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To Whom It May Concern:

I am delighted to provide material for consideration by the Panel as it deliberates the environmental and health
impacts and risks associated with hydraulic fracturing. By way of introduction, | have studied and written
extensively on the topic, focusing on the epidemiologic issues that must be considered before hydraulic
fracturing of onshore unconventional gas development is approved. While it is impossible to expect that the
process would be risk-free, it is the Panel's charge to weigh the potential benefits against the potential harms
and risks. There is now a large body of evidence that has examined the impact of unconventional gas
development in the United States. The findings warrant that caution be exercised, as once drilling and extraction
commence, it is too late to repair the damage to the environment.

I have served as an outside expert reviewer of Health Protection Scotland's White Paper on assessing the
potential benefits and potential harms of unconventional gas development. | have been an invited speaker at the
European Commission's Technical Workshop on Public Health Impacts and Risks Resulting from Oil and Gas
Extraction to discuss the epidemiological and Public Health perspective of unconventional gas development. |
have been an invited speaker at a conference on the topic held in Sydney Australia, and have provided expert
consulting to numerous organizations in the United States and Europe. My book, The Human and
Environmental Impact of Fracking (Praeger Press, 2015), is a comprehensive presentation of the impact
fracking on air quality, water quality, human and animal health, climate change, and community. I am happy to
send a copy to the Panel.

As the Panel deliberates the potential benefits and potential risks associated with hydraulic fracturing, it is
important to have a very clear understanding of the issues. Australia is the driest continent on earth. Where are
you going to get the millions of gallons of water required for the drilling and extraction process? What effect
will extraction of water from aquifers have on the water table? Where are you going to store the flow back
fluids that are composed of water and chemicals used in the drilling and extraction process? How much will it
cost to transport the shale gas from the well site to market? What is the reserve capacity of the natural gas? Is
there sufficient gas to make the drilling, extraction, and transportation of gas economically worthwhile? What
other sources of energy should be considered? Australia is blessed with intense and immense sun for most of the
year--would solar panels, for example, make more economic sense?

While assessing the scientific evidence of the environmental and health impacts and risks associated with
hydraulic fracturing is extremely important in decision-making, it is also imperative that baseline health data be
collected in order to empirically determine the impact on human health going forward. Environmental and
Health Impact Assessments must be conducted, and the findings analyzed carefully before going forward.

Further, there must be a plan in place before drilling to deal with the potential for groundwater and surface
water contamination. Based on my study of the potential harms and risks of unconventional gas development, it
is my opinion that one should proceed very cautiously before embracing this energy source. The harm to the
climate and environment have been shown in studies done in the United States. Granted Australia is quite
different from the U.S. geographically, the issues are the same. How are you going to safeguard the
environment, and at what cost?
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Environmental and health impacts of
‘fracking’: why epidemiological studies

are necessary
Madelon L Finkel,' Jake Hays?

Over the past decade, there has been a
surge in drilling for narural gas and oil in
shale rock. Natural gas and oil extraction
using high-volume, slickwater hydraulic
fracturing from clustered multiwell pads
using long, directionally drilled laterals
(known by its popular name ‘fracking’), is
an unconventional extraction process that
is currently the focus of controversy. The
process involves the injection of millions
of gallons of water, chemical additives,
and a proppant (sand andfor silica) at
high pressure into a wellbore in order to
create small fractures in the rock forma-
tions to allow natural gas (or oil) to be
released. But for the lack of effective tech-
nology, this source of energy would have
been tapped long ago.

While there are some positive aspects
of high-volume hydrulic fracturing (eg,
reduction in the dependence on foreign
oil and gas; becoming a net exporter of
narural gas and oil; possible reduction in
unemployment in areas where wells are
drilled), there are serious concerns includ-
ing its impact on climate change and the
potential harm to the environment and
human health.

The process of drilling, extracting and
transporting oil and gas is a dirty, messy
and polluting process if not done cor-
rectly, cleanly and carefully. Well venting,
flaring and burning gas on release account
for the largest sources of air emissions.
Volatile organic compounds and diesel
particulate marer, for example, result in
elevated air pollution concentrations that
exceed US Environmental Protection
Agency (EPA) guidelines for both carcino
genic and non-carcinogenic health risks.
Truck traffic and diesel truck exhaust con-
tribute to airborne emissions of fugitive
dust and high benzene concentrations.

The structural integrity of wells can and
does fail over time; for example, cement
cracks and steel casing barriers corrode.
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Wells have blowouts, spiils are common,
and methanc is leaked and vented into the
atmosphere at all stages of the extraction
pracess. By far, one of the most critical
issucs 1s the management (storage, treat-
ment and disposal) of water produced in
the gas or il extraction process. The flow-
back water contains thousands of gallons
of toxic chemicals, the vast majority of
which are not identified. Meoreover, an
underermined number of the chemical
compounds used in the drilling and frac-
turing processes lack scientifically based
maximum  contamirant  levels, which
makes it difficulr to assess their public
health risks. The mixture of chemicals
used by drilling companies is considered to
be proprietary, and in many states compan-
ics are not mandated to disclose informa-
tion about the quantities, concentrarions
or identities of the chemicals used in the
process despite calls for such action.

While many states actively supporr this
technology (eg, Pennsylvania, Texas,
Louisiana, North Dakota, Wyoming), a
growing number of states and municipal-
ittes are more hesitant 1o embrace it. For
example, whereas Pennsylvania embraced
an aggressive drilling agenda, neighbour-
ing New York took a more cautious route.
Both states sit atop the Marcellus Shale.

Several vyears ago the governot of
New York placed a de facto ban on high-
volume hydraulic fracuring pending an
assessment by the Department of Health
(DOH) of the potential health and envir-
onmental risks of high-volume hydraulic
fracturing. On the basis of the findings
compiled in a comprehensive report
issued by the DOH, Governor Cuomo,
in mid-December 2014, announced that
this procedure will be banned in
New York State because of the risks ro
health and the environment. The report
concluded that until there is sufficient sci-
ennfic information to determine the level
of risk to public health, and until there is
a plan to adequately manage potential
risks, high-volume hydraulic fracturing
should not proceed in New York, To a
cermain degree, the governor’s decision
reflects that of the majority of Americans
across the country who are very con-
cerned about high-volume hydraulic

fracturing’s impact on the environment, as
well as on human health.

The available science mises substantial
questions abour the potential for harm to
health, Naturally occurring radioactive
materials (NORMs), toxic flowback water,
and production brine are brought to the
surface during the extraction process,
NORMs consist of uranium, thorium, and
decay products including radium and
radon. Exposure to any of these can be a
public health concern if exposure occurs
ar sufficiently high levels.

People living near drilling sites are pre-
senting with symptoms (eg, skin rashes,
nausea, abdominal pain, respiratory
difficultics, headaches, dizziness, eye irri-
tations, throat irritations, nosebleeds,
anxiety, stressy that demand further inves-
dgation. Anccdotal reports of health pro-
blems (ranging from the mild to the more
serious) do not advance knowledge in a
meaningful way. High-volume hydraulic
fracturing is generally taking place in
rural, poor areas where poor healthcare
status is not uncommon. Yet, can one
truly and confidently state that but for the
gas or oil extraction activity an individual
would be healthy? Epidemiological
studies must be conducted to assess the
strength of association among risk factors
and health.

Without baseline morbidity and mortal-
ity data, without accounting for bias and
confounding, without applying Hill's cri-
teria (especially rtaking into account
dose-response relationships, temporality,
consistency across a range of smudies),
findings may not reflect a true association
of risk factors and health outcomes.
Clearly, there is a nced for well-designed,
methodologically sound studies.

While therc has been a dramatic
increase in the number of peer-reviewed
published studies on the topic, there are
few well-designed studies to quantify the
connections between risk factors and
health outcomes, especially among popu-
lations living in close proximity to shale
gas operations. There have been numer-
ous small-scale health outcomes studies
conducted, but these studies are limited in
their ability to show that exposure to risk
factors caused a health outcome. The
findings are suggestive, but do not demon-
strate cause and effect.

Ecological descriptive studies, while
useful, only generate hypotheses, they do
not test hypotheses. They can suggest a
relationship between a risk factor and
health outcomes; they cannot show cause
and effect. Hypothesis testing studies have
advantages as well as disadvantages:
Prospective cohort studies are expensive





and take a long time; case—onrtrol studies
are cheaper and quicker to conduct, but
care must be taken in selecring both cases
and controls. Regardless of the type of
study design used, drawing conclusions
about causal association is not so simple
fram an epidemiological perspective.

That being said, a few important studies
are currently underway that hopefully will
add to the body of knowiedge:

» The Marcellus Shale Initiative Study is
a National [nstitute of Health-funded
project focusing on asthma control and
PICENAncy QuICOMES AMONg patients at
the Geisinger Health System in
Pennsylvania.

» The University of Colorado at Boulder
Sustainability Research Nertwork, a
National Science Foundation funded
study, is focusing on the impact of
high-volume hydraulic fracuring on
air and water.

» A long-awaited EPA study on hydraulic
fracturing, and the potential impact on
drinking water resources is underway,
with the full study expected to be com-
pleted in 2016.

» The FPennsylvania Department  of
Environmental Protection Comprchensive
Oil and Gas Development Radiation
Study focuses on radioactivity levels in
produced and flowback waters, waste-
water recycling, levels of radon in
nawral gas, and potential exposures of
workers and residents near drilling sites.
High-volume hydraulic fracturing s

refatively new (approximately 10 years),

and diseases, such as cancer, can take

many years to present. In the meantime, it
would be instructive to examine trends in
morbidity and mortality in areas with gas
and oil extraction and compare the data
to neighbouring areas withour such activ-
ity. For example, many respiratory and
reproductive conditions are known to be
impacted by environmental insults as are
many cancers (eg, bladder, thyroid, leu-
kaemia). Trend data at the municipal
level, or at the county level, are far more
precise than that for an endre state. Such
data can shed light on health in a particu-
lar arca at a particular point in time.
However, it is important to look ar the
data years before gas or oil extracgon
began, as it would be unusual to see any
appreciable changes in morbidity and
mortality in the short term. While some
symptoms may appear fairly quickly, other
symptoms will uke more time to develop.

Certainly, the potential for harm will
vary by proximity to drilling sites, the
nature of the exposure, exposure path-
ways, route of cxposure, and length of
time exposed. There needs to be pamicu-
lar artention paid to when the drilling
started, for how long individuals lived in
proximity to the drilling site, and the
health status of the individuals prior to
drilling. There must be an understanding
of potential confounding factors, espe-
cially behavioural factors, such as robacco
smoking, diet and health insurance status.

Well-designed epidemiological studies
are absent, bur given the available evi-
dence from published studies looking at
air and warer-quality impacts, including

groundwater contamination, it is prudent
to proceed cautously, There are signifi-
cant uncertainties about adverse health
outcomes that may be associated with
high-volume hydraulic fracturing, and that
should give us cause for concern.

Competing interests None dedared,

Provenance and peer review Commissioned,
internally peer reviewed.

To cite Finkel ML, Hays |. / Epidemicl Community
Health Published Online Fitst: | please indlude Day
Month Year] doi: 10.1136/ech-2015-205487

J Epidemiol Community Health 2015;0:1-2,
doiz10.11364ech-2015-205487

REFERENCES

1 McKenzie LM, Witter RZ, Newman LS, et a/. Human
health risk assessment of air emissions from
development of unconventional natural gas resources.

1012,424:79-87.

2 Darrah TH, Vengosh A, Jacksan RB, et a! Noble gases
identify the mechanisms of fugitive gas contamination
in drinking water wells oveilying the Marcellus and
Bamett Shales.
2014,111:14076-81.

3 Colbum T, Xwiatkowski C, Schwliz X, ef ai. Nalurl
gas operations from a Public Health perspective

2011,;17:1039-56,

4 New York State Department of Health. A Public
Health Review of High Volume Hydrulic Fracturing for
Shale Gas Development. December 2014, hitpww.
health.ny.gov (accessed S Jan 2015).

5 Shonkeff 5B, Hays ), Finked ML, Enviranmental
public health dimensions of shale and tight gas
development.
2014;122:787-95.

6 PSE Healthy Energy. PSE Study Ciration Database on
Shale Gas and Tight Dil Development, hiip:www,
psehealthyenergy.arg/sitelviews 1180 {accessed 7 lan
2015}





'AJPH EDITORIALS

The Rush to Drill for Natural Gas: A
Five-Year Update

Followwsip on: Finkel ML, Law
A. The mish to drill for natoral gas:
a public health cautionary tale. Am ]
Public Health, 2011;101(5):
785-85.

Five years ago, AJPH pub-
lished our article! discussing
the potental harm to the envi-
ronment and human health from
horizontal drilling and high-
volume hydrulic fracturing of
shale (e.g., fracking; hereafier
referred to as unconventional
gas development or UGD). At
that time, the United States was
importing oil and gas to mect
its energry needs, gasoline prices
at the pump were at record
high levels, and UG was pro-
ceeding at a rapid pace. There
was a paucity of empirical data
to confirm or refute the poten-
tal for hanm from the process
of drilling, extracting, and
transporting natural gas and oil
trapped in formations of low
permeability {e.g., shale). We
concluded that much remained
unknown about the potential
for harm from UGD and advo-
cated that preventive, cautionary
acdon should be taken in the
face of uncertainty. Given the
lax regulatory climate at the time,
we felt that the burden of proof
should be shifted to che industry
to minimize degradation and
damage to the public’s health
and the environment.

Since 2011, there hasbeen not
only a surge in drilling for natural
gas and oil in the United States
(e.g., Califomia, Colotado, Loui-
siana, North Dakota, Pennsylvania,

October 2016, Vol 106, No. 10 AJPH

Texas) and in other countries
(e.g., Australia), but also a huge
increase in the number of pub-
lished studies focused on envi-
ronmental and public health
impacts associated with UGD.
Nearly 700 peer-reviewed pub-
lications, most published since
2013, provide empirical evidence
of the various environmental,
health, and societ] effects of
UGD., Potentially serious con-
sequences associated with UGD
have become more clearly
defined.

Environmental and health
impacts are evident at every stage
of UGD, including construction
of well pads, dnlling the wells,
extractng the gas, storing the
byproducts of the extraction
(e.g., flowback fluids}, trans-
porting the natural gas by dicsel
trucks, construction of com-
pressor stations, and building
pipelines. Well blowouts, spills,
and release of methane into the
atmosphere occur to the detr-
ment of the environment. Of
particular concern is the use
of chemicals, many known to
be carcinogens, 1n the extraction
phase. Industry is legally pro-
tected from disclosing the com-
position of chemical mixtures,
making it very difficult to de-
termine the consequences of
exposure in the short and long
tenm.

Management (storage, treat-
ment and disposal) of flowback
wastewater containing thousands
of gallons of toxic chemicals is
often Jax, creating a situation of

potential danger to those living
in areas where UGD is active
as well as to those living out of
the region. Proper disposal of
flowback fAuids is eritically
important to the protection of
both surface and ground water.
Flowback wastewater can be
stored in containment pits or
tanks on site, but there are
problems with this option. The
failure of a tank, pit liner, or the
line carrying fluid (“flowline™)
can result in a release of con-
taminated materials directly
into surface water, shallow
ground water, and soil. Streams
and aquifers have been poliuted
from flowback wastcwater.
Although sorne drill operators
recycle HAowback wastewater
to be used again in the extrac-
gon phase, another option is to
transport the wastewater to watet
treatment facilities authorized to
treat and discharge flowback
wastewater. However, the ma-
Jjority of these faciliaes are not
cquipped to treat the total dis-
solved solids in lowback fluids,
which can reach extremely high
levels of both concentration
and vanability. Flowback waste-
water also has been sprayed on
local roads, which, while perhaps

ABOUT THE AUTHORS

expedient, is not the most pru-
dent way to dispose of the fluid.
There is now ample empirical
evidence to link shale gas
development to surface and
groundwater contamination,
Furthermore, there is strong
evidence of an association be-
tween the injection of flowback
fluids into underground injec-
tion wells and an increase in
the frequency of earthquakes.
Air pollutanes, such as hy-
drogen sulfide, nitrogen oxides,
volatile organic compounds (e.g.,
benzene and formaldehyde),
particulate matter, sulfur dioxide,
and ground level ozone, are
cmitted or produced and released
during all of the drilling and
extracting phases.* Especially
warrisome is the release of air-
bome pollutants duting well
venting, faning, and buming
gas on release. Truck traffic and
diesel cruck exhaust also con-
tribute to airbome emissions
of fugitive dust, fine particulate
matter, and high benzene con-
centrations. Fugitive methane
(emissions that are not cap-
tured for use) has considerable
climate implications, as does
the contamination of well
water. Unconventonal gas s
predominantly methane, which
is estimated to have a giobal
warming potential 25 dmes
greater than carbon dioxide
over a 100-year period.’
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Alarmed by “increasingly
harmful environmental trends,”
the Rockefeller Foundation—
Lancet Commission on planetary
health was formed to address
changes 1o the environment,
including climate change, ocean
acidification, land degradation,
and water scarcity, on human
health.®

Aless well-known harm to the
environment is the despoliation
of farmland as a result of sthica
sand mining (frac sand), which
is a necessary ingredient in the
hydraulic fracturing process. I1-
linois, Wisconsin, 2nd Minnesota
have some of the richest agri-
cultural Iand areas in the United
States, areas that sit atop huge
deposits of fine silica sand (Se.
Peter sandstone). Silica is used
to keep the fissures in the rock
open (a proppant) so that the
locked-in oil and gas can escape.
Silica sand mining has led to
the destructon of large areas
of Midwestern farmland. From
a Public Health perspectve, in-
haling crystalline silica can lead to
serfous, someames fatal illnesses,
including silicosis, lung cancer,
tuberculosis {in those with sili-
cosis}, and chronic obstructive
pulmonary disease.

In addition to the potential
for hartn to the environment,
epidemiological studies are pro-
viding evidence of potential
harm to health. Exposure to
ozone, particulate matter, silica
dust, benzene, and formaldehyde
is linked to adverse respiratory
health effects, particularly in in-
fants and children.” Recent
empirical evidence shows an
increase in adverse birth oue-
comes (e.g., preterm birth, low
birth weight) in arcas with
active drilling, especially among
women living close to gas wells.®
Also dacumented is an increase
in hospital uttlization rates
{(admussions for cardiae and neu-
rologic conditions in particular)

eZ Editorlal Finkel ond Law

among those living in proximity
to wells,” and mental health
problems have been shown to
be associated with proximity to
drilling sites.'? Adverse effects
must be understood in context
of proximity to drilling sites, the
nature of the exposure, exposure
pathways, route of exposure,
and length of time exposed.
There must be an understanding
of potential confounding factors,
especially behavionl factors,
such as tobacco smoking, diet,
and occupation history.

Although some symptoms
and diseases may appear fairly
quickly, others will ke more
time to develop. Discases with
long latency periods (e.g., cancer,
chronic respiratory illness, im-
paired cognition, neurologic
impairment) will not be evident
for years and will depend on
the nature and dumton of the
exposure. For example, to what
extent will the chemicals used
in UGE have the potental to
nepatively affece the endocrine
system? Colbom'! evaluated
hundreds of chemicals used in the
dnlling and extraction process
and found that more than one
third of these chemicals were
endocrine disruptors, which
could produce adverse develop-
mental, reproductive, neuro-
logic, and immune effects in
humans. The hydmulic fractur-
ing process releases toxic and
cancer-causing chémicals such
as benzene, toluene, and xylene
(BTEX). To what extent will
exposure lead to reproductive,
metabolic, neurologic, and other
diseases, especially in children
and pregnant women?

Since our article was pub-
lished, oil and natural gas prices
have plurmmeted to record lows.
There is a global glut of oil and
gas, and the United States has
become a net energy exporter
thanks to the shale gasboom. Yet,
there are valid, nagging concerns

about UGD, prompdng many
countries {e.g., Bulgara, France,
Germany, Netherlands, Scot-
land, Spain, Wales) and states
(e.g.. Maryland, New York,
and municipalities in areas of
California, Colomdo, Texas) to
issue a moratorium on hydraulic
fracturing, citing the need for
more empirical evidence about
the consequences of UGD.

As nations debate the merits
of UGD, there needs to be
a strong Public Health and en-
virommental presence in the de-
bate, Baseline health data need
to be collected before drilling
to assess changes in disease in-
cidence over time. Biomonitor-
ing studies to document ambient
air quality during the drilling
and extraction phases of UGD
need to be done to assess the
impact on air poliution. Chem-
icals used in the process must
be disclosed to assess the potential
for harm to human health. There
needs o be a better way to
manage flowback wastewater so
as not to pollute water sources.

in our 2011 artacle, we called
for a balance between the need
for energy with the protection
of the public’s health. Five years
later, mounting empirical evi-
dence shows hann to the eavi-
ronment and to human health
from UGD, and we have no
idea what the long-term effects
might be. We again stress the
importance, indeed urgency, to
focus on fair and sensible energy
policies, and to be mindful of the
implications that such policies
have on cur environment and on
population health. Ignoring the
body of evidence, to us, is not
a viable option anymore. AJPH

Madelon L. Finkel, PhD
Adam Law, MD
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| COMMENTARIES

The Rush to Drill for Natural Gas: A Public Health Cautionary Tale

| Madelon L. Finkel, PhD, and Adam Law, MD

Efforts to identify altarna-
tive sources of energy have
focused on extracting natu-
ral gas from vast shale
deposits. The Marcellus
Shale, located in western
New York, Pennsylvania,
and QOhio, is estimated to
contain enough natural gas
1o supply the United States
for the next 45 years.

New drilling technolagy —
horizontal drilling and high-
volume hydraulic fracturing
of shale (frackingl—has made
gas extraction much maore
economically feasible. How-
ever, this technigue poses
a threat to the environment
and to the public's health.
There is evidence that many
of the chemicals used in
fracking can damage the
lungs, liver, kidneys, blood,
and brain.

We discuss the contro-
versial technique of fracking
and raise the issue of how
to balance the need for en
ergy with the protection of
the public’s health. {Am J
Public Health. 2011:101:784
785 doi:10.2105/A0PH 2010
300089)

784 Commentaries

LONG BEFORE THE DISAS-
trous cil spill in the Gulf of Mexico,
there have been calls for the
United States to wean itself from
foreign oil by exploring alternative
energy sources. Nuclear power
and coal have their own sets of
problems; therefore, natural gas is
increasingly viewed as a viable
alternative to meeting US energy
needs. There are trllions of cubic
fect of recoverable natural gas in
the Marcellus shale, for example,
more than enough for the next 45
years.! Relying on natural ges will
make it casier to meet federal air
quality standards for conventional
pollutants such as smog and mer-
cury. But for the lack of effective
technology, this source of energy
would have been tapped long ago.
However, natural gas extraction
has its own sct of health and
environmental problems that must
be assessed carcfully before
wholesale drilling is embraced.
Over the past decade, there has
been a surge in drilling for natural
gas in shale rock. For example,
the Marcellus Shale, a black shale
formation that lies up to 10000
feet below ground surface ex-
tending over 54 000 square mules
primanly in New York and Penn-
sylvania, contains between 168
trillion to 516 trillion cubic feet of
natural gas.* The economic bene-
fit of dnlling for natural gas is
potentially huge for landowners,
states, and industry. There are
estimates of more than $500 bil-
lion in recoverable gas in Penn-
sylvania alonc.” Whereas in the
past the thinness of the formation
and tightness of the shale made
drilling for and extraction of natural
gas difficult and expensive, new
technologics that allow for horizontal
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drilling and high-volume hydraulic
fracturing of shale {fracking) have
made extraction much more eco-
nomically feasible.

Hydraulic fracturing relies on
pumping as mich as five million
gallons of surface water mixed
with tons of chemicals and solids
(e.g. sand} under high pressure to
create fractures and open joints
in the shale, thus releasing the flow
of gas. From 2000 to 2008, the
number of active gas wells drilled
in New York State nearly doubled
from 6845 to 13 687, and over
the next decades an additional
80000 wells could be drilled*
The rush to drill without sufficient
health and environmental impact
studies, however, has caused con-
cern. In response, the New York
State Department of Environmen-
tal Conservation stopped issuing
drilling permits so that impact
studies could be conducted 3 Al-
though New York State issued
a moratorium, drilling continues at
a fast pace in neighboring Penn-
sylvania, where there are more
than 350 000 active and inactive
gas wells. Industry estimates in-
dicate that over the next 20 to 30
years an additional 300000 new
wells could be drilled by using
fracking technology.®

As drilling companies are not
legally required to list the chem-
ical compounds used in fracking, it
is difficult to assess the full scope
of the contents of fracking Muids.
However, toxic mud and fluid
byproducts from the drilling and
fracking as well as spills of oil and
gas wastes ere not uncommon. Of
the more than 8600 abandoned
wells in Pennsylvania in 2009
alone, taxpayers paid to plug 259
because of leaking natural gas, oil,

and acid mine drainage into the
groundwater, surface water, and
air.” Postmineral extraction cleanup
costs are substantial, including res-
toration of damaged or contami-
nated streams and soil, improper
handling of wastewater disposal,
and improper disposal of radioac-
tive material and hazardous waste.
In August 2010, the Environmental
Protection Agency (EPA) sent let-
ters to nine drilling companies
requesting detailed information
about the chemicals contained in
fluids used in fracking. Such infor-
mation is deemed essential to un-
derstand better the potential health
and environmental effects of hy-
draulic fracturing.

Additionally, fracking has
raised concerns regarding the way
it may damage underground water
supplies. No state has adequate
regulations on drilling, particularly
the disposal of the polluted water.
Although drilling companies are
expected to submit water man-
agemnent plans to the appropriate
state agencies that oversee cnvi-
ronmental protection, often there
is little state oversight; companies
are expecied to self-report viola-
tions, which they do not do vol-
untarily. In Pennsylvania, several
drilling companies have been
charged with illegal water with-
drawals and others have been
found to be operating without
permits. The state does not have
a comprehensive underground
walter monitoring system in place,
and no comprehensive data exist
on spills.

Soil contamination also has not
been addressed fully. Drilling
sludge (a mixture that includes
drilling mud and rock cuttings con-
taining hydrocarbons, redioactive
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material, and heavy metals) is
brought to the surface during the
drilling phase. Flowback waste
Nuids, a byproduct of the fracking
phase, must be disposed of safely
beeause they can potentially con-
taminate air and soil. Redicactive
hazardous waste needs to be taken
to special disposal sites. However,
clandestine dumnping is widely
suspected, thus further jeopardiz-
ing both soil and watersheds.
Little research has been done
on the potentigl adverse health
effects of fracking. Witter ct al
reviewed the available htcrature,
which showed cvidence of risk to
human health ranging from the
comparatively benign to the more
serious.” One study, based on
Pennsylvania Department of En-
vironmental Protection and the
Susquehanna River Basin Com-
mission Material Safety Data
Sheets for 41 products used in
fracturing operations, assessed the
chemicals used in fracturing and
found that 73%: of the products
had between 6 and 14 different
adverse health effects including
skin, eye, and sensory organ
demage, respiratory distress in-
cluding asthma; gastrointestinal
and liver disease; brain and ner-
vous system harms; cancers; and
negative reproductive effects.”
Some of the negative health effects
appeared fairly immediately after
exposure whereas others app-
cared months or years later, as
was the case with some cancers,
harm to the reproductive system,
or developmental effects. Of con-
cern is that endocrine-disrupting
chemicals may alter developmen-
tal pathways, manifesting decades
after exposure or even transge-
nerationally by altering epigenetic
pathways. Hydrofracking fuid
and flowback fluids contain can-
didate endocrine disruptors, but
because of the lack of disclosure
by the drilling companies of the
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individual chemicals with their
unique Chemical Abstracts Ser-
vice registry numbers used in
fracking fluids, it is difficult to truly
assess their potential adverse el
fects, and so the cumulative expo-
sure impact is not known.

Because fracking has the po-
tential for environmental and
health harm, we advocate using
the precautionary principle, which
asserts that the burden of proof for
potentially harmful actions rests
on the assurance of safety in areas
ol scientific uncertainty (analogous
to and partially denved from pri-
mum, non nocere [first, do no
harml}. Inherent in the principle
is that preventive action should be
taken in the face of uncertainty,
the burden of proof should be
shified to the proponents of an
aclivity, alternatives to possibly
harmfiul actions need to be ex-
plored, and there should be in-
creased public participation in
decision-making.'”

In March 2010, the EPA an-
nounced that it would conduct
a detailed study of the environ-
mental and health impacts of
fracking. We hope that before
drilling in the Marcellus Shale
becomes harmful, legislators and
the natura! gas industry will follow
the EPA’s and New York State’s
lead and pause to reflect on recent
and past oil and gas disasters by
agreeing to a2 moratorium on hy-
draulic fracturing. We argue that it
would be prudent to invoke the
precautionary principle before
further degradation and damage
to the public's health and the
environment occur. The stakes are
high as the disaster in the Gulf,
the worst oil spill in US history to
date, so visibly demonstrates, B
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High-volume horizontal hydraulic fracturing of shale formations has the potential to make natural gas a significant, economical
energy source, but the potential for harm to human health is often dismissed by proponents of this method. While adverse healih
outcomes of medical conditions with long latency periods will not be evident for years and will depend on the exposure, duration
of exposure, dose, and other factors, we argue that it would be prudent to begin (o track and monitor trends in the incidence and
prevalence of diseases that already have been shown to be influenced by environmental apents. The dirty downside of modern,

unconventional natural gas development, as well as the potential for harm, is discussed.

1. Introduction

A modern form of natural gas development has become a
global “game changer” in the quest for energy. Natural gas,
abundant around the world, has a clean reputation compared
to other fossil fuels since it burns less carbon when used. It is
casy to transport, reasonably economical, and requires com-
paratively quick construction timelines and low capital costs.

Traditionally, natural gas was extracted using a method
that bores a vertical well in single gas reservoirs close to
the surface {conventional natural gas drilling). However,
drilling for natural gas in shale rock was not particularly
economical, primarily because shale typically has insufficient
permeability to allow significant fluid flow to a well bore.
With technological advances and unconventional methods
(i.e., horizontal hydraulic fracturing), gas extraction from
tight formations {e.g., shale) is now feasible.

This type of unconventional natural gas development
relies on clustered, multi-well pads and long, horizontal
laterals. Wells are drilled vertically (often thousands of feet)
and horizontally in multiple directions. The method entails
injecting large volumes of fluid consisting of chemicals,
water, and sand into the well to fracture the shale rock that

releases the natural gas. The internal pressure of the rock
formation also causes a portion of the injected fracking fluids
to return 10 the surface (flowback fluids); these fluids are
often stored in a tank or pit before being pumped into trucks
for \ransport to a disposal site. Flowback has been shown
to contain a variety of formation materials, including brines,
heavy metals, radionuclides, and organics, which can make
wastewater treatment difficult and expensive [1]. Further,
other studies found that 20% to 85% of fracturing fluids
may remain in the formation, which means the fluids could
continue to be a source of groundwater contamination for
years to come [2]. By 2009, there were more than 493,000
active natural gas wells across 31 states, almost double the
number in 1990, of which approximately 90 percent have used
hydraulic fracturing to extract gas [3].

Whereas shale gas has the potential to become a signifi-
cant, economical energy source, the potential for harm and
the potential of giving a false sense of energy security are
often dismissed by its proponents. The process is potentially
polluting and damaging not only to human and animal health
but also to the environmeni, as a result of clearing of land
for well pads, drilling the wells, extracting the gas, storing
the byproducts of the extraction, transporting the gas by





diesel trucks, and the final capping of the well. The potential
for harm to children is especially worrisome. This paper
focuses on a literature review of uncenventional natural gas
development and its potential impact on human health.

2. Discussion

Canaries in coal mines were used as an early-warning
signal for toxic gases, primarily carbon monoxide. The birds,
being more sensitive, would become sick before the miners
thus providing advanced warning of a danger. Animals and
children also can be viewed as sentinel species. A 1993 report,
now viewed as a watershed moment for health and environ-
mental policy, documented that children are more vulnerable
and sensitive than adults to chemicals in the envirenment [4].
Early development (in utero and during the first few years
after birth) is particularly sensitive to disruption by exposures
to chemicals in the environment and to imbalanced nutrition,
with potentially adverse consequences for health later in life
[5]. A child’s ability to metabolize toxic chemicals is different
from an adult's. Children receive proportionately larger doses
of chemical toxicants than adults, and these exposures occur
at a time in the life cycle when organs and tissues are rapidly
growing and developing.

Endocrine disrupting chemicals (EDCs) present a partic-
ularly concerning hazard during human growth and devel-
opment. EDCs can affect the reproductive system and often
effect epigenetic mechanisms leading to pathology decades
after exposure, Given the potential for harm, it would be a
prudent course of action that chemicals used in the hydraulic
fracluring process be evaluated for their EDC potential and
screening assays be developed to test flowback fluids,

Landrigan et al. [6), looking al children’s vulnerability to
toxic chemicals, found strong evidence that toxic chemicals
are important causes of disease in children. For example, ben-
zene, being toxic to all humans, has been shown to contribute
a disproportionate risk of leukemia to young children [7].
Neural tube defects, spina bifida being the most common
(8], and decreased fetal growth [9) also have been shown to
occur disproportionately higher in children exposed to toxic
chemicals, including benzene. Further, because of the long
latency period of some diseases, 1oxic exposures in childhood
are more likely to result in disease in adulthood compared to
exposure in adulthood [10].

Trasande and Liu {11}, building on Landrigan et al's anal-
ysis of the costs of environmental pollutants and disease [12],
estimated that costs of environmentally mediated diseases in
American children totaled 576.6 billion (in 2008 dollars} and
called for federal policy action to limit children’s exposure
to known chemical hazards, including exposures to toxic
chemicals. Given the staggering human and economic costs
of environmentally mediated diseases, a wise course of action
would be to empirically document trends in specific diseases
among children living in close proximity to unconventional
natural gas operations compared to those living in areas
where drilling is not occurring.

We acknowledge that adverse health outcomes of medical
conditions with long latency periods will not be evident for
years and will depend on the exposure, duration of exposure,
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dose, and other factors. A higher incidence of asthma,
cancer, heart disease, and the effects of endocrine disruption
on developing fetuses and children, due to contaminant
exposure, only become evident over time. However, baseline
measurements should be recorded and updated over time,
As of this wriling, the extent of health risks associated with
unconventional natural gas operations among children is
unknown,

In an effort to assess the impact of hydraulic fracturing
on children’s health, we are advocating that local and state
governments work together to establish a system to track the
incidence and prevalence of diseases that have been shown in
the literature to be causally related or exacerbated by expo-
sure to environmental agents. In Pennsylvania, for example,
there has been active, on-geing unconventional natural gas
development since the late 2000s. There are currently 6,773
horizontal wells drilled or under development and over 9,600
drilling permits have been issued [13]. As of May 2011, 320
daycare facilities, 67 schools, and 9 hospitals were located
within two miles of natural gas wells [14]. What effect will this
activity have on the development of disease among children
living in counties with active drilling as compared to children
living in counties with little or no drilling activity? Trends in
childhood cancers, especially acute lymphoblastic leukemia,
birth outcomes including birth defects, premature and low
birth weight births, neurodevelopment disarders, and, respi-
ratory disease, especially asthma, should be monitored.

The limited information available on the chemicals that
are used in the drilling hampers efforts to empirically assess
the potential for harm. Qil and gas companies are legally
permitled to withhold information on their proprietary
mixtures, and the federal government has granted oil and
gas companies exemption from many environmental law
restrictions such as the Clean Water Act, Clean Air Act, Safe
Drinking Water Act, Resource Conservation and Recovery
Act, Toxic Release Inventory under Emergency Planning and
Community Right-to-Know Act, and the National Environ-
mental Policy Act, By default, states have the responsibility
for enacting regulations; however, many states have weak or
no regulations. As of February 2012, only four of 31 states have
significant drilling rules; of these, 5 adopted disclosure rules,
although they still allow for “proprietary trade secrets” [15].

3. Harm to Health

The production process creates & huge pressure cooker of
organics and inorganics, and even if every single compound
pumped into the well is harmless by itself {which is not the
case), the pressure would create hundreds if not thousands of
different compounds that are highly toxic. Of the few studies
that have looked at the chemical cocktails used in the process,
findings have identified chemicals that are known to cause
cancers, mutations, and diseases of the nervous, immune,
and endocrine systems, the kidney, gastrointestinal tract and
liver, heart, and skin [16]. Colburn identified almaost 1,000
chemical products and nearly 650 individual chemicals used
in natural gas operations, many of which have the potential
to cause adverse health effects as well as to potentially cause
deleterious effects on the environment [17]. Specifically, the
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researchers documented that the hydraulic fracturing process
releases toxic and cancer-causing chemicals such as benzene,
toluene, xylene (BTEX), and methylene chloride among other
health-hazardous air pollutants. These health-hazardous pol-
lutants are released from a number of sources including
blowouts, flaring, condensate tanks, construction activity,
engines, and venting, Methane, a powerful greenhouse gas,
also is emitted throughout the oil and gas development pro-
cess. Methane interacts with sunlight to produce tropospheric
ozone, which is a strong respiratory irritant associated with
increased respiratory morbidity and mortality [18].

Witter et al. were one of the first to present a detailed
assessment of health trends in Garfield County, CO, that
documented the negative impact of drilling on air, soil, water,
and human health [19). Building on those findings, McKenzie
et al. estimated health risks for exposures to air emissions
from a nawral gas development project also in Garfield
County and found that residents living less than one-half mile
away (rom wells were at greater risk for ill health effects than
those living farther away (20]. Although these studies focused
on Garfield County, CO, the researchers maintain that the
exposure pathways and related health risks would be similar
wherever oil and gas development is occurring,

4, Water Contamination

Whereas the conventional method of natural gas production
utilizes about 20,000 to 80,000 gallons of fluid, the uncon-
ventional method utilizes up to 5 million gaflons of fluid per
hydraulic fraciuring event, which includes not only water
and sand, but also numerous toxic chemicals. The potential
for contamination of aquifers by the residual fracking fluids
that remain underground must be considered. The likelihood
of spills throughoul the entire lifecycle of development also
must be taken into account. Blowouls {uncontrolled release
of natural gas from a gas well after pressure control systems
have failed) allow gas and/or highly contaminated produced
waters to flow to the surface; hoses come undone, gaskets
fail, pits or tanks that hold the fracking fluids leak raising the
serious risk of ground and water contamination. Even small
quantities of the toxic fracking fluids can contaminate shallow
aquifers with hydrocarbons, toxic chemicals, heavy metals,
and radioactive materials.

Further, improper wastewater disposal, specifically the
handling of fracking fluids including flowback wastewater
{2 byproduct of the process), can lead to contamination of
ground and water [21]. The flowback can be taken to sewage
plants, but it is widely acknowledged that sewage plants are
not equipped to handie the contaminants. There have been
reports of untreated wastewater being dumped into riversand
streamns and sprayed on rural roads and forests [22).

The New York Times, in its analysis of more than 30,000
pages of federal, state, and company records relating to
more than 200 gas wells, found that radioactive wastewater
from the process has been discharged into rivers that supply
drinking water to millions of people in Pennsylvania and
Maryland. At least 12 sewage treatment plants in three
states have discharged waste that was only partly treated

into rivers, lakes, and streams (23], There have been well-
publicized instances of water contamination in Pavillion,
WY, and Dimock, PA [24, 25], and gas has seeped into
underground drinking water supplies in five states (Colorado,
Ohio, Pennsylvania, Texas, and West Virginia). Further, a
study conducted in Northeastern Pennsylvania found that
water wells near a fracking site were 17 times more likely to
exhibit methane contamination than wells not near drilling
sites [26].

5. Air and Soil Contamination

Unconventional natural gas development causes air pollution
from multiple sources. Many particulates and chemicals are
released into the atmosphere, including sulfuric oxide, nitro-
gen oxides, volatile organic compounds (VOCs), benzene,
toluene, diesel fuel, hydrogen sulfide, and radon gas, all
of which can have serious health implications. Further, the
venting or flaring of wells during drilling and production
contributes to local air pollution.

The drilling sludge, which is brought to the surface during
the drilling process, contains fracking fluid, drilling mud,
and radioactive material from the subsurface land forma-
tion, hydrocarbons, metals, and volatile organic compounds.
Sludge, often left to dry on the surface in waste pits, may be
removed Lo waste disposal sites (but not always to hazardous
waste siles) or may be tilled into the soil in “land farms”
These practices raise the risk of contaminating soil, air,
and surface water, as a result of the fine dust becoming
airborne thus affecting local air quality and raising the risk
of respiratory disease. Based on concerns about the exposure
to dust containing silica sand, the US Occupational Safety
and Health Administration, along with the National Institute
of Occupations Safety and Health (NIOSH), released a joint
hazard alert on fracking silica in June, 2013 [27).

Unconventional natural gas development requires many
diesel trucks for the transportation of the products used
in drilling as well as the removal of flowback fluid. Diesel
emissions contain nitrogen oxides and volatile organic com-
pounds, which can react to sunlight to produce ozone, a
strong respiratory irritant associated with increased respira-
tory morbidity and mortality [28].

6. Conclusion

The health impacts related to unconventional natural gas
development may not be evident for years, as medical
conditions with long latency periods will present over time.
While the potential long-term, cumulative effects will not
be known for years, we argue that it would be prudent to
begin to track and monitor trends in the incidence and
prevalence of diseases that already have been shown to be
influenced by environmental agents. Meanwhile, the natural
gas industry needs to address the risks to human and animal
health and take steps to limit, preferably to eliminate, the
exposure pathways, We need far greater transparency and full
chemical disclosure. There needs to be an end to discharging
efiluent into rivers, streams, and groundwater. There needs





to be much more attention paid to curtailing or preferably
eliminating spills and leaks of radioactive wastewater. There
needs Lo be an end Lo the disposal of radicactive sludge from
drilling sites in landfills. There needs to be a safer way to
develop this resource to limit the exposure to silica, which can
cause silicosis, chronic obstructive pulmonary disease, and
lung cancer. Banning the practice of burning off the initial
flow of natural gas (flaring) needs to be mandated sooner
than 2015, the date when EPA ruling goes into effect. And,
perhaps most importantly, there needs to be a well-designed
epidemiologic study conducted to empirically assess health
status among those living proximate to active development
compared to those living in areas where development is not
occurring.
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ABSTRACT

Objective: To what extent does unconventional gas development lead to an increase in
cancer incidence in heavily drilled Southwest Pennsylvania?
Study design: Ecological study.

Methods: Data for urinary bladder, thyroid and leukaemia were abstracted from the
Pennsylvania Cancer Registry (PCR). Cancer incidence among counties with high, moderate
and minimal number of producing wells is compared before drilling activity and thereafter,
Observed vs expected cases, standardized incidence ratio and 95% confidence intervals are
presented, Data are presented by county, diagnosis and sex for the years 2000—2004, 2004
—2008 and 2008-2012. The percent difference between the observed cases from 2000 to
2004 and 2008-2012 was calculated.
Results: The observed number of urinary bladder cases was higher than expected in both
sexes in counties with shale gas activity. In counties with the fewest number of producing
wells, the increase was essentially non-existent. The number of observed cases of thyroid
cancer increased substantially among both sexes over the time period in all counties
regardless of the number of wells drilled. The pattern for leukaemia was mixed among
males and females and among the counties regardless of the extent of shale gas devel-
opment activities.

Conclusion: Potential risk factors other than shale gas development must be taken into
account to explain the higher than expected cancer cases in counties with and without
shale gas wells before and during unconventional shale gas activity.

© 2016 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Unconventional oll and gas development has enhanced the
ability to extract trapped gas from tight shale formations. The
process, using hydraulic fracturing, requires injecting millions

of gallons of water combined with a mixture of chemicals
(many of which are toxic) and proppants {usually sand or
silica) into the drilled well under high pressure. With uncon-
ventional natural gas extraction, trapped gas is released along
with flowback fluids consisting of the water and the chemicals
used in hydraulic fracturing, In the USA, over the decades,

E-mail address: maf2011@med.cornell.edu.
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0033-3506/2 2016 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
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38,000 oil and gas production wells in at least 25 states were
hydraulically fractured, the majority of which are in Texas,
Colorado, Pennsylvania and North Dakota,!

Studies conducted in the USA have linked shale gas
development to surface and ground water contaminaton,?~¢
and a landmark 2015 Environmental Protection Agency (EPA)
report on the impact of hydraulic fracturing estimated that
almost 10 million people live within one mile of & fracked well
and that hydraulic fracturing and associated activities not
only have the potential to contaminate drinking water,
ground water and other water resources but actually did in a
number of places.”

Further, air pellutants, such as hydrogen sulphide, nitro-
gen oxides, volatile organic compounds (e.g. benzene and
formaldehyde), particulate matter and ground leve] ozone are
emitted or produced, are released during all phases of the
drilling and extracting phases.?~'! Wel] venting, flaring and
burning gas on release account for a large source of air
emissions.”? Truck traffic and diesel truck exhaust also
contribute to airborne emissions of fugitive dust, fine partic-
ulate matter and high-benzene concentrations. Werner et al.1?
camprehensively reviewed the strength of evidence focussing
on the environmental health impacts of unconventonal nat-
ural gas development (UGD), including the potential for harm
to air, water, soil and climate change.

Finkel and Law®* and later Shonkoff et al.’® were the first
to rajse the issue of a paucity of well-designed epidemiologic
studies on the public health impact of hydraulic fracturing.
Anecdotal reports from areas with UGD found that adults
and children living near drilling sites were presenting
with symptoms such as skin rashes, dizziness, headaches,
nausea, respiratory problems, eye and throat irritations,
nosebleeds, anxiety. Other health conditions, many poten-
dally serious, will take more time to develop (e.g. cancers;
endocrine and reproduction systems disruptions). Hydraulic
fracturing fluids contain endocrine disrupting chemicals that
may adversely impact organs in the body years or decades
after exposure,'®

The byproducts of hydraulic fracturing, including benzene,
fine partculate matter, and other nitrogen oxides, sulphur
dioxide and ozone, have been shown to increase the risk of
adverse birth outcomes and a variety of health problems
among those living in near proximity to hydraulic fracturing
activites.'” Recent empirical evidence shows an increase in
adverse birth outcomes (g.g. preterm birth, low-birth weight)
in areas with active drilling, especially among women living
close to gas wells.®=%° Also documented is an increase in
hospital utilization rates (admissions for cardiac and neuro-
logical conditions in particular) among those living in prox-
imity to wells,”! and mental health problems have been
shown to be associated with proximity to drilling sites, 2

While the accumulation of reports enumerating the po-
tential for harm in the short-term are a matter of concern, the
long-term effects of living in near proximity to unconven-
tonal drilling sites are not known as of this writing. Certainly,
the potental for harm will vary by proximity to wells, length
of time of exposure and route of exposure. Confounding fac-
tors would need to be taken into account as well to under-
stand the extent of the relationship between health outcomes
and UGD.

Purpose of study

Many states actively support unconventional natural gas
development (e.g. Colorado, Louisiana, North Dakota, Penn-
sylvania, Texas, Wyoming). Pennsylvania, in particular, has
embraced an aggressive policy of drilling and extracting nat-
ural gas from the Marcellus Shale, one of the largest shale
plays in the USA. Drilling commenced in 2008, and as of May 1,
2015, 9134 unconventional wells have been drilled in Penn-
sylvania, notably in severai countes in the southwest part of
the State.

Anecdotal reports of elevated cancer rates in the heavily
drilled southwest region of the state provided the impetus to
investigate whether exposure to UGD activities impacts the
development of cancers that are known to be associated with
environmental exposure (e.g. bladder, leukaemia and thyroid
cancers). To what extent were the observed number of can-
cer cases higher than expected in counties with the highest
number of producing wells (Washington and Greene)
compared to counties with little or no UGD (Fayette and
Westmoreland) and to counties with a moderate amount of
producing wells (Allegheny and Beaver). Data before UGD
commenced (2000—2008) are compared to years during UGD
(2009-2012). Key questions that we sought to answer
include: to what extent was cancer incidence elevated prior
to UGD? To what extent does UGD contribute to cancer
development?

Methods

While genetics and lifestyle factors account for many cancers,
occupational and environmental exposures also can be major
risk factors. Three specific cancers were selected for inclusion
in this study: bladder, leukaemia and thyroid. Bladder cancer,
for example, is associated with exposure to arsenic in drinking
water, and exposure to benzene, cadmium, aromatic amines,
tricholoroethylene solvants, silica and lead. Benzene, pesti-
cides, reactive chemicals, dioxin solvents and non-ionizing
radiation are linked to leukaemia. Radiation, pesticides and
genetics are linked to thyroid cancer. However, cancer
causation is complex and multi-factorial. UGD requires hun-
dreds of different chemicals in the fracturing process, many of
which have been shown to be carcinogenic.

Cancer incidence and mortality were abstracted from the
Pennsylvania Department of Health {(DOH) Bureau of Health
Statistics and Research's Pennsylvania Cancer Registry
{(PCR).*® The PCR includes the annual number of invasive
cancer cases and cancer deaths by age, sex, race, primary site,
as well as observed and expected cases by diagnosis. The
observed number of cases is based on the number of primary
tumours, not the number of individuals diagnosed with can-
cer. The PCR follows the SEER ICD-0 coding structure used to
identify primary sites of cancers. Expected cases represent the
total number of primary malignant tumours that would have
been reported to the PCR if Pennsylvania's male and female
populations had experienced the same age-specific rates of
cancer incidence as those reported by the SEER program
during the same time period.
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The PCR includes the standardized incidence ratio (SIR},
which is calculated by dividing the number of observed cases
by the number of expected cases and multiplying the dividend
by 100. A ratio greater than 100 indicates that there were more
cases observed than expected. The 95% confidence interval for
the SIR was calculated independently. The percent difference
between the observed cases from 2000-2004 to 2008-2012
was calculated.

The following cancer sites were selected for analysis
because epidemiologic evidence shows a moderate to strong
relationship to environmental pollutants (e.g. chemical ex-
posures): urinary bladder (invasive and in situ), leukaemia and
thyroid. Other potential risk factors such as occupational ex-
posures {e.g. diesel fumes, rubber byproducts, paint solvents),
tobacco smoking, alcohol consumption, diet and genetic his-
tory could not be assessed in this ecologic study.

Based on anecdotal reports of ‘high' cancer morbidity and
mortality among residents in Washington County, we also
include data at the township level. We acknowledge that there
is a higher probability of chance variation in an observed
number in rural counties with small populations, rather than
areal change or difference. There is always the possibility that
some events could have occurred by chance,

Results

Of the 67 counties in Pennsylvania, there are 30 over-
whelmingly rural counties that sit atop the Marcellus Shale.
Table 1 presents a profile of the counties included in this
study. The principle products and/or industry in these
counties include coal mining {e.g. the Klondike and Pittsburgh
coalfields), agriculture, manufacturing (e.g. fabricated metals
and electric machinery) and shale gas development.

Table 2 shows the trend in incidence of urinary bladder
cancer by county, sex and year grouping. The SIR in each year
grouping for all Pennsylvania was above 100 indicating that
there were more observed cases than expected. There was a
10% increase in the number of observed cases from 2000 to
2012. In every county and for each of the year groupings, the
SIR was above 100 among males and females (with the
exception of 2000~2004 in Greene County and 2004-2008 in
Westmoreland County where there were fewer number of
observed cases of urinary bladder cancer than expected in

femnales). In all of the counties for each of the year groupings,
the observed number of cases exceeds the expected in each of
the year groupings among males. The increase in the number
of observed cases from 2000 to 2012 was notably higheramong
males in the heavily drilled Washington County (+20.2%), but
in heavily drilled Greene County there was a 20% decline in
observed cases. The numbers are quite smail, which could
distort the findings. In moderately drilled Westmoreland
County, there was a 19.9% increase in the number of observed
cases. In the counties with the fewest number of drilled wells,
there was an insignificant change in the number of observed
cases over the time period.

Among females, in heavily drilled Washington County,
there was a 5.3% increase in the number of observed cases and
a7.7% increase in Greene County. In moderately drilled Fayette
County, there was a 22.5% decline in the number of cbserved
cases from 2000 to 2012; however, in Westmoreland County
there was a 44.4% increase over this time period. In Allegheny
and Beaver Countes, there was a 3.2% decrease and a 4.4%
increase in the number of observed cases, respectively. Bladder
cancer is generally more prevalent among males, which may
be a factor in explaining the differences between the sexes,

Table 3 shows the trend in incidence of thyreid cancer by
county, sex and year grouping. The SIR for each year grouping
exceeds 100 for the state of Pennsylivania, and there was a
huge 91.2% increase in the number of observed cases from
2000 to 2012. The data show that the number of thyroid cancer
cases over the time period has been higher than expected,
especially among males. While the numbers are small (as
apparent by the 95% confidence interval range), the number of
observed cases in males and fernales in all counties almost
always exceeded the number of expected cases from 2004 to
2012 regardless of shale gas development activity in the spe-
cific county.

Among males in Washington County, there is a 92.9% in-
crease in the number of observed cases of thyroid cancer from
2000 to 2012. The numbers in Greene County are too small to
draw any conclusions. In Fayette and Westmoreland counties,
there was a 231.3% and 160% increase in the number of
observed thyroid cases from 2000 to 2012, respectively. In
Allegheny and Beaver Counties, where there has been rela-
tively little unconventional drilling activity, there is a 105.9%
and 68.2% increase in the number of observed cases over the
time period, respectively.

Table 1 — Demographic profile by county.

Demographic characteristics Allegheny  Beaver  Fayette  Greene  Washington  Westmoreland
Populations (2014 est) 123,125 169,392 134,086 37,843 208,187 359,320
Population: (as of 2010) 122,348 170,539 136,607 38,686 207,820 365,169

% Change 0.6% -0.7% -1.8% -2.2% 0.2% ~1.6%

< 5 years of age (as of 2014) 5.3% 5.1% 5.0% 4.9% 5.0% 4.6%

>64 years of age (as of 2014) 17.4% 19.7% 19.4% 17.1% 18.9% 20.7%

% White (as of 2014) B10% 91.1% 53:1% 94.7% 94.0% 95.1%
Persans in poverty (as of 2014} 12.5% 11.3% 19.2% 16.3% 10.9% 10.7%
Number of unconventional active wells, 2015 63 30 257 870 1146 251

Source: http//quickfacts census.gov/qfd/states/42000.html
Source: http://stateimpact.npr.org/pennsylvania/drilling/counties
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Table 2 - Urmary bladder cancer incidence by county 2000—2012

County; ; o _ Males ; e remales Ll
s EvArA Bl __Obsctve_c.! : .-.E.chs;gt.ed. _ SIR .95-'5._0:- Oba_mad Expecied L SIRe . 95% CL
Allegheny | -2000—2004 1547 4257. 1231+ 417,1292 1 ssal | 4810 25w 11261324
VS 4 2004—2008 j 4SS5 e S RA 44T 1250 118,81131:2 0T | 480, 42204 | 1119, 132.1
Gh .2008<2012 ¢ 1588 | 1254 1267+ 12051329, ., 570, 445 128,10 4 117,6,138,6
% difference 2.70%. Z3.20%
Beaver 1 2000-2004 ' 273 193 1418+ | 125,158.6 .90 €9 1312+ 104,1,158.3
2004~2008 242 154 1246+  1089,1403 106 67 157.2 4 127.3,187.1
0082012 273 195 1390+ 12251555 94 66 14204 ' 102.2,1818
: %-difference s ‘0% j a0 : -
Faystte 20002004 201 151 11330+ 114.6,.1514 BO: 57 14094 109.8,171.9
2004-2008° . 214 153 133.6+  120.5,158.3) . 57, 55 1030 26.7,1106
{15 2008-2002. 223 (i85 1458+ | 1266, 165 62 52 1189 89.3,148.5
L L ftﬁﬂf"ﬂlﬂ v 19-“5- v E ' e :'2; Sﬂx & : X e
Greene = 2000-2004 ' S0 a7 134&3 97.1,:17 1. E e AR 13 R 994 453,1535
2 zoo‘-t_'!'-zuusf""" E e i T 1850+ 37,1722 13 13 01E - 464,1572
200820125 +*5 400 LiEe B agid S aonigs 70,2, 1334000 4l B 1R 41390 g3 90727
% difference’ ' © —20.00% {4 LhE S Ly T e S
Washington ©70 2000-2004 % o 24300 » ol 2110 0 011524 145,13081 ¢194 76! 1229 98:1,147.7
.. 2004-2008 . 28% 215 1316%  153,148.4 101 75 1350+ 1085, 161.5
|/2008-2012 | . 292! 227. 1286+ 14.7,145.1 .99 (1% 76 130,74 - 104.8,1566
.. % difference. . 20.20% i 5.30%
Westmoreland = 20002004 452 ‘396 11404 1051353 144 142 1014 84.8, 118
U 2004~-2008" 532 404 1317 4 126, 1374 137 139 984 819, 114.9
LI C2008-2012 1 54 425 127.3+  116.6,138. 204 051 147.04 | 127.1,167.1
(471 1 % difference. " 20%: : gt e A T e e e ok I
AllPA 22000-2004+ + 113496, e 11,2800 00 1196+ 1176, 1216 4917 4120 1193+ 116, 1226
, 2004-2008° 14,149, 11620, | 1218+ 119.8,1238 4831 4060, 119.0+  1156,1224
2008-2012. | 34,843 12,250 1708+ 118.9,1227 4941 4117 12004 116.7,1234
% difference’ . 10.00% : S 0.50%

Cl, confidence interval; SIX, stindudiuﬂ Incidence ratio, - |
'A dJl'ference bet&_een ZODO—ZQMJnd 200§-2012.

Among females, Westmoreland County shows the largest
increase in the number of observed cases during this time
pericd (+187.6%), followed by Fayette County {+138.5%) and
Allegheny County (+108.2%). The numbers for Greene County
are too small to make any meaningful determination. Given
the higher than expected number of cases in both males and
females in the counties in the years before unconventional
drilling, other factors must be taken into account to explain
this iinding.

Table 4 shows the trend in incidence of leukasmia by
county, sex and year grouping. Compared to thyroid and uri-
nary bladder cancers, the data for leukaemia present a
different picture. For all of Pennsylvania, the SIR for each year
grouping was less than 100, and there was a modest 18.9%
increase in the number of observed cases from 2000 to 2012,
For each county, as evident by the SIR, for the most part there
are fewer observed cases than expected in males and females
over the years. The percent increase from 2000 to 2012 is
comparatively minimal, and in many instances, there fewer
observed cases than expected during this time period in each
of the countes and in males and females, regardless of county
well status.

The data show that the observed number of urinary
bladder cases were higher than expected in males and fe-
males in southwest Pennsylvania prior to shale gas develop-
ment, however, in counties with the fewest number of
producing wells (Allegheny and Beaver) the increase from

2000-2004 to 2008-2012 was essentially non-existent. In the
counties where drilling was more intense, the percent in-
crease among males was the highest in Washington and
Westmoreland Counties and in Westmoreland and Fayette
Counties among females. The number of observed cases of
thyroid cancer increased substantially among males and fe-
males over the time periad in all counties (excluding Greene
County because of the small number of cases). The pattern for
leukaemia was much more mixed among males and females
and among the counties regardless of the extent of shale gas
development activities.

Focus on Washington County townships

County-level data may mask activity at the small area level
(e.g. township level). We focused on Washington County
townships primarily because this county, as compared to the
neighbouring counties, embraced shale gas development
early on and has the most number of active producing un-
conventional wells. Fig. 1 shows the location of active, pro-
ducing unconventional wells in Washington County as of
2015. Each well pad contains multiple wells.

Data were grouped by years before shale gas development
(2000-2007) and during shale gas development {2008—2012).
Table 5 shows the number of cases of urinary bladder and
thyroid cancers and leukaemia by selected townships from
2000 to 2012. Townships with 20 or more observed cases of
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Table 3 — Thyroid cancer incidence by county 2000—-2012.

County Males Pemales ;
Observed  Expected SIR 95% CI Observed  Expected SIR 95% Cl1

Allegheny 20002004 185 147 1263+  108.2, 144.5 646 4561 1403+  1285,151.1
2004-2008 284 186 15314  135.2,170.9 1074 591 1819+  171.0,1928
2008-2012 383 230 166.8+ 150.1, 183.5 1345 728 184.8+ 174.9, 154.7
% difference 105.90% 108.20%

Beaver 20002004 22 22 100.2 115 &5 176.3+
20042008 39 28 139 58.3, 142.1 145 85 165.8+  144.1,208.54
2008-2012 37 34 108.2 95.3, 182.7 131 104 126.2+ 142.2,197 4
% difference £8.20% 13.50%

Fayette 20002004 16 18 90.6 72.2,158.5 52 53 982 949, 146.5
20042008 27 23 115.8 137.2,283.4 84 70 120.7 1385, 160.7
2008-2012 53 28 18784 124 a3 149.6+
% difference 231i30% 138.50%

Greene 2000-2004 2 5 - 9 13 -
20042008 [} 7 - 26 17 1488 91.6, 206.0
2008-2012 13 8 166.1 15%,173.2 4 6
% difference 550% ~55.60%

Washington 20002004 28 25 113 84 73 1145
2004~2008 42 a3 1291 71,1, 1549 129 97 132.44+ B9.8, 139.2
2008-2012 54 41 130.6 90,1, 168.1 163 123 1323+  109.6,155.23
% difference 92.90% 94.00%

Westmoreland  2000--2004 45 46 97.7 95.8, 165.4 133 134 99.1 112.0, 152.6
20042008 73 60 1216 206 176 116.8+
2008--2012 117 75 155.3+ 691, 1263 325 220 147 .7+ 823, 1159
% difference 160.00% 187.60%

All PA 2000~2004 1752 1415 1238+ 93.7, 149.5 5969 4295 139.04 100.9, 132.8
2004~2008 2341 1857 12614+  127.2,1B34 7950 5706 139.3+ 1317,163.8
20082012 3350 2372 1413+ 10,237 7260 1410+
% difference 91.20% 71.50%

CI, confidence interval; SIR, standardized incidence ratio,
% difference between 20002004 and 2008-2012.

urinary bladder and thyroid cancers, and 15 or more
leukaemia cases, are included in the Table. Given the small
number of observed cases, one must interpret the data with
caution.

Cecil and North Strabane townships showed the largest
percent increase in urinary bladder cancer from 2000-2007 to
2008 to 2012, 141.7% and 81.3%, respectively. Three townships
(Monogahela City, North Franklin and Washington City)
showed a decrease in the number of urinary bladder cases
over the time period. Regarding thyroid cancer, South Stra-
bane and Peters Townships showed a substantial increase in
the number of cases between the time periods (157.1% and
153,8%, respectively}, whereas North Strabane, Washington
City and Cecil Townships showed a decrease in the number of
cases. Every township showed an increase in the number of
leukaemia cases from 2000 to 2012. Of note is the 220% in-
crease in the number of cases reported for Washington City; a
120% increase in South Strabane Township and a 100% in-
crease in Peters Township.

Overall, Peters and South Strabane Townships showed
increases in the three cancers of interest over the time period.
Cecil, North Strabane and Washington City Townships had a
mixed record; e.g., urinary bladder was especially high in Cecil
Township but thyroid and leukaemia cancers either declined
or increased modestly. Geographically, the townships with
the comparatively larger number of cancer cases are adjacent
to each other in the north central part of the county. However,

as Fig. 1 shows the location of unconventional wells is pri-
marily in the western portion of the county with a smaller
concentration located in the southern part of the county. The
wells are not proximate to the townships with elevated cancer
cases. For example, Cross Creek, West Middletown, Hopewell,
Mount Pleasant and Independence Townships are located in
areas with the highest concentration of producing wells but
have comparatively fewer cancer cases than townships in
areas with few producing wells,

Discussion

It is important to note that Southwestern Pennsylvania is
comprised of an ageing, rural, generally poor population.
Township population is small, which makes it difficult to draw
statistical conclusions. Trying to link shale gas development
to higher than expected morbidity is complicated because
shale gas development did not begin in earnest in the region
until 2008, and the PCR data are available only through 2012,
The data show, however, that the number of observed cancer
cases exceeds the number of expected cases for each of the
counties and for males and females even before shale gas
development commenced.

Cancers generally take years to manifest, which make the
findings from this study all the more concerning. Given the
lead time in the diagnosis of chronic diseases, townships with
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County R CMales T _ Femaleg
Expected SR 95%G ¢ Expected’ SIK.95%CI
Allegheny. e 540 907~ 451 B5:8- 774,945
Ef m—zoos 487 i 536 0 808- “9 946 856, 1036
! ﬁﬁgzzmn 559, 590 54.8 478, 475 100.7. 917, 109.7
#difference”  14.10% _ L L o
Beaver zmmm T4 82 807 70.0,2114 63/ B4 985-  74.2,1228
mégqoa. 7 82 887 683,109.1 48] 65 751- 539,963
. 2008=2012, £t 810 . 2003 79.7,1208 64 70 915 694, 1142
% difference. ' 23.00% - 160% ¢
Faystte 2000--2004 60 65 . 927 | 693,1161 | 66 53 1247 - 945 1549
20042008 55 66 834 6141054 51 54 953  169.1,1215
2008-2012 47 72 65.5- 469,841 31, 55 563- 198,619
% difference’ - -21.70% _ ! s 1 =53.00% u 2
Greene 2000-2008 1 17 -~ 1147 63,1663 | 17 12 1368 1717,201.9
20042008 18 N1 7 A 105 T NS6,51:153. 5 Filie 0 1 13 1668 85.4,238.2
20082012 B 210 el 00.3 713,28 T g ; ;
% difference. 10.50% : : —~58.80% :
Washington 2000-2004 101, .90 1118 19.9,,133.7 | 84, 72 7.3 522,1424
EEHH-ZMI 92 23 99.4 79,1,'- 19,7 88 73 120.5 95,3, 1457
'M—-?Gl!- o100 106 94 756,114, 790 Bq_ "98:2: 76.5,119.9
Westmoreland' 19 168 B85 743,1007 120 132 909  745,107.2
: 163 . L7095 L E0.4 109,60 132 134 - 983 | I815,1151
iy 170, 197 B64- 734,9941 130 148 8717 726,1028
o 14,100\ S L L R.30%
AllPA 5T 48330 ©0 0 - 48620 974 1 947,1004 - 3741 assz 94.7. - 917,977
; S049. 51290 | ‘em4l 957 101'1. a4 4053.? 953- 923,983
SR E747 5902 974 949,999 4425 . 4487 986  957,100.5
1890% ' ) o 1B30%

cl, cunﬁdenc: int:wa}, w_gg‘ndardized inddtnce ratio.
% dlfl’erence between iﬂm-2004 and 2008-2012.

substantial shale gas activities could be posed to see a large
increase in cancer incidence, not to mention other cardio-
vascular, respiratory, neurological, endocrine and reproduc-
tive conditions, over the next few years.

While there was a steady increase (and in some cases a
substantial increase) in cancers from 2000 to 2012, clearly
risk factors other than, or in addition to, shale gas develop-
mernt activities must be taken into account. To what extent is
exposure to shale gas activities synergistic with past expo-
sure to other risk factors for cancer and other diseases? The
regicn has a long history of industry (e.g. coal mining and
steel mills) that is associated with elevated morbidity and
mortality.

Canonsburg Township located in heavily drilled Wash-
ingten County, for example, was home to a major uranium
milling facility for decades prior ta 1957, At one time Can-
nonsburg was known as ‘the most radioactive town in
America’.?® Uranium-238 decays to form radium-226. Long-
term exposure to uranium-238 (half-life of 4.5 billion years)
and radium-226 (half-life of 1600 years) increases the risk of
bone and lung cancer, tumours of the lymphatic and haema-
topoietic tissues, leukaemia and lymphoma. The Cannons-
burg mill site was designated in the 1978 Uranium Mill
Tailings Radiation Control Act as eligible for federal funds for
clean-up. Also, Cannonsburg is situated along Chartiers
Creek, a tributary of the Ohio River, that is highly polluted
from acid mine drainage, agricultural and industrial runcff

and sewer overflow. It remains one of the most polluted wa-
tersheds in Pennsylvania.?’

Cannonsburg is located adjacent to Cecil, North Strabane
Charters and Peters Townships, which have higher than ex-
pec<ted cancer rates, yet, none of these townships are located
In areas with substantial drilling activity (see Fig. 1).

Allegheny County, which has few producing wells, is home
to the Clairton Coke Works Plant, the largest coke
manufacturing facility in the USA. Significant quantities of
fugitive dust from pet coke storage and handling operations
raises the risk of heart and lung disease primarily from the
inhalation of particles that are 10 pm in diameter or smaller
These particles, once inhaled, generally pass through the
throat and nose and enter the lungs causing damage to
tissues.*®

In heavily drilled Greene County, high concentrations of
bromides and radionuclides were found in Ten Mile Creek, a
stream that snakes through Greene and Washington Counties
passing through areas of shale gas development. Ten Mile
Creek feeds into the Monongahela River, the source of drink-
ing water for hundreds of thousands of people in western
Pennsylvania. Exposure to bromine can severely impact the
thyroid gland™ and has been linked to an increased risk of
preterm delivery.”® Bromides are found in fracking waste-
water. lllegal dumping of fracking waste into streams and
ponds has occurred in the county.®' Also in Greene County,
the Hatfield's Ferry power plant, recently closed, was a major
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Table 5 — Selected cancers by township by year,
Washington county

|

source of air and water pollution. There is documented
ground water contamination due to coal ash waste.” Fly ash
is known to contain heavy metals including arsenic and lead.

Cancers by 2000—2007° 2008-2012 Total - ;

mwnshi:y As the above illustrates, there are multiple sources of
= potentially toxic, harmful exposures in southwest Pennsyl-

Urinary bladder . . .

vania, many dating back decades. Shale gas development is a

Canonsburg 14 14 28 0.00% lati .

Canton 12 18 40 50.00% r? alnve newcomer to the rE‘gl.O!'l, butf there coult.:l be a syner-

Carroil 5 20 26  233% gistic effect of shale gas activities with past toxic exposures.

Cecil 12 29 41 14170% This link must be more fully explored,

Chartiers 12 14 26  1670% Data limitations include small population counts in these

Fallowfield 5 4 23 35.60% rural counties and townships, and a small number of events,

Moncngahela City " 9 2l -25.00% which raises the risk of chance variation. Further, the short

N 2 : 22 Jit2.00% eriod of time between the onset of drilling and the develop-

North Strabane 16 29 45  8130% P ! g s

e 20 29 45 4500% ment of cancer must be taken into account. What this study

South Strabane 21 22 43 480% tries to do is illustrate that other potentially confounding

Washington City 19 12 31 -36.80% factors must be taken into account before one can state with

Total county 296 390 686 31.70% statistical certainty that UGD is the ‘cause’ of an increased risk

Thyroid of cancer.

Cecil 11 9 20 18.20%

North Strabane 12 8 20 ~33.30%

Peters 13 33 45 153.80% Conclusion

South Strabane 7 18 25 157.10%

Washington City 12 9 aa  -25.00% As the above illustrates, pollution from industry is not new in

Tatal county 131 216 347 64.50% th . . f;

T southwest Pennsylvania. Multiple sources of air and water

Cecil 5 12 17 830% pollution, past and present, serve to raise the risk of disease

North Strabane 7 g 15  20.60% among those living in the area. Given the decades-long

Peters 7 14 21 100.00% exposure to highly toxic pollutants, it perhaps is not surpris-

South Strabane 5 11 16 120.00% ing that even in counties with minimal shale gas activities

Washington City 5 16 a1 220.00% there are higher than expected rates of cancer, heart and

Total county 123 177 300 4390%

respiratory diseases and other medical conditions. Data from
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the PCR show that there were higher than expected cancer
rates long before unconventional shale gas activity began in
the region. To what extent are the higher than expected cases
seen in 2008-2012 & result of exposure to the potentially
harmful byproducts of past industrial activity? To shale gas
development? To some combination thereof? To what extent
do demographic and lifestyle factors contribute to the higher
number of observed cancer cases? Given the long lead time for
many cancers to develop, the results presented here may be
just the tip of the jceberg.

Ecological studies such as this one cannot determine cau-
sality, cannot link exposure to risk factors to disease, nor can
they take into account confounding factors such as lifestyle,
genetics, poverty, age. They can, however, raise ‘red flags’ to
warn of higher than expected morbidity and mortality and
should provide the impetus for observational studies such as
case-control and cohort studies. Given that shale gas con-
tinues to be extracted in many parts of the region, there must
be a concerted effort to monitor health indicators on a county
and township level in order to better understand what the
furure holds for individuals living in southwestern Pennsyl-
vania, especially for those living in counties that have been
heavily drilled. Clearly, further research should be conducted
to better understand the relationship between health and
UGD.
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Environmental and health impacts of
‘fracking’: why epidemiological studies

are necessary
Madelon L Finkel,' Jake Hays?

Over the past decade, there has been a
surge in drilling for narural gas and oil in
shale rock. Natural gas and oil extraction
using high-volume, slickwater hydraulic
fracturing from clustered multiwell pads
using long, directionally drilled laterals
(known by its popular name ‘fracking’), is
an unconventional extraction process that
is currently the focus of controversy. The
process involves the injection of millions
of gallons of water, chemical additives,
and a proppant (sand andfor silica) at
high pressure into a wellbore in order to
create small fractures in the rock forma-
tions to allow natural gas (or oil) to be
released. But for the lack of effective tech-
nology, this source of energy would have
been tapped long ago.

While there are some positive aspects
of high-volume hydrulic fracturing (eg,
reduction in the dependence on foreign
oil and gas; becoming a net exporter of
narural gas and oil; possible reduction in
unemployment in areas where wells are
drilled), there are serious concerns includ-
ing its impact on climate change and the
potential harm to the environment and
human health.

The process of drilling, extracting and
transporting oil and gas is a dirty, messy
and polluting process if not done cor-
rectly, cleanly and carefully. Well venting,
flaring and burning gas on release account
for the largest sources of air emissions.
Volatile organic compounds and diesel
particulate marer, for example, result in
elevated air pollution concentrations that
exceed US Environmental Protection
Agency (EPA) guidelines for both carcino
genic and non-carcinogenic health risks.
Truck traffic and diesel truck exhaust con-
tribute to airborne emissions of fugitive
dust and high benzene concentrations.

The structural integrity of wells can and
does fail over time; for example, cement
cracks and steel casing barriers corrode.
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Wells have blowouts, spiils are common,
and methanc is leaked and vented into the
atmosphere at all stages of the extraction
pracess. By far, one of the most critical
issucs 1s the management (storage, treat-
ment and disposal) of water produced in
the gas or il extraction process. The flow-
back water contains thousands of gallons
of toxic chemicals, the vast majority of
which are not identified. Meoreover, an
underermined number of the chemical
compounds used in the drilling and frac-
turing processes lack scientifically based
maximum  contamirant  levels, which
makes it difficulr to assess their public
health risks. The mixture of chemicals
used by drilling companies is considered to
be proprietary, and in many states compan-
ics are not mandated to disclose informa-
tion about the quantities, concentrarions
or identities of the chemicals used in the
process despite calls for such action.

While many states actively supporr this
technology (eg, Pennsylvania, Texas,
Louisiana, North Dakota, Wyoming), a
growing number of states and municipal-
ittes are more hesitant 1o embrace it. For
example, whereas Pennsylvania embraced
an aggressive drilling agenda, neighbour-
ing New York took a more cautious route.
Both states sit atop the Marcellus Shale.

Several vyears ago the governot of
New York placed a de facto ban on high-
volume hydraulic fracuring pending an
assessment by the Department of Health
(DOH) of the potential health and envir-
onmental risks of high-volume hydraulic
fracturing. On the basis of the findings
compiled in a comprehensive report
issued by the DOH, Governor Cuomo,
in mid-December 2014, announced that
this procedure will be banned in
New York State because of the risks ro
health and the environment. The report
concluded that until there is sufficient sci-
ennfic information to determine the level
of risk to public health, and until there is
a plan to adequately manage potential
risks, high-volume hydraulic fracturing
should not proceed in New York, To a
cermain degree, the governor’s decision
reflects that of the majority of Americans
across the country who are very con-
cerned about high-volume hydraulic

fracturing’s impact on the environment, as
well as on human health.

The available science mises substantial
questions abour the potential for harm to
health, Naturally occurring radioactive
materials (NORMs), toxic flowback water,
and production brine are brought to the
surface during the extraction process,
NORMs consist of uranium, thorium, and
decay products including radium and
radon. Exposure to any of these can be a
public health concern if exposure occurs
ar sufficiently high levels.

People living near drilling sites are pre-
senting with symptoms (eg, skin rashes,
nausea, abdominal pain, respiratory
difficultics, headaches, dizziness, eye irri-
tations, throat irritations, nosebleeds,
anxiety, stressy that demand further inves-
dgation. Anccdotal reports of health pro-
blems (ranging from the mild to the more
serious) do not advance knowledge in a
meaningful way. High-volume hydraulic
fracturing is generally taking place in
rural, poor areas where poor healthcare
status is not uncommon. Yet, can one
truly and confidently state that but for the
gas or oil extraction activity an individual
would be healthy? Epidemiological
studies must be conducted to assess the
strength of association among risk factors
and health.

Without baseline morbidity and mortal-
ity data, without accounting for bias and
confounding, without applying Hill's cri-
teria (especially rtaking into account
dose-response relationships, temporality,
consistency across a range of smudies),
findings may not reflect a true association
of risk factors and health outcomes.
Clearly, there is a nced for well-designed,
methodologically sound studies.

While therc has been a dramatic
increase in the number of peer-reviewed
published studies on the topic, there are
few well-designed studies to quantify the
connections between risk factors and
health outcomes, especially among popu-
lations living in close proximity to shale
gas operations. There have been numer-
ous small-scale health outcomes studies
conducted, but these studies are limited in
their ability to show that exposure to risk
factors caused a health outcome. The
findings are suggestive, but do not demon-
strate cause and effect.

Ecological descriptive studies, while
useful, only generate hypotheses, they do
not test hypotheses. They can suggest a
relationship between a risk factor and
health outcomes; they cannot show cause
and effect. Hypothesis testing studies have
advantages as well as disadvantages:
Prospective cohort studies are expensive



and take a long time; case—onrtrol studies
are cheaper and quicker to conduct, but
care must be taken in selecring both cases
and controls. Regardless of the type of
study design used, drawing conclusions
about causal association is not so simple
fram an epidemiological perspective.

That being said, a few important studies
are currently underway that hopefully will
add to the body of knowiedge:

» The Marcellus Shale Initiative Study is
a National [nstitute of Health-funded
project focusing on asthma control and
PICENAncy QuICOMES AMONg patients at
the Geisinger Health System in
Pennsylvania.

» The University of Colorado at Boulder
Sustainability Research Nertwork, a
National Science Foundation funded
study, is focusing on the impact of
high-volume hydraulic fracuring on
air and water.

» A long-awaited EPA study on hydraulic
fracturing, and the potential impact on
drinking water resources is underway,
with the full study expected to be com-
pleted in 2016.

» The FPennsylvania Department  of
Environmental Protection Comprchensive
Oil and Gas Development Radiation
Study focuses on radioactivity levels in
produced and flowback waters, waste-
water recycling, levels of radon in
nawral gas, and potential exposures of
workers and residents near drilling sites.
High-volume hydraulic fracturing s

refatively new (approximately 10 years),

and diseases, such as cancer, can take

many years to present. In the meantime, it
would be instructive to examine trends in
morbidity and mortality in areas with gas
and oil extraction and compare the data
to neighbouring areas withour such activ-
ity. For example, many respiratory and
reproductive conditions are known to be
impacted by environmental insults as are
many cancers (eg, bladder, thyroid, leu-
kaemia). Trend data at the municipal
level, or at the county level, are far more
precise than that for an endre state. Such
data can shed light on health in a particu-
lar arca at a particular point in time.
However, it is important to look ar the
data years before gas or oil extracgon
began, as it would be unusual to see any
appreciable changes in morbidity and
mortality in the short term. While some
symptoms may appear fairly quickly, other
symptoms will uke more time to develop.

Certainly, the potential for harm will
vary by proximity to drilling sites, the
nature of the exposure, exposure path-
ways, route of cxposure, and length of
time exposed. There needs to be pamicu-
lar artention paid to when the drilling
started, for how long individuals lived in
proximity to the drilling site, and the
health status of the individuals prior to
drilling. There must be an understanding
of potential confounding factors, espe-
cially behavioural factors, such as robacco
smoking, diet and health insurance status.

Well-designed epidemiological studies
are absent, bur given the available evi-
dence from published studies looking at
air and warer-quality impacts, including

groundwater contamination, it is prudent
to proceed cautously, There are signifi-
cant uncertainties about adverse health
outcomes that may be associated with
high-volume hydraulic fracturing, and that
should give us cause for concern.
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The Rush to Drill for Natural Gas: A
Five-Year Update

Followwsip on: Finkel ML, Law
A. The mish to drill for natoral gas:
a public health cautionary tale. Am ]
Public Health, 2011;101(5):
785-85.

Five years ago, AJPH pub-
lished our article! discussing
the potental harm to the envi-
ronment and human health from
horizontal drilling and high-
volume hydrulic fracturing of
shale (e.g., fracking; hereafier
referred to as unconventional
gas development or UGD). At
that time, the United States was
importing oil and gas to mect
its energry needs, gasoline prices
at the pump were at record
high levels, and UG was pro-
ceeding at a rapid pace. There
was a paucity of empirical data
to confirm or refute the poten-
tal for hanm from the process
of drilling, extracting, and
transporting natural gas and oil
trapped in formations of low
permeability {e.g., shale). We
concluded that much remained
unknown about the potential
for harm from UGD and advo-
cated that preventive, cautionary
acdon should be taken in the
face of uncertainty. Given the
lax regulatory climate at the time,
we felt that the burden of proof
should be shifted to che industry
to minimize degradation and
damage to the public’s health
and the environment.

Since 2011, there hasbeen not
only a surge in drilling for natural
gas and oil in the United States
(e.g., Califomia, Colotado, Loui-
siana, North Dakota, Pennsylvania,

October 2016, Vol 106, No. 10 AJPH

Texas) and in other countries
(e.g., Australia), but also a huge
increase in the number of pub-
lished studies focused on envi-
ronmental and public health
impacts associated with UGD.
Nearly 700 peer-reviewed pub-
lications, most published since
2013, provide empirical evidence
of the various environmental,
health, and societ] effects of
UGD., Potentially serious con-
sequences associated with UGD
have become more clearly
defined.

Environmental and health
impacts are evident at every stage
of UGD, including construction
of well pads, dnlling the wells,
extractng the gas, storing the
byproducts of the extraction
(e.g., flowback fluids}, trans-
porting the natural gas by dicsel
trucks, construction of com-
pressor stations, and building
pipelines. Well blowouts, spills,
and release of methane into the
atmosphere occur to the detr-
ment of the environment. Of
particular concern is the use
of chemicals, many known to
be carcinogens, 1n the extraction
phase. Industry is legally pro-
tected from disclosing the com-
position of chemical mixtures,
making it very difficult to de-
termine the consequences of
exposure in the short and long
tenm.

Management (storage, treat-
ment and disposal) of flowback
wastewater containing thousands
of gallons of toxic chemicals is
often Jax, creating a situation of

potential danger to those living
in areas where UGD is active
as well as to those living out of
the region. Proper disposal of
flowback fAuids is eritically
important to the protection of
both surface and ground water.
Flowback wastewater can be
stored in containment pits or
tanks on site, but there are
problems with this option. The
failure of a tank, pit liner, or the
line carrying fluid (“flowline™)
can result in a release of con-
taminated materials directly
into surface water, shallow
ground water, and soil. Streams
and aquifers have been poliuted
from flowback wastcwater.
Although sorne drill operators
recycle HAowback wastewater
to be used again in the extrac-
gon phase, another option is to
transport the wastewater to watet
treatment facilities authorized to
treat and discharge flowback
wastewater. However, the ma-
Jjority of these faciliaes are not
cquipped to treat the total dis-
solved solids in lowback fluids,
which can reach extremely high
levels of both concentration
and vanability. Flowback waste-
water also has been sprayed on
local roads, which, while perhaps

ABOUT THE AUTHORS

expedient, is not the most pru-
dent way to dispose of the fluid.
There is now ample empirical
evidence to link shale gas
development to surface and
groundwater contamination,
Furthermore, there is strong
evidence of an association be-
tween the injection of flowback
fluids into underground injec-
tion wells and an increase in
the frequency of earthquakes.
Air pollutanes, such as hy-
drogen sulfide, nitrogen oxides,
volatile organic compounds (e.g.,
benzene and formaldehyde),
particulate matter, sulfur dioxide,
and ground level ozone, are
cmitted or produced and released
during all of the drilling and
extracting phases.* Especially
warrisome is the release of air-
bome pollutants duting well
venting, faning, and buming
gas on release. Truck traffic and
diesel cruck exhaust also con-
tribute to airbome emissions
of fugitive dust, fine particulate
matter, and high benzene con-
centrations. Fugitive methane
(emissions that are not cap-
tured for use) has considerable
climate implications, as does
the contamination of well
water. Unconventonal gas s
predominantly methane, which
is estimated to have a giobal
warming potential 25 dmes
greater than carbon dioxide
over a 100-year period.’
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Alarmed by “increasingly
harmful environmental trends,”
the Rockefeller Foundation—
Lancet Commission on planetary
health was formed to address
changes 1o the environment,
including climate change, ocean
acidification, land degradation,
and water scarcity, on human
health.®

Aless well-known harm to the
environment is the despoliation
of farmland as a result of sthica
sand mining (frac sand), which
is a necessary ingredient in the
hydraulic fracturing process. I1-
linois, Wisconsin, 2nd Minnesota
have some of the richest agri-
cultural Iand areas in the United
States, areas that sit atop huge
deposits of fine silica sand (Se.
Peter sandstone). Silica is used
to keep the fissures in the rock
open (a proppant) so that the
locked-in oil and gas can escape.
Silica sand mining has led to
the destructon of large areas
of Midwestern farmland. From
a Public Health perspectve, in-
haling crystalline silica can lead to
serfous, someames fatal illnesses,
including silicosis, lung cancer,
tuberculosis {in those with sili-
cosis}, and chronic obstructive
pulmonary disease.

In addition to the potential
for hartn to the environment,
epidemiological studies are pro-
viding evidence of potential
harm to health. Exposure to
ozone, particulate matter, silica
dust, benzene, and formaldehyde
is linked to adverse respiratory
health effects, particularly in in-
fants and children.” Recent
empirical evidence shows an
increase in adverse birth oue-
comes (e.g., preterm birth, low
birth weight) in arcas with
active drilling, especially among
women living close to gas wells.®
Also dacumented is an increase
in hospital uttlization rates
{(admussions for cardiae and neu-
rologic conditions in particular)

eZ Editorlal Finkel ond Law

among those living in proximity
to wells,” and mental health
problems have been shown to
be associated with proximity to
drilling sites.'? Adverse effects
must be understood in context
of proximity to drilling sites, the
nature of the exposure, exposure
pathways, route of exposure,
and length of time exposed.
There must be an understanding
of potential confounding factors,
especially behavionl factors,
such as tobacco smoking, diet,
and occupation history.

Although some symptoms
and diseases may appear fairly
quickly, others will ke more
time to develop. Discases with
long latency periods (e.g., cancer,
chronic respiratory illness, im-
paired cognition, neurologic
impairment) will not be evident
for years and will depend on
the nature and dumton of the
exposure. For example, to what
extent will the chemicals used
in UGE have the potental to
nepatively affece the endocrine
system? Colbom'! evaluated
hundreds of chemicals used in the
dnlling and extraction process
and found that more than one
third of these chemicals were
endocrine disruptors, which
could produce adverse develop-
mental, reproductive, neuro-
logic, and immune effects in
humans. The hydmulic fractur-
ing process releases toxic and
cancer-causing chémicals such
as benzene, toluene, and xylene
(BTEX). To what extent will
exposure lead to reproductive,
metabolic, neurologic, and other
diseases, especially in children
and pregnant women?

Since our article was pub-
lished, oil and natural gas prices
have plurmmeted to record lows.
There is a global glut of oil and
gas, and the United States has
become a net energy exporter
thanks to the shale gasboom. Yet,
there are valid, nagging concerns

about UGD, prompdng many
countries {e.g., Bulgara, France,
Germany, Netherlands, Scot-
land, Spain, Wales) and states
(e.g.. Maryland, New York,
and municipalities in areas of
California, Colomdo, Texas) to
issue a moratorium on hydraulic
fracturing, citing the need for
more empirical evidence about
the consequences of UGD.

As nations debate the merits
of UGD, there needs to be
a strong Public Health and en-
virommental presence in the de-
bate, Baseline health data need
to be collected before drilling
to assess changes in disease in-
cidence over time. Biomonitor-
ing studies to document ambient
air quality during the drilling
and extraction phases of UGD
need to be done to assess the
impact on air poliution. Chem-
icals used in the process must
be disclosed to assess the potential
for harm to human health. There
needs o be a better way to
manage flowback wastewater so
as not to pollute water sources.

in our 2011 artacle, we called
for a balance between the need
for energy with the protection
of the public’s health. Five years
later, mounting empirical evi-
dence shows hann to the eavi-
ronment and to human health
from UGD, and we have no
idea what the long-term effects
might be. We again stress the
importance, indeed urgency, to
focus on fair and sensible energy
policies, and to be mindful of the
implications that such policies
have on cur environment and on
population health. Ignoring the
body of evidence, to us, is not
a viable option anymore. AJPH

Madelon L. Finkel, PhD
Adam Law, MD
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The Rush to Drill for Natural Gas: A Public Health Cautionary Tale

| Madelon L. Finkel, PhD, and Adam Law, MD

Efforts to identify altarna-
tive sources of energy have
focused on extracting natu-
ral gas from vast shale
deposits. The Marcellus
Shale, located in western
New York, Pennsylvania,
and QOhio, is estimated to
contain enough natural gas
1o supply the United States
for the next 45 years.

New drilling technolagy —
horizontal drilling and high-
volume hydraulic fracturing
of shale (frackingl—has made
gas extraction much maore
economically feasible. How-
ever, this technigue poses
a threat to the environment
and to the public's health.
There is evidence that many
of the chemicals used in
fracking can damage the
lungs, liver, kidneys, blood,
and brain.

We discuss the contro-
versial technique of fracking
and raise the issue of how
to balance the need for en
ergy with the protection of
the public’s health. {Am J
Public Health. 2011:101:784
785 doi:10.2105/A0PH 2010
300089)

784 Commentaries

LONG BEFORE THE DISAS-
trous cil spill in the Gulf of Mexico,
there have been calls for the
United States to wean itself from
foreign oil by exploring alternative
energy sources. Nuclear power
and coal have their own sets of
problems; therefore, natural gas is
increasingly viewed as a viable
alternative to meeting US energy
needs. There are trllions of cubic
fect of recoverable natural gas in
the Marcellus shale, for example,
more than enough for the next 45
years.! Relying on natural ges will
make it casier to meet federal air
quality standards for conventional
pollutants such as smog and mer-
cury. But for the lack of effective
technology, this source of energy
would have been tapped long ago.
However, natural gas extraction
has its own sct of health and
environmental problems that must
be assessed carcfully before
wholesale drilling is embraced.
Over the past decade, there has
been a surge in drilling for natural
gas in shale rock. For example,
the Marcellus Shale, a black shale
formation that lies up to 10000
feet below ground surface ex-
tending over 54 000 square mules
primanly in New York and Penn-
sylvania, contains between 168
trillion to 516 trillion cubic feet of
natural gas.* The economic bene-
fit of dnlling for natural gas is
potentially huge for landowners,
states, and industry. There are
estimates of more than $500 bil-
lion in recoverable gas in Penn-
sylvania alonc.” Whereas in the
past the thinness of the formation
and tightness of the shale made
drilling for and extraction of natural
gas difficult and expensive, new
technologics that allow for horizontal
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drilling and high-volume hydraulic
fracturing of shale {fracking) have
made extraction much more eco-
nomically feasible.

Hydraulic fracturing relies on
pumping as mich as five million
gallons of surface water mixed
with tons of chemicals and solids
(e.g. sand} under high pressure to
create fractures and open joints
in the shale, thus releasing the flow
of gas. From 2000 to 2008, the
number of active gas wells drilled
in New York State nearly doubled
from 6845 to 13 687, and over
the next decades an additional
80000 wells could be drilled*
The rush to drill without sufficient
health and environmental impact
studies, however, has caused con-
cern. In response, the New York
State Department of Environmen-
tal Conservation stopped issuing
drilling permits so that impact
studies could be conducted 3 Al-
though New York State issued
a moratorium, drilling continues at
a fast pace in neighboring Penn-
sylvania, where there are more
than 350 000 active and inactive
gas wells. Industry estimates in-
dicate that over the next 20 to 30
years an additional 300000 new
wells could be drilled by using
fracking technology.®

As drilling companies are not
legally required to list the chem-
ical compounds used in fracking, it
is difficult to assess the full scope
of the contents of fracking Muids.
However, toxic mud and fluid
byproducts from the drilling and
fracking as well as spills of oil and
gas wastes ere not uncommon. Of
the more than 8600 abandoned
wells in Pennsylvania in 2009
alone, taxpayers paid to plug 259
because of leaking natural gas, oil,

and acid mine drainage into the
groundwater, surface water, and
air.” Postmineral extraction cleanup
costs are substantial, including res-
toration of damaged or contami-
nated streams and soil, improper
handling of wastewater disposal,
and improper disposal of radioac-
tive material and hazardous waste.
In August 2010, the Environmental
Protection Agency (EPA) sent let-
ters to nine drilling companies
requesting detailed information
about the chemicals contained in
fluids used in fracking. Such infor-
mation is deemed essential to un-
derstand better the potential health
and environmental effects of hy-
draulic fracturing.

Additionally, fracking has
raised concerns regarding the way
it may damage underground water
supplies. No state has adequate
regulations on drilling, particularly
the disposal of the polluted water.
Although drilling companies are
expected to submit water man-
agemnent plans to the appropriate
state agencies that oversee cnvi-
ronmental protection, often there
is little state oversight; companies
are expecied to self-report viola-
tions, which they do not do vol-
untarily. In Pennsylvania, several
drilling companies have been
charged with illegal water with-
drawals and others have been
found to be operating without
permits. The state does not have
a comprehensive underground
walter monitoring system in place,
and no comprehensive data exist
on spills.

Soil contamination also has not
been addressed fully. Drilling
sludge (a mixture that includes
drilling mud and rock cuttings con-
taining hydrocarbons, redioactive
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material, and heavy metals) is
brought to the surface during the
drilling phase. Flowback waste
Nuids, a byproduct of the fracking
phase, must be disposed of safely
beeause they can potentially con-
taminate air and soil. Redicactive
hazardous waste needs to be taken
to special disposal sites. However,
clandestine dumnping is widely
suspected, thus further jeopardiz-
ing both soil and watersheds.
Little research has been done
on the potentigl adverse health
effects of fracking. Witter ct al
reviewed the available htcrature,
which showed cvidence of risk to
human health ranging from the
comparatively benign to the more
serious.” One study, based on
Pennsylvania Department of En-
vironmental Protection and the
Susquehanna River Basin Com-
mission Material Safety Data
Sheets for 41 products used in
fracturing operations, assessed the
chemicals used in fracturing and
found that 73%: of the products
had between 6 and 14 different
adverse health effects including
skin, eye, and sensory organ
demage, respiratory distress in-
cluding asthma; gastrointestinal
and liver disease; brain and ner-
vous system harms; cancers; and
negative reproductive effects.”
Some of the negative health effects
appeared fairly immediately after
exposure whereas others app-
cared months or years later, as
was the case with some cancers,
harm to the reproductive system,
or developmental effects. Of con-
cern is that endocrine-disrupting
chemicals may alter developmen-
tal pathways, manifesting decades
after exposure or even transge-
nerationally by altering epigenetic
pathways. Hydrofracking fuid
and flowback fluids contain can-
didate endocrine disruptors, but
because of the lack of disclosure
by the drilling companies of the
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individual chemicals with their
unique Chemical Abstracts Ser-
vice registry numbers used in
fracking fluids, it is difficult to truly
assess their potential adverse el
fects, and so the cumulative expo-
sure impact is not known.

Because fracking has the po-
tential for environmental and
health harm, we advocate using
the precautionary principle, which
asserts that the burden of proof for
potentially harmful actions rests
on the assurance of safety in areas
ol scientific uncertainty (analogous
to and partially denved from pri-
mum, non nocere [first, do no
harml}. Inherent in the principle
is that preventive action should be
taken in the face of uncertainty,
the burden of proof should be
shified to the proponents of an
aclivity, alternatives to possibly
harmfiul actions need to be ex-
plored, and there should be in-
creased public participation in
decision-making.'”

In March 2010, the EPA an-
nounced that it would conduct
a detailed study of the environ-
mental and health impacts of
fracking. We hope that before
drilling in the Marcellus Shale
becomes harmful, legislators and
the natura! gas industry will follow
the EPA’s and New York State’s
lead and pause to reflect on recent
and past oil and gas disasters by
agreeing to a2 moratorium on hy-
draulic fracturing. We argue that it
would be prudent to invoke the
precautionary principle before
further degradation and damage
to the public's health and the
environment occur. The stakes are
high as the disaster in the Gulf,
the worst oil spill in US history to
date, so visibly demonstrates, B
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High-volume horizontal hydraulic fracturing of shale formations has the potential to make natural gas a significant, economical
energy source, but the potential for harm to human health is often dismissed by proponents of this method. While adverse healih
outcomes of medical conditions with long latency periods will not be evident for years and will depend on the exposure, duration
of exposure, dose, and other factors, we argue that it would be prudent to begin (o track and monitor trends in the incidence and
prevalence of diseases that already have been shown to be influenced by environmental apents. The dirty downside of modern,

unconventional natural gas development, as well as the potential for harm, is discussed.

1. Introduction

A modern form of natural gas development has become a
global “game changer” in the quest for energy. Natural gas,
abundant around the world, has a clean reputation compared
to other fossil fuels since it burns less carbon when used. It is
casy to transport, reasonably economical, and requires com-
paratively quick construction timelines and low capital costs.

Traditionally, natural gas was extracted using a method
that bores a vertical well in single gas reservoirs close to
the surface {conventional natural gas drilling). However,
drilling for natural gas in shale rock was not particularly
economical, primarily because shale typically has insufficient
permeability to allow significant fluid flow to a well bore.
With technological advances and unconventional methods
(i.e., horizontal hydraulic fracturing), gas extraction from
tight formations {e.g., shale) is now feasible.

This type of unconventional natural gas development
relies on clustered, multi-well pads and long, horizontal
laterals. Wells are drilled vertically (often thousands of feet)
and horizontally in multiple directions. The method entails
injecting large volumes of fluid consisting of chemicals,
water, and sand into the well to fracture the shale rock that

releases the natural gas. The internal pressure of the rock
formation also causes a portion of the injected fracking fluids
to return 10 the surface (flowback fluids); these fluids are
often stored in a tank or pit before being pumped into trucks
for \ransport to a disposal site. Flowback has been shown
to contain a variety of formation materials, including brines,
heavy metals, radionuclides, and organics, which can make
wastewater treatment difficult and expensive [1]. Further,
other studies found that 20% to 85% of fracturing fluids
may remain in the formation, which means the fluids could
continue to be a source of groundwater contamination for
years to come [2]. By 2009, there were more than 493,000
active natural gas wells across 31 states, almost double the
number in 1990, of which approximately 90 percent have used
hydraulic fracturing to extract gas [3].

Whereas shale gas has the potential to become a signifi-
cant, economical energy source, the potential for harm and
the potential of giving a false sense of energy security are
often dismissed by its proponents. The process is potentially
polluting and damaging not only to human and animal health
but also to the environmeni, as a result of clearing of land
for well pads, drilling the wells, extracting the gas, storing
the byproducts of the extraction, transporting the gas by



diesel trucks, and the final capping of the well. The potential
for harm to children is especially worrisome. This paper
focuses on a literature review of uncenventional natural gas
development and its potential impact on human health.

2. Discussion

Canaries in coal mines were used as an early-warning
signal for toxic gases, primarily carbon monoxide. The birds,
being more sensitive, would become sick before the miners
thus providing advanced warning of a danger. Animals and
children also can be viewed as sentinel species. A 1993 report,
now viewed as a watershed moment for health and environ-
mental policy, documented that children are more vulnerable
and sensitive than adults to chemicals in the envirenment [4].
Early development (in utero and during the first few years
after birth) is particularly sensitive to disruption by exposures
to chemicals in the environment and to imbalanced nutrition,
with potentially adverse consequences for health later in life
[5]. A child’s ability to metabolize toxic chemicals is different
from an adult's. Children receive proportionately larger doses
of chemical toxicants than adults, and these exposures occur
at a time in the life cycle when organs and tissues are rapidly
growing and developing.

Endocrine disrupting chemicals (EDCs) present a partic-
ularly concerning hazard during human growth and devel-
opment. EDCs can affect the reproductive system and often
effect epigenetic mechanisms leading to pathology decades
after exposure, Given the potential for harm, it would be a
prudent course of action that chemicals used in the hydraulic
fracluring process be evaluated for their EDC potential and
screening assays be developed to test flowback fluids,

Landrigan et al. [6), looking al children’s vulnerability to
toxic chemicals, found strong evidence that toxic chemicals
are important causes of disease in children. For example, ben-
zene, being toxic to all humans, has been shown to contribute
a disproportionate risk of leukemia to young children [7].
Neural tube defects, spina bifida being the most common
(8], and decreased fetal growth [9) also have been shown to
occur disproportionately higher in children exposed to toxic
chemicals, including benzene. Further, because of the long
latency period of some diseases, 1oxic exposures in childhood
are more likely to result in disease in adulthood compared to
exposure in adulthood [10].

Trasande and Liu {11}, building on Landrigan et al's anal-
ysis of the costs of environmental pollutants and disease [12],
estimated that costs of environmentally mediated diseases in
American children totaled 576.6 billion (in 2008 dollars} and
called for federal policy action to limit children’s exposure
to known chemical hazards, including exposures to toxic
chemicals. Given the staggering human and economic costs
of environmentally mediated diseases, a wise course of action
would be to empirically document trends in specific diseases
among children living in close proximity to unconventional
natural gas operations compared to those living in areas
where drilling is not occurring.

We acknowledge that adverse health outcomes of medical
conditions with long latency periods will not be evident for
years and will depend on the exposure, duration of exposure,
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dose, and other factors. A higher incidence of asthma,
cancer, heart disease, and the effects of endocrine disruption
on developing fetuses and children, due to contaminant
exposure, only become evident over time. However, baseline
measurements should be recorded and updated over time,
As of this wriling, the extent of health risks associated with
unconventional natural gas operations among children is
unknown,

In an effort to assess the impact of hydraulic fracturing
on children’s health, we are advocating that local and state
governments work together to establish a system to track the
incidence and prevalence of diseases that have been shown in
the literature to be causally related or exacerbated by expo-
sure to environmental agents. In Pennsylvania, for example,
there has been active, on-geing unconventional natural gas
development since the late 2000s. There are currently 6,773
horizontal wells drilled or under development and over 9,600
drilling permits have been issued [13]. As of May 2011, 320
daycare facilities, 67 schools, and 9 hospitals were located
within two miles of natural gas wells [14]. What effect will this
activity have on the development of disease among children
living in counties with active drilling as compared to children
living in counties with little or no drilling activity? Trends in
childhood cancers, especially acute lymphoblastic leukemia,
birth outcomes including birth defects, premature and low
birth weight births, neurodevelopment disarders, and, respi-
ratory disease, especially asthma, should be monitored.

The limited information available on the chemicals that
are used in the drilling hampers efforts to empirically assess
the potential for harm. Qil and gas companies are legally
permitled to withhold information on their proprietary
mixtures, and the federal government has granted oil and
gas companies exemption from many environmental law
restrictions such as the Clean Water Act, Clean Air Act, Safe
Drinking Water Act, Resource Conservation and Recovery
Act, Toxic Release Inventory under Emergency Planning and
Community Right-to-Know Act, and the National Environ-
mental Policy Act, By default, states have the responsibility
for enacting regulations; however, many states have weak or
no regulations. As of February 2012, only four of 31 states have
significant drilling rules; of these, 5 adopted disclosure rules,
although they still allow for “proprietary trade secrets” [15].

3. Harm to Health

The production process creates & huge pressure cooker of
organics and inorganics, and even if every single compound
pumped into the well is harmless by itself {which is not the
case), the pressure would create hundreds if not thousands of
different compounds that are highly toxic. Of the few studies
that have looked at the chemical cocktails used in the process,
findings have identified chemicals that are known to cause
cancers, mutations, and diseases of the nervous, immune,
and endocrine systems, the kidney, gastrointestinal tract and
liver, heart, and skin [16]. Colburn identified almaost 1,000
chemical products and nearly 650 individual chemicals used
in natural gas operations, many of which have the potential
to cause adverse health effects as well as to potentially cause
deleterious effects on the environment [17]. Specifically, the
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researchers documented that the hydraulic fracturing process
releases toxic and cancer-causing chemicals such as benzene,
toluene, xylene (BTEX), and methylene chloride among other
health-hazardous air pollutants. These health-hazardous pol-
lutants are released from a number of sources including
blowouts, flaring, condensate tanks, construction activity,
engines, and venting, Methane, a powerful greenhouse gas,
also is emitted throughout the oil and gas development pro-
cess. Methane interacts with sunlight to produce tropospheric
ozone, which is a strong respiratory irritant associated with
increased respiratory morbidity and mortality [18].

Witter et al. were one of the first to present a detailed
assessment of health trends in Garfield County, CO, that
documented the negative impact of drilling on air, soil, water,
and human health [19). Building on those findings, McKenzie
et al. estimated health risks for exposures to air emissions
from a nawral gas development project also in Garfield
County and found that residents living less than one-half mile
away (rom wells were at greater risk for ill health effects than
those living farther away (20]. Although these studies focused
on Garfield County, CO, the researchers maintain that the
exposure pathways and related health risks would be similar
wherever oil and gas development is occurring,

4, Water Contamination

Whereas the conventional method of natural gas production
utilizes about 20,000 to 80,000 gallons of fluid, the uncon-
ventional method utilizes up to 5 million gaflons of fluid per
hydraulic fraciuring event, which includes not only water
and sand, but also numerous toxic chemicals. The potential
for contamination of aquifers by the residual fracking fluids
that remain underground must be considered. The likelihood
of spills throughoul the entire lifecycle of development also
must be taken into account. Blowouls {uncontrolled release
of natural gas from a gas well after pressure control systems
have failed) allow gas and/or highly contaminated produced
waters to flow to the surface; hoses come undone, gaskets
fail, pits or tanks that hold the fracking fluids leak raising the
serious risk of ground and water contamination. Even small
quantities of the toxic fracking fluids can contaminate shallow
aquifers with hydrocarbons, toxic chemicals, heavy metals,
and radioactive materials.

Further, improper wastewater disposal, specifically the
handling of fracking fluids including flowback wastewater
{2 byproduct of the process), can lead to contamination of
ground and water [21]. The flowback can be taken to sewage
plants, but it is widely acknowledged that sewage plants are
not equipped to handie the contaminants. There have been
reports of untreated wastewater being dumped into riversand
streamns and sprayed on rural roads and forests [22).

The New York Times, in its analysis of more than 30,000
pages of federal, state, and company records relating to
more than 200 gas wells, found that radioactive wastewater
from the process has been discharged into rivers that supply
drinking water to millions of people in Pennsylvania and
Maryland. At least 12 sewage treatment plants in three
states have discharged waste that was only partly treated

into rivers, lakes, and streams (23], There have been well-
publicized instances of water contamination in Pavillion,
WY, and Dimock, PA [24, 25], and gas has seeped into
underground drinking water supplies in five states (Colorado,
Ohio, Pennsylvania, Texas, and West Virginia). Further, a
study conducted in Northeastern Pennsylvania found that
water wells near a fracking site were 17 times more likely to
exhibit methane contamination than wells not near drilling
sites [26].

5. Air and Soil Contamination

Unconventional natural gas development causes air pollution
from multiple sources. Many particulates and chemicals are
released into the atmosphere, including sulfuric oxide, nitro-
gen oxides, volatile organic compounds (VOCs), benzene,
toluene, diesel fuel, hydrogen sulfide, and radon gas, all
of which can have serious health implications. Further, the
venting or flaring of wells during drilling and production
contributes to local air pollution.

The drilling sludge, which is brought to the surface during
the drilling process, contains fracking fluid, drilling mud,
and radioactive material from the subsurface land forma-
tion, hydrocarbons, metals, and volatile organic compounds.
Sludge, often left to dry on the surface in waste pits, may be
removed Lo waste disposal sites (but not always to hazardous
waste siles) or may be tilled into the soil in “land farms”
These practices raise the risk of contaminating soil, air,
and surface water, as a result of the fine dust becoming
airborne thus affecting local air quality and raising the risk
of respiratory disease. Based on concerns about the exposure
to dust containing silica sand, the US Occupational Safety
and Health Administration, along with the National Institute
of Occupations Safety and Health (NIOSH), released a joint
hazard alert on fracking silica in June, 2013 [27).

Unconventional natural gas development requires many
diesel trucks for the transportation of the products used
in drilling as well as the removal of flowback fluid. Diesel
emissions contain nitrogen oxides and volatile organic com-
pounds, which can react to sunlight to produce ozone, a
strong respiratory irritant associated with increased respira-
tory morbidity and mortality [28].

6. Conclusion

The health impacts related to unconventional natural gas
development may not be evident for years, as medical
conditions with long latency periods will present over time.
While the potential long-term, cumulative effects will not
be known for years, we argue that it would be prudent to
begin to track and monitor trends in the incidence and
prevalence of diseases that already have been shown to be
influenced by environmental agents. Meanwhile, the natural
gas industry needs to address the risks to human and animal
health and take steps to limit, preferably to eliminate, the
exposure pathways, We need far greater transparency and full
chemical disclosure. There needs to be an end to discharging
efiluent into rivers, streams, and groundwater. There needs



to be much more attention paid to curtailing or preferably
eliminating spills and leaks of radioactive wastewater. There
needs Lo be an end Lo the disposal of radicactive sludge from
drilling sites in landfills. There needs to be a safer way to
develop this resource to limit the exposure to silica, which can
cause silicosis, chronic obstructive pulmonary disease, and
lung cancer. Banning the practice of burning off the initial
flow of natural gas (flaring) needs to be mandated sooner
than 2015, the date when EPA ruling goes into effect. And,
perhaps most importantly, there needs to be a well-designed
epidemiologic study conducted to empirically assess health
status among those living proximate to active development
compared to those living in areas where development is not
occurring.
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ABSTRACT

Objective: To what extent does unconventional gas development lead to an increase in
cancer incidence in heavily drilled Southwest Pennsylvania?
Study design: Ecological study.

Methods: Data for urinary bladder, thyroid and leukaemia were abstracted from the
Pennsylvania Cancer Registry (PCR). Cancer incidence among counties with high, moderate
and minimal number of producing wells is compared before drilling activity and thereafter,
Observed vs expected cases, standardized incidence ratio and 95% confidence intervals are
presented, Data are presented by county, diagnosis and sex for the years 2000—2004, 2004
—2008 and 2008-2012. The percent difference between the observed cases from 2000 to
2004 and 2008-2012 was calculated.
Results: The observed number of urinary bladder cases was higher than expected in both
sexes in counties with shale gas activity. In counties with the fewest number of producing
wells, the increase was essentially non-existent. The number of observed cases of thyroid
cancer increased substantially among both sexes over the time period in all counties
regardless of the number of wells drilled. The pattern for leukaemia was mixed among
males and females and among the counties regardless of the extent of shale gas devel-
opment activities.

Conclusion: Potential risk factors other than shale gas development must be taken into
account to explain the higher than expected cancer cases in counties with and without
shale gas wells before and during unconventional shale gas activity.

© 2016 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Unconventional oll and gas development has enhanced the
ability to extract trapped gas from tight shale formations. The
process, using hydraulic fracturing, requires injecting millions

of gallons of water combined with a mixture of chemicals
(many of which are toxic) and proppants {usually sand or
silica) into the drilled well under high pressure. With uncon-
ventional natural gas extraction, trapped gas is released along
with flowback fluids consisting of the water and the chemicals
used in hydraulic fracturing, In the USA, over the decades,
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38,000 oil and gas production wells in at least 25 states were
hydraulically fractured, the majority of which are in Texas,
Colorado, Pennsylvania and North Dakota,!

Studies conducted in the USA have linked shale gas
development to surface and ground water contaminaton,?~¢
and a landmark 2015 Environmental Protection Agency (EPA)
report on the impact of hydraulic fracturing estimated that
almost 10 million people live within one mile of & fracked well
and that hydraulic fracturing and associated activities not
only have the potential to contaminate drinking water,
ground water and other water resources but actually did in a
number of places.”

Further, air pellutants, such as hydrogen sulphide, nitro-
gen oxides, volatile organic compounds (e.g. benzene and
formaldehyde), particulate matter and ground leve] ozone are
emitted or produced, are released during all phases of the
drilling and extracting phases.?~'! Wel] venting, flaring and
burning gas on release account for a large source of air
emissions.”? Truck traffic and diesel truck exhaust also
contribute to airborne emissions of fugitive dust, fine partic-
ulate matter and high-benzene concentrations. Werner et al.1?
camprehensively reviewed the strength of evidence focussing
on the environmental health impacts of unconventonal nat-
ural gas development (UGD), including the potential for harm
to air, water, soil and climate change.

Finkel and Law®* and later Shonkoff et al.’® were the first
to rajse the issue of a paucity of well-designed epidemiologic
studies on the public health impact of hydraulic fracturing.
Anecdotal reports from areas with UGD found that adults
and children living near drilling sites were presenting
with symptoms such as skin rashes, dizziness, headaches,
nausea, respiratory problems, eye and throat irritations,
nosebleeds, anxiety. Other health conditions, many poten-
dally serious, will take more time to develop (e.g. cancers;
endocrine and reproduction systems disruptions). Hydraulic
fracturing fluids contain endocrine disrupting chemicals that
may adversely impact organs in the body years or decades
after exposure,'®

The byproducts of hydraulic fracturing, including benzene,
fine partculate matter, and other nitrogen oxides, sulphur
dioxide and ozone, have been shown to increase the risk of
adverse birth outcomes and a variety of health problems
among those living in near proximity to hydraulic fracturing
activites.'” Recent empirical evidence shows an increase in
adverse birth outcomes (g.g. preterm birth, low-birth weight)
in areas with active drilling, especially among women living
close to gas wells.®=%° Also documented is an increase in
hospital utilization rates (admissions for cardiac and neuro-
logical conditions in particular) among those living in prox-
imity to wells,”! and mental health problems have been
shown to be associated with proximity to drilling sites, 2

While the accumulation of reports enumerating the po-
tential for harm in the short-term are a matter of concern, the
long-term effects of living in near proximity to unconven-
tonal drilling sites are not known as of this writing. Certainly,
the potental for harm will vary by proximity to wells, length
of time of exposure and route of exposure. Confounding fac-
tors would need to be taken into account as well to under-
stand the extent of the relationship between health outcomes
and UGD.

Purpose of study

Many states actively support unconventional natural gas
development (e.g. Colorado, Louisiana, North Dakota, Penn-
sylvania, Texas, Wyoming). Pennsylvania, in particular, has
embraced an aggressive policy of drilling and extracting nat-
ural gas from the Marcellus Shale, one of the largest shale
plays in the USA. Drilling commenced in 2008, and as of May 1,
2015, 9134 unconventional wells have been drilled in Penn-
sylvania, notably in severai countes in the southwest part of
the State.

Anecdotal reports of elevated cancer rates in the heavily
drilled southwest region of the state provided the impetus to
investigate whether exposure to UGD activities impacts the
development of cancers that are known to be associated with
environmental exposure (e.g. bladder, leukaemia and thyroid
cancers). To what extent were the observed number of can-
cer cases higher than expected in counties with the highest
number of producing wells (Washington and Greene)
compared to counties with little or no UGD (Fayette and
Westmoreland) and to counties with a moderate amount of
producing wells (Allegheny and Beaver). Data before UGD
commenced (2000—2008) are compared to years during UGD
(2009-2012). Key questions that we sought to answer
include: to what extent was cancer incidence elevated prior
to UGD? To what extent does UGD contribute to cancer
development?

Methods

While genetics and lifestyle factors account for many cancers,
occupational and environmental exposures also can be major
risk factors. Three specific cancers were selected for inclusion
in this study: bladder, leukaemia and thyroid. Bladder cancer,
for example, is associated with exposure to arsenic in drinking
water, and exposure to benzene, cadmium, aromatic amines,
tricholoroethylene solvants, silica and lead. Benzene, pesti-
cides, reactive chemicals, dioxin solvents and non-ionizing
radiation are linked to leukaemia. Radiation, pesticides and
genetics are linked to thyroid cancer. However, cancer
causation is complex and multi-factorial. UGD requires hun-
dreds of different chemicals in the fracturing process, many of
which have been shown to be carcinogenic.

Cancer incidence and mortality were abstracted from the
Pennsylvania Department of Health {(DOH) Bureau of Health
Statistics and Research's Pennsylvania Cancer Registry
{(PCR).*® The PCR includes the annual number of invasive
cancer cases and cancer deaths by age, sex, race, primary site,
as well as observed and expected cases by diagnosis. The
observed number of cases is based on the number of primary
tumours, not the number of individuals diagnosed with can-
cer. The PCR follows the SEER ICD-0 coding structure used to
identify primary sites of cancers. Expected cases represent the
total number of primary malignant tumours that would have
been reported to the PCR if Pennsylvania's male and female
populations had experienced the same age-specific rates of
cancer incidence as those reported by the SEER program
during the same time period.
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The PCR includes the standardized incidence ratio (SIR},
which is calculated by dividing the number of observed cases
by the number of expected cases and multiplying the dividend
by 100. A ratio greater than 100 indicates that there were more
cases observed than expected. The 95% confidence interval for
the SIR was calculated independently. The percent difference
between the observed cases from 2000-2004 to 2008-2012
was calculated.

The following cancer sites were selected for analysis
because epidemiologic evidence shows a moderate to strong
relationship to environmental pollutants (e.g. chemical ex-
posures): urinary bladder (invasive and in situ), leukaemia and
thyroid. Other potential risk factors such as occupational ex-
posures {e.g. diesel fumes, rubber byproducts, paint solvents),
tobacco smoking, alcohol consumption, diet and genetic his-
tory could not be assessed in this ecologic study.

Based on anecdotal reports of ‘high' cancer morbidity and
mortality among residents in Washington County, we also
include data at the township level. We acknowledge that there
is a higher probability of chance variation in an observed
number in rural counties with small populations, rather than
areal change or difference. There is always the possibility that
some events could have occurred by chance,

Results

Of the 67 counties in Pennsylvania, there are 30 over-
whelmingly rural counties that sit atop the Marcellus Shale.
Table 1 presents a profile of the counties included in this
study. The principle products and/or industry in these
counties include coal mining {e.g. the Klondike and Pittsburgh
coalfields), agriculture, manufacturing (e.g. fabricated metals
and electric machinery) and shale gas development.

Table 2 shows the trend in incidence of urinary bladder
cancer by county, sex and year grouping. The SIR in each year
grouping for all Pennsylvania was above 100 indicating that
there were more observed cases than expected. There was a
10% increase in the number of observed cases from 2000 to
2012. In every county and for each of the year groupings, the
SIR was above 100 among males and females (with the
exception of 2000~2004 in Greene County and 2004-2008 in
Westmoreland County where there were fewer number of
observed cases of urinary bladder cancer than expected in

femnales). In all of the counties for each of the year groupings,
the observed number of cases exceeds the expected in each of
the year groupings among males. The increase in the number
of observed cases from 2000 to 2012 was notably higheramong
males in the heavily drilled Washington County (+20.2%), but
in heavily drilled Greene County there was a 20% decline in
observed cases. The numbers are quite smail, which could
distort the findings. In moderately drilled Westmoreland
County, there was a 19.9% increase in the number of observed
cases. In the counties with the fewest number of drilled wells,
there was an insignificant change in the number of observed
cases over the time period.

Among females, in heavily drilled Washington County,
there was a 5.3% increase in the number of observed cases and
a7.7% increase in Greene County. In moderately drilled Fayette
County, there was a 22.5% decline in the number of cbserved
cases from 2000 to 2012; however, in Westmoreland County
there was a 44.4% increase over this time period. In Allegheny
and Beaver Countes, there was a 3.2% decrease and a 4.4%
increase in the number of observed cases, respectively. Bladder
cancer is generally more prevalent among males, which may
be a factor in explaining the differences between the sexes,

Table 3 shows the trend in incidence of thyreid cancer by
county, sex and year grouping. The SIR for each year grouping
exceeds 100 for the state of Pennsylivania, and there was a
huge 91.2% increase in the number of observed cases from
2000 to 2012. The data show that the number of thyroid cancer
cases over the time period has been higher than expected,
especially among males. While the numbers are small (as
apparent by the 95% confidence interval range), the number of
observed cases in males and fernales in all counties almost
always exceeded the number of expected cases from 2004 to
2012 regardless of shale gas development activity in the spe-
cific county.

Among males in Washington County, there is a 92.9% in-
crease in the number of observed cases of thyroid cancer from
2000 to 2012. The numbers in Greene County are too small to
draw any conclusions. In Fayette and Westmoreland counties,
there was a 231.3% and 160% increase in the number of
observed thyroid cases from 2000 to 2012, respectively. In
Allegheny and Beaver Counties, where there has been rela-
tively little unconventional drilling activity, there is a 105.9%
and 68.2% increase in the number of observed cases over the
time period, respectively.

Table 1 — Demographic profile by county.

Demographic characteristics Allegheny  Beaver  Fayette  Greene  Washington  Westmoreland
Populations (2014 est) 123,125 169,392 134,086 37,843 208,187 359,320
Population: (as of 2010) 122,348 170,539 136,607 38,686 207,820 365,169

% Change 0.6% -0.7% -1.8% -2.2% 0.2% ~1.6%

< 5 years of age (as of 2014) 5.3% 5.1% 5.0% 4.9% 5.0% 4.6%

>64 years of age (as of 2014) 17.4% 19.7% 19.4% 17.1% 18.9% 20.7%

% White (as of 2014) B10% 91.1% 53:1% 94.7% 94.0% 95.1%
Persans in poverty (as of 2014} 12.5% 11.3% 19.2% 16.3% 10.9% 10.7%
Number of unconventional active wells, 2015 63 30 257 870 1146 251

Source: http//quickfacts census.gov/qfd/states/42000.html
Source: http://stateimpact.npr.org/pennsylvania/drilling/counties
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Table 2 - Urmary bladder cancer incidence by county 2000—2012
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2 zoo‘-t_'!'-zuusf""" E e i T 1850+ 37,1722 13 13 01E - 464,1572
200820125 +*5 400 LiEe B agid S aonigs 70,2, 1334000 4l B 1R 41390 g3 90727
% difference’ ' © —20.00% {4 LhE S Ly T e S
Washington ©70 2000-2004 % o 24300 » ol 2110 0 011524 145,13081 ¢194 76! 1229 98:1,147.7
.. 2004-2008 . 28% 215 1316%  153,148.4 101 75 1350+ 1085, 161.5
|/2008-2012 | . 292! 227. 1286+ 14.7,145.1 .99 (1% 76 130,74 - 104.8,1566
.. % difference. . 20.20% i 5.30%
Westmoreland = 20002004 452 ‘396 11404 1051353 144 142 1014 84.8, 118
U 2004~-2008" 532 404 1317 4 126, 1374 137 139 984 819, 114.9
LI C2008-2012 1 54 425 127.3+  116.6,138. 204 051 147.04 | 127.1,167.1
(471 1 % difference. " 20%: : gt e A T e e e ok I
AllPA 22000-2004+ + 113496, e 11,2800 00 1196+ 1176, 1216 4917 4120 1193+ 116, 1226
, 2004-2008° 14,149, 11620, | 1218+ 119.8,1238 4831 4060, 119.0+  1156,1224
2008-2012. | 34,843 12,250 1708+ 118.9,1227 4941 4117 12004 116.7,1234
% difference’ . 10.00% : S 0.50%

Cl, confidence interval; SIX, stindudiuﬂ Incidence ratio, - |
'A dJl'ference bet&_een ZODO—ZQMJnd 200§-2012.

Among females, Westmoreland County shows the largest
increase in the number of observed cases during this time
pericd (+187.6%), followed by Fayette County {+138.5%) and
Allegheny County (+108.2%). The numbers for Greene County
are too small to make any meaningful determination. Given
the higher than expected number of cases in both males and
females in the counties in the years before unconventional
drilling, other factors must be taken into account to explain
this iinding.

Table 4 shows the trend in incidence of leukasmia by
county, sex and year grouping. Compared to thyroid and uri-
nary bladder cancers, the data for leukaemia present a
different picture. For all of Pennsylvania, the SIR for each year
grouping was less than 100, and there was a modest 18.9%
increase in the number of observed cases from 2000 to 2012,
For each county, as evident by the SIR, for the most part there
are fewer observed cases than expected in males and females
over the years. The percent increase from 2000 to 2012 is
comparatively minimal, and in many instances, there fewer
observed cases than expected during this time period in each
of the countes and in males and females, regardless of county
well status.

The data show that the observed number of urinary
bladder cases were higher than expected in males and fe-
males in southwest Pennsylvania prior to shale gas develop-
ment, however, in counties with the fewest number of
producing wells (Allegheny and Beaver) the increase from

2000-2004 to 2008-2012 was essentially non-existent. In the
counties where drilling was more intense, the percent in-
crease among males was the highest in Washington and
Westmoreland Counties and in Westmoreland and Fayette
Counties among females. The number of observed cases of
thyroid cancer increased substantially among males and fe-
males over the time periad in all counties (excluding Greene
County because of the small number of cases). The pattern for
leukaemia was much more mixed among males and females
and among the counties regardless of the extent of shale gas
development activities.

Focus on Washington County townships

County-level data may mask activity at the small area level
(e.g. township level). We focused on Washington County
townships primarily because this county, as compared to the
neighbouring counties, embraced shale gas development
early on and has the most number of active producing un-
conventional wells. Fig. 1 shows the location of active, pro-
ducing unconventional wells in Washington County as of
2015. Each well pad contains multiple wells.

Data were grouped by years before shale gas development
(2000-2007) and during shale gas development {2008—2012).
Table 5 shows the number of cases of urinary bladder and
thyroid cancers and leukaemia by selected townships from
2000 to 2012. Townships with 20 or more observed cases of
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Table 3 — Thyroid cancer incidence by county 2000—-2012.

County Males Pemales ;
Observed  Expected SIR 95% CI Observed  Expected SIR 95% Cl1

Allegheny 20002004 185 147 1263+  108.2, 144.5 646 4561 1403+  1285,151.1
2004-2008 284 186 15314  135.2,170.9 1074 591 1819+  171.0,1928
2008-2012 383 230 166.8+ 150.1, 183.5 1345 728 184.8+ 174.9, 154.7
% difference 105.90% 108.20%

Beaver 20002004 22 22 100.2 115 &5 176.3+
20042008 39 28 139 58.3, 142.1 145 85 165.8+  144.1,208.54
2008-2012 37 34 108.2 95.3, 182.7 131 104 126.2+ 142.2,197 4
% difference £8.20% 13.50%

Fayette 20002004 16 18 90.6 72.2,158.5 52 53 982 949, 146.5
20042008 27 23 115.8 137.2,283.4 84 70 120.7 1385, 160.7
2008-2012 53 28 18784 124 a3 149.6+
% difference 231i30% 138.50%

Greene 2000-2004 2 5 - 9 13 -
20042008 [} 7 - 26 17 1488 91.6, 206.0
2008-2012 13 8 166.1 15%,173.2 4 6
% difference 550% ~55.60%

Washington 20002004 28 25 113 84 73 1145
2004~2008 42 a3 1291 71,1, 1549 129 97 132.44+ B9.8, 139.2
2008-2012 54 41 130.6 90,1, 168.1 163 123 1323+  109.6,155.23
% difference 92.90% 94.00%

Westmoreland  2000--2004 45 46 97.7 95.8, 165.4 133 134 99.1 112.0, 152.6
20042008 73 60 1216 206 176 116.8+
2008--2012 117 75 155.3+ 691, 1263 325 220 147 .7+ 823, 1159
% difference 160.00% 187.60%

All PA 2000~2004 1752 1415 1238+ 93.7, 149.5 5969 4295 139.04 100.9, 132.8
2004~2008 2341 1857 12614+  127.2,1B34 7950 5706 139.3+ 1317,163.8
20082012 3350 2372 1413+ 10,237 7260 1410+
% difference 91.20% 71.50%

CI, confidence interval; SIR, standardized incidence ratio,
% difference between 20002004 and 2008-2012.

urinary bladder and thyroid cancers, and 15 or more
leukaemia cases, are included in the Table. Given the small
number of observed cases, one must interpret the data with
caution.

Cecil and North Strabane townships showed the largest
percent increase in urinary bladder cancer from 2000-2007 to
2008 to 2012, 141.7% and 81.3%, respectively. Three townships
(Monogahela City, North Franklin and Washington City)
showed a decrease in the number of urinary bladder cases
over the time period. Regarding thyroid cancer, South Stra-
bane and Peters Townships showed a substantial increase in
the number of cases between the time periods (157.1% and
153,8%, respectively}, whereas North Strabane, Washington
City and Cecil Townships showed a decrease in the number of
cases. Every township showed an increase in the number of
leukaemia cases from 2000 to 2012. Of note is the 220% in-
crease in the number of cases reported for Washington City; a
120% increase in South Strabane Township and a 100% in-
crease in Peters Township.

Overall, Peters and South Strabane Townships showed
increases in the three cancers of interest over the time period.
Cecil, North Strabane and Washington City Townships had a
mixed record; e.g., urinary bladder was especially high in Cecil
Township but thyroid and leukaemia cancers either declined
or increased modestly. Geographically, the townships with
the comparatively larger number of cancer cases are adjacent
to each other in the north central part of the county. However,

as Fig. 1 shows the location of unconventional wells is pri-
marily in the western portion of the county with a smaller
concentration located in the southern part of the county. The
wells are not proximate to the townships with elevated cancer
cases. For example, Cross Creek, West Middletown, Hopewell,
Mount Pleasant and Independence Townships are located in
areas with the highest concentration of producing wells but
have comparatively fewer cancer cases than townships in
areas with few producing wells,

Discussion

It is important to note that Southwestern Pennsylvania is
comprised of an ageing, rural, generally poor population.
Township population is small, which makes it difficult to draw
statistical conclusions. Trying to link shale gas development
to higher than expected morbidity is complicated because
shale gas development did not begin in earnest in the region
until 2008, and the PCR data are available only through 2012,
The data show, however, that the number of observed cancer
cases exceeds the number of expected cases for each of the
counties and for males and females even before shale gas
development commenced.

Cancers generally take years to manifest, which make the
findings from this study all the more concerning. Given the
lead time in the diagnosis of chronic diseases, townships with
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Table 4 - IPuk'lr-ml.& rnudu_nu: b.r Luunt} 2EID=D -2012.

County R CMales T _ Femaleg
Expected SR 95%G ¢ Expected’ SIK.95%CI
Allegheny. e 540 907~ 451 B5:8- 774,945
Ef m—zoos 487 i 536 0 808- “9 946 856, 1036
! ﬁﬁgzzmn 559, 590 54.8 478, 475 100.7. 917, 109.7
#difference”  14.10% _ L L o
Beaver zmmm T4 82 807 70.0,2114 63/ B4 985-  74.2,1228
mégqoa. 7 82 887 683,109.1 48] 65 751- 539,963
. 2008=2012, £t 810 . 2003 79.7,1208 64 70 915 694, 1142
% difference. ' 23.00% - 160% ¢
Faystte 2000--2004 60 65 . 927 | 693,1161 | 66 53 1247 - 945 1549
20042008 55 66 834 6141054 51 54 953  169.1,1215
2008-2012 47 72 65.5- 469,841 31, 55 563- 198,619
% difference’ - -21.70% _ ! s 1 =53.00% u 2
Greene 2000-2008 1 17 -~ 1147 63,1663 | 17 12 1368 1717,201.9
20042008 18 N1 7 A 105 T NS6,51:153. 5 Filie 0 1 13 1668 85.4,238.2
20082012 B 210 el 00.3 713,28 T g ; ;
% difference. 10.50% : : —~58.80% :
Washington 2000-2004 101, .90 1118 19.9,,133.7 | 84, 72 7.3 522,1424
EEHH-ZMI 92 23 99.4 79,1,'- 19,7 88 73 120.5 95,3, 1457
'M—-?Gl!- o100 106 94 756,114, 790 Bq_ "98:2: 76.5,119.9
Westmoreland' 19 168 B85 743,1007 120 132 909  745,107.2
: 163 . L7095 L E0.4 109,60 132 134 - 983 | I815,1151
iy 170, 197 B64- 734,9941 130 148 8717 726,1028
o 14,100\ S L L R.30%
AllPA 5T 48330 ©0 0 - 48620 974 1 947,1004 - 3741 assz 94.7. - 917,977
; S049. 51290 | ‘em4l 957 101'1. a4 4053.? 953- 923,983
SR E747 5902 974 949,999 4425 . 4487 986  957,100.5
1890% ' ) o 1B30%

cl, cunﬁdenc: int:wa}, w_gg‘ndardized inddtnce ratio.
% dlfl’erence between iﬂm-2004 and 2008-2012.

substantial shale gas activities could be posed to see a large
increase in cancer incidence, not to mention other cardio-
vascular, respiratory, neurological, endocrine and reproduc-
tive conditions, over the next few years.

While there was a steady increase (and in some cases a
substantial increase) in cancers from 2000 to 2012, clearly
risk factors other than, or in addition to, shale gas develop-
mernt activities must be taken into account. To what extent is
exposure to shale gas activities synergistic with past expo-
sure to other risk factors for cancer and other diseases? The
regicn has a long history of industry (e.g. coal mining and
steel mills) that is associated with elevated morbidity and
mortality.

Canonsburg Township located in heavily drilled Wash-
ingten County, for example, was home to a major uranium
milling facility for decades prior ta 1957, At one time Can-
nonsburg was known as ‘the most radioactive town in
America’.?® Uranium-238 decays to form radium-226. Long-
term exposure to uranium-238 (half-life of 4.5 billion years)
and radium-226 (half-life of 1600 years) increases the risk of
bone and lung cancer, tumours of the lymphatic and haema-
topoietic tissues, leukaemia and lymphoma. The Cannons-
burg mill site was designated in the 1978 Uranium Mill
Tailings Radiation Control Act as eligible for federal funds for
clean-up. Also, Cannonsburg is situated along Chartiers
Creek, a tributary of the Ohio River, that is highly polluted
from acid mine drainage, agricultural and industrial runcff

and sewer overflow. It remains one of the most polluted wa-
tersheds in Pennsylvania.?’

Cannonsburg is located adjacent to Cecil, North Strabane
Charters and Peters Townships, which have higher than ex-
pec<ted cancer rates, yet, none of these townships are located
In areas with substantial drilling activity (see Fig. 1).

Allegheny County, which has few producing wells, is home
to the Clairton Coke Works Plant, the largest coke
manufacturing facility in the USA. Significant quantities of
fugitive dust from pet coke storage and handling operations
raises the risk of heart and lung disease primarily from the
inhalation of particles that are 10 pm in diameter or smaller
These particles, once inhaled, generally pass through the
throat and nose and enter the lungs causing damage to
tissues.*®

In heavily drilled Greene County, high concentrations of
bromides and radionuclides were found in Ten Mile Creek, a
stream that snakes through Greene and Washington Counties
passing through areas of shale gas development. Ten Mile
Creek feeds into the Monongahela River, the source of drink-
ing water for hundreds of thousands of people in western
Pennsylvania. Exposure to bromine can severely impact the
thyroid gland™ and has been linked to an increased risk of
preterm delivery.”® Bromides are found in fracking waste-
water. lllegal dumping of fracking waste into streams and
ponds has occurred in the county.®' Also in Greene County,
the Hatfield's Ferry power plant, recently closed, was a major
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Table 5 — Selected cancers by township by year,
Washington county

|

source of air and water pollution. There is documented
ground water contamination due to coal ash waste.” Fly ash
is known to contain heavy metals including arsenic and lead.

Cancers by 2000—2007° 2008-2012 Total - ;

mwnshi:y As the above illustrates, there are multiple sources of
= potentially toxic, harmful exposures in southwest Pennsyl-

Urinary bladder . . .

vania, many dating back decades. Shale gas development is a

Canonsburg 14 14 28 0.00% lati .

Canton 12 18 40 50.00% r? alnve newcomer to the rE‘gl.O!'l, butf there coult.:l be a syner-

Carroil 5 20 26  233% gistic effect of shale gas activities with past toxic exposures.

Cecil 12 29 41 14170% This link must be more fully explored,

Chartiers 12 14 26  1670% Data limitations include small population counts in these

Fallowfield 5 4 23 35.60% rural counties and townships, and a small number of events,

Moncngahela City " 9 2l -25.00% which raises the risk of chance variation. Further, the short

N 2 : 22 Jit2.00% eriod of time between the onset of drilling and the develop-

North Strabane 16 29 45  8130% P ! g s

e 20 29 45 4500% ment of cancer must be taken into account. What this study

South Strabane 21 22 43 480% tries to do is illustrate that other potentially confounding

Washington City 19 12 31 -36.80% factors must be taken into account before one can state with

Total county 296 390 686 31.70% statistical certainty that UGD is the ‘cause’ of an increased risk

Thyroid of cancer.

Cecil 11 9 20 18.20%

North Strabane 12 8 20 ~33.30%

Peters 13 33 45 153.80% Conclusion

South Strabane 7 18 25 157.10%

Washington City 12 9 aa  -25.00% As the above illustrates, pollution from industry is not new in

Tatal county 131 216 347 64.50% th . . f;

T southwest Pennsylvania. Multiple sources of air and water

Cecil 5 12 17 830% pollution, past and present, serve to raise the risk of disease

North Strabane 7 g 15  20.60% among those living in the area. Given the decades-long

Peters 7 14 21 100.00% exposure to highly toxic pollutants, it perhaps is not surpris-

South Strabane 5 11 16 120.00% ing that even in counties with minimal shale gas activities

Washington City 5 16 a1 220.00% there are higher than expected rates of cancer, heart and

Total county 123 177 300 4390%

respiratory diseases and other medical conditions. Data from
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the PCR show that there were higher than expected cancer
rates long before unconventional shale gas activity began in
the region. To what extent are the higher than expected cases
seen in 2008-2012 & result of exposure to the potentially
harmful byproducts of past industrial activity? To shale gas
development? To some combination thereof? To what extent
do demographic and lifestyle factors contribute to the higher
number of observed cancer cases? Given the long lead time for
many cancers to develop, the results presented here may be
just the tip of the jceberg.

Ecological studies such as this one cannot determine cau-
sality, cannot link exposure to risk factors to disease, nor can
they take into account confounding factors such as lifestyle,
genetics, poverty, age. They can, however, raise ‘red flags’ to
warn of higher than expected morbidity and mortality and
should provide the impetus for observational studies such as
case-control and cohort studies. Given that shale gas con-
tinues to be extracted in many parts of the region, there must
be a concerted effort to monitor health indicators on a county
and township level in order to better understand what the
furure holds for individuals living in southwestern Pennsyl-
vania, especially for those living in counties that have been
heavily drilled. Clearly, further research should be conducted
to better understand the relationship between health and
UGD.
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