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Introduction  

Hydraulic  Fracturing  
Efficient  method  of  extracting  natural  gas  from  natural  shale  
rock  formations  
Potential  Positives  
Reduce  American  dependency  on  foreign  oil  
Lower  national  carbon  dioxide  emissions  

Potential  Negatives  
Process  difficult  to  control  
Little  regulation  
Result:  risk  to  human  and  environmental  health  

The  Process  of  Hydraulic  Fracturing  

Also  known  as  “fracking”.  
Extraction  process  to  obtain  gas  within  geomorphic  features  of  
low  permeability/flow  rate.  
Procedure:  
1.
2.
3.
4.

A  well  is  drilled,  set  with  steel  casing,  and  punctured  along  
zones  that  contain  gas.  
Fracture  fluid  (water,  sand,  and  chemical  mixture)  is  injected  
through  the  perforations  and  high  pressure  causes  the  shale  
rock  to  crack,  creating  fissures  for  gas  to  flow.  
Sand  acts  as  a  proppant  to  keep  fissures  open  and  gas  flowing.  
Fluids  containing  dissolved  natural  gas  are  pumped  back  to  the  
surface.  

The  Process  of  Hydraulic  Fracturing  

14  leading  gas  companies  use:  
More  than  2,000  hydraulic  fracturing  products  containing  
750  different  chemicals.  
Chemicals  include:  
Harmless  substances  
Salt  
Citric  acid  

Toxic  chemicals  
Benzene  
Lead  
Other  carcinogens  
29  regulated  by  the  Safe  Drinking  Water  Act  

The  Process  of  Hydraulic  Fracturing  

A  visual  
diagram  of  
the  
hydraulic  
fracturing  
process  
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FracFocus  
Online  registry  for  companies  to  disclose  chemical  
ingredients  used  for  hydraulic  fracturing  
Confirms  the  presence  of  65  federally  listed  toxic  
compounds  as  common  ingredients.  
Some  companies  have  an  EPA  permit  to  use  diesel,  which  
dissolves  gas  far  better  than  water.  
Diesel  contains  BTEX  (benzene,  toluene,  ethylbenzene,  
toluene)  which  is  extremely  toxic  and  carcinogenic.  

The  Process  of  Hydraulic  Fracturing  

Safer  Alternatives  
Use  of  fluid  with  no  chemicals  (just  water  and  sand)  
Use  of  fluid  with  non-‐toxic  chemicals  
Use  of  liquefied  petroleum  gel  (LPG).  
When  injected  under  pressure,  LPG  transforms  into  propane  
vapor  
Vapor  is  returned  to  the  surface  along  with  the  natural  gas,  
where  it  can  be  reused  
Nearly  100%  recovery  rate  
Does  not  eliminate  hydrocarbon  emissions,  but  reduces  them  
in  comparison  to  flaring  practices.  

Impacts  on  Human  Health  

2004  Environmental  Protection  Agency  (EPA)  report  
on  hydraulic  fracturing:  
Practice  does  not  warrant  regulation  under  the  Safe  
Drinking  Water  Act  (SDWA)  
Only  diesel  injection  regulated  
Companies  with  permits  can  still  inject  diesel  

Nevertheless,  people  in  many  communities  across  the  
U.S.  are  still  getting  sick  from  fracking  operations.  
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Case  Study:  Cathy  Behr  (2008)  
Nurse  at  Mercy  Regional  Medical  Center,  Colorado.  
Breathed  fumes  while  treating  a  natural  gas  worker.  
5-‐10  minute  exposure  
Within  days:  
Yellow  skin  
Vomiting  
Rapid  organ  failure  
Lungs  filled  with  fluid  

Impacts  on  Human  Health  

Case  Study:  Cathy  Behr  (2008)  
Doctors  could  not  test  properly  because  they  were  not  
allowed  legal  access  to  the  gas  company’s  chemical  list.  
Doctors  only  had  Material  Safety  Data  Sheets  (MSDSs)  
Only  health  hazards  listed  
Doesn’t  identify  chemicals  

Although  some  states  now  require  companies  to  release  
chemical  information,  it  is  not  a  federal  requirement  
Many  companies  are  still  legally  able  to  refuse  disclosure  
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Some  common  chemicals  found  in  fracturing  fluid:  
Ethylene  glycol  
Friction  reducer  
Toxic  at  0.1  ml  per  kg  body  weight  
Symptoms:  vomiting,  heart  problems,  acute  kidney  failure  

Methanol  
Symptoms:  permanent  damage  to  the  central  nervous  system  (CNS)  

Naphthalene  
Symptoms:  vomiting,  bloody  urine,  jaundice  

Confirmed  carcinogens  
Benzene,  ethylene  oxide,  formaldehyde,  sulfuric  acid  
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Case  Study:  Laura  Amos  (2001)  
Garfield  County,  Colorado  
EnCana  Corporation  operates  a  fracturing  well  adjacent  to  her  
water  well  
Explosion  created  an  underground  link  between  the  wells.  
2  years  later  (2003),  Amos  developed  Primary  Hyper  
Aldesteronism  (tumor  of  the  adrenal  gland).  
Amos  came  across  an  article  by  Dr.  Theo  Colborn  of  the  
Endocrine  Disruption  Exchange  (TEDX)  
Article  described  a  chemical  named  2-‐BE  found  in  fracturing  
fluids  
2-‐BE  specifically  causes  adrenal  gland  tumors  
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An  adrenal  gland  affected  by    
Primary  Hyper  Aldesteronism  
  
Photo  courtesy  Dr.  James  Fishback,  University  of  Kansas  
Medical  Center  
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Case  Study:  Laura  Amos  (2001)  
Other  effects  of  2-‐BE  
Hemolytic  (destroys  red  blood  cells)  
Bloody  urine  
Kidney  damage  
Chronic  anemia  
Secondary  effects  
Spleen  and  liver  damage,  reduced  fertility,  eye  damage,  
increased  cancer  risk  
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Case  Study:  Laura  Amos  (2001)  
Gas  industry  response:  
2-‐BE  finally  admitted  to  the  presence  of  2-‐BE  
Now  sends  Amos  water  from  a  different  source  
Still  maintains  that  chemicals  are  of  too  low  a  
concentration  to  cause  any  harm  

Dr.  Colborn  insists  the  toxins  are  harmful  at  any  
concentration  
Many  bodily  systems  are  sensitive  to  toxin  concentrations  
of  ppb  (parts  per  billion)  or  less.  

Impacts  on  Human  Health  

New  EPA  Study  
The  EPA  is  currently  preparing  a  new  report  on  the  
effects  of  hydraulic  fracturing  
Much  more  detailed  than  the  2004  study  
An  entire  section  will  be  devoted  to  human  health  hazards  
It  will  also  consider  the  peripheral  aspects  of  fracturing  
such  as  transport,  storage,  etc.  

Many  hope  the  new  study  will  allow  for  stricter  chemical  
regulations  

Water  Contamination  

Tap  water  from  a  
private  well  
contaminated  with  
methane  ignites  easily  
with  a  household  
lighter  
  
  
Photo  still  from  “Gasland”  
Copyright  New  Video  Group  

Water  Contamination  

Problem:  Lack  of  control  
Direction  of  cracks  caused  by  fracturing  cannot  be  predicted  
Fissures  can  unexpectedly  open  into  groundwater  sources  
Duke  University  study:  
Methane  concentrations  higher  in  groundwater  sources  close  
to  fracturing  operations  
Gas  in  the  water  matched  the  target  gas  the  companies  were  
mining  for  
Gas  may  be  seeping  through  natural  and/or  manmade  faults  or  
coming  from  the  actual  fracturing  well  itself  

Water  Contamination  

Hydraulic  Fracturing  exempt  from  regulation  
Energy  Policy  Act  of  2005  (Halliburton  Loophole)  
Exemption  from  the  Safe  Drinking  Water  Act  
Gas  companies  can  “frack  away”  without  fear  of  
regulation  
Difficulty  of  proving  source  contamination  as  well  as  
complexity  of  scientific  studies  prevents  action  from  
being  taken  

Water  Contamination  

The  Frac  Act  Bill  of  2009  and  2011  
Introduced  with  the  goal  of  forcing  fracturing  
companies  to  disclose  their  chemicals  
Would  effectively  close  the  Halliburton  Loophole  
Companies  would  be  held  accountable  for  they  inject  
into  the  soil  and  water  

Soil  Contamination  

Surface  spills  
Leading  cause  of  contamination  in  soil  

Inadequately  cased  drilling  pipes  
Approximately  90,000-‐350,000  gallons  per  million  gallons  of  
fracking  fluid  injected  is  pumped  back  to  the  surface  
Flowback  fluid  contains  heavy  metals,  radioactive  materials,  
and  brine  in  addition  to  toxic  chemicals  
All  of  the  flowback  fluid  is  typically  stored  in  a  pond  or  tank  
near  the  well  pad  

Soil  Contamination  

Radioactive  materials  
Flowback  fluid  often  contains  strontium,  uranium,  radon,  and  
other  radioactive  substances  

Heavy  metals  
Lead,  mercury,  cadmium,  chromium,  barium,  and  arsenic.  

Midwest  and  Gulf  Coast  states  in  particular  contain  higher  
concentrations  of  these  contaminants.  
Radon  gas,  radium-‐226,  and  radium-‐228  can  be  released  
into  the  atmosphere  from  produced  water  and  mud  which  
are  placed  in  evaporation  pits  or  ponds.  

Soil  Contamination  

Evaporation  pits  and  ponds  
Used  to  store  flowback  fluids  from  hydraulic  fracturing  
Storage  regulated  at  the  federal  and  state  level  
Should  have  natural  or  artificial  liners  constructed  of  clay  or  
synthetic  materials  to  prevent  downward  percolation  of  fluid.  
Flowback  water  is  exempt  from  Resource  Conversation  and  
Recovery  Act  (RCRA)  regulations.  
Inadequate  liners  or  leaks  can  occur  if  proper  design,  
installation,  and  maintenance  is  not  practiced.  
Implementation  of  Best  Management  Practices  (BMPs),  
barriers,  Spill  Prevention  Control  and  Countermeasures  
(SPCCs)  and  proper  response  equipment  is  necessary.  

Soil  Contamination  

Evaporation  
pond  with  
flowback  fluid  
  
  
  
  
  
Photo  by  Helen  Slottje  

Soil  Contamination  

Testing  and  Treatment  of  Contaminated  Soil  
In  situ  bioremediation  
Leave  soil  and  groundwater  in  place  during  treatment  
Minimally  disruptive  to  soil  matrix  
Takes  advantage  of  microorganisms,  soil,  and  water  as  a  
bioreactor  

Ex  situ  bioremediation  
Requires  removal  of  all  affected  soil  and  groundwater  

Soil  Contamination  

Biological  degradation  technique  
Non-‐aqueous  Phase  Liquids  (NAPLs)  
Cling  to  subsurface  particles  
Slow  to  dissolve  in  groundwater  

Dense  Non-‐aqueous  Phase  Liquids  (DNAPL)  
Migrate  downward  in  an  aquifer  and  collect  in  pockets  of  substructure  

Bioremediation  can  be  effective  for  many  organic  chemicals  
BTEX-‐containing  fuels  
Hydrocarbons  
Natural  process  converts  chemicals  into  carbon  dioxide  and  water  
More  effective  than  pump-‐and-‐treat  methods,  but  slow.  
Treatment  of  contaminated  soil  is  assessed  individually.  
  

Soil  Contamination  

Vendor  Informative  System  for  Innovative  Treatment  
Technologies  
Provided  by  the  EPA  to  serve  energy  companies  
Database  for  information  on  availability,  performance,  
and  approximate  costs  of  remediation  technologies  
However,  costs  are  rough  estimates  only  and  subject  to  the  
extent  of  the  soil  contamination  

Air  Contamination  

Dr.  Lisa  McKenzie,  University  of  Colorado-‐Denver  
School  of  Public  Health  
Led  a  research  study  in  Garfield  County,  Colorado  that  
was  published  in  the  journal  Science  of  the  Total  
Environment  
Toxins  such  as  BTEX  were  discovered  in  air  samples  
Suggested  that  living  near  fracking  sites  increased  the  
risk  of  cancer  as  a  result  of  emissions  from  natural  gas  
Other  effects  included  sore  throat,  eye  irritation,  
headaches,  and  difficulty  breathing  

Air  Contamination  

Report  on  Carcinogens,  Twelfth  Edition  (2011)  
Created  by  the  U.S.  Department  of  Health  and  Human  
Services  
Describes  human  conditions  that  can  be  caused  by  
exposure  to  benzene  as  an  air  pollutant  
Conditions  include  increased  risk  of  lymphatic  and  
hematopoietic  cancer,  chronic  lymphocytic  leukemia,  and  
acute  myelogenous  leukemia  

Air  Contamination  

Space-‐filling  model  of  
the  chemical  structure  
of  benzene  
  
  
  
  
  
Graphic  by  Benjamin  Mills  through  public  domain  

Air  Contamination  

Why  does  air  pollution  from  hydraulic  fracturing  go  largely  
unregulated?  
Charles  W.  Schmidt,  Environmental  Health  Perspectives  
One  theory:  air  pollution  from  shale  drilling  arises  from  many  small-‐
emission  sources  
EPA’s  Clean  Air  Act  (CAA)  includes  language  targeting  larger  sources  
of  emission  
Smaller  sources  that  stack  into  a  larger  operation  require  complex  
confirmation  studies  that  are  often  avoided  by  the  states  regulating  
them  

If  states  continue  to  forgo  the  necessary  investigations,  
increased  benzene  concentrations  will  continue  to  harm  the  
public  health.  

Conclusion  

Even  considering  the  vast  amount  of  accounts,  studies,  and  
literature  on  the  negative  impacts  of  hydraulic  fracturing,  the  
process  is  still  largely  misunderstood  and  poorly  regulated.  
  
Hydraulic  fracturing  requires  more  stringent  regulation,  such  as  
the  removal  of  it’s  exemption  from  the  Safe  Drinking  Water  Act  
via  the  Energy  Policy  Act  of  2005,  in  addition  to  strict  adherence  
to  Best  Management  Practices  by  companies.  
  
Until  a  truly  safe  method  and  accompanying  regulations  are  
developed,  hydraulic  fracturing  should  be  stopped  immediately  
due  to  its  negative  impacts  on  humans  and  the  environment.  
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Method
This report will be conducted through a process of broad researching of
the impacts of hydraulic fracturing. Due to this method of acquiring information,
an analysis regarding each topic in this report will be informative and descriptive.
A description of hydraulic fracturing will be written in depth with a basic summary
of the most common compounds used in this form of fuel harnessing. The realms
of hydraulic fracking discussed will be; the effects on humans, water
contamination, soil contamination, and air contamination.
Specific case studies will be mentioned, such as a situation regarding
Cathy Behr and Laura Amos, both located in Colorado. Studies will be
referenced at length, such as one conducted by the Congressional Research
Service in 2011, investigations by the Democrat Energy and Commerce
Committee from 2005-2009, and research performed by EarthWorks in 2012.
Possible alternatives will be mentioned within each section of how these
companies could deal with the negative consequences of hydraulic fracturing. A
conclusion will be offered after all research has been discussed. It will state a
general assessment of hydraulic fracturing and this group’s opinion on what
needs to occur.
Abstract
Hydraulic fracturing is an efficient method of extracting gas from natural
shale rock formations. It may reduce America’s dependency on foreign oil and
also lower national carbon dioxide emissions. However, the process is difficult to
control, is poorly regulated, and poses serious risks to human and environmental
health. The process of “fracking” uses over 2,000 products containing 750
different chemicals. These chemicals not only include harmless substances such
as salt and citric acid, but also toxic chemicals such as benzene, lead, 2-BE, and
other carcinogens. These toxins can lead to serious health conditions such as
vomiting, nausea, jaundice, bloody urine, fatigue, and chronic anemia, fertility
problems, organ failure, and more. Toxins may be ingested through
contaminated groundwater sources such as water wells in close proximity to
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mining wells. Fissures created during fracturing cannot be controlled and may
unexpectedly open into groundwater sources. This can release chemicals into
the soil and water. These chemicals are not regulated under the Safe Drinking
Water Act because of a provision in the Energy Policy Act of 2005 commonly
called the Halliburton loophole. Soil can also become contaminated because of

improper construction and maintenance of evaporation pools where the fracturing
fluid is stored after use. Radioactive materials and heavy metals may seem into
the soil is the walls of the pools, especially if Best Management Practices and
Spill Prevention Control Countermeasures are not used. In situ and ex situ
bioremediation techniques are now being provided online by the EPA to
encourage companies to make use of remediation technologies. Air
contamination, which is not yet as well-studied as water and soil contamination,
is also a problem. A Colorado study found that high levels of the volatile
compound benzene can be found as a result of emissions from natural gas.
Benzene is highly toxic and is also a cause of leukemia and other cancers.
However, due to the complex nature of confirmation studies and the targeting of
larger single sources of emission, air pollution from hydraulic fracturing goes
largely unregulated. Overall, hydraulic fracturing is a practice that is unsafe for
humans and the environment and should be stopped immediately until more
stringent regulation and responsible management are implemented.
Introduction
Hydraulic fracturing has reformed fruitless organic shales into exceedingly
productive sources of natural gas. These born again fields of fuel have the
potential for the United States to reduce its dependence on foreign energy
imports as well as lower its national carbon dioxide emissions. These positive
outcomes are a touchy topic because they come with counter arguments most do
not want to hear about. The effect fracking has on the environment and its
inhabitants are extreme. The health and welfare of millions are at risk due to this
controversial form of energy harnessing, and seem to be swept aside when the
phrase “fuel independence” enters the discussion. In this paper, we explain the
process, chemicals used and whom this technique affects. Contamination and
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pollution influencing humans, the groundwater system, the surrounding soil, and
the air we breathe are explained and discussed in depth.
Process
Hydraulic fracturing—also known as fracking—is an extraction process
developed to obtain oil or gas trapped within geomorphic features of low
permeability or poor flow rate. A well is drilled and set with a steel casing, which
is punctured along targeted zones that contain oil or gas. Fracture fluid is then
injected into the wellbore at high pressures, through the perforations in the

casing and into the surrounding impermeable formation. This part of the process
is heavily monitored and, over time, the density between sand and water is
increased as the process progresses. Sometimes this section is repeated in
‘stages’ to reach maximum areas of the wellbore. During these stages, the
wellbore is plugged temporarily between each stage to ensure the highest water
pressure possible, and to achieve maximum fracturing results in the rock. After
the pressure creates a crack or fracture in the formation, the injection stops and
the fluids are brought back to the surface for disposal, treatment, or re-use. The
materials within the injection fluid, such as sand or beads (proppants), remain in
the created fractures to ‘prop’ them open, allowing for gas or oil flow
(EarthWorks).
A sand, water, and chemical mixture is used in the hydraulic fracturing
process. Depending on the well type, the amount of proppant used can vary.
According to research done by EarthWorks, “Conventional oil and gas wells use,
on average, 300,000 pounds of proppant, coal bed fracture treatments use
anywhere from 75,000 to 320,000 pounds of proppant and shale gas wells can
use more than four million pounds of proppant per well” (EarthWorks). Chemicals
can also vary per well type, company, and the required disclosure from state to
state. Although states are still not required by federal law to force hydraulic
fracturing companies to disclose their chemicals, some states—including Texas
as of February 1, 2012 (Jones et. al)—have chosen to do so on FracFocus, a
registry created for chemical companies that have agreed to list their chemical
ingredients (EarthWorks).
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Studies have been conducted to observe the amount of hazardous
chemicals in use. From 2005 to 2009, the Democrat Energy and Commerce
Committee launched an investigation into the use of chemicals and the overall
practice of hydraulic fracturing. It was reported that 14 of the leading oil and gas
services used more than 2,500 hydraulic fracturing products containing 750
different chemicals and other components. The products ranged anywhere from

harmless and common substances such as salt and citric acid, to extremely toxic
ones like benzene and lead. Of the known carcinogens, 29 were regulated by the
Safe Water Drinking Act due to their risks to human health and/or the Clean Air
Act as hazardous air pollutants (Kimball 2011).
A 2011 study by the Congressional Research Service claims that the
average industrial fracturing fluid recipe contains about 98 percent water and
sand, with only two percent constituted by the mysterious proprietary chemicals
(Tiemann et. al 2011). While seemingly small, the average Colorado well injects
one million gallons into the ground, calculating to approximately 20,000 gallons of
pure chemicals injected into a single site (Environmental Working Group 2008). A
chemical analysis by the Environmental Working Group and The Endocrine
Disruption Exchange listed more than 300 suspected chemicals used in Colorado
alone, with 65 federally listed under six pollution protection laws (Environmental
Working Group 2008, OMB Watch 2008). FracFocus confirms the presence of
almost all of the 65 chemicals in the Colorado study (FracFocus 2012).
In addition, the Colorado study and the disclosed chemicals listed on
FracFocus only confirm the chemicals that are common in fracturing fluid; the list
is by no means exhaustive. BTEX (benzene, toluene, ethylbenzene, and xylene)
are four chemicals present in fracturing fluids that contain diesel. Diesel dissolves
fracturing chemicals much easier than water, which makes the overall mixture
more effective. In 2003, the Environmental Protection Agency (EPA) entered into
a Memorandum of Agreement with three large natural gas companies (BJ
Services Company, Halliburton Energy Services, Inc., and Schlumberger
Technology Corporation) to voluntarily stop adding diesel into their fracturing
fluids. Together, they represent 95 percent of all hydraulic fracturing operations
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nationwide (EPA, 2004). However, since there are over one million hydraulic
fracturing wells currently operating in the United States, there are up to 50,000
wells that still inject diesel fuel into the ground (API Energy 2011).
Greener and less hazardous alternatives have been proposed by

environmental groups concerned about the prospect of having chemical mixtures
remain in the soil and escaping through other processes during fracking. The
ideal would be to use mixtures without any additives or sand and water mixtures
with non-toxic materials, such as the mixtures developed for offshore drilling
(EarthWorks). Though feasible and maybe even preferred, this method is not the
most efficient when compared to diesel. Other methods have been developed
and some put into practice, such as using liquefied petroleum gel (LPG) or gas
fracking for natural gas (EarthWorks).
GasFrac Energy is a Canadian-based company that utilizes a method that
pumps LPG into an underground rock formation to release trapped natural gas
(Aaron 2011). It is then injected into shale formations where it creates fractures
and releases the natural gas inside. While undergoing pressure, the gel
transforms into propane vapor and returns to the surface with the natural gas
where it can be recaptured and reused (Goodman 2012). Water often creates
problems for operators, as it often contains impurities that affect the viscosity of
the fluid; it has to be combined with chemicals, CO2, and N2. LPG does not
require CO2 and N2 and is almost 100 percent recoverable after extraction
(GasFrac). However, because these do still deal with hydrocarbons, greenhouse
gases are still a consideration, though less so than if it required flaring. Mukul
Sharma, a professor in the Cockrell School of Engineering at the University of
Texas states that the costs of more volatile gases are more expensive and the
safety issues and the handling of LPG make it more difficult to pump and utilize
in operations compared to what methods are already in use (Goodman 2012).
Health Effects on Humans
Although the EPA’s 2004 report on the impacts of hydraulic fracturing
claims the practice does not produce enough harm to warrant regulation under
the Safe Water Drinking Act (EPA 2004), successive incidents have caused
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increasing alarm in the local communities where hydraulic fracturing takes place.
Some of these incidents have even gained national attention as the demand for
alternative fuel sources and energy independence becomes increasingly
important. This section focuses on the biology and health effects associated with
hydraulic fracturing chemicals, largely showcased by these incidents and the
subsequent analysis by scientists not associated with the EPA.
One of the first major health incidents to make national headlines was the
case of a nurse employed by Mercy Regional Medical Center in Colorado named
Cathy Behr. In 2008, Behr found herself on the hospital bed after coming down
with a sudden onset of life-threatening symptoms (Hanel 2008). After being
tested for numerous ailments, it was discovered that Behr had been exposed to a
chemical named ZetaFlow while being treated as a sick gas industry worker. The
worker had the chemical on his clothes and Behr had breathed in the fumes. The
exposure purportedly only lasted five to ten minutes, but it was enough to nearly
kill her (Hanel). Within days, Behr’s skin turned yellow, she began vomiting, her
organs started to fail, and she reported feeling like she was “’drowning from the
inside out’ due to her lungs filling with fluid” (Moscou 2008). If the doctors had
known what chemical they were dealing with, the damage would not have been
so severe. However, state and federal regulation did not—and currently still do
not—require that gas companies release the proprietary chemicals they use in
their fracturing fluids. The doctors only had legal access to the company’s
Material Safety Data Sheets, which listed methanol and two undisclosed
proprietary chemicals. However, since MSDS are only required to list the health
hazards of compounds and not the identity of the compounds themselves, the
doctors still didn’t know what chemicals to test for (Moscou 2008).
FracFocus has since debunked some of the myths regarding what goes
into fracturing fluid (FracFocus 2012). One of the chemicals commonly present in
fracturing fluids as a friction reducer, ethylene glycol, is known to be toxic at just
0.1 mL per kg of body weight. Symptoms of ingestion include vomiting, heart
problems, and acute kidney failure (Friedman et al 1962). Another highly toxic
compound listed is methanol, which can cause permanent blindness with an oral
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dose of just 10 mL. At lesser concentrations, methanol is known to cause
permanent damage to the central nervous system (Vale 2007). Naphthalene, a
common household fumigant used in fracturing as a surfactant, is a Group 2B
carcinogen (possible carcinogen) that is also known to cause vomiting, blood in
the urine, and jaundice (NIH 2012). In addition, there are several Group 1

carcinogens (confirmed cancer-causing agents) common in fracturing fluid in the
form of benzene, ethylene oxide, formaldehyde, and sulfuric acid (Sawyer 2011).
Another case study is the incident of Laura Amos, a resident of Garfield
County, Colorado. Her drinking water was contaminated by a nearby hydraulic
fracturing operation owned by EnCana Corporation when an explosion created
an underground link between her water well and EnCana’s fracturing well
(Amos). Amos developed a rare condition called Primary Hyper Aldesteronism,
which caused a tumor to grow on her adrenal gland. As a result, her gland had to
be removed. At the time Laura was supposedly drinking the contaminated water,
she was bathing and feeding her infant daughter with the same water as well.
Suspecting a relationship between her condition and the well contamination,
Amos came across an article by Dr. Theo Colborn of the Endocrine Disruption
Exchange (TEDX), concerning a chemical called 2-BE. The primary effects of 2BE are hemolytic, which means that the chemical breaks down the cell
membrane and destroys red blood cells (Colborn 2002). In studies of mice, this
condition leads to blood in the urine, kidney damage, and chronic anemia.
Secondary effects include spleen and liver damage, reduced fertility, eye
damage, and increased risk of cancer, specifically adrenal cancer (Colborn
2002). Despite this alarming connection, the fracturing company denied the use
of 2-BE until several years later, at which point they began delivering alternative
water to the Amos household (Amos).
Representatives of the gas industry claim that there is little cause for
concern because the concentrations of chemicals present are so minute (Colborn
2002). Yet, Dr. Colborn cautions that toxins in concentrations less than one ppm
are not well studied, and the chemicals present in hydraulic fracturing should not
be ingested at any concentration (Colborn et al 2012). Many bodily systems are
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extremely sensitive at concentrations of ppb or less. One tactic the gas

companies have often used is the fact that the regulation makes it so difficult for
anyone to prove the source of contamination. Before admitting to their use of 2BE, EnCana Corporation tried to convince the media that Amos had received her
tumor from exposure to Windex, a product that does not even contain 2-BE
(Amos).
What makes the composition of fracturing fluid even more alarming is the
fact that the effects of chemicals are not always additive, but synergistic. Since
most research on the effects of chemicals are usually conducted on one
chemical at a time due to the complex nature of chemical interactions, these
findings are not yet well studied (Carpenter et al 2002). Combined with the
relative newness of hydraulic fracturing and the subsequent lack of long-term
research conducted on those exposed to fracturing chemicals, a comprehensive
analysis on the harm caused by hydraulic fracturing has yet to be published.
However, the EPA, which in 2004 cancelled its Phase II study of hydraulic
fracturing due to its preliminary findings that the process was safe, is now
preparing a new study that will include five sections, one of which will focus
exclusively on the health risks associated with fracturing fluid chemicals (Orford
2011). One apparent improvement of this proposed study over the 2004 study is
the inclusion of the impacts of transport and other possible release pathways,
such as leaking storage tanks. A University of Texas study published earlier this
year stated that no links between fracturing and groundwater contamination
could be found, but admitted that contamination could still occur due to poor
cement jobs, casing failures, above-ground spills, mishandling of wastewater,
and other activities associated with fracturing that are not technically fracturing
itself (Smith 2012). If the new EPA study succeeds in addressing these
processes along with the actual fracturing process itself, there is potential for
stricter chemical regulations that may positively affect the health of those
currently impacted by shale gas operations.
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Water Contamination
Water contamination is another serious pitfall with hydraulic fracking.
Toxic carcinogenic chemicals—such as benzene, ammonium biflouride, and
diethylene glycol—have been the cause of foul smells emanating from drinking

water. These odors along with ingestion of the water, which flows from taps close
to the wells invoke vomiting, dizziness, headaches, breathing problems, and
fatigue, not to mention long term lasting effects that have yet to show
themselves. These smells are also indicative of natural gas leakage into the
groundwater in the fracking area as well. Most have heard or seen at least one
recent documentary on television dealing with this gas contamination issue
alone. Usually at the end of the report, there is a video of a man lighting the
water flowing out of his kitchen tap on fire to drive the point home that gas is in
the water. The ability to ignite flowing water is the result of contamination directly
at the fracking site. Due to the lack of control over the direction of the cracks
fracking creates, these fractures can penetrate aquifers in surrounding areas.
There can be multiple layers of impermeable rock that lies between the natural
gas formations and the groundwater, but again, it is impossible to control the way
rock fractures. These fissures created by the injection of water and chemicals at
intense pressures force once uniform masses of rocks apart in directions that
cannot be predicted. There is a general estimation in the area the cracks will
appear, which is why the wells target specific locations. Unfortunately, these
cracks end up taking on a life of their own and head in all directions including
those that lead to sources of rock that are meant as a natural storage for water,
also known as an aquifer. The same natural gas that is coveted by the
companies mining these shale formations is the same gas that is turning up in
drinking water in multiple homes whose source is the aquifer tainted by the
leaking gas. A study conducted by four scientists at Duke University found levels
of flammable methane gas in drinking water wells increase to dangerous levels
when those water supplies were close to natural gas wells. During this
investigation, they found that the type of gas detected at such high levels in the
water was the same type of gas the energy companies were extracting
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thousands of feet underground. This evidence implies that the gas may be
seeping through natural or manmade faults and fractures, or coming from the
cracks in the actual well structure itself.
Even with scientific studies backing up claims by environmental groups

and people living in the areas being fracked, this practice is still happening at an
increasing rate. Advertising that is pro fracking, such as the website
“energyfromshale.org,” continually states, “No significant environmental risks as
a result of proper hydraulic fracturing [have been] identified.” If this is true, then
how else is the same natural gas that is so desperately desired suddenly ending
up in drinking water in areas close to these hydraulic fracturing wells? Sadly,
these companies do not have to worry too much about the consequences of their
business. The carcinogenic chemicals used in fracturing fluids are not regulated
because fracking was exempted from the Safe Drinking Water Act in the Energy
Policy Act of 2005, also known as the Halliburton Loophole. Companies in this
industry can “frack away” in a sense, without worrying about what they are doing
to the environment, underground drinking water sources, or the people that are
living with the consequences of ingesting this polluted water.
There are ways to deal with this constant barrage of pollution on the
environment. Fracking should be stopped until proven safe. Energy companies
who desire to pursue this path of fuel attainment should have to prove beyond a
doubt that fracking is safe. Right now they do not have to bear this burden and
are drilling without anyone holding them accountable for the repercussions. This
makes no sense. People refuse to drive a car that has not been tested rigorously
and passed safety standards with flying colors, so why shouldn’t energy
companies have the same regulations placed upon their heads. After all, they are
dealing with human lives, and those human lives are being adversely affected by
the actions of these hydraulic fracking wells. The only difference is that the
unsafe car in this situation is a drill sending “300 tons of a mixture of 750
chemicals” (Kimball) into the ground and causing harmful effects in homes
around the well site. Another way to deal with fracking is to close the Halliburton
loophole. If fracking is as safe as energy companies’ claim it is, then complying
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with the national standards for clean drinking water should never be an issue. In
2009 the Frac Act was introduced and then reintroduced in 2011 to force energy
companies to disclose the chemicals used in the fracturing process. This
legislation would remove the Halliburton loophole and hold energy companies
accountable for what they are putting into our soil and therefore our water. This
Act has still yet to be passed and most likely won’t with the partisan congress
that is in office at this time. So at this very moment energy companies are
continuing to hydrofrack rock surrounding aquifers people use as a source of
drinking water with no consequences.
Soil Contamination
Soil is a primary recipient by design or accident of a myriad of wastes,
chemicals, and products used every day adding up to millions of tons of
industrial, domestic and agricultural products that pollute the world’s soil yearly.
Once there, they are part of biological cycles affecting all forms of life. Soils are
therefore at the heart of terrestrial ecosystems. Understanding the soil system is
crucial to the success and environmental harmony of any human endeavor on
the land. Essentially soil is the needed medium for plant growth, a habitat for soil
organisms, a system for water supply and purification, an engineering medium, a
modifier of the atmosphere, and a recycling system for nutrients and organic
wastes. Thus the pedosphere or “soil” is the direct interface between the
lithosphere, atmosphere, hydrosphere and biosphere and is vital to our
existence.
Hydraulic fracturing, like any other oil or gas exploration and development
operation, has its risks to the environment. In that surface spills due to human
error or equipment failure are the leading cause of contamination to the soil.
Surface spills pose a greater risk than the drilling itself. Fracking requires the use
of fracturing fluids or pumping fluids primarily consisting of water, sand, and a
specific combination and concentration of chemicals that are site specific to the
drilling conditions for the individual well pad. These fluids are injected
underground at high pressure and volume to create the fracture and transport
sand and other granular substances to prop open the fractures in the shale
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formation. Chemical additives are used to thicken or thin the fluids, improve the
flow of fluid, or kill bacteria that can reduce fracturing performance. Some of
these chemical additives are seemingly harmless such as sodium chloride,
gelatin, and citric acid. Whereas others are quite toxic in nature; benzene as well
as other aromatic hydrocarbons, toluene, ethylbenzene, and xylene (BTEX) are
Volatile Organic Compounds (VOCs). They are found in gasoline, petroleum
distillates, diesel fuel, and other petroleum based products used as lubricants.
Polyaromatic hydrocarbons are larger molecule benzene compounds. All of
which are found in produced water and some fracking fluids.
Contamination itself can come from many sources during operation.
Inadequately cased drilling pipes serve for common subsurface contaminations,
but for the most part contamination is due to surface spills. Roughly 90,000350,000 gallons per million gallons used of fracking fluid comes back
immediately from the ground called flowback water. Similar amounts of produced
water are also delivered back to the surface with gas produced by the well, which
contains some fracking chemicals. Further contaminated by heavy metals,
radioactive materials, compounds formed by the interaction of fracking fluids with
the environment of the rock formation, and large amounts of brine, (which is very
difficult to dispose of). All of these materials are typically stored in ponds or tanks
near the well pad.
Wastewaters returned to the surface can contain radioactive materials
including strontium, uranium, radon, and heavy metals all of which contaminate
the soil through spills and leaks during venting or flaring. Heavy metals found in
soils near gas sites have included; lead, mercury, cadmium, chromium, barium,
and arsenic. Though radioactive materials are not necessarily present in the soil
at every well or drilling site, soils in the upper Midwest or Gulf Coast states are
more likely to contain radioactive materials. Contamination also comes from
produced water, drilling mud, (synthetic or water based), sludge’s, slimes,
evaporation ponds, pits, and from mineral scales that form in pipes, storage
tanks or other extraction equipment. Radon gas, radium-226, and radium-228
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can be released into the atmosphere from produced water and mud, which are
placed in ponds, or pits to evaporate, re-use, or recover.
Evaporation tank, pit, pond, surface impoundment, storage tank all have
one general purpose, to store fluids used in the fracking operation. They each
have standards in which to be built in accordance with federal and state
regulation and for the conditions the site is on. Inadequate liners or leaks may

contaminate the soil, though this depends on the porosity and permeability of the
soil matrix. For fluids stored on site in these tanks or impoundments, proper
design, installation, and operation are imperative to prevent failure or unintended
discharge. They should have natural or artificial liners to prevent downward
percolation of fluids into the subsurface. Typically liners are constructed of
compacted clay or synthetic materials like polyethylene or treated fabric that can
be joined using special equipment. Because flowback water is exempt from
Resource Conservation and Recovery Act (RCRA) regulations, test and
inspections of lines, vessels, dump valves, hoses, and other pollution prevention
equipment where failures or malfunctions could result in a potential spill incident.
Installation of contaminant, Best Management Practices (BMP), barriers or
response equipment is deemed necessary on site. Taking into consideration the
natural drainage patterns of the area in regards to location of equipment, pads,
and surface impoundments so storm runoff does not erode the base materials.
Spill Prevention Control and Countermeasures (SPCC) should be practiced as
well.
Contamination to soil and groundwater present special challenges
because contamination is difficult to access. In situ processes leave soil and
groundwater in place during treatment, this is less disruptive to soil matrix, and
uses natural conditions to preserve existing subsurface environment. In situ
bioremediation takes advantage of microorganisms, soil, and water as a
bioreactor. Little disturbance is necessary and is less equipment intensive than
ex situ treatment. Ex situ and pump-and-treat methods remove all affected soil
and groundwater for treatment. The biological degradation of the organic is to be
considered in deciding a cleanup method after a spill occurs, as well as the water

16	
  

	
  
solubility of the compounds. Non-aqueous Phase Liquids (NAPL) cling to
subsurface particles and are slow to dissolve in groundwater. Dense Non-

Aqueous Phase Liquids (DNAPL) migrate downward in an aquifer and can collect
in pools or pockets of substructure. Bioremediation is successful for gasoline and
other fuel because the primary contaminants—BTEX—are relatively easy to
extract and degrade. The natural process of degradation of hazardous organic
chemicals into innocuous carbon dioxide and water (as in any reduction reaction)
or non-hazardous by-product is often less expensive and more effective than
pump-and-treat methods, though it is a relatively slow process. Therefore,
treatment of contaminated soil is assessed individually. The EPA supports
development of innovative cleanup technologies and also provides a database to
provide information on availability, performance, and approximate costs on these
technologies, called the Vendor Informative System for Innovative Treatment
Technologies (VISITT), though costs are rough estimates and subject to extent of
soil contamination. In addition to bioremediation, in situ (physical/chemical), ex
situ, and pump-and-treat methods there is also plume containment, which has
often relied on physical methods such as benotite slurry trenches, grout curtains,
sheet pilings, well points, and fixation injection.
Soil is essential to life. It is the interface between the earth, air, water and
living organisms. Though hydraulic fracturing fluids can pose a toxic risk to these
systems it is through soil that we can find a means to buffer such toxic
substances and keep them from affecting our precious resources. Contamination
will happen, but with BMP’s, regular maintenance of equipment, and contingency
plans, the impact can be lessened.
Air Contamination
The link between hydraulic fracking and water quality has been widely
discussed in news publications and in environmental lectures. However,
hydraulic fracking has also been discussed as a factor in air quality. With
increasing concerns across the United States about atmospheric carbon and its
relationship to theorized climate change, it should come as no surprise that air
pollution is a major concern of those evaluating the safety of hydraulic fracking.

17	
  

	
  
Though less publicized than the link between hydraulic fracking and water

quality, the air quality link is just as serious, and a number of research programs
have begun to look more closely at this relationship. Much of the public
discussion regarding the contribution of hydraulic fracking to air quality so far is
focusing specifically on the role that benzene emissions and other hydrocarbon
air pollutants play in human health. For those living in areas near industrial
fracking fields, this research has already sparked great public interest.
A group of researchers led by Dr. Lisa McKenzie of the University of
Colorado-Denver School of Public Health, published findings in the Journal
Science of the Total Environment suggesting that individuals living in near
proximity to fracking sites experience an increased risk of cancer as a result of
emissions from natural gas (McKenzie 2012). Additionally, those living close
proximity were found to have increased risk of sore throat, eye irritation,
headaches, and difficulty breathing. Dr. McKenzie’s research group found such
toxins as BTEX’s in air samples collected in Garfield County, Colorado. The
results of this research are being discussed in a number of news articles across
the country, as a curious public ponders the safety of the rapidly increasing
hydraulic fracking fields.
In its Report on Carcinogens, Twelfth Edition (2011), the U.S. Department
of Health and Human Services describes human conditions that can be caused
by exposure to benzene as an air pollutant, including increased risk of total
lymphatic and hematopoietic cancer, as well as chronic lymphocytic leukemia
and acute myelogenous leukemia. Benzene is described as a known carcinogen
with a high risk towards human health. With benzene at the top of the list of air
pollutants of concern around hydraulic fracking sites, this is an important list of
known health impacts resulting from the toxic chemical.
Why does air pollution from fracking processes go largely unregulated? In
his article in Environmental Health Perspectives, Charles W. Schmidt says that
one theory is that air pollution from shale drilling fields arises from many smallemission sources, such as drill rigs, condensation tanks, compressors, and other
industrial drilling materials (Schmidt A348-A353). According to this theory, the
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EPA’s Clean Air Act includes language targeting larger sources of emissions
while smaller sources that stack into a larger operation of emission require
complex confirmation studies that are usually avoided by the states that are
regulating them (Schmidt A348-A353).

While it remains unclear how the enforcement of the Clean Air Act will be
applied to hydraulic fracking air emissions, especially with states largely
foregoing to the kinds of investigations needed to fully demonstrate the scope of
the pollution, the subject of air pollution as a result of fracking is certain to grow in
the public dialogue. Increased benzene concentrations in residential areas and
the toxic effects of benzene on human health make the safety of this process a
questionable one that at the very least requires further research for its impacts on
human health and the environment.
Conclusion
With all the negative information available to the public regarding this process of
fuel harnessing, it is a wonder that fracking is an acceptable process by the
regulating bodies employed by the government. There are proven human
ailments, documentaries displaying pollution in the groundwater, soil, and air,
and blatant protesting among the public both experiencing and not experiencing
these effects. The negative consequences of hydraulic fracturing need much
more stringent regulation, and should be stopped immediately until alternative
methods that severely reduce the effects discussed in this paper are developed.
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