal membranes in the young), as well as experiencing conditions
not typically associated with children, such as severe headaches, joint and
lumbar pain, and forgetfulness.

Among 20- to 40-year-olds, those living within 1500 feet of a facility reported
higher rates of nearly all symptoms; for example, 44 percent complained of
frequent nosebleeds, compared to 29 percent of the entire age group. The
same pattern existed among 41- to 55-year-olds with regard to several

symptoms (e.g., throat and nasal irritation and increased fatigue), although with

smaller differences and greater variability than in the other age groups.

The subset of participants in the oldest group (56- to 79-year-olds) living within

1500 feet of facilities had much higher rates of several symptoms, including

throat irritation (67% vs. 47 96), sinus problems (72% vs. 56%), eye burning (83%
vs. 56%), shortness of breath (78% vs. 64%), and skin rashes (50% vs. 33%).

In sum, while these data do not prove that living closer to oil and gas facilities
causes health problems, they do suggest a strong association since symptoms
are more prevalent in those living closer to facilities than those living further
away. Symptoms such as headaches, nausea, and pounding of the heart are
known to be the first indications of excessive exposure to air pollutants such as
VOCs [36],while the higher level of nosebleeds in the youngest age group is also
consistent with patterns identified in health survey projects in other states [9,
10]."P.64

Earthworks, a non-profit organization, conducted the Pennsylvania study referred to
above, (Gas Patch Roulette 2012) in which they surveyed residents about health

symptoms and conducted air and water tests near residences in Pennsylvania and New
York". In their report, speciRc mention is given of a residence 800 feet from a
compressor station. Health symptoms experienced by the residents (parents and
children) were extreme tiredness, severe headaches, runny noses, sore throats and
muscle aches, as well as dizziness and vomiting by one individual.

Earthworks also conducted a health survey in Dish, Texas in 2009.'he health

symptoms reported to be associated with compressors were: burning eyes, nausea,
headaches, running nose, sore throat, asthma, sinus problems and bronchitis. Odors
experienced by residents near compressor stations were described as: sulfur smell,
odorized natural gas, burnt wire, strong chemical-like smell and ether.

Wilma Subra, an environmental chemist and consultant who is on the Earthworks
board of Directors, has compiled information on health symptoms experienced near
compressor stations based on her research with communities concerned about health
impacts from UNGD . Subra has served as Vice-Chair of the Environmental Protection
Agency National Advisory Council for Environmental Policy and Technology (NACEPT),
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and recently completed a five year term on the National Advisory Committee of the
LI.S. Representative to the Commission for Environmental Cooperation and a six year
term on the EPA National Environmental Justice Advisory Council (NEJAC) where she
served as a member of the Cumulative Risk and Impacts Working Group of the NEJAC

Council. While her research on health impacts associated with compressor stations is

reported back to communities, most of the data shown here have not been published
in peer-reviewed journals (she is an author on the above-mentioned peer-reviewed
article on Pennsylvania data).

Subra has reported the following health impacts in association with compressor
stations:

Table 2. Most Prevalent Medical Conditions In Individuals Living in Close Proximity to
Compressor Stations and Metering Stations

Medical Conditions:

Respiratory Impacts

Throat Irritation

Weakness and Fatigue

Nasal Irritation

Muscle Aches & Pains

Vision Impairment

Sleep Disturbances

Sinus Problems

Allergies

Eye Irritation

Joint Pain

Breathing Difficulties

Severe Headaches

Swollen & Painful Joints

Frequent irritation

% of Individuals (71)
58
55
55
55
52
48
45
42

42
42
39
39
39
32
32

The full list of health impacts "Reported by Community Members Living 50 feet to 2

miles from Compressor Stations and Gas Metering Stations Along Gas Transmission

Pipelines" is available at the Luzerne County Citizens for Clean Air website". It is

notable that Subra reports that 61%of health impacts are associated with the
chemicals present in the air that were in excess of short and long term effects
screening levels.

Subra further reports that the following units at compressor stations and gas metering

stations release emissions into the air:

Compressor Engines Compressor Blowdowns
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Condensate Tanks

Storage Tanks

Truck Loading Racks

Glycol Dehydration Units

Amine Units

Separators
Fugitive Emission Sources

She reports that 90% of individuals surveyed reported experiencing odor events from
these facilities. Based on her analysis, the following health symptoms are associated
with the chemicals detected in the air at compressor stations:

Allergies

Persistent Cough

Shortness of Breath
Frequent Nose Bleeds

Sleep Disturbances

Joint Pain

Difficulty in Concentrating
Nervous System Impacts
Forgetfulness
Sores and Ulcers in Mouth

Thyroid Problems

Subra reports that both the construction and production phases of compressor stations
can cause acute and chronic impacts. In the construction phase impacts come from
diesel truck emissions and from dust particles. In the production phase impacts are
derived from constant emissions, venting, blowdowns, accidents/malfunctions and
from the effects of noise, light and stress. She considers respiratory health impacts of
particular concern, and vulnerable groups such as pregnant women, children, the
elderly and sensitive individuals to be at greatest risk. Acute and chronic health impacts
that Subra has documented are listed below.

Acute Health Impacts Experienced by Individuals Living and Working near
Compressor Stations

Tense and nervous

Joint and muscle aches and pains
Vision Impairment
Personality changes
Depression, Anxiety

Irritability

Confusion

Drowsiness

Weakness
Irregular Heartbeat

Irritates skin, eyes, nose, throat and

lungs

Respiratory impacts
Sinus problems

Allergic reactions
Headaches
Dizziness, Light headedness
Nausea, Vomiting

Skin rashes
Fatigue
Weakness

20150831-0052 FERC PDF (Unofficial) 08/31/2015



Chronic Health Impacts Experienced by Individuals Living and Working near
Compressor Stations

Damage to Liver and Kidneys

Damage to Lungs

Damage to Cardiovascular System
Damage to Developing Fetus
Reproductive Damage

Mutagenic Impacts
Developmental Malformations

Damage to Nervous System
Brain Impacts
Leukemia

Aplastic Anemia

Changes in Blood Cells

Impacts to Blood Clotting Ability

Radioactive elements: a lone-term health threat
The possibility of exposure to radiation from natural gas pipelines and compressor
stations is also a concern, especially for long-term health effects. The New York public
health group, Concerned Health Professionals of New York, describes the problem in

their report, Comoendium Of Scientific. Medical. And Media Findinas Demonstratine
Risks And Harms Of Frackine (Unconventional Gas And Oil Extractionl (July 10, 2014):
"Unsafe levels of radon and its decay products in natural gas produced from the
Marcellus Shale, known to have particularly high radon content, may also contaminate
pipelines and corn pressor stations, as well as pose risks to end-users when allowed to
travel into homes."(P.S). Health impacts from exposure to radioactive materials in

compressor station emissions have not been documented, but the risk of exposure to
these carcinogens are a serious public health concern.
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IMPACTS OF GAS DRILLING ON HUMAN
AND ANIMAL HEALTH

MICHELLE BAMBERGER
ROBERT E. OSWALO

ABSTRACT

Environmental concerns surmunding drilling for gas are intense due to
expansion of shale gas drilling operations. Controversy surrounding the

impact of drilling on air and water quality has pitted industry and lease-
holders against individuals and groups concerned with environmental

pmicction snd public health. Because animals often arc exposed continually
to air, soil, and groundwater and have mom frequent reproductive cycles,
animals can be used as sentinels to monitor impacts to human health. This

study involved interviews with animal owners who live near gas drilling

operations. The Endings illustrate which aspects of the drilling process msy
lead to health pmbfems and suggest modifications that would lessen but
not eliminate impacts. Complete evidence regarding health impacts of gas
drilling cannot be obtained due to incomplete testing and disclosure of
chemicals. and nondisclosure agreements. Without rigorous scientific studies,
the gas drilling boom sweeping the world will remain an uncontrolled health
experiment on an enormous scale.

Kuywordm hydraulic fracturing, shale gas drilling, veterinary medicine, erwironmental
toxicology

At what point does preliminary evidence ofharm become definitive evidence
of harm? When someone says, "We were not aware of the dangers of these
chemicals back then," whom do they mean by we?—Sandra Steingraber, Living Downstream (Da Capo Press, 20 1 0)

SS 2012, Baywood Publishing Co., Inc.
doi: hufx//dx.doi.org/1 0.2180/NS.22.1.e
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Communities living near hydrocarbon gas drilling operations have become
de facto laboratories for the study of environmental toxicology. The close
proximity of these operations to smafl communities has created a variety of
potential hazards to humans, companion animals, livestock and wildlife. These
hazards have become amplifled over the last 20 years, due in part to the
large-scale development of shale gas drilling (horizontal drilling with

high-volume hydraulic fracturing), encouraged by the support of increased
drilling and exploration by U.S. government agencies [I].Yet this large-scale
industrialization of populated areas is moving forward without benefit of
carefully controlled studies of its impact on public health. As part of an effort to

obtain public health data, we believe that particular attention must be paid to

companion animals, livestock, and wildlife, as they may serve as sentinels for
human exposures, with shorter lifetimes and more opportunity for data collection
from necropsies.

All phases of hydrocarbon gas production involve complex mixtures of
chemical substances. For example, in hydraulic fracturing fluids, chemical sub-

stances other than water make up approximately 0.5 to I percent of the total

volume; however, the very targe volumes used require correspondingly large
volumes of a variety of compounds. These substances range from the relatively

benign to the highly toxic. Some of these are reported to the public and others
are not, but the quantities and pmportions used are largely considered trade

secrets. In addition to these added chemicals, naturally occurring toxicants

such as heavy metals, volatile organics, and radioactive compounds are mobilized

during gas extraction and return to the surface with the gas/chemical mix (waste-

water); of the 5.5 million gallons of water, on average, used to hydraulically

fracture a shale gas well one time [2], less than 30 percent to more than 70 percent

may remain underground [3].Hydraulic fracturing takes place over 2 to 5 days
and may be repeated multiple times on the same well over the course of the

potential 25- to 40-year lifetime of a well [4].Many of these chemicals are toxic
and have known adverse health effects, which may be apparent only in the long
term. A discussion of these compounds and their health effects is beyond the

scope of this article; however, Colborn et ak [5]have analyzed this topic in depth.

The large-scale use of chemicals with significant toxicity has given rise to

a great deal of public concern, and an important aspect of the debate concerns
the level of proof required to associate an environmental change with activities

associated with gas drilling, Environmental groups typically invoke the pre-

cautionary principle [6].That is. if an action is suspected of causing harm to the

environment, then in the absence of a scientific consensus, the burden of proof
falls on the individual or organization taking the action. The oil and gas industry

has typically rejected this analysis and has approached the issue in a manner

similar to the tobacco industry that for many years rejected the link between

smoking and cancer. That is, if one cannot prove beyond a shadow of doubt that

an environmental impact is due to drilling, then a link is rejected. This appmach
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by the tobacco companies had a devastating and long-lasting effect on public
health from which we have still not recovered [7], and we believe that a similar

approach to the impacts ofgas drilling may have equally negative consequences.
Although reports of petroleum hydrocarbon exposure in humans [8-14],

primates [15], and several other species, including ruminants [16-26].horses
[27], wildlife [28], and a dog [29], have been cited in the literature, there are
few reports on exposure of animals to gas operations, and to our knowledge, no
case reports on exposure of humans to hydrocarbon gas operations [30].Adler
et al. [31] observed aspiration pneumonia in sheep following exposure to gas
condensate. In another study, Waldner et al. [32] found no association between
the productivity of cattle and exposure to a sour gas pipeline leak; while in a
longer-term study [33] in cattle, the same group reported associations between
sour-gas flaring and increased risk of stillbirth across three of the four years
studied, as well as increased risk of calf mortality in one of the years studied.
In a study of habitat selection, Sawyer et al. [34] found that mule deer tended
to move away from areas of gas development, and in a recent report [35] from
the same author, the deer population dropped by 45 percent in one year, and the
survival rate decreased.

Just as epidemiologic studies linked smoking to human health impacts, such
studies could be used to assess the health impacts of gas drilling operations on
human beings. Studies in laboratory animals have also been a powerful tool
for linking components of tobacco smoke to cancer, not only because controlled
studies can be done but also because breeding cycles are short and the age at
which cancer develops is within a range accessible to laboratory studies. Though
such controlled animal studies of the effects of gas drilling are not feasible,
animals can nevertheless serve as sentinels for human health impacts. Animals,
particularly livestock, remain in a confined area and, in some cases, are con-
tinually exposed to an environmental threat. Further, effects on reproduction
can be more readily assessed in a herd of cattle than in a human population,
simply due to the higher rates of reproduction.

For the past year, we have been documenting cases of animal and owner
health problems with potential links to gas drilling. Many cases are currently in

litigation. To protect individuals'rivacy and due to ongoing legal action, the
discussion will not include personal identifying information. We summarize
the results of our investigation, provide several case studies, and conclude with
recommendations for minimizing or preventing similar problems in the future.
This study is not an epidemiologic analysis of the health effects of gas drilling,
which could proceed to some extent without knowledge of the details of the
complex mixtures of toxicants involved. It is also not a study of the health
impacts of specific chemical exposures related to gas drilling, since the necessary
information cannot be obtained due to the lack of testing, lack of full disclosure
of the International Union of Pure and Applied Chemistry (IUPAC) names
and Chemical Abstracts Service (CAS) numbers of the chemicals used, and the
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industry's use ofnondisclosure agreements. Nevertheless, the value of this study
is twofold. First. clear health risks are present in gas drilling operations. These
cannot be eliminated but can be decreased by commonsense reforms. Second, our

study illustrates not only several possible links between gas drilling and negative
health effects, but also the difficulties associated with conducting careful studies
of such a link. Again, simple commonsense policy reforms could facilitate the
collection of data that would lead to a careful assessment of the health

consequences of gas drilling on both humans and animals.

SUMMARY OF THE EFFECTS OF GAS DRILLING
ON PRODUCTION AND COMPANION

ANIMALS AND ANIMAL OWNERS

To describe how exposures may occur, and to report health etfects, we con-

ducted interviews with animal owners in six states (Colorado, Louisiana, New

York, Ohio, Pennsylvania. Texas) affected by gas drilling. In all but one case.
we spoke directly with animal owners. The exception was a case that had

previously been documented by the state environmental regulatory agency [36].
When possible, we interviewed the owners'eterinarians. Where available,
we have obtained the results of water, soil, and air testing as well as the results

of laboratory tests on atfected animals and their owners. Documentation was

obtained from the animal owners, the veterinarians (with permission of the

owners), drilling company representatives, state regulatory agencies. and a
Freedom of Information Act (FOIA) request fmm the Pennsylvania Department

of Agriculture. Cases were identified by requesting referrals from envimnmental

groups and individuals actively involved in influencing shale gas policy and

studying its effects. For each case, a standard series of questions was asked,
including the exact location of each owner's property; details on wells in the area

(subsequently verified by crosschecking with state records and, using soflware

developed for this project, mapping the wells relative to the owner's property);
details of seismic testing and well flaring; location ofwastewater impoundments;

results of water, soil. and air testing; details of animal husbandry and medical

records preceding, during and following drilling, depending upon the individual

case; a list of animals (species, breed, age, sex, use (e.g., livestock)). sorted into

those healthy and those unhealthy; health history for all animals; observations
ofwildlife in the area; and health histories of the humans living in the household.

As each case is different, the standard form was used as a starting point, with

additional information invariably supplied by individuals being interviewed.

More than one-third of the cases involved conventional wells (shallow or deep
vertical wells), with the remainder comprising horizontal wells subjected to
high-volume hydraulic fracturing. Because of the scale of the horizontal well

drilling operations, such wells were more commonly associated with animal

health problems. However, conventional wells have also had problems
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associated with faulty well casings and failure of blowout preventers; in our

study, wastewater dumping and leakage, failure of a blowout preventer, and

affected well water involving conventional gas wells were associated with both
animal and human health problems.

By the standards of a controlled experiment, this is an imperfect study, as
one variable could not be changed while holding all others constant. It also is
not a systematic study that will provide the percentage of farms with problems
associated with gas drilling, but the design is such that the study can illustrate

what can happen in ames experiencing extensive gas drilling. It is also possible
to observe temporal correlations between events such as well flaring and air
quality. or hydraulic fracturing and water quality leading to toxicity. In two cases,
spatial differences (cows in a single herd. with some allowed access to a creek
or pond and others not allowed access) could be used to compare outcomes.

Table I summarizes the types of wells involved and the sources of exposure,
and Table 2 describes the details ofeach individual case. In some cases, exposure
was due to accidents or negligence, but at other times, it was a consequence of
normal operations. Direct exposure to hydraulic fracturing fluid occurred in two
cases: in one, a worker shut down a chemical blender during the fracturing

Table 1. Number of Cases, by Type of Gas Well and
Source of Exposuma

Type of gas well

Shallow verecal wells

Deep vertical wells
Horizontal high-volume hydraulically fractured wells

4
3

18

Source of exposure
Hydraulic fracturing fluid spill from holding tank
Drilling fluids overran well pad during blow out
Storm water run~ from well pad to property
Wastewater Impoundment leak
Wastewater impoundment allegedly compromised
Wastewater spread on road
Wastewater dumped on property
Wastewater dumped into creek
Wastewater impoundment not contained
Well/spring water
Pond/creek water
Pipeline leak
Compressor station malfunc6on
Flaring of well

Total number of cases is 24; one case has two types of wells.

2
1

3
1
1

2
1

3
3

17
8
1

2
3
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Table 2. Summary of Individual Cases

Type of
Case gas welP Source Animal Health impact

SV Wastewater dumped on properly
and into creek

SV Well/spring water Bovine Reproduckon,
milk production

White-tailed Body condition
deer

SV Well/spring water
Pond/creek water
Drilling fluids overran well pad during

blowout

Bovine Reproducaon

SV Welysprlng water
Pond/creek water
Wastewater impoundment

allegedly compromised

Bovine

Fish

Reproduckon,
growth

Sudden death

DV Well/spring water
Pond/creek wsler

a DV Pond/creek water

Equine
Canine

Human

Bovine

Neurological
Urological,

gastrointestinal,
dermatological

Upper respiratory,
homing of eyes.
headache,
gastrointestinal,
dermatological

Reproducaon

7 DV, Well/spring water
HHV

HHV Well/spring water
Pond/creek water
Wastewater impoundment not

contained
Wastewater dumped into creek

Canine

Poultry

Human

Song birds
Human

Reproducaon,
dermatological

Sudden death,
musculoskeletal,
dermatrvogical

Upper respiratory,

burning of eyes,
neurological,
gastrolntllstslsl,
headache

Sudden death
Neurological,

immunological

HHV Pond/creek water
Storm water runoff from well pad

Fish Sudden death
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Table 2. (Cont'd.)

Type of
Case gas weas Source Animal Heskh impact

10 HHV Wea/spring water
Wastewater impoundment not

contained

HHV Wastewater impoundment leak

Ovine
Canine
HUmen

Reproducaon
Sudden death
Gastrointessnal,

neurological,
upper respiratory,

burning of eyes,
dermatological,
vascular, sensory,
headache

Reproduction

12 HHV

cform

water runog from well pad Canine
Human

Neurological
Gastrointestinal,

headache,
dermatological

13 HHV Welyspring water

Pond/creek water

Rpeline leak

Equine

Canine

Amphibian
HUlrieil

Neurological,
gastroinlestinal,
musculoskelstal,
upper respiratory

Urological,
gastrointestinal,
musculoskeletal,
neurological

Sudden death
Upper respiratory,

burning of eyes,
bone marrow

14 HHV Wea/spring water
Wast8watsf spread orl fc8d
Wastewater impoundment not

cofilslnsd

Canine
Human

Reproducson
Neurological

15 HHV Wea/spring water Canine

Feane
Human

Gastrointestinal,
dermatological

Dermatological
Gastrointestinal,

upper respiratory,

burning of eyes,
vascUku,
headache
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Type of
Case gasweff

Table 2. (Cont'd.)

Source

18 HHV Wefyspring water

Animal

Usmc

Health impact

Reproduction,
upper respiratory

17 HHV Weg/spring water
Flaring of well

Human

Canine
Feline

Human

Endocrine, upper
respiratory,
homing of eyes,
vascular,
dermatological,
sensory

Urological
Gastrointes6nal,

dermatological

Upper respiratory,
burning of eyes,
urological,
dermatological,
headache

18 HHV Wek/spring water

Storm water runoff from well pad

Flaring of well

Ovine
Poukry
Human

Sudden death
Sudden death
Vascular,

gastrointestinal,
headache

19 HHV WelUspring water
Hydraulic fracturing fluid spill from

tank
Wastewater dumped into creek

Equine
Ovine
Human

Reproduc6on
Reproduckon
Neurological

20 HHV Compressor station malfunction
Flaring of well

21 HHV Weff/spring water

Pond/creek water

Compressor station malfunction

22 HHV WelUspring water

Canine

Human

Bovine

Equine
Poukry
Human

Ovine
Fish
Human

Upper respiratory

Upper respiratory,

burning of eyes

Neurological,
reproducffon

Neurological
Sudden death
Vascular,

immunological

Neurological
Dermatological
Dermatological,

gastrointestinal
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Type of
Case gas wsas

Table 2. (Cont'd.)

Source Animal Hssah impact

23 HHV Well/spring water
Wastewater spread on road

24 HHV Hydraulic fracturing iluid spill from
tank

Equine
Canine

Human

Neurological
Reproduction,

gsstroinlsstinal
Rspraducaon,

upper respiratory,
burning of eyes,
vascular,
sensory,
headache

Gastrointescnal,
neurological,
rmplmtory,
sudden death

sSV = shallow verfical well, DV = deep vertical well, HHV = horizontal high-volume
hydraulically fractured well.

process, allowing the release of fracturing fluids into an adjacent cow pasture,
killing 17 cows in one hour; the other was a result of a defective valve on a
fracturing fluid tank, which caused hundreds of barrels of hydraulic fracturing

fluid to leak into a pasture where goats were exposed and suffered from

reproductive problems over the following two years. Exposure to drilling
chemicals occurred during a blowout when liquids ran into a pasture and pond
where bred cows werc grazing; most oF the cows later produced stillborn calves
with congenital defects. Exposure to wastewater occurred through leakage or
improper fencing of impoundments, alleged compromise of a liner in an

impoundment to drain fluid, direct application of the wastewater to roads, and

dumping of the wastewater on creeks and land. The most common exposure by
far was to affected water wells snd/or springs: the next most common exposure
was to affected ponds or creeks. Finally, exposures also were associated with

compressor station malfunction, pipeline leaks, and well flaring. ln addition to
humans, the animals affected were: cows, horses, goats, llamas, chickens, dogs,
cats, and koi. Other than photographing and recording the presence of dead and

dying wildlife (deer, songbirds, tish, salamanders, and frogs) in the vicinity of
affected pastures, creeks and ponds, the effect on wildlife has not been well

documented.
Because production animals were exposed to the environment for longer

periods and in greater numbers than companion animals, and because most of the
farms we documented raised beef cattle, cows were represented to a greater extent
than other animals. Exposures thmugh well water, ponds, springs, dumping of
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wastewater into creeks, and spills or leakage of wastewater from impoundments

were believed by farmers to result in deaths over time periods typically ranging
from one to three days, with cows going down and unable to rise despite
symptomatic treatment. The most commonly reported symptoms were associated
with reproduction. Cattle that have been exposed to wastewater (flowback and/or

produced water) or affected well or pond water may have trouble breeding. When
bred cows were likewise exposed, farmers reported an increased incidence of
stillborn calves with and without congenital abnormalities (cleft palate, white and

blue eyes). In each case, farmers reported that in previous years stillborn calves
were rare (fewer than one per year). In most cases where diagnostics were

pursued, no final diagnosis was made; in other cases, acute liver or kidney failure
was most commonly found. Of the seven cattle farms studied in the most detail,

50 percent of the herd, on average, was affected by death and failure of survivors
to breed. In one case, exposure to drilling wastewater led to a quarantine of beef
cattle and significant uncompensated economic loss to the farmers.

The most dramatic case was the death of 17 cows within one hour from direct

exposure to hydraulic fracturing fluid. The final necropsy report listed the

most likely cause of death as respiratory failure with circulatory collapse. The
hydraulic fracturing fluid contained, among other toxicants, petroleum hydro-

carbons and quaternary ammonium compounds (tetramethylammonium and

hexamethylenetetramine). Although petroleum hydrocarbons were reported to
be found in the small intestine, lesions in the lung, trachea, liver and kidneys

suggested exposure to other toxicants as well, and quaternary ammonium com-

pounds have been described as producing similar lesions [37].
Two cases involving beef cattle farms inadvertently provided control and

experimental groups. In one case, a creek into which wastewater was allegedly

dumped was the source of water for 60 head, with the remaining 36 head in the
herd kept in other pastures without access to the creek. Of the 60 head that

were exposed to the creek water, 21 died and 16 failed to produce calves the

following spring. Of the 36 that were not exposed, no health problems were

observed, and only one cow failed to breed. At another farm. 140 head were

exposed when the liner of a wastewater impoundment was allegedly slit, as
reported by the farmer, and the fluid drained into the pasture and the pond used

as a source of water for the cows. Of those 140 head exposed to the wastewater,

approximately 70 died and there was a high incidence of stillborn and stunted

calves. The remainder of the herd (60 head) was held in another pasture and

did not have access to the wastewater; they showed no health or growth prob-

lems. These cases approach the design of a controlled experiment, and strongly

implicate wastewater exposure in the death, failure to breed, and reduced growth

rate of cattle.
Companion animals were defined as those animals that were kept as pets,

and included horses, dogs, cats, llamas, goats. and koi. Companion animal

exposures typically occurred when animals ingested affected water from a well,
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spring, creek or pond. Reproductive problems (irregular cycles, failure to breed,
abortions, and stillbirths) and neurological problems (seizures, incoordination.
ataxia) were the most commonly reported. Other commonly reported symptoms
included those of gastrointestinal (vomiting, diarrhea) and dermatological
(hair and feather loss, rashes) origin.

In the majority of cases, ownem of animals were exposed upon using their
weB or spring water for drinking, cooking, showering and bathing. Upper
respiratory symptoms (including burning of the nose and throat) and burning
of the eyes were the most commonly reported. Headaches and symptoms asso-
ciated with the gastrointestinal (vomiting, diarrhea), dermatological (rashes),
and vascular (nosebleeds) systems were commonly reported.

CASES ILLUSTRATING THE EFFECTS OF
GAS DRILLING ON PRODUCTION AND COMPANION

ANIMALS AND THEIR OWNERS

Canal

Two homes (A and B) are located within two miles of approximately 25 shale

gas wells. The closest pad, drilling muds pit, and wastewater impoundment are
within one mile of both homes; the impoundment is approximately 4.5 acres in

area and is at a higher elevation than either home. Two compressor stations are
located within one mile of both homes. The owners have a variety of companion
and farm animals, and reported no unusual pet morbidity or mortality preceding
drilling operations. Predrilling tests on water sources were not done for either
home. Soon after drilling began, the owner of Home 8 noted that her well water
had an odor and black sediment, and the owners of Home A observed a decreased
quantity of their water sources (a well and a spring). Once the wastewater
impoundment was constructed, the owners ofHome A noted a dramatic decrease
in quantity, as well as poor quality, ofboth the well and spring water. The spring
served as the sole source of water for the owners'arm animals. Approximately
nine months after drilling began, the owners of Home A began hauling water
from a nearby creek, to supplement the spring water.

Since drilling operations began, both owners have observed wastewater being
spread on the mads during all weather conditions, and noted that cats and dogs
in their neighborhood licked their paws after walking on the road, and also
drank from wastewater puddles; some of these animals became severely ill

and died over a period of one to three days following these exposures. According
to the owner of Home B, the wastewater impoundment was not initially fenced
and animals had direct access to the wastewater. An accident involving the
wastewater impoundment was noted by both owners; after filling, a truck

carrying wastewater drove away from the impoundment site with an open valve,
releasing approximately 20 gallons of wastewater onto the impoundment access
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road and onto the road near the property of Home A. Most recently, both the
drilling company and the state environmental regulatory agency were notified ot'

spill from the wastewater impoundment that flowed past temporary barriers and
into a creek; based on soil emsion patterns, the owners of Ilomes A and

B reported that this spill had been ongoing for months. Soon after this accident, a
malfunction occurred in the wastewater impoundment aeration system,
producing a raw sewage smell that persisted in the air around Homes A and B for
days and sickened the families in both homes. When the owner of Home A

complained, the drilling company offered to pay motel expenses for her and her
family; this offer was declined because the owner refused to leave her animals.

Approximately a year after drilling began, an 18-year-old intact female
American Quarter Horse in Home A had an acute onset of anorexia, malaise,
rapid weight loss, and mild incoordination after testing normal on a physical
examination a Few weeks earlier. The horse was treated symptomatically with

an antibiotic, steroid, and antihistamine. A few days later, the horse had become
ataxic, and was treated for equine protozoal myeloencephalitis, although no
diagnosis was made. The horse did not improve afler three to four days and was

treated again. Within a few days, the horse's neurological symptoms had pro-

gressed such that the horse was unable to rise. Blood and clinical chemistry

parameters indicated acute liver failure due to toxicity. The veterinarian sus-

pected heavy metal poisoning as a cause of the horse's sudden illness; this was
not confirmed, as toxicology tests were not done. The horse was euthanized two

weeks after onset due to poor prognosis and failure to respond. Similar neurologic
signs were reported in another case in this study that involved two horses living

adjacent to a deep, vertical gas well operation.
In addition, both homeowners were caring for animals that were bred at this

time: the owner of Home B had a three-year-old intact female Boer goat that

aborted two kids in the second trimester, and the owners of Home A had a
five-year-old intact female Boxer that experienced dystocia with a fourth litter

(after previously whelping three normal litters), producing one stillborn pup and

one pup with cleft palate that died soon after birth. This same dog subsequently

whelped a fifth litter of 15 pups in which seven pups were stillborn and eight pupa
died within 24 hours. All the pups were afflicted with congenital hypotrichosis;
that is, they were born with the complete or partial absence of normal hair.

Soon afler drilling and hydraulic fracturing began for the first well, a child

living in Home B began showing signs of fatigue, severe abdominal pain, sore
throat, and backache. Six months later, the child was hospitalized with confusion
and delirium and was given morphine for abdominal pain. Atter the deaths

of several animals as cited above, the child's physician suspected that the
child's symptoms were of toxicological origin. A toxicology test revealed arsenic

poisoning as the cause of the child's sickness. The family stopped using their

well water despite test results indicating that the water was safe to drink, and

the child gradually recovered after losing one year of school.
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During high-volume hydraulic fracturing, substances that occur naturally in

the shale, including arsenic, come to the surface in wastewater. In this case, the
wastewater was stored in the impoundment, where aerators misted the chemicals
into the air. increasing the chances of inhalation by animals and people; also,
surface spillage of wastewater, as noted above, could have contaminated the

ground water. Tests on well water from both Homes A and B, and the spring from
Home A, did not show elevated levels of arsenic; however, it is possible that,
given fluctuations in the water table and water quality, high levels of arsenic
may have initiated symptoms in the child in Home B and then dropped to low
levels before water testing was done more than one year later. Also, reported
arsenic levels may be deceptively low because arsenic can be converted to
arsine-a toxic gas that dissipates rapidly [38].In people, both acute and chronic
oral exposure to inorganic arsenic causes gastrointestinal effects as well as
effects on the nervous system: short-term effects include headaches, weakness,
and delirium. while long-term effects include peripheral neuropathy [39].
Acute exposure of people to arsine can produce many effects including
abdominal pain and headaches [39]. Animals exposed acutely to inorganic
arsenic may show many symptoms including staggering gait, extreme lethargy,
and intense abdominal pain, while animals exposed over a longer period of
time may manifest signs including anorexia, depression, and partial paralysis
of the rear limbs [40]. Animal studies show that arsenic can also cause fetal
malformations and fetal death [41].

As the family in Home B continued to be screened for toxicants, random urine
tests on all family members were positive for phenol, a metabolite of benzene,
with dramatic increases over a period of a few months. Based on occupational
health studies [e.g., 42], the testing laboratory judged these results to be con-
sistent with chronic exposure to 0.5 to 4.0 ppm benzene in the air. The most
recent symptoms observed by families in both homes include extreme fatigue,
headaches, nosebleeds. rashes, and sensory deficits (smell snd hearing). The
child in Home B also had difficulty breathing, and again had to be taken out of
school. Doctors of the families in both homes warned them to leave their homes
for at least 30 days or suffer more severe health consequences. The owner of
Home B followed her doctor's advice, and moved her children out of her home,

returning each day to care for her animals; the owners of Home A elected to
remain at their home to care for their animals. After one month of being away,
the phenol levels as well as the symptoms of the children in Home B decreased,
while the owner of Home B, who returns to the home for a few hours each day,
has increased phenol levels and worsening of symptoms. One of the owners in
Home A, who works at home, has experienced worsening of symptoms.

This case illustrates the importance of considering both animal and human
health. Animals live among us and are exposed to the same environmental
influences; however, they tend to suffer more direct exposure and have shorter
life and reproductive cycles. lf it were not for the numerous deaths of animals
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soon after shale gas operations began in this neighborhood, the child's doctor
might not have ordered toxicology tests. as arsenic poisoning is not a
common diagnosis.

Case 2

In this case, a beef cattle farmer had a herd of 96 cattle (Angus Limousine

cross) that was divided among three pastures. The farm is located in an area
of intensive gas drilling, with two active shallow vertical gas wells on the
farmer's property and approximately 190 active gas wells within five miles of
the property; of these, approximately 11 are shale gas wells and approximately

26 are deep vertical gas wells. In one pasture, 60 cows (a mixed herd, mostly 5-

to 10-year-old bred cows) had access to a creek as a source of water. In a second

pasture, 20 cows (bred yearlings) obtained water from hillside runoff, and in a
third pasture, 14 feeder calves (g to 14 months old) and two bulls had access to

a pond. Over a three-month period, 21 head from the creek-side pasture died (17
adult bred cows and 4 calves). All the cattle were healthy before this episode.
Despite symptomatic treatment, deaths occurred I to 3 days after the cows went

down and were unable to rise. Basic diagnostics were done, but no cause of
death was determined. On rendering, 16 of the 17 adults were found to have dead

fetuses. nearly doubling this farmer's losses. Of the 39 cows on the creek-side

pastum that survived, 16 failed to breed and several cows produced stillborn

calves with white and blue eyes, The health of the cattle on the other two pastures

was unaffected; on the second pasture, only one cow failed to breed. Historically,
the health of the herd was good, the farmer reporting average losses of 1-2 cows
a year in his herd of nearly 100 cattle.

This is an interesting case because it has a natural control group. That is, the

cattle that were kept along the creek suffered severe problems while the cattle in

pastures at a higher elevation and away from the creek experienced no morbidity

or mortality. As discussed below, the contamination of the creek may have been

caused by illegal dumping ofwastewater. Fortunately, these cows were not taken

to slaughter, as they died on the farm. However, they still may have entered our
food chain as well as that of our pets: rendering plants produce feed for many

non-ruminants including chickens, pigs, cats, dogs and horses, so it is possible
that chickens, raised for egg production or meat, and pigs were fed the flesh from

these cattle.

Case g

This case concerns farmers that have raised beef cattle (Herford Simmental

cross) for the past 21 years. Before drilling operations began the farmers lost one

or two animals out of a closed herd of 33 (yearlings, heifers, mature cows, two

bulls) every few years to illness or accident. There is one active shale gas well on

the farmers'30-acre property, and approximately six active shale gas wells

within two miles of their property. A private well provides water for the family'
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use; the water for the herd comes from a creek that originates from springs above
and below the well pad, and spillover from a pond below the well pad. The gas
wellhead is 300 feet from the farmers'ouse and 250 feet from their water well.
The well pad is 75 feet from their barn at higher elevation, and slopes directly
down to the door. A one-acre impoundment, used to collect wastewater from the
high-volume hydraulic fracturing operations, and a I/3-acre drilling muds pit.
used to collect the chemicals and fluids brought to the surface during drilling
operations, were both within 350 feet of the farmers'ater well, and within
200 feet of the creek and the pond where the cattle drink.

Soon afler hydraulic fracturing operations concluded, the farmers noticed that

on the far bank of the wastewater impoundment, two dark spots could be seen
adjacent to a 20-acre cow pasture. According to the farmers, these two spots were
a concern as they grew in size from day to day; approximately one month afler
first observing these spots, the farmers found ankle-deep water in one-third of
an acre of the pasture with the wet area extending another one-quarter of sn
acre into the pasture; the pasture grass in these areas appeared to be burned.
Fearing their herd drank the wastewater, they voluntarily quarantined their farm
and notified the state environmental regulatory agency.

According to the farmers, drilling company workers informed them that the
liners of both the wastewater impoundment and the drilling muds pit had two-foot
tears, and that the tear in the liner of the wastewater impoundment had caused
the leak into the cow pasture. Except for the two bulls, the entire herd was
exposed to the wastewater leakage.

Four notices of violations were issued to the drilling company by the state
environmental regulatory agency: failure to notify the agency, improperly lined
impoundment (pressure testing of liner revealed a failed patch), pollution of a

spring and farm pond due to leakage of the impoundment, and mismanagement of
residual waste (wastewater leaked from the impoundment onto the ground and
surfaced in an adjacent pasture).

Testing of the wastewater in the impoundment indicated the presence of
calcium, iron, magnesium, manganese, potassium. sodium, strontium, fluoride,
chloride, sulfate, and bromide; there was no reported testing for any organic
compounds. Strontium was of most concern: it can be toxic to both animals and

people because it replaces calcium in bone, especially in the young, and because
it may take years to be eliminated from the body [43]. The state environ-
mental regulatory agency placed a quarantine on the herd such that mature cows
would be held from slaughter for six months, yearlings would be held for nine
months, calves exposed in utero would be held for eight months, and growing
calves would be held for two years. Six of the exposed cows eventually
went on to slaughter, and, according to the farmers, there was no testing before
or after slaughter.

Pre-drilling tests were not done on any of the cattle's sources of water;
post-drilling tests were done and revealed no significant findings. Soil tests done
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on the cow pasture contaminated by the leaked wastewater revealed high levels

of chloride, sulfate, sodium, and strontium when compared to background

samples. The liners from both the wastewater impoundment and drilling-muds

pit were removed, the affected soil removed, and areas remediated; sulfate
concentrations remained at high levels in the cow pasture despite remediation.

During the spring of the first calving season following the leakage of
wastewater into their cow pasture, the farmers lost two calves: one calf was

aborted late-term, and the other calf lived for approximately seven days before

dying [44]; both calves were exposed in utero to the wastewater. In the second

calving season post-drilling, the farmers lost I I out of l7 calves: seven were

stillborn, three died a few months after birth and one was born alive but severely
ill; the dams of all the calves had previously been exposed to the wastewater.

The severely ill calf and a stillborn calf were sent for necropsy: the ifl calf was

diagnosed with E. coli septicemia, and the stillborn calf was diagnosed with

goiter (diffuse thyroid hyperplasia); both calves were also diagnosed with low

liver vitamin E and selenium.

This case illustrates several important points. First. the testing was not

complete. According to the farmers, they were not informed of the chemicals used

during either drilling or hydraulic fracturing operations. Testing of the water well

and cattle's sources of water excluded organic compounds except for a pasture

spring; the wastewater analysis also excluded organic compounds. No toxicology
tests were done on live cattle, and the tests at necropsy omitted volatile organic

compounds, endocrine disruptors, and many minerals present in the wastewater.

The cattle's sources of water were tested only after the farmers lost many calves.
Soil tests were not done in the area affected by the leakage of the drilling-muds

pit. Second, the cattle were exposed to sulfate in the wastewater for at least

one month and to elevated sulfate in the grass and soil [45, 46] for over a year.
Studies show that increasing dietary sulfur decreases the bioavailability of
selenium [47-50], and that Vitamin E and selenium deficiency is associated with

reproductive failure in cattle [51,52].Third, the liner teer and subsequent leakage

of drilling fluids onto the farmers'and were not considered a potential problem

and not officially recorded as a violation by the state environmental regulatory

agency. Due to gas drilling operations on their property, the farmers now have

26 head of cattle instead of 33. and have lost 40 to 50 acres of hayfields.

These farmers received no compensation from the drilling company for the loss
of their animals, damage to their land, or the treatment of the animal health

problems they have encountered since gas drilling began.

DISCUSSION

The most striking finding of our investigations was the diificulty in obtaining

definitive information on the link between hydrocarbon gas drilling and

health effects. However, the results point to a number of ways policies can
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be changed to facilitate better data collection and to avoid obvious risks to
animal and human health.

Practices for Providing Better Assessment of Health Impacts

Nond/so/Inure Agreements

Nondisclosure agreements between injured parties and corporations make it

difficult to document incidents of contamination. Compensation in the form of
cash, payment for all settlement expenses, an offer to buy the property and/or

payment for medical expenses in exchange for a nondisclosure agreement
prevents information on contamination episodes and health effects from being
documented and analyzed. Nondisclosure agreements are common in all areas of
business and are often essential to protect intellectual pmperty. However, when
documentation of health problems associated with gas operations is shielded
from public scrutiny by a nondisclosure agreement, this is clearly a misuse of
this important business tool and should be prohibited. Likewise the lack of
prior testing of air and water, and of follow-up testing during drilling and after
incidents of suspected contamination, impedes the analysis of health impacts.
Even when testing is done, the results are being withheld from interested parties
either by government agencies (e.g., by incomplete responses to FOIA requests)
or by the industry. If the industry, government agencies, and the public truly
want the facts, then appropriate testing must be done. and full disclosure of all

data associated with both baseline and incidents of suspected contamination
must be made. Without full disclosure of all facts, scientilic studies cannot

properly be done. Science should drive decisions on whether or not to use a
practice such as shale gas drilling. and until scientific studies can proceed
unimpeded, then an accurate assessment cannot be made.

Food Sa/ety

A major problem is the lack of federal funding for food safety research.
We documented cases where food-producing animals exposed to chemical
contaminants have not been tested before slaughter and where farms in areas
testing positive for air and/or water contamination are still producing dairy and

meat products for human consumption without testing of the animals or the
products. Some of these chemicals could appear in milk and meat products made
from these animals. In Case 3, a quarantine was instituted atter cattle were
exposed to wastewater. However, basic knowledge, such as hold times for
animals exposed to chemical contaminants as a result of gas operations, is
lacking, and research in this area is desperately needed to maintain an adequate
level of food safety in our country [53].Without this information, contaminants
in the water, soil and air from gas drilling operations could taint meat products
made from these animals, thus compromising the safety of the food supply.
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Routes of Es)insure

The major route of exposure in the cases documented here is through water
contamination. This is perhaps the most obvious problem (seen in all three case
studies). but other routes of exposure are ol serious concern. Soil contamination

can be signiflcant in situations such as that described in Case 3. Although the
cases we have documented thus far include only a handful of exposures through

affected air, the actual incidence of health effects may be underestimated due
to a lack of air sampling. In Case I, toxicological testing suggested high levels
of ambient benzene due to a nearby impoundment pond, but air canister tests
were not done at the time. Neither drilling companies nor state envimnmental

regulatory agencies routinely offer air canister tests as a part of testing proto-
cols, and due to the expense, many property owners are reluctant to pursue them

on their own. Nevertheless, the etfects of air pollution on cardiovascular and

respiratory health have been well documented [54].and we believe that exposure
to contaminated air may contribute significantly to the health problems of both

people and animals living near gas drilling operations. In several cases where air
monitoring was done, the results conflrmed the presence of carcinogens com-

monly known to originate from gas industrial processes such as exploration.
drilling, flaring, and compression. Thus, the Environmental Protection Agency

(EPA) must include a study of air in its congressionally mandated hydraulic

fracturing study [55] if it is to be complete.

Testing

The most imponant requirement for an assessment of the impact of gas drilling

on animal and human health is complete testing of air and water prior to drilling

and at regular intervals a()er drilling has commenced. This includes chemicals

used in the drilling muds, fracturing fluid and wastewater (the latter contains

heavy metals and radioactive compounds normally found in a particular shale

[56]). Currently, the extent of testing (particularly for organic compounds) is
frequently inadequate and limited by lack of information on what substances

were used during the drilling pmcess. In a number of the cases that we have

studied, drinking water is clearly unsuitable for human and animal consumption,

based not only on the smell and turbidity, but also on pathological reactions to
drinking the water. Nevertheless, because of inadequate testing, the water is

deemed fit for consumption and use, and neither bottled water nor the large plastic

containers known as "water buffaloes" are typically provided for the affected
individuals-and even less commonly for animals living on those farms. In Case I,
water was reluctantly provided for the humans (afler considerable effort) but not

to the animals living on the farm. Even when identifled, the health effects of
chemicals associated with the drilling process are unknown in many cases. No

Maximum Contaminant Levels (MCLs) have been set by the EPA for many of the

compounds used, and those that have been set are based on older data that does not
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take into consideration eflects at significantly lower concentrations (e.g., endo-

crine disruption [5]).Furthermore, the disclosure of all chemicals involved in the

drilling and hydraulic fracturing processes is not required if a component can be
justified as a "trade secret." ln order to be complete, air, soil and all sources of
potable water used for humans and animals in the vicinity of a well site (at least

within 3,000 feet for soil and water tests [57], and five miles for air monitoring,
based on dispersion modeling ofe missions from compressor stations [58])must be
tested for all components that are involved in drilling and are likely to be found in

wastewater, before any work on the site commences. Sampling must then be repeated

at intervals following the commencement of drilling as well as upon suspicion of
adverse effects. The following pmctices must be part of a testing protocoL

1. The sampling must be done by a disinterested third party with a clear
chain of custody between sampling and testing. A certified independent
laboratory must do the testing, and the results must be available to all

interested parties.
2. All chemicals (with IUPAC names and CAS numbers) used in the hydraulic

fracturing fluid at any concentration for each well must be disclosed to
the property owners within a five-mile radius, testing laboratories. local
govenunents, and state agencies. Material Safety Data Sheets (MSDSs)
for each chemical and chemical mixture must accompany this disclosure.
Following this procedure will allow prior testing to be targeted to specific
chemicals to be used in the drilling process for a specific well, as well as
providing valuable information to first responders and hospital personnel
in the case of an accident.

3. Upon suspicion of adverse health effects, testing must include air, soil,
wastewater, all sources of drinking water, and blood, urine and tissue

samples from affected animals and humans. If methane is present in

drinking water, isotopic analysis to determine the origin (thermogenic vs.
biogenic) must be done.

4. As illustrated by seveml cases we documented, air canister tests are essen-
tial. This must be done as a baseline before drilling begins and during and

after well flaring. It must also be done afler a wastewater impoundment

and a compressor station have been established.
5. Any fracturing fluid chemicals and chemicals released from the shale

that are known or possible human carcinogens, are regulated under the
Safe Drinking Water Act, or are listed as hazardous air pollutants under
the Clean Air Act must have MCLs, which are set by the SPA. Many of the
chemicals to which both people and animals are exposed as a result of
high-volume hydraulic fracturing are not listed as primary contaminants,
and thus have no enforceable MCL. More than half of the chemicals listed
as toxic chemicals in a recently released U.S. House of Representatives
report [59]have no MCL.
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6. All testing expenses must be a part of the cost of doing business for gas
drilling companies.

Testing before and during drilling operations is an important part of docu-
menting health effects. If health effects are related to a chemical pre-existing in a
pond or well, this would prevent a false association between drilling and water
contamination. Alternatively, if a change in chemical composition is correlated
to health changes, then a strong justification for compensation is provided. In
numerous cases that we documented, compensation was not provided because
adequate prior testing had not been done. By doing complete testing, at the proper
times, a clear scientific justification can be made for providing or denying com-
pensation. Beyond that, a better understanding of what practices lead to water
contamination can be obtained. This will be a benefit to people living in the
midst of shale gas drilling and will, in fact, benefft the industry by providing
consistent and useful data to guide operations. The current practice of under-

testing and denying any link between drilling and water, air, or soil contamination

is beneficial to neither the public nor the industry,

Practices for Avoiding Animal and Human
Exposure to Environmental Toxicants

As shale gas drilling expands across the northeastern United States, exposure
of animals and humans to environmental toxicants can result from negligence,
illegal actions, catastrophic accidents (at drilling pads or compressor stations).
or normal operations. Negligence and illegal actions are difficult to prevent
and may have contributed to the health problems we documented. Suspected
illegal dumping of wastewater and the alleged compromise of the liner of a
wastewater impoundment were most likely responsible for cattle deaths in two

instances that we studied. Cases of alleged wrongdoing [60] illustrate the

vulnerability of agricultural operations in the midst of large volumes of toxic
waste. Dumping and other intentional violations are difficult to prevent or
regulate given the large numbers of small companies involved in servicing
drilling operations and the lack of willingness and funding on the part of state
environmental regulatory agencies to investigate and fine the gas industry. The
prevalence of small subcontractors increases the possibility that best practices
will not be followed due to inadequate training and supervision.

Although accidents might be minimized with strict safety standards and

careful inspection, regulatory agencies would require sufficient staff to monitor

operations. This is obviously not the case in Pennsylvania, where 666 environ-

mental health and safety violations have been reported in 20I I as of June

[6I].With a staff of 37 inspectors [62] and 64,939 active wells (as of December,

2010), regulatory oversight is essentially impossible. The situation is even

worse in New York State, where only 16 inspectors are currently on the
staff'f

the Department of Environmental Conservation. Although the number of staff
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positions required to police this industry adequately would necessarily be very
large, hiring of new inspectors is essential if environmental and health damages
are to be minimized. New York, Pennsylvania, and iowa are the only active
drilling states that have no severance tax for drilling operations. A severance
tax could fund additional inspectors and help insure compliance with existing
regulations, although this will require the political will to levy a tax sufficient
to fund the required number of inspectors. Given the high probability that

accidents will happen [63], increasing setbacks between homes, barns, schools,
ponds. and streams would provide some additional security. The current regu-
lation in Pennsylvania is a setback of 200 feet from water supply springs and
wells, 100 feet from surface water bodies, and 200 feet from wetlands. The
revised drafl supplemental generic environmental impact statement in New York
indicates a 500-foot setback from private water wells. Increasing these setbacks
5- to 10-fold would decrease but not eliminate the impacts ofaccidents such as the
April 20, 2011 spill in Bradford County, PA [64]. Contamination of the air by
compressor station blowouts and contamination of streams leave an imprint that

cannot be easily mitigated by even the most stringent setbacks.
Normal practices can be modified to reduce but not eliminate exposure of

humans and animals to toxicants associated with gas drifling. One of the
important problems associated with shale gas drilling is the huge volume of
wastewater generated. This wastewater, which includes flowback and produced
water, contains at different times in the process the chemicals used in the
hydraulic fracturing fluid as well as compounds and minerals extracted in

the fluid flowing back with hydrocarbon gas. The materials extracted from
underground can be equally or more toxic than the hydraulic fracturing fluid, and

include radioactive material (e.g., radium-226, radon-222, and uranium-238),
arsenic, lead, strontium, barium, benzene, chromium and 4-nitroquinoline-1-
oxide [56].However, despite the actual toxicity of this material, according to the

EPA, "drilling fluids, produced waters, and other wastes associated with the
exploration, development, or production of...natuml gas" are considered "solid
wastes which are not hazardous wastes" [65]. This allows the substances to
be spread on roads as deicing solutions and as solutions to minimize dust and

sets up a potentially lethal threat, particularly to companion animals, wildlife. and
children. Typically these solutions contain high salt concentrations and attract
dogs and cats, as was illustrated in Case 1. This hazard can be easily mitigated

by not allowing wastewater to be spread or sprayed on roads.
Before wastewater is removed from a drilling site, it is often stored in

large impoundments (sometimes serving multiple well pads) where the volume
is decreased by evaporation. This increases the concentration of some toxic
substances in the impoundment (salts, heavy metals) and also introduces
other toxicants into the atmosphere (e.g., volatile organics such as benzene and
toluene). ln addition, impoundments are associated with a number of deaths
of both cattle and wildlife [66]. These effects raise the question of whether
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wastewater should be stored in open impoundments. Whereas this may
be economically advantageous to the drilling company, the environmental

and agricultural impacts are too great to allow this practice to continue. In

Pennsylvania, some progress has been made in recycling increasing fractions
of the wastewater. This decreases the total volume of wastewater but increases
its toxicity due to the successive increase in the concentrations of total dis-
solved solids. The alternative is to store wastewater in metal containers at the

drilling site before it is removed for disposal.
Finally, the disposal of wastewater presents significant environmental risks.

Cases of alleged dumping of untreated wastewater in streams have been docu-

mented in the press (e.g., [60]). In the southwestern United States, wastewater
is disposed of in injection wells; however, the prevalence of nonporous sand-

stones and shales in Pennsylvania and New York State largely precludes the
use of disposal wells. An earthquake of magnitude 3.2 was associated with

injection into a hydraulically fractured vertical well on February 3, 2001 near
Avoca, New York [67], suggesting that seismic considerations may further

limit the development of injection wells in New York State. Similar seismic
occurrences in other parts of the country, most recently in Ohio [68], may mean

that New York and Pennsylvania will have fewer options for disposal of
wastewater due to shale gas drilling. In May 2011, a voluntary moratorium was

placed on the acceptance of hydraulic fracturing wastewater at sewage treatment

plants in Pennsylvania. These plants are not equipped to handle either the

radioactive and toxic compounds or the high salt content of this waste, and the
increased use of recycling has magnified the problem. Discharge of water

treatment plants into the Monongahela River led to the contamination ofdrinking

water in Pittsburgh in 2010 [63].Sewage treatment plants clearly are not a viable

option for disposal of wastewater, and despite the industry's progress in

recycling, suitable injection wells are unlikely tobe located to support the scale of
drilling planned in Pennsylvania and possibly New York State.

CONCLUSION

Animals, especially livestock, are sensitive to the contaminants released into

the environment by drilling and by its cumulative impacts. Documentation of
cases in six states strongly implicates exposure to gas drilling operations in

serious health effects on humans, companion animals, livestock, horses, and

wildlife. Although the lack of complete testing of water, air, soil and animal

tissues hampers thorough analysis of the connection between gas drilling and

health, policy changes could assist in the cogection of more complete data sets
and also partially mitigate the risk to humans and animals. Without complete

studies, given the many apparent adverse impacts on human and animal health,

a ban on shale gas drilling is essential for the protection of public health. In

states that nevertheless allow this process, the use of commonsense measures
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to reduce the impact on human and animals must be required in addition to full

disclosure and testing of air, water, soil. animals, and humans.
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