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Some of the compendia of health impacts are listed here.  Throughout the presentation there are many additional 

references on the slides (please see the pdf of slides). 
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 The new resource from Physicians, Scientists and Engineers for Healthy Energy is a searchable citation 

database of peer-ǊŜǾƛŜǿŜŘ ǎǘǳŘƛŜǎ ƻƴ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ ǎƘŀƭŜ Ǝŀǎ ŘŜǾŜƭƻǇƳŜƴǘΦ  t{9Ωǎ database is a valuable resource 

for the media, homeowners, legislators, government officials, academics and activists alike    

http://www.psehealthyenergy.org/site/view/1180#sthash.CHp8vErJ.dpuf   

  PSE for Healthy Energy CONTINUING MEDICAL EDUCATION (CME) 

http://www.psehealthyenergy.org/site/view/1052   

 Concerned Health Professionals of NY  www.concernedhealthny.org     

 University of Michigan Graham Sustainability Institute Integrated Assessment Plan   

http://graham.umich.edu/knowledge/ia/hydraulic-fracturing    

 Southwest Pennsylvania Environmental Health Project www.environmentalhealthproject.org        

 Pediatric Environmental Health Specialty Units http://www.aoec.org/pehsu.htm    

o              Ban Michigan Fracking http://banmichiganfracking.org/?page_id=339 

 

 

High volume, slick water, horizontal hydraǳƭƛŎ ŦǊŀŎǘǳǊƛƴƎ ƛǎ ŀ ƴŜǿ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŀƴ ƻƭŘ ǘŜŎƘƴƻƭƻƎȅΦ  ¢ƘŀǘΩǎ ǿƘȅ ȅƻǳ 

hear that fracking has been done for 60 yearsτit has.  That was the old type of fracking, not this new 

unconventional one which was only developed in the late 1990s.  About ten times more water, silica and chemicals 

are used in the new unconventional well compared to the older conventional type.  

http://www.psehealthyenergy.org/site/view/1180#sthash.CHp8vErJ.dpuf
http://www.psehealthyenergy.org/site/view/1052
http://www.concernedhealthny.org/
http://graham.umich.edu/knowledge/ia/hydraulic-fracturing
http://www.environmentalhealthproject.org/
http://www.aoec.org/pehsu.htm
http://banmichiganfracking.org/?page_id=339
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The fracturing is done from a wellbore drilled into rock formations to increase the recovery of gas.  The 

unconventional process uses 2-9 million gallons of water per frack, silica sand and chemicals blasted at high 

pressures.  This enables the recovery of gas from low-porosity tight shale formations.  However, in Michigan, one 

well used over 20 million gallons of water, and although it only contained 0.5% of hydrochloric acid, the total volume of 

acid used in the treatment was 116,377 gallonsτ the volume oŦ ƴŜŀǊƭȅ ǘŜƴ ǎǘŀƴŘŀǊŘ мнΩ Ȅ нпΩ ǎǿƛƳƳƛƴƎ ǇƻƻƭǎΦ 

Fracking is just one part of the process of gas exploration and usually takes only a short time compared to the 

drilling and production phases. 

Lƴ ǘƘƛǎ ǇǊŜǎŜƴǘŀǘƛƻƴΣ LΩƭƭ ōŜ ǎǇŜŀƪƛƴƎ ŀōƻǳǘ ǘƘŜ ŜƴǘƛǊŜ ǇǊƻŎŜǎǎ of gas extraction and production, from beginning to 

the end, because environmental problems have been encountered, and adverse health impacts have been 

observed during all the steps.   

 

For example, 

--exposure during the mining of silica sand can cause lung diseases 

--water withdrawal can cause the depletion of the water supply because exceptionally large amounts of water are 

used  

--in transport there can be spills of chemicals and traffic accidents 

--during drilling, aquifers can become contaminated with methane and chemicals due to casing failure  

--there could be exposure to radionuclides, which are carcinogenic  

--air pollution with ozone production from diesel transport vehicles, and then during drilling, venting, flaring and 

processing, and also at compressor stations occurs 

--disposal of waste is a problem as there are few treatment facilities able to handle it 

--noise and light pollution occur 

--there are health issues from climate change 

--and people can experience psychological stress during the entire process due to concerns about the potential 

loss of home value and loss of water, and health impacts. 
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The World Health Organization defines health as άŀ ǎǘŀǘŜ ƻŦ ŎƻƳǇƭŜǘŜ ǇƘȅǎƛŎŀƭΣ ƳŜƴǘŀƭ ŀƴŘ ǎƻŎƛŀƭ ǿŜƭƭ-being and 

not merely the absence of diseŀǎŜ ƻǊ ƛƴŦƛǊƳƛǘȅέ (WHO 1948). 
1
 

Overall health is influenced by a broad range of both individual and collective factors- and their interactions;   

ǘƘŜǎŜ ŦŀŎǘƻǊǎ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŘŜǘŜǊƳƛƴŀƴǘǎ ƻŦ ƘŜŀƭǘƘέΦ   
2
 

http://www.nwci.ie/download/pdf/determinants_health_diagram.pdf   and 

http://www.euro.who.int/__data/assets/pdf_file/0010/74737/E89383.pdf   and 

http://www.swansea.gov.uk/hcswip/media/pdf/4/1/Determinants_of_Health_and_Wellbeing.pdf   and  

http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-

promotion/responsibilities-health-physical-mental  and                                                     

http://www.local.gov.uk/health/-/journal_content/56/10180/3511260/ARTICLE    and     

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690205/   and       

http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60291-8/fulltext     άΧGovernments have a 

duty to provide healthy environments for all their citizens, especially for vulnerable and disadvantaged groupsΧέ 

 

                                                           
1
 http://www.who.int/about/definition/en/print.html  

2
 http://www.nwci.ie/download/pdf/determinants_health_diagram.pdf   and 

http://www.euro.who.int/__data/assets/pdf_file/0010/74737/E89383.pdf   and 
http://www.swansea.gov.uk/hcswip/media/pdf/4/1/Determinants_of_Health_and_Wellbeing.pdf   and  
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-
promotion/responsibilities-health-physical-mental  and                                                     http://www.local.gov.uk/health/-
/journal_content/56/10180/3511260/ARTICLE    and     http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690205/   and       
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60291-8/fulltext 

http://www.nwci.ie/download/pdf/determinants_health_diagram.pdf
http://www.euro.who.int/__data/assets/pdf_file/0010/74737/E89383.pdf
http://www.swansea.gov.uk/hcswip/media/pdf/4/1/Determinants_of_Health_and_Wellbeing.pdf
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-promotion/responsibilities-health-physical-mental
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-promotion/responsibilities-health-physical-mental
http://www.local.gov.uk/health/-/journal_content/56/10180/3511260/ARTICLE
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690205/
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60291-8/fulltext
http://www.who.int/about/definition/en/print.html
http://www.nwci.ie/download/pdf/determinants_health_diagram.pdf
http://www.euro.who.int/__data/assets/pdf_file/0010/74737/E89383.pdf
http://www.swansea.gov.uk/hcswip/media/pdf/4/1/Determinants_of_Health_and_Wellbeing.pdf
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-promotion/responsibilities-health-physical-mental
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-promotion/responsibilities-health-physical-mental
http://www.local.gov.uk/health/-/journal_content/56/10180/3511260/ARTICLE
http://www.local.gov.uk/health/-/journal_content/56/10180/3511260/ARTICLE
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690205/
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60291-8/fulltext
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The influence from each of these determinants varies, but in general the health of a population depends mainly on 

the combined influence of the social environment and the physical environment.  (the yellow and purple in the 

diagram). 

!ƴŘ ǘƘŀǘΩǎ ǿƘŀǘ ǿŜΩǊŜ ŦƛƴŘƛƴƎ are most impacted by gas development. 

 

 

This is a photo of the processing phase.  West Virginia, SWPA and eastern Ohio, as well as Michigan have wet gas 

which requires separation of the gas from liquids, and requiring the processing plants. The infrastructure must be 

taken into the cumulative account of impacts. 

Air emissions as seen with special infrared cameras are inserted on the bottom right.  You cannot see them with 

the naked eye.  However, wherever there is venting these emissions are present. 
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It is important to recognize that potential impacts of any land use decision could be positive and/or negative. 

In this particular land use-- gas development-- it is clear that the gains are often in the form of a short-term boom 

for a few, but a resultant bust for the community follows. 

A cornerstone of this industrialization is all the truck traffic -- hundreds of trucks a day travel on country roads 

never built for large trucks or the amount of wear and tear. Accidents are common.  

Community character changes, with increased rate of crime.  There is also a documented increase in sexually 

ǘǊŀƴǎƳƛǘǘŜŘ ŘƛǎŜŀǎŜǎ ǿƛǘƘ ǘƘŜ ƛƴŦƭǳȄ ƻŦ ǿƻǊƪŜǊǎ ŦƻǊ ǿƘƛŎƘ ǘƘŜ ŎƻƳƳǳƴƛǘȅΩǎ ƘŜŀƭǘƘŎŀǊŜ ǎȅǎǘŜƳ ƛǎ ƴƻǘ ǇǊŜǇŀǊŜŘΦ  On 

the top, the left graph shows police arrests in Colorado from 2000 to 2009; top right graph shows incidence of 

sexually transmitted infections from 2005 to 2009.  And the lower graph shows the number of wells spudded from 

1996 to 2012. As the number of wells increased, so did crime and incidence of sexually transmitted infections.  

After 2008 the number of wells (and also workers) started to decrease, and so did crime and sexually transmitted 

infections. 

Schools are strained because new students come and then go.   

Housing becomes unaffordable for some of the residents when workers arrive in a community, mostly because 

landlords know these new workers will pay a higher rent.   

Homes with water contamination cannot be sold. 

Environmental and social justice concerns include protection of children from environmental risks, and actions to 

address environmental justice in minority and low-income populations.   
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The eight counties in Michigan which are slated for drilling have among the worst health outcomes of 83 counties.  

These are the health rankings:   Alcona 79,  Alpena 74,  Antrim 60, Crawford 58, Kalkaska 75, Montmorency 64,  

Oscoda 77, Otsego 37 http://www.countyhealthrankings.org/app/michigan/2014/overview  
3
 

 

People already under stress from an underlying illness, or poor socioeconomic status, or because they are simply 

very young or very old and therefore a vulnerable population, suffer environmental impacts less well than people 

who are not so stressed.  

Yet, in the US, as probably in Michigan, gas drilling frequently occurs in areas which have underserved, rural 

populations and near vulnerable group activities such as schools.   

On the bottom right is the surface disturbance from one well being drilled, 3-5 acres.  Not only is there a loss of 

viewshed, but of foodshed and watershed. 

 

                                                           
3
  http://www.countyhealthrankings.org/app/michigan/2014/overview 

http://www.countyhealthrankings.org/app/michigan/2014/overview
http://www.countyhealthrankings.org/app/michigan/2014/overview
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Total air pollution in an area of Texas which is heavily drilled, is more than double all the auto and truck exhaust.  

That area has seen a recent increase in the incidence of asthma to 25%, compared to half that in other Texas 

cities.
4
   

One of the first papers that found air pollution from gas drilling was the greatest risk to human health was from 

Colorado, the Health Impact Assessment which reached its second draft and then was never implemented .
5
   

In a follow-up to that study, MacKenzie found that residents living < ½ mile from wells were at greater risk for 

health effects, with benzene, a carcinogen, as the major contributor to the risk. 
6
 

The study by Dr Colborn last year found 44 air pollutants at a house located about 1 kilometer away from a well 

pad. 
7
 

The National Oceanographic and Atmospheric Administration, studied an area of Utah where high ozone levels 

were present during the winter, ǿƘƛŎƘ ƛǎƴΩǘ ǎǳǇǇƻǎŜŘ ǘƻ ƘŀǇǇŜƴ. These pollutants are emitted in large quantities 

by the region's oil and gas drillers, and the regulators concluded that they were the main contributors to the toxic 

                                                           
4
 Fort Worth Natural Gas Air Quality Study Final Report 2011  

http://fortworthtexas.gov/uploadedFiles/Gas_Wells/AirQualityStudy_final.pdf  
5
 Witter R, et al., Battlement Mesa HIA 2011 http://www.garfield-county.com/environmental-health/battlement-mesa-health-

impact-assessment-draft2.aspx  
6
 McKenzie LM, et al., Human Health Risk Assessment of Air Emissions from Development of Unconventional Natural 

Gas Resources  2012 http://www.ncbi.nlm.nih.gov/pubmed/22444058  
7
 Colborn T, et al., An Exploratory Study of Air Quality near Natural Gas Operations 2012 

http://endocrinedisruption.org/chemicals-in-natural-gas-operations/air-pollution  

http://fortworthtexas.gov/uploadedFiles/Gas_Wells/AirQualityStudy_final.pdf
http://www.garfield-county.com/environmental-health/battlement-mesa-health-impact-assessment-draft2.aspx
http://www.garfield-county.com/environmental-health/battlement-mesa-health-impact-assessment-draft2.aspx
http://www.ncbi.nlm.nih.gov/pubmed/22444058
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emissions. Ozone can trigger asthma attacks and inflame conditions for people with bronchitis, emphysema and 

other respiratory ailments.
8
 

Children are especially vulnerable because their lungs continue to grow and enlarge until about age 18. Plus they 

breathe faster and are closer to the ground.  The result of chronic ozone exposure can be brittle lungs like those of 

an elderly adult.  

Air pollution has also been shown to be associated with neurodevelopmental disorders, lower IQ in babies born to 

mothers with polycyclic aromatic hydrocarbon exposure during pregnancy, and learning disorders in exposed 

children. Much of this work has been done by Perera at Columbia Univ and Landrigan at Mt Sinai in NYC. 

A study in 2010 compared residential proximity to a freeway with the incidence of autism, and found that for those 

living within 300 meters of the freeway during the third trimester, the odds ratio of being born with autism was 

more than twice as great as controls.
9
 

Low birth weight infants and prematurity present a major and increasing problem. As pediatricians we know that 

these babies are susceptible to a host of problems including respiratory complications, visual problems and 

developmental disorders, such as cerebral palsy and autism.  And there is evidence that gestational age is affected 

by environmental exposures.  

Elaine Hill studied birth outcomes.  She found that proximity to wells increases the prevalence of low birth weight 

and premature birth. 
10

 

.ǳƛƭŘƛƴƎ ƻƴ IƛƭƭΩǎ ǎǘǳŘȅΣ /ǳǊǊƛŜ ƭƻƻƪŜŘ ŀǘ tŜƴƴǎȅƭǾŀƴƛŀ ōƛǊǘƘ ǊŜŎƻǊŘǎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƘŜŀƭǘƘ ƻŦ ƛƴŦŀƴǘǎ ōƻǊƴ ǿƛǘƘƛƴ ŀ 

2.5-kilometer radius of gas drilling sitesΧ άόǘύƘŜȅ ŦƻǳƴŘ ǘƘŀǘ ǇǊƻȄƛƳƛǘȅ ǘƻ ŦǊŀŎƪƛƴƎ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ƭƻǿ 

birth weight by more than half, from about 5.6 percent to more than 9 percent. The chances of a low Apgar score, 

a summary measure of the health of newborn chiƭŘǊŜƴΣ ǊƻǳƎƘƭȅ ŘƻǳōƭŜŘΣ ǘƻ ƳƻǊŜ ǘƘŀƴ р ǇŜǊŎŜƴǘΦέ  

Although the evidence is just emerging for an association between air pollution and low birth weight, birth defects 

and neurodevelopmental problems, there is clearly an overall trend of association.  These findings demonstrate 

the need for additional studies as the public health implications of increasing the numbers of premature and low 

birth weight babies, as well as children with autism and birth defects, are enormous. In addition to the public 

health problems, there is the cost to the government and the taxpayer.  A child disabled because of preventable 

environmental exposure is not only a tragedy for the family, but a significant cost for the state. 

The World Health Organization has classified diesel exhaust as a definite carcinogen, raising additional concerns for 

workers and other vulnerable groups exposed to diesel exhaust.
 11

 

In the study from the Univ of California at Irvine
12

, researchers working in the Alberta gas and oil fields found that, 

άΧ at the county level, the incidence of male hematopoietic cancers (leukemia and non-HodgkinΩǎ lymphoma) was 

higher in communities closest to the Industrial Heartland compared to neighboring counties.  

                                                           
8
 NOAA ozone study http://www.eenews.net/public/Landletter/2011/04/21/1  

9
 Volk, HE, et al. (2011) Residential Proximity to Freeways and Autism in the CHARGE study. Environmental Health Perspectives 

19(6):873-7. 
10

 Hill E, 2012 and 2013  Unconventional Natural Gas Development and Infant Health (in Pennsylvania and 
Colorado), https://sites.google.com/site/elainelhill/research  
11

 IARC: Diesel Exhaust Carcinogenic 2012  http://www.iarc.fr/en/media-centre/pr/2012/pdfs/pr213_E.pdf  

http://www.eenews.net/public/Landletter/2011/04/21/1
https://sites.google.com/site/elainelhill/research
http://www.iarc.fr/en/media-centre/pr/2012/pdfs/pr213_E.pdf
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The report by the University of Pittsburgh School of Public Health documented significantly increased air pollutant 

levels associated with adverse health statistics in southwest Pennsylvania where shale gas extraction and other 

infrastructure are under accelerated development.
13

 

Also at the end of 2013, in the Virginia Environmental Law Journal, Rachel Rawlins of the Univ of Texas wrote 

about air pollutants in the Barnett Shale, confirming the significant air pollution others have suspected, and 

documenting an increase of childhood asthma as well as childhood leukemias.
14

 

A study published in 2014 by the Colorado School of Public Health
15

 linked congenital birth defects with gas 

drilling:  they found an increase in congenital heart disease in babies whose mothers lived in the most exposed 

tertile and a higher prevalence of neural tube defects in the highest exposure tertile. 

In the March 2014 Utah study, the authors conducted observations of VOCs from the Uintah Basin in Utah. Their 

measurements identified highly elevated levels of atmospheric alkane hydrocarbons, build-up of ozone, and 

aromatic compounds benzene and toluene, considered air toxics, were also elevated.  There was a strong causal 

link between oil and gas emissions, accumulation of air toxics, and significant surface production in the 

atmospheric surface layer.
16

 

Also just published is a review by David Brown and his colleagues at SWPA ς 9ItΧǘƘŜȅ ƘŀǾŜ ǎŜŜƴ ƳƻǊŜ ǇŀǘƛŜƴǘǎ 

impacted by gas drilling operations than any other group. They note that human health risks near gas development 

sites are derived from average population risks without adequate attention to the processes of toxicity in the body. 

They report that current methods of collecting emissions data, as well as the analyses of these data, are not 

sufficient for accurately assessing risks to individuals or protecting the health of those near gas development 

sites.
17

    

Recently I met several families from West Virginia and southwest Pennsylvania.  One family with four children was 

living near gas wells and several compressor stations.  Numerous air toxins were documented around their home.  

hǾŜǊ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘŜ Ǉŀǎǘ ȅŜŀǊΣ ǘƘŜ ōƻȅǎΩ ōŜƘŀǾƛƻǊ ŘŜǘŜǊƛƻǊŀǘŜŘ ŀƴŘ ǘƘŜȅ ŘŜǾŜƭƻǇŜŘ ƳƻǾŜƳŜƴǘ ŘƛǎƻǊŘŜǊǎ 

requiring treatment with anti-seizure medication.  The adults in the family developed anxiety and depression, also 

requiring medication.  A teenage daughter was found to have suffered a mild stroke.  All of these neurological 

problems could be associated with air pollution.  No State or federal public health agency investigated. A legal 

complaint was filed and because they had a good case, they have now entered into a non-disclosure agreement 

and can no longer speak about their case.  And their information will never be part of any sort of state or national 

database because of the non-disclosure agreement. 

 

                                                                                                                                                                                           
12

 Simpson I et al, Air quality in the Industrial Heartland of Alberta, Canada and potential impacts on human health 2013  
http://concernedhealthny.org/wp-content/uploads/2013/07/Simpson2013-AE-in-press.pdf  
13

 Univ of Pittsburgh 2013 http://fortworthtexas.gov/uploadedFiles/Gas_Wells/AirQualityStudy_final.pdf  
14

 Rachael Rawlins, 2013, Virginia Env Law Journal, Volume 31, Planning For Fracking on the Barnett Shale: Urban 
Air Pollution, Improving Health Based Regulation, and the Role of Local Governments) 
http://www.velj.org/uploads/1/2/7/0/12706894/2._rawlins_-_barnett_shale.pdf  
15

 McKenzie et al, http://ehp.niehs.nih.gov/1306722/  
16

 Helmig D, et al, 2014 Highly Elevated Atmospheric Levels of Volatile Organic Compounds in the Uintah Basin, 
Utah. Environ. Sci. Technol., DOI: 10.1021/es405046r   10.1021/es405046r 
 
17

 Brown D et al, 2014, http://www.degruyter.com/view/j/reveh.ahead-of-print/reveh-2014-0002/reveh-2014-0002.xml  

http://concernedhealthny.org/wp-content/uploads/2013/07/Simpson2013-AE-in-press.pdf
http://fortworthtexas.gov/uploadedFiles/Gas_Wells/AirQualityStudy_final.pdf
http://www.velj.org/uploads/1/2/7/0/12706894/2._rawlins_-_barnett_shale.pdf
http://ehp.niehs.nih.gov/1306722/
http://cgi.cen.acs.org/cgi-bin/cen/trustedproxy.cgi?redirect=http://pubs.acs.org/doi/abs/10.1021/es405046r?source=cen
http://www.degruyter.com/view/j/reveh.ahead-of-print/reveh-2014-0002/reveh-2014-0002.xml
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 Studies of the past quarter century indicate exposure to H2S, even in tiny amounts, can cause permanent damage 

to the brain and central nervous system.  

Dr. Marvin Legator of the University of Texas Medical Branch noted "studies have documented that H2S causes 

persistent toxic effects after chronic low-level exposure."
18

  Also presenting research at the conference was Dr. 

Kaye Kilburn, Professor of Medicine at the University of Southern California, Environmental Sciences Laboratory. 

He concluded that άIȅŘǊƻƎŜƴ ǎǳƭŦƛŘŜ Ǉƻƛǎƻƴǎ ǘƘŜ ōǊŀƛƴ ŀƴŘ ǘƘŜ ŘŀƳŀƎŜ ƛǎ ƛǊǊŜǾŜǊǎƛōƭŜΦέ
19

 5ǊΦ YƛƭōǳǊƴΩǎ ƻƴƎƻƛƴƎ 

studies find that "Brief exposures to H2S are neurotoxic, effects are persistent, and exposures to low doses appear 

ŎǳƳǳƭŀǘƛǾŜΦέ
20

 

Workers have died as a result of exposure to hydrogen sulfide gas, and one example is a young man from Rifle, 

Colorado.  Before he died of liver and pancreatic cancer, he described the work he did cleaning out tanks.  The 

company was guilty of violations and fined for exposing this worker to the toxic hydrogen sulfide.  Another worker 

also exposed described severe headaches, eye problems, difficulty breathing and talking after exposure to this 

toxic gas.   

Hydrogen sulfide was eliminated from the Clean Air Act (CAA) list of extremely hazardous substances by powerful 

last minute oil and gas lobbying. 

                                                           
18

 Alexander, Jeff. The Sunday Muskegon Chronicle, Gas exploration may affect health, 12/7/97.  
19

 Editorial, The Muskegon Chronicle, Sour Gas Risks Should Merit a New Evaluation, 12/21/97 
20

 Kilburn, Kaye, MD, The American Journal of the Medical Sciences, Case Report: Profound  
Neurobehavioral Deficits in an Oil Field Worker Overcome by Hydrogen Sulfide, 1993, (304).  
And  Kilburn, Kaye H. MD, Southern Medical Journal, Vol. 90, Number 10, Exposure to Reduced Sulfur Gases  
Impairs Neurobehavioral Function, 1997, (1004-1005). 
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Therefore, H2S is regulated by states, and each state regulates toxins such as hydrogen sulfide differently.  In 

Michigan, there are to be warning signs placed at the site and there is supposed to be an audible warning with any 

release.  

But residents near gas drilling sites receive little or no warning.  In the top left picture, the yellow flag at the drill 

site announces that poisonous H2S gas may be present. 

On the bottom left is a sulfur removal plant. The process for removing hydrogen sulfide from sour gas is called 

'sweetening' the gas. 

The map on the bottom right ǎƘƻǿǎ ǿƘŜǊŜ ǘƘŜ άǎƻǳǊ Ǝŀǎέ ƻŎŎǳǊǎ Ƴƻǎǘ ƻŦǘŜƴΣ ŀƴŘ ǘƘŀǘ ƛƴŎƭǳŘŜǎ Michigan. 

The Ban Michigan Fracking site has links to some of the peer-reviewed work done on the H2S issueτby people like 

Lana Skrtic, ŀ ǿƘƛǘŜ ǇŀǇŜǊ ǊŜǇƻǊǘ ōȅ 5ŀƴŀ {ŎƘƛƴŘƭŜǊΣ ŀǎ ǿŜƭƭ ŀǎ 5ǊΦ YŀȅŜ YƛƭōǳǊƴΩǎ ǿƻǊƪΦ 

In his 2003 paper, Dr Kilburn observed that impairments associated with H2S  were similar in 19 workers (44% had 

been unconscious) and in 16 bystanders who had not been unconscious. 

On Christmas eve, 2011, a rotten-egg odor could be smelled across northern Michigan, according to news reports. 

Hydrogen Sulfide gas was detected from a gas release near Grayling and in towns far north of that, as far as the 

Mackinac Bridge.  A failed valve at a well in Beaver Creek Township, Crawford County, was cited as the cause of the 

leak. ¢ƘŜ ǿŜƭƭ ƻǿƴŜǊΩǎ spokesman ssaidΥ ά²Ŝ ŀǇƻƭƻƎƛȊŜ ƛŦ ŀƴȅōƻŘȅ ǿŀǎ ŀƭŀǊƳŜŘΦ ²Ŝ ŘƻƴΩǘ ōŜƭƛŜǾŜ ǘƘŜǊŜ ƛǎ ŀƴȅ 

ŘŀƴƎŜǊΦ όLǘ ǿŀǎύ Ƨǳǎǘ ŀ ōŀŘ ǎƳŜƭƭΦέ  However, Dr. Kaye Kilburn, Professor of Medicine at the University of Southern 

California, disagreed, saying that: έIȅŘǊƻƎŜƴ ǎǳƭŦƛŘŜ Ǉƻƛǎƻƴǎ ǘƘŜ ōǊŀƛƴ ŀƴŘ ǘƘŜ ŘŀƳŀƎŜ ƛǎ ƛǊǊŜǾŜǊǎƛōƭŜΧΦIн{ ƛǎ 

ŘŀƴƎŜǊƻǳǎ ŀƴȅ ǘƛƳŜ ȅƻǳ Ŏŀƴ ǎƳŜƭƭ ƛǘΦέ 
21

 

Additional H2S references: 

http://erg.berkeley.edu/people/Lana%20Skrtic%20-%20Masters%20Paper%20H2S%20and%20Health.pdf   Lana 

Skrtic 

http:// www.un-naturalgas.org/MichiganReport-HydrogenSulfideReleases.pdf   Dana Schindler 

http:// journals.lww.com/smajournalonline/Abstract/2003/07000/Effects_of_Hydrogen_Sulfide_on_Neurobehavio

ral.3.aspx    Kaye Kilburn 

http:// www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-

3?op=1#ixzz2bj922pEn   and    

http://banmichiganfracking.org/?m=201112  

http://www.michigan.gov/deq/0,1607,7-135-3311_4111_4231-9162--,00.html#2._What_are_the_effects?   
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 http://banmichiganfracking.org/?m=201112#sthash.8xKaDc3S.dpuf 

http://erg.berkeley.edu/people/Lana%20Skrtic%20-%20Masters%20Paper%20H2S%20and%20Health.pdf
http://erg.berkeley.edu/people/Lana%20Skrtic%20-%20Masters%20Paper%20H2S%20and%20Health.pdf
http://www.un-naturalgas.org/MichiganReport-HydrogenSulfideReleases.pdf
http://www.un-naturalgas.org/MichiganReport-HydrogenSulfideReleases.pdf
http://journals.lww.com/smajournalonline/Abstract/2003/07000/Effects_of_Hydrogen_Sulfide_on_Neurobehavioral.3.aspx
http://journals.lww.com/smajournalonline/Abstract/2003/07000/Effects_of_Hydrogen_Sulfide_on_Neurobehavioral.3.aspx
http://journals.lww.com/smajournalonline/Abstract/2003/07000/Effects_of_Hydrogen_Sulfide_on_Neurobehavioral.3.aspx
http://www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-3?op=1
http://www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-3?op=1
http://www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-3?op=1
http://www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-3?op=1
http://banmichiganfracking.org/?m=201112
http://banmichiganfracking.org/?m=201112
http://www.michigan.gov/deq/0,1607,7-135-3311_4111_4231-9162--,00.html#2._What_are_the_effects
http://banmichiganfracking.org/?m=201112#sthash.8xKaDc3S.dpuf
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A range of peer-reviewed studies have already demonstrated that water contamination occurs as a result of gas 

development. For instance, in a 2011 paper on methane migration, Jackson, et al.
22

 found evidence that aquifers 

overlying the Marcellus shale formations have explosive levels of methane contamination in drinking water and 

this was associated with shale gas extraction.  A study a year later further documented methane migration.
23

 

Methane is a problem for humans because it displaces oxygen and breathing becomes difficult.  People in 

Pennsylvania have lost consciousness in their homes.  In other cases methane accumulated in the home has 

caused explosions.
24

 

A 2013 University of Missouri School of Medicine study links fracking with dangerous hormone-disrupting 

chemicals in the water near fracking sites
25
Σ ǿƘƛƭŜ ŀ нлмо ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜȄŀǎ ŀǘ !ǊƭƛƴƎǘƻƴ ǎǘǳŘȅ ŦƻǳƴŘ ǘƘŀǘ άǘƘŜǊŜ 

are elevated levels of arsenic and other heavy metals close to natural gŀǎ ŜȄǘǊŀŎǘƛƻƴ ǎƛǘŜǎέ ƛƴ ǘƘŜ .ŀǊƴŜǘǘ {ƘŀƭŜ ŀƴŘ 

that the compounds could end up in drinking water.
26
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 2011 Duke study http://www .biology.duke.edu/jackson/pnas2011.html  
23

 2012 Duke and CalStatePolytech http:// www.pnas.org/content/early/2012/07/03/1121181109.full.pdf 
24

 Increased stray gas abundance in water wells near Marcellus shale gas wellsτ2013 Duke, U of Rochester, Cal 
State Polytechnic  and Max Planck Institute http://www.pnas.org/content/110/28/11250.full.pdf  
25

 Nagel et al, Estrogen and Androgen Receptor Activities of Hydraulic Fracturing Chemicals and Surface and Ground Water in a 
Drilling-Dense Region. Endocrinology 2014 http://dx.doi.org/10.1210/en.2013-1697  
26

 Schug, 2013. Environ. Sci. Technol., 2013, 47 (17), pp 10032ς10040 
DOI: 10.1021/es4011724  http://pubs.acs.org/doi/abs/10.1021/es4011724 

http://www.biology.duke.edu/jackson/pnas2011.html
http://www.pnas.org/content/early/2012/07/03/1121181109.full.pdf
http://www.pnas.org/content/early/2012/07/03/1121181109.full.pdf
http://www.pnas.org/content/110/28/11250.full.pdf
http://dx.doi.org/10.1210/en.2013-1697
http://pubs.acs.org/doi/abs/10.1021/es4011724
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The 2013 paper from Duke reported on elevated levels of radioactivity, salts and metals found in river water 

and sediments at a site where treated water from oil and gas operations is discharged into a western Pennsylvania 

creek.
27

   

Michelle Bamberger and Robert Oswald researched several cases where chemicals associated with drilling were 

implicated in negative health outcomes.
28

  They focused mostly on animals because animals are the sentinels of 

disease in humans due to the fact that their reproductive cycles and their lives are shorter. Their study illustrates 

several plausible links between gas drilling and negative health effects.  

Two cases provided inadvertent control experiments since herds of cows were kept in different pastures.  In brief, 

cows exposed to gas drilling chemicals had significantly more illness, deaths, stillbirths and congenital 

malformations. 

Two other cases involved deaths and congenital malformations of companion animals (pets) and one of the 

implicated routes of exposure was waste spreading on roads, which the animals either drank or licked off their 

paws; in the other case, exposure was from an aerated impoundment of waste. In addition, their water had turned 

after drilling but they had continued to use it.   

In one of the homes studied, a child became ill with fatigue, confusion, abdominal pain and back pain.  After 

several animals in the household had died, the doctor became suspicious of toxins, and testing revealed arsenic in 

the child.  The family then stopped drinking the water, and the child eventually recovered, having lost a year of 

school.  In these cases, there were 25 wells within two miles of the homes, and there was also the aerated 

impoundment, and two compressor stations within a mile.  While checking for other toxins in these two homes, 

random urine tests on family members revealed phenol, a metabolite of benzene; symptoms observed by families 

in both homes included extreme fatigue, headaches, nosebleeds, rashes, and sensory deficits (smell and hearing).  

Were it not for the deaths of the animals, the human health effects would not have been found.  

The graphic on the right shows potential gas and fluid movement pathways and how connections can be made 

from formation layers to aquifers, underground structures and the surface. 

/ŀǎƛƴƎ ƛǎ ŀƴ ƛƴŎƘ ƻǊ ǎƻ ǘƘƛŎƪΦ  LǘΩǎ Ƴŀƴ-ƳŀŘŜΣ ǎƻƳŜǘƛƳŜǎ ŦƭŀǿŜŘΣ ŀƴŘ ŘƻŜǎƴΩǘ ƭŀǎǘ ŦƻǊŜǾŜǊΦ   с-9% of casings 

immediatŜƭȅ ŦŀƛƭΣ ŀƴŘ ǘƘŜǊŜΩǎ ŀ сл҈ ŦŀƛƭǳǊŜ ƛƴ ол ȅŜŀǊǎΦ
29

 
30
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 Duke, 2013. http://www.nicholas.duke.edu/news/radioactive-shale-gas-contaminants-found-at-wastewater-discharge-site  
28

 Bamberger and Oswaldτ2012 New Solutions 
http://www.psehealthyenergy.org/Impacts_of_Gas_Drilling_on_Human_and_Animal_Health  
29

 !ƴǘƘƻƴȅ LƴƎǊŀŦŦŜŀΣ ΨCƭǳƛŘ aƛƎǊŀǘƛƻƴ aŜŎƘŀƴƛǎƳǎ 5ǳŜ ¢ƻ Cŀǳƭǘȅ ²Ŝƭƭ 5ŜǎƛƎƴ !ƴŘκhǊ /ƻƴǎǘǊǳŎǘƛƻƴΩ нлмнΤ  
.ǊǳŦŦŀǘǘƻ Ŝǘ ŀƭΦΣ ΨhƛƭŦƛŜƭŘ wŜǾƛŜǿΩΣ /ƻƴƻŎƻtƘƛƭƭƛǇǎ ϧ {ŎƘƭǳƳōŜǊƎŜǊΣ нллоΦ 
30

http://www.psehealthyenergy.org/data/PSE__Cement_Failure_Causes_and_Rate_Analaysis_Jan_2013_Ingraffea1.pdf     

http://www.nicholas.duke.edu/news/radioactive-shale-gas-contaminants-found-at-wastewater-discharge-site
http://www.psehealthyenergy.org/Impacts_of_Gas_Drilling_on_Human_and_Animal_Health
http://www.psehealthyenergy.org/data/PSE__Cement_Failure_Causes_and_Rate_Analaysis_Jan_2013_Ingraffea1.pdf
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This is the infrastructure for the gas drilling activities in Bradford County Pennsylvania.  Other than the roads and 

township boundaries, every mark on the map includes something that was not there before gas exploitation. 

Å today there are 1125 gas wells in Bradford County.  !ƴŘ ŀ ƭƻǘ ƻŦ ǇǊƻōƭŜƳǎΧ 

In an investigative report in May 2013, Pennsylvania State environmental regulators determined that oil and gas 

development damaged the water supplies for at least 161 Pennsylvania homes, farms, churches and businesses.
31

 

An Associated Press investigation similarly confirmed many cases of water contamination in four states they 

ŜȄŀƳƛƴŜŘΣ ƴƻǘƛƴƎ ǘƘŀǘ ǘƘƛǎ Ŏŀǎǘǎ άŘƻǳōǘ ƻƴ ώǘƘŜϐ ƛƴŘǳǎǘǊȅ ǾƛŜǿ ǘƘŀǘ ƛǘ ǊŀǊŜƭȅ ƘŀǇǇŜƴǎΦέ 
32

 

If you click on the link in the Earthjustice box slide, you will see reports of contaminated drinking water, polluted 

air, unexplained animal deaths, industrial disasters and explosions. 
33

 

A leak at a 1000-foot-deep gas well drilled in Michigan's northwestern Lower Peninsula using fracking caused a 

shutdown of operations in February of 2011 because of a leak.  And I refer you to Dr GrobbelΩǎ ǇǊŜǎŜƴǘŀǘƛƻƴ ǿƘŜǊŜ 

he has listed several additional cases of failed gas wells.  
34
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 http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-
methods-1.1491547    
32

 http://bigstory.ap.org/article/some-states-confirm-water-pollution-drilling   
33

 http://earthjustice.org/features/campaigns/fracking-across-the-united-states  
34

 http://banmichiganfracking.org/?page_id=339#sthash.WSU9xiyn.dpuf  

http://www.usatoday.com/story/money/business/2014/01/05/some-states-confirm-water-pollution-from-drilling/4328859/
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://bigstory.ap.org/article/some-states-confirm-water-pollution-drilling
http://earthjustice.org/features/campaigns/fracking-across-the-united-states
http://banmichiganfracking.org/?page_id=339#sthash.WSU9xiyn.dpuf
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The case for the picture on the right was described by Bamberger and Oswald in their paper -- the deaths of 17 

cows within one hour from exposure to hydraulic fracturing fluid.  What do we know about the chemicals which 

are so toxic that they can kill cattle? 

Not much because the gas industry calls ǘƘŜ ŦƻǊƳǳƭŀǘƛƻƴǎ άǇǊƻǇǊƛŜǘŀǊȅέΦ 

In fact, a doctor cannot obtain the chemical blend in the case of an emergency, as happened in the case of a nurse 

in Colorado who treated a worker with a chemical spill on his clothing.   He was OK, she almost died from multiple 

organ failure and during the time she was in the intensive care unit, her doctor could not obtain the name of the 

chemicals that spilled. 

Dr Theo Colborn of Colorado has studied these chemicals.  According to Dr Colborn, 47% of the products can affect 

the endocrine system. And these endocrine disruptors have an impact at minute doses.  
35

 

The University of Missouri School of Medicine study also linked gas drilling with dangerous hormone-disrupting 

chemicals in the water near gas drilling sites in Colorado. 
36

 

Here is a very short list of toxinsτthere are many more.   

One of these,  2-Butoxyethanol (2BE) (a known carcinogen), is a solvent that, at very low doses (as low as 0.02 

parts per million) affects the endocrine system and which causes also adrenal, kidney and liver tumors, blood 

                                                           
35

 http://www.endocrinedisruption.com/files/GasManuscriptPreprintforweb12-5-11.pdf  
36

 http://dx.doi.org/10.1210/en.2013-1697  

http://www.endocrinedisruption.com/files/GasManuscriptPreprintforweb12-5-11.pdf
http://dx.doi.org/10.1210/en.2013-1697
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dyscrasias and other health problems.
37

 Lǘ ƛǎ ǳǎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǿƘƻƭŜ ƭƛŦŜ ŎȅŎƭŜ ƻŦ ǘƘŜ ǿŜƭƭΦ  LǘΩǎ ƛƴ ǘƘŜ ŎǳǘǘƛƴƎǎ 

and in the waste.  It is also the active ingredient in Corexit, the dispersant used in both the Exxon Valdez and BP 

disasters. 

Benzene primarily affects the central nervous system (CNS) and the hematopoietic system, resulting in anemia and 

leukemia.  

Toluene is a risk for pregnancy, and developmental delays and neurobehavioral difficulties are higher for the 

children of women who were exposed to high concentrations of organic solvents during pregnancy.  

A study just done in Colorado links congenital birth defects with gas drilling. 
38

 

Three years ago I spoke to a group of people on Paradise Road in Wyalusing PA which is in Bradford County.  The 

residents in this area all had water buffalos on their lawns because their water had been contaminated by gas 

wells also on their property.  The woman who hosted the meeting was pregnant, and the baby was born with a 

heart defect.  At that point we did not know that there might be an association between birth problems and gas 

wells. Lǘ ƛǎ ƴƻǘ ŎƭŜŀǊ ǿƘŀǘ ŎŀǳǎŜŘ ǘƘƛǎ ŎƘƛƭŘΩǎ ƘŜŀǊǘ ŘŜŦŜŎǘΦ  Lƴ ŀƴȅ ŎŀǎŜ, no public health agency had spoken to these 

people.  And there still is no monitoring or surveillance in place, neither in PA or any other state. 
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 http://endocrinedisruption.org/assets/media/documents/cP02591Colborn20021022coalbedmethane2-BEcommments.pdf     
and  http://www.atsdr.cdc.gov/ToxProfiles/tp118-c2.pdf   and   http://www.ncbi.nlm.nih.gov/pubmed/9878593   and  
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=8133  
38

  http://ehp.niehs.nih.gov/1306722/  

http://endocrinedisruption.org/assets/media/documents/cP02591Colborn20021022coalbedmethane2-BEcommments.pdf
http://www.atsdr.cdc.gov/ToxProfiles/tp118-c2.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9878593
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=8133
http://ehp.niehs.nih.gov/1306722/
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In the waste is ŜȄǘǊŜƳŜƭȅ ǎŀƭǘȅ άōǊƛƴŜέΣ ŀǘ ƭŜŀǎǘ р-10X the salinity of the sea.  The shale was a sea millions of years 

ago. 

Also brought up are naturally occurring volatile organic hydrocarbons such as benzene, ethylene, toluene, and 

xylene, as well as radionuclides which cause cancer, reproductive problems and neurological issues. 

Shales, more than any other kind of rock, trap heavy metals such as lead, arsenic, barium, strontium, and 

chromium.  And when shale is fracked, these heavy metals are released and brought to the surface with the gas 

and produced fluids.   

In the presentation by Dr. Julie Weatherington-Rice of Ohio, she speaks of radioactivity in fracking waste.  She says 

that for proper assessment of Radium, a minimum waiting period of 21 days is required.  That is not usually done. 

Currently, the waste disposal is via--underground injection wells (which cause earthquakes and which Michigan 

allows), on soil farms, road spreading (as de-icers and dust control), and dispersed into streams and rivers via 

waste treatment plants.  

In the summer of 2012, Michigan activists unearthed some disturbing information -- Encana had sprayed a 

significant portion of its flowback water onto roads, more than 40,000 gallons ŦƻǊ άŘǳǎǘ ŎƻƴǘǊƻƭέΦ  And it was done 

legally with a permit from the DEQ.  One of the chemicals that the DEQ said is in the flowback water was an acid 

inhibitor and the safety data sheet stated ƛǘ ƛǎ άŜȄǇƭƻǎƛǾŜΣ Ǉƻƛǎƻƴƻǳǎ ŀƴŘ ŦŀǘŀƭέΦ  The incident was investigated by 

the activists of Ban Michigan Fracking.  They also found radium at levels in the thousands; the acceptable radium 

concentration in water is 5pCi/L.  This was called to the attention of DEQ, and there was no response. 

(The report on radium 226 and 228 was from a sample taken at the wellhead of Excelsior 1-13, showing levels of 2394 and 

2221 pCi/L respectively.Together that is  4615 pCi/L, almost a thousand times the EPA's maximum allowable level for drinking 

water of 5 pCi/L..) 

Á hazardous with current disposal methods  http:// www.nrdc.org/energy/fracking-wastewater.asp#sec-

update  and http:// www.shalegas.energy.gov/resources/060211_earthworks_petroleumexemptions.pdf  

and http://www.dcbureau.org/201308148881/natural-resources-news-service/new-york-imports-

pennsylvanias-radioactive-fracking-waste-despite-falsified-water-tests.html#more-8881  

Á waste contains radioactive elements, brine and gases 

http:// www.grassrootsinfo.org/pdf/radioactivewaste.pdf   and   

http:// www.grassrootsinfo.org/pdf/whitereport.pdf 

Á exempt from federal oversight  http:// www.epa.gov/osw/nonhaz/industrial/special/oil/oil-gas.pdf 

Á In 2012, local Michigan activists reported months of road spraying with flowback 

http://banmichiganfracking.org/?p=1082  and   http://banmichiganfracking.org/?p=1423  

Á Radioactive Waste Dumped by Oil Companies Is Seeping out of the Ground in North Dakota, 

http://www.globalpossibilities.org/radioactive-waste-dumped-by-oil-companies-is-seeping-out-of-the-

ground-in-north-dakota/  

Á Duke study, 2013  Impacts of Shale Gas Wastewater Disposal on Water Quality in Western Pennsylvania 

used isotope hydrology to connect  shale gas waste, treatment sites and discharge into drinking water 

http://www.nrdc.org/energy/fracking-wastewater.asp
http://www.nrdc.org/energy/fracking-wastewater.asp
http://www.nrdc.org/energy/fracking-wastewater.asp
http://www.nrdc.org/energy/fracking-wastewater.asp
http://www.shalegas.energy.gov/resources/060211_earthworks_petroleumexemptions.pdf
http://www.shalegas.energy.gov/resources/060211_earthworks_petroleumexemptions.pdf
http://www.shalegas.energy.gov/resources/060211_earthworks_petroleumexemptions.pdf
http://www.dcbureau.org/201308148881/natural-resources-news-service/new-york-imports-pennsylvanias-radioactive-fracking-waste-despite-falsified-water-tests.html
http://www.dcbureau.org/201308148881/natural-resources-news-service/new-york-imports-pennsylvanias-radioactive-fracking-waste-despite-falsified-water-tests.html
http://www.grassrootsinfo.org/pdf/radioactivewaste.pdf
http://www.grassrootsinfo.org/pdf/radioactivewaste.pdf
http://www.grassrootsinfo.org/pdf/whitereport.pdf
http://www.grassrootsinfo.org/pdf/whitereport.pdf
http://www.epa.gov/osw/nonhaz/industrial/special/oil/oil-gas.pdf
http://www.epa.gov/osw/nonhaz/industrial/special/oil/oil-gas.pdf
http://banmichiganfracking.org/?p=1082
http://banmichiganfracking.org/?p=1423
http://banmichiganfracking.org/?p=1423
http://www.globalpossibilities.org/radioactive-waste-dumped-by-oil-companies-is-seeping-out-of-the-ground-in-north-dakota/
http://www.globalpossibilities.org/radioactive-waste-dumped-by-oil-companies-is-seeping-out-of-the-ground-in-north-dakota/
http://www.globalpossibilities.org/radioactive-waste-dumped-by-oil-companies-is-seeping-out-of-the-ground-in-north-dakota/
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supplies; Elevated levels of radioactivity, salts and metals have been found in river water and sediments at 

a site where treated water from oil and gas operations is discharged into a western Pennsylvania 

creek  Environmental Science & Technology. http:// www.nicholas.duke.edu/news/radioactive-shale-gas-

contaminants-found-at-wastewater-discharge-site 

Á Julie Weatherington-Rice PhD, 2013 presentation http:// youtu.be/0K2V3yrcd2I  

Á Brown VJ. 2014. Radionuclides in fracking wastewater: managing a toxic blend.           Environ Health 

Perspect 122:A50ςA55; http:// dx.doi.org/10.1289/ehp.122-A50  

 

 

 

In September 2009 I was just beginning to learn about gas drilling.  A headline that made an impression on me was 

the Dunkard Creek kill.  Spills of fuel and waste fluids, ƭŜƎŀƭ ŀƴŘ ƛƭƭŜƎŀƭ ŘǳƳǇƛƴƎΣ ƳŀǘŜǊƛŀƭ ƘŀƴŘƭƛƴƎ άŜǊǊƻǊǎέΣ 

άƻǇŜǊŀǘƻǊ ŜǊǊƻǊǎέΣ ŎŀǎƛƴƎ άŜǊǊƻǊǎέΣ ŀƴ overcapacity injection well, two interconnected coal mines with permits to 

dump into the Creek, several gas wells fractured in the area, and thousands of gallons of very salty waste fluids to 

dispose of -- ŀƭƭ ŀŘŘŜŘ ǳǇ ǘƻ ǘǊŀƴǎŦƻǊƳƛƴƎ 5ǳƴƪŀǊŘ /ǊŜŜƪ ŦǊƻƳ ŀ ŦǊŜǎƘ ǿŀǘŜǊ ŀƭƛǾŜ ŜŎƻǎȅǎǘŜƳ ǘƻ ŀ ŘŜŀŘ ǎŜŀΧпл 

miles of creek and 161 species, from mussels to minnows and muskies ς died. 

There is still debate about the exact cause.   

What scientists could say definitively about the fish kill is that there was a swift increase in "total dissolved solids," 

(TDS), creating the conditions for a bloom of toxic golden algae. TDS can be caused by both coal mine drainage and 

waste brine from Marcellus Shale gas drilling operations.   

http://www.nicholas.duke.edu/news/radioactive-shale-gas-contaminants-found-at-wastewater-discharge-site
http://www.nicholas.duke.edu/news/radioactive-shale-gas-contaminants-found-at-wastewater-discharge-site
http://www.nicholas.duke.edu/news/radioactive-shale-gas-contaminants-found-at-wastewater-discharge-site
http://youtu.be/0K2V3yrcd2I
http://youtu.be/0K2V3yrcd2I
http://youtu.be/0K2V3yrcd2I
http://dx.doi.org/10.1289/ehp.122-A50
http://dx.doi.org/10.1289/ehp.122-A50


21 | P a g e 
 

The graphic on the top right is of an injection well which you can see is very much like a gas well.  Some injection 

wells actually are old gas wells which are no longer producing.  After receiving a permit, the gas well can become 

an injection well.  And just like failures with gas wells, because they are man-made materialsτmetal and cementτ

they can fail.  In this graphic you can see the mechanism of failure. 

6-7% of all well casings fail immediately. 

A 2003 industry publication from Schlumberger, the world's No. 1 fracking company, and oil and gas giant 

ConocoPhillips, cited failure rates of 60 percent over a 30-year span. 

Of note is that this ecosystem kill was due to lax regulations of waste and poor enforcement, and also of interest is 

that the injection well near the creek was at over capacity and likely contributed to the kill. 

 

 

Although it has a relatively low seismic hazard risk, Michigan has experienced several earthquakes, the most recent 

would have been in June 2010. The quake started in Canada and was felt through the eastern region of Michigan. 

According to the USGS, the last earthquake originating within Michigan occurred in September 1994 and registered 

at a magnitude of 3.5. The western region of Michigan experienced a 4.8 back in 1947. 

http://earthquake.usgs.gov/earthquakes/states/michigan/hazards.php  

 

http://earthquake.usgs.gov/earthquakes/states/michigan/hazards.php
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We know that the Michigan Basin is in fact extensively faulted and fractured, particularly in the central portion of 
the basin. This is in contrast to most of the previous references on the Michigan Basin, which tends to show few or 
minor faults. Most fault lines in Michigan run in a northwest to northeast pattern.

39
     

And we know that there is a relationship between the faults and a number of gas and oil reservoirs. 

Chris Grobbel teƭƭ ǳǎ ǘƘŀǘ άAside from well failure and injectate encountering an unplugged or improperly plugged 

deep well, the potential for upward migration along a naturally occurring fault is considered the most serious 

threat to losing waste confinement within a reservoir formation.έ
40

 

 

 

Seismic risk in Michigan is relatively small, and the eastern United States, in general, is difficult to evaluate because 

earthquakes are generally infrequent in comparison to plate-margin areas such as California. Also, active faults do 

not reach the surface in Michigan and therefore cannot be mapped without the aid of expensive subsurface 

techniques. 

However, the recent drilling for oil and gas, as well as newer technology, plus recent research, have yielded new 

and more complete information.  These are some facts : 

· Deep well injection is a method of liquid waste disposal approved by the EPA  
· Disposal in underground injection wells can, and has caused earthquakes.     

                                                           
39

 http://www.osti.gov/scitech/biblio/826063 
40

 Grobbel http://www.friendsofthejordan.org/advocacy/dwpp.pdf   

http://www.osti.gov/scitech/biblio/826063
http://www.friendsofthejordan.org/advocacy/dwpp.pdf
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· Michigan currently has more than 1,500 licensed Class II (oil and gas waste) deep injection wells 

¶ ²ƛƭƭƛŀƳ [Φ 9ƭƭǎǿƻǊǘƘ ǿǊƻǘŜ ά¢ƘŜ ǇŜǘǊƻƭŜǳƳ ƛƴŘǳǎǘǊȅ ƴŜŜŘǎ ŎƭŜŀǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ƻǇŜǊŀǘƛƻƴΣ ǊŜƎǳƭŀǘƻǊǎ 
must have a solid scientific basis for those requirements, and the public needs assurance that the 
regulations are sufficiŜƴǘ ŀƴŘ ŀǊŜ ōŜƛƴƎ ŦƻƭƭƻǿŜŘΦέ  
 

¶ !ƴŘ LΩŘ ƭƛƪŜ ǘƻ ƳŜƴǘƛƻƴ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŘȅƴŀƳƛŎ ǘǊƛƎƎŜǊƛƴƎ ƻŦ ŜŀǊǘƘǉǳŀƪŜǎΦ  tƻǿŜǊŦǳƭ ŜŀǊǘƘǉǳŀƪŜǎ 
thousands of miles (km) away can trigger swarms of minor quakes near wastewater-injection wells.  This 
is discussed in the Columbƛŀ ǇŀǇŜǊ ŦǊƻƳ ǘƘŜ ǎǳƳƳŜǊ ƻŦ нлмоΣΧ   5Ǌ Ǿŀƴ ŘŜǊ 9ƭǎǘ ǿǊƻǘŜΥ ά¢ƘŜ ŦƭǳƛŘǎ όƛƴ 
ǿŀǎǘŜǿŀǘŜǊ ƛƴƧŜŎǘƛƻƴ ǿŜƭƭǎύ ŀǊŜ ŘǊƛǾƛƴƎ ǘƘŜ Ŧŀǳƭǘǎ ǘƻ ǘƘŜƛǊ ǘƛǇǇƛƴƎ ǇƻƛƴǘΧ!ǊŜŀǎ ǿƛǘƘ ǎǳǎǇŜŎǘŜŘ 
anthropogenic earthquakes are more susceptible to earthquake-triggering from natural transient stresses 
ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ǎŜƛǎƳƛŎ ǿŀǾŜǎ ƻŦ ƭŀǊƎŜ ǊŜƳƻǘŜ ŜŀǊǘƘǉǳŀƪŜǎΦέ 
 

Health Impacts of earthquakes include possible trauma from collapse of structures, and injury or death from 
explosions from ruptured gas lines. 

Á Disposal in underground injection wells can, and has caused earthquakes.    Katie M. Keranen, Heather 
aΦ {ŀǾŀƎŜΣ ŀƴŘ DŜƻŦŦǊŜȅ !Φ !ōŜǊǎ Ŝǘ ŀƭΦΣ άtƻǘŜƴǘƛŀƭƭȅ LƴŘǳŎŜŘ 9ŀǊǘƘǉǳŀƪŜǎ ƛƴ hƪƭŀƘƻƳŀΣ ¦{!Υ [ƛƴƪǎ 
between Wastewater Injection and the 2011 Mw 5.7 EarthquŀƪŜ {ŜǉǳŜƴŎŜΣέ DŜƻƭƻƎȅΣ ǾƻƭΦ пмΣ ƴƻΦ о 
(March 26, 2013) http:// geology.gsapubs.org/content/early/2013/03/26/G34045.1.abstract  and  
http:// www.ldeo.columbia.edu/news-events/wastewater-injection-spurred-biggest-earthquake-yet-says-
study   and    http:// stateimpact.npr.org/texas/tag/earthquake/ 

Á ά¢Ƙe petroleum industry needs clear requirements for operation, regulators must have a solid scientific 
basis for those requirements, and the public needs assurance that the regulations are sufficient and are 
ōŜƛƴƎ ŦƻƭƭƻǿŜŘΦέ from Injection-Induced Earthquakes by William L. Ellsworth.  Science 12 July 
2013: 1225942 [DOI:10.1126/science.1225942] 
http:// www.sciencemag.org/content/341/6142/1225942.abstract?sid=a09d332a-699d-452a-b828-
a7b28e7466a6  

Á ά¢ƘŜ ŦƭǳƛŘǎ όƛƴ ǿŀǎǘŜǿŀǘŜǊ ƛƴƧŜŎǘƛƻƴ ǿŜƭƭǎύ ŀǊŜ ŘǊƛǾƛƴƎ ǘƘŜ Ŧŀǳƭǘǎ ǘƻ ǘƘŜƛǊ ǘƛǇǇƛƴƎ ǇƻƛƴǘΧ!ǊŜŀǎ ǿƛǘƘ 
suspected anthropogenic earthquakes are more susceptible to earthquake-triggering from natural 
transient stresses generated by the seismic waves of large remote ŜŀǊǘƘǉǳŀƪŜǎΦέ from Enhanced 
Remote Earthquake Triggering at Fluid-Injection Sites in the Midwestern United States, by Nicholas J. van 
der Elst, Heather M. Savage, Katie M. Keranen, and Geoffrey A. Abers.  Science 12 July 2013: 164-
167.  [DOI:10.1126/science.1238948] 
http://www.sciencemag.org/content/341/6142/164.abstract?sid=a09d332a-699d-452a-b828-
a7b28e7466a6  

 

 

http://geology.gsapubs.org/content/early/2013/03/26/G34045.1.abstract
http://geology.gsapubs.org/content/early/2013/03/26/G34045.1.abstract
http://www.ldeo.columbia.edu/news-events/wastewater-injection-spurred-biggest-earthquake-yet-says-study
http://www.ldeo.columbia.edu/news-events/wastewater-injection-spurred-biggest-earthquake-yet-says-study
http://www.ldeo.columbia.edu/news-events/wastewater-injection-spurred-biggest-earthquake-yet-says-study
http://www.ldeo.columbia.edu/news-events/wastewater-injection-spurred-biggest-earthquake-yet-says-study
http://stateimpact.npr.org/texas/tag/earthquake/
http://stateimpact.npr.org/texas/tag/earthquake/
http://stateimpact.npr.org/texas/tag/earthquake/
http://www.sciencemag.org/content/341/6142/1225942.abstract?sid=a09d332a-699d-452a-b828-a7b28e7466a6
http://www.sciencemag.org/content/341/6142/1225942.abstract?sid=a09d332a-699d-452a-b828-a7b28e7466a6
http://www.sciencemag.org/content/341/6142/1225942.abstract?sid=a09d332a-699d-452a-b828-a7b28e7466a6
http://www.sciencemag.org/content/341/6142/164.abstract?sid=a09d332a-699d-452a-b828-a7b28e7466a6
http://www.sciencemag.org/content/341/6142/164.abstract?sid=a09d332a-699d-452a-b828-a7b28e7466a6
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For decades we have known shale to be radioactive, particularly the Marcellus shale in my region.   

The International Atomic Energy Agency and the International Commission of Radiation Protection have 

recommendations regarding radioactivity at oil and gas mining sites, and most countries which are members 

adhere to the recommendations.  The US is a member but has instead exempted from federal oversight through 

the RCRA (Resource Conservation and Recovery Act) the materials that come from down-hole which are, in many 

cases, radioactive.  

The elements of concern during gas development are radium and its daughter product, radon, which further 

decays to polonium and lead.  The radium is in a liquid state as it exits the wellhead, while the radon is in a gaseous 

state.  As the liquids are separated from the gas, the radium will predominantly end up with the liquid waste, and 

the radon will flow with the gas into gathering lines and pipelines on the way to a point of consumption, such as a 

kitchen stove, space heater, water heater or gas-fed furnace in a residence. There are risks from the radioactive 

nature of the Marcellus shale in particular, which have not been adequately studied. (ATSDR lists stoves and 

furnaces as a source of radon.
41

) 

In a 2014 paper by Andrew Nelson and Michael Schultz, the authors describe the difficulty of measuring 

radioactivity in flowback water (FBW) from Marcellus shale drilling.
42

 The typical and current method used is EPA 

903.0, and it is useful for the detection of radium in drinking water, however, analysis of FBW by this method was 

questioned by these authors because of the remarkably high ionic strength and dissolved solid content observed, 

particularly in FBW from the Marcellus Shale region.  

                                                           
41

 http://www.atsdr.cdc.gov/csem/csem.asp?csem=8&po=5  
42

 Nelson A et al, Matrix Complications in the Determination of Radium Levels in Hydraulic Fracturing Flowback Water from 
Marcellus Shale, Environ. Sci. Technol. Lett., 2014, 1 (3), pp 204ς208 
DOI: 10.1021/ez5000379. Access at http://pubs.acs.org/doi/abs/10.1021/ez5000379  

http://www.atsdr.cdc.gov/csem/csem.asp?csem=8&po=5
http://pubs.acs.org/doi/abs/10.1021/ez5000379
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LΩŘ ƭƛƪŜ ǘƻ ŦƻŎǳǎ ƻƴ ǊŀŘƻƴ ƛƴ ǇŀǊǘƛŎǳƭŀǊΦ  wŀŘƻƴ ƛǎ ŀ ƭŜŀŘƛƴƎ ŀƴŘ ǇǊŜǾŜƴǘŀōƭŜ ŎŀǳǎŜ of lung cancer.
43

 
44

  21,000 lung 

cancer deaths per year in the US are attributed to radon exposure. Radon and its radioactive decay products 

(polonium mainly) enter the body through inhalation. Most of the radon is exhaled prior to radioactive decay but 

some of the solid radioactive polonium and lead remain in the lungs and are the elements which cause cancer.  

!ƭǘƘƻǳƎƘ ȊŜǊƻ ƛǎ ǘƘŜ ƻƴƭȅ άǎŀŦŜέ ƭŜǾŜƭ ŦƻǊ ǊŀŘƻƴ ŜȄǇƻǎǳǊŜΣ ƳƛǘƛƎŀǘƛƻƴ Ƴǳǎǘ ōŜ ŘƻƴŜ ŦƻǊ ƛƴŘƻƻǊ ƭŜǾŜƭǎ ƻŦ п ǇƛŎƻ/ǳǊƛŜǎ 

per liter in the US. The World Health Organization recommends mitigation at 2.7 picoCuries per liter (or about 

100Bq/m
3)
. 

tŀǎŎƘƻŀΣ ƛƴ ΧнллоΣ ǿǊƻǘŜ ǘƘŀǘ άΧƎŀǎŜƻǳǎ ǊŀŘƻƴ όнннwƴύ ƛǎ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ŜǘƘŀƴŜ ŀƴŘ ǇǊƻǇŀƴŜ ŦǊŀŎǘƛƻƴǎ ŘǳŜ ǘƻ 

the fact that the boiling point of radon lies between those of propane and ethane. Elevated Rn activity 

ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǾŀƭǳŜǎ ƘŀǾŜ ōŜŜƴ ƳŜŀǎǳǊŜŘ ŀǘ ǎŜǾŜǊŀƭ ǇǊƻŎŜǎǎƛƴƎ Ǉƭŀƴǘ ǎƛǘŜǎΧLǘ ƛǎ ǿŜƭƭ ƪƴƻǿƴ ǘƘŀǘ ǘƘŜ ǊŀŘƛƻƭƻƎƛŎŀƭ 

impact of the oil and gas-ŜȄǘǊŀŎǘƛƴƎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ƛƴŘǳǎǘǊȅ ƛǎ ƴƻǘ ƴŜƎƭƛƎƛōƭŜΦέ Χ {ǘŜƛƴƘŀǳǎƭŜǊ has written that 

workers and those living nearby are at risk from exposure to radioactive materials.
45

   

Areas overlying shale have high indoor radon, on average, already.  Residents of many of these counties, with the 

richest gas deposits, have elevated radon concentration in their homes already--those areas shown as orange and 

dark red-- and will be at even greater risk from exposure to radioactivity.   

I came across a recent article from Australia
46

, where they measured radon (and CO2) to determine fugitive 

emissions from fracking for coal bed methane.  Among other things, they found a significant relationship between 

the number of wells within 3 km of sampling sites and the maximum radon concentration over the 24 h period, 

and this led them to hypothesize that the high concentrations of 
222

Rn measured inside a CSG field during this 

study are derived not only from gas extraction infrastructure, but also from the depressurization (horizontal 

drilling, hydraulic fracturing, groundwater extraction) of the coal seams which may increase diffuse soil emissions. 

The small map shows indoor radonτthat is, at the surface-- concentrations in the US.  The larger map, an EPA 

radon map for MICHIGAN, shows that Michigan is already at mitigation levels in several counties. 

What are the potential health problems from radioactivity exposure, specifically to radon? 

It is DNA damage. 

¢ƘŜ ōƻŘȅΩǎ ǊŜǎǇƻƴǎŜ ƛǎ ǘƻ ǘǊȅ ǘƻ ǊŜǇŀƛǊ ǘƘŜ ŘŀƳŀƎŜΣ ŀƴŘ ǿŜ ƘŀǾŜ ƳŜŎƘŀƴƛǎƳǎ ƛƴ ǇƭŀŎŜ ǘƻ Řƻ ǘƘŀǘΣ ōǳǘ ƛǘ Ƴŀȅ ǊŜǎǳƭǘ 

in an altered sequence which can result in mutations which can lead to tumor initiation.  

There are also possible teratogenic effects caused by radon exposure. 

Χ LŦ ŘƛǎǎƻƭǾŜŘ ƛƴ ŀ ƳƻǘƘŜǊΩǎ ōƭƻƻŘ ǎǘǊŜŀƳΣ ǊŀŘƻƴ Ŏŀƴ Ǉŀǎǎ ǘƘǊƻǳƎƘ ǘƘŜ ǇƭŀŎŜƴǘŀ ŀƴŘ ƛƴǘƻ ǘƘŜ ŘŜǾŜƭƻǇƛƴƎ ŎƘƛƭŘΦ LŦ ǘƘŜ 

developing child is only in the embryo phase, and a radon particle forms a progeny and deposits anywhere, 

                                                           
43

 National Academy of Sciences, Health Effects of Exposure to Radon: BEIR VI, NATIONAL ACADEMY PRESS, Washington,D.C. 
1999 http://www.nap.edu/catalog/5499.html  
44

 http://www.epa.gov/radon/pubs/citguide.html  
45

 Steinhäusler, F, RADIOLOGICAL IMPACT ON MAN AND THE ENVIRONMENT FROM THE OIL AND GAS INDUSTRY: RISK 
ASSESSMENT FOR THE CRITICAL GROUP, Published in M.K. Zaidi and I. Mustafaev (eds.), Radiation Safety Problems in the 
Caspian Region, 129-134. 
© 2004 Kluwer Academic Publishers. Printed in the Netherlands. 
46

 Tait et al, 2013. Enrichment of Radon and Carbon Dioxide in the Open Atmosphere of an Australian Coal Seam Gas Field,  
Environ Sci Technol. Apr 2, 2013; 47(7): 3099ς3104. 
doi:  10.1021/es304538g.  Access at  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3621574/ 

http://www.nap.edu/catalog/5499.html
http://www.epa.gov/radon/pubs/citguide.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3621574/
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emitting alpha radiation, the forƳŀǘƛƻƴ ƻŦ 5b! ƭŜǎƛƻƴǎ ǿƛƭƭ Ƴƻǎǘ ƭƛƪŜƭȅ ƪƛƭƭ ƛǘΧΦhƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛŦ ǘƘŜ ŘŜǾŜƭƻǇƛƴƎ 

child is in the fetal stages, most of the bodily development has already occurred. In this case, a radon particle 

passing into the fetus would likely move to lipid portions of the unborn child, namely the brain and other organs. 

Since brain development is most crucial in this phase, ionizing radiation at this point might not kill the fetus but 

may cause severe inhibition in brain development leading to mental retardation after birth. Exposure of radon to a 

developed child after the first year of birth, when the brain is less lipid-like and the blood-brain-barrier is fully 

formed, follows the same pathways as for adults.  

Several studies have shown that children are more susceptible to radon exposure than adults. Children have 

different lung architecture and breathing patterns, resulting in a larger dose of radiation to the respiratory tract. 

Children also have longer latency periods in which to develop cancer.  And, on average, children spend 70% more 

time in the house than adults.  

For these reasons, radon exposure for vulnerable populations like children and pregnant women is especially risky. 

 

 

Large quantities of silica sand are used during the hydraulic fracturing process. 

In the course of mining and transport, silica dust is released into the air, causing a hazard to those employees 

involved in handling it.   

Inhalation of silica sand causes silicosis which is an incurable but preventable lung disease.   In addition to being an 

occupational lung carcinogen, inhaling silica dust causes chronic obstructive pulmonary disease (COPD), chronic 

renal disease and various autoimmune diseases.  Individuals with silicosis are known to be at higher risk of 

tuberculosis.  And these illnesses can impact the community in which the workers live. 
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The Occupational Safety and Health Administration has just proposed rules to limit crystalline silica, which would 

prevent nearly 700 worker deaths a year.  

But no health agency has looked at the residents living nearby. 

aƛŎƘƛƎŀƴ ƳƛƴŜǎ ǎƛƭƛŎŀ ǎŀƴŘΧperhaps not as much as Wisconsin and Minnesota, but it does occur here. 

Michigan ranks third in the nation for production of industrial sand and has the largest number of sand dunes in 

the world.   

http://www.greatlakes.org/Document.Doc?id=119   ά¢ƘŜ ŘǳƴŜǎ ƻŦ [ŀƪŜ aƛŎƘƛƎŀƴΩǎ ǎƘƻǊŜ ƘŀǾŜ ƛƴǎǇƛǊŜŘ ƭŜƎŜƴŘǎ ŦƻǊ ƎŜƴŜǊŀǘƛƻƴǎΦ 

The Native American Legend of Sleeping Bear Dunes attempts to explain how those tremendous dunes came to be . . . the story 

of a mother bear and her two cubs who left Wisconsin to escape a raging fire and swam across Lake Michigan. Sadly, the two 

cubs didƴΩǘ ƳŀƪŜ ƛǘ ŀŎǊƻǎǎ ǘƻ ƭŀƴŘ ƻƴ ǘƘŜ ƻǘƘŜǊ ǎƛŘŜΦ ¢ƘŜƛǊ ƳƻǘƘŜǊ ŎƭƛƳōŜŘ ǘƻ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ƘƛƎƘŜǎǘ Ƙƛƭƭ ƻƴ ǘƘŜ ǎƘƻǊŜ ǘƻ ǿŀƛǘ ŦƻǊ 

them, but they never came ashore. She fell asleep and the sand blew over her. A Great Spirit took pity on her and put the cubs 

where ǎƘŜ ŎƻǳƭŘ ǿŀǘŎƘ ǘƘŜƳΦ ¢ƘŜ ŎǳōǎΣ ǘƘŜ bƻǊǘƘ ŀƴŘ {ƻǳǘƘ aŀƴƛǘƻǳ LǎƭŀƴŘǎΣ ŀǊŜ ƴŜŀǊ ǘƘŜƛǊ ƳƻǘƘŜǊΣ {ƭŜŜǇƛƴƎ .ŜŀǊΣ ŦƻǊŜǾŜǊΦέ  

(from Vanishing Lake Michigan Sand Dunes: Threats from Mining; a publication of LAKE MICHIGAN FEDERATION) 

 

 

To transport and distribute the gas, compressor stations and pipelines are required. 

On the left are the existing pipelines in the US; the red dots are compressor stations. 

Compressor stations emit: 

-Nitrogen oxides (NOx)  which are associated with respiratory disease. Ozone is formed when NOx and Volatile 

Organic Compounds (VOCs) react in the presence of heat and sunlight.  

http://topics.nytimes.com/top/reference/timestopics/organizations/o/occupational_safety_and_health_administration/index.html?inline=nyt-org
http://www.geo.msu.edu/geogmich/sand.html
http://www.greatlakes.org/Document.Doc?id=119

