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Overview
Assumption: you have some background knowledge about 
unconventional natural gas development (UNGD)

1. Brief orientation on UNGD in the Marcellus shale
2. The GeisingerHealth System and its Environmental 

Health Institute
3. Environmental epidemiology using electronic health 

records
4. Completed and ongoing research

a. Radon
b. Pregnancy outcomes
c. Asthma exacerbations
d. Nasal and sinus, headache, and fatigue symptoms

5. Additional efforts
6. Questions
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The following 
represents the work 

of many



US Counties with UNGD 
through mid-2012

EnvSciTech 2014.

End 2012: US shale gas was
29% = Marcellus
23% = Haynesville
17% = Barnett
31% = a dozen other basins
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spud_date

Spud date by 6 month period

To DEC 2015: 9669 spudded wells in PA

Plot by Sara Rasmussen

New drilling is declining; 

has relevance to studies 

that can be done now.

Prices

APR 2016 = $2.03/mmBTU

52wk low = $1.64

52wk high = $3.10

Peak ever = ~$14 in SEP05

Wells drilled during 

same time period in:

Maryland = 0

New York = 0



Rapid Development far Ahead of Health 

Studies

Madelon Finkel (Cornell): ñWhat we need for this whole issue of 

unconventional drilling is a good epidemiology study.ò

ñExposure and epidemiological studies ïof which there are 

currently very few ïare needed along the entire supply chain of 

shale gas to characterise and quantify associated health issues.ò

By Mike Mitka



Inpatient facilities

Geisinger 

Medical 

Center
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Geisinger Health System  
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The Geisinger Health System = Clinic + Health Plan



The Geisinger Environmental 

Health Institute
Å Founded in 2007

Å Investigating a number of environmental issues

ïUnconventional natural gas development (UNGD)

ïIndustrial food animal production, abandoned coal mine lands, 

built environment, land use, social environment, food environment

Å Investigating a number of health outcomes

ïPregnancy outcomes, asthma, type 2 diabetes, childhood obesity, 

mental health, methicillin-resistant S. aureus (MRSA), chronic 

rhinosinusitis, others

Å All Geisinger UNGD research now under EHI

Å All EHI research is submitted for publication to peer-

reviewed scientific journals



Images from healthpicinsurance.blogspot.com, 

cyberinquirer.com, and clipartsheep.com 

In the ñoldò days é

Å Data entered into digital collection 

system

Å Stored in electronic databases

Å Linkable to many other data sources

Å Accessible for research

Å Two way communication can happen

Now é

Å Data collected by writing

Å Stored in hard copy chart

Å Not linked to any other 

information about patient

Å Not easily accessible for 

research



The Geisinger Clinic

Å 40+ community practice clinics, 5+ hospitals

Å 450,000+ primary care patients

ïRepresentative of general population in region (40+ counties)

ïNeed not have Geisinger insurance to use health system

ïVaried community types in region

Å Electronic health record (EHR) since 2001

ï30% of primary care patients have Geisinger Health Plan for 

insurance ïcan get claims data

Å EHR provides (these and more)

ïDemographics, encounters (OPT, IPT, ED), dates

ïPhysician orders, laboratories, procedures, medications 

ïVitals, ICD-9 codes, health insurance, problem list, clinical notes 



Methods Common to All Studies

ÅObtain patient data from EHR

ÅGeocode patients

ÅConsider how environment may contribute 

to disease burden

ÅUse geographic information systems (GIS) 

to create exposure metrics

ÅLink exposure and patient measures

ÅBiostatistical analysis ïperson, place, time



UNGD & HealthINDIVIDUAL EXPOSURES
Å Water qualityςsurface & ground water
Å Air quality ςair pollutants, odors
Å Soil issues ςNORMs, spills, new pathways
Å Physical hazards ςnoise, vibration, light
Å Psychosocial hazards ςcause stress* 

COMMUNITY IMPACTS
Å Built environment ςroads, green space, 

aesthetics, ecosystems, traffic
Å Social environment ςsocial capital, social 

support, disenfranchisement, rapid social 
change, crime, civic engagement

ECONOMIC ENVIRONMENT
Å Employment, land and home values, 

economic growth

OTHER ISSUES
Å Scaleςair pollutants are regional, fugitive 

emissions global (greenhouse gas)
Å Cumulative impacts ςtens of thousands of 

wells over decades

WELL

COMMUNITY

REGIONAL

GLOBAL

Adapted from 
Adgate2014

ϝ άǘƘŜ ŘǊŜŀŘ L ŦŜŜƭ ƛƴ ǘƘŜ Ǉƛǘ ƻŦ Ƴȅ ǎǘƻƳŀŎƘΣέ 
landowner in Marcellus region (Perry et al. 2013)



Exposure Assessment
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1. How do we rank people (or buildings) 
along a gradient of exposure potential 
in epidemiologic studies?

2. How do we do this retrospectively?
3. Should we try to capture all these 

pathways at once? Or measure each 
one separately?



Spudded Wells in Pennsylvania to December 2014 
(N = 8800, with 6289 in production) [Source: PA DEP]

Full build out: some 
estimates > 50,000 wells


