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What is the Marcellus Shale?
qHalf the land mass of Pennsylvania

q22,835 sq. miles

q84 trillion cubic ft of natural gas

qPrice is $8 - $16 per thousand cu. ft.

qEnough for the entire US population
for 4 yrs

qShale sedimentary rock

qOrganic rich and porous

qContains thermogenic methane
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The Drill Rig

qDrill head and pad 5-10 acre plot

qIdeally one per sq mile

qSaturating drilling 8 per square mile

qHigh density drilling in Susquehanna
Co, PA

qPennsylvania would need 22,000 to
160,000 drill rigs

qActive wells 2008-2014 > 12,000
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Unconventional Gas Drilling in PA
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The  �Fracking� Process
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The Holding Ponds for Flow-Back Water

qNeed 5M gallons water per well head

qEach truck carries 4,000 gallons water

q1250 truck loads

q Proppant: 1.5 M pounds (silica/sand)

q Requires 750 truck loads

q X1 to x10 �frack� episodes per well

q<30% in the flow back water held in pits
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Diesel Trucking
Diesel Trucks Deliver:

ØDrill-Rigs

ØProppant

ØFracking chemicals

ØCompressor parts

ØGas line piping

Diesel Trucks Remove:

ØNatural gas

ØWaste water
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Night-Time Flaring

qWell is tested by flaring

qRelease of methane: BETEX 
(benzene, ethylbenzene, toluene
and xylene)

q Move towards marketing �wet-gas�
a larger portion of methane is burned

qRelease of hydrogen sulfide
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2014-Emissions Inventory for UGOD Released in PA

Year Well-sites
reporting

Midstream
Facilities
reporting

Carbon
Monoxide
(CO)

Nitrogen
Oxides
(NOx)

PM10 Sulfur
Dioxide
(SO2)

VOC’s Methane

2011 9,037 150 6,852 16,542 577 122 2,820 NA

2012 8.996 453 7,350 16,361 600 101 4,024 123,684

2013 10,275 447 6,606 17,659 670 159 4,790 107.945

2014 10,009 508 8,230 21,663 864 263 6,389 109,555

Expressed as Tons per year
Released by PA-DEP: 08-19-16



10

Potential for Air Pollution –VOCs and PM 2.5

qPhotochemistry between VOCs and nitrogen oxides generate
ground level ozone

qGround level ozone exacerbates underlying asthma and COPD
and causes lung injury

q Diesel Exhaust – Transportation and Compressor Stations
-VOCs
-Butadiene, acrolein, formaldehyde
-PM2.5: carbonaecous core adsorbs PAH, nitro-PAH and metals
-PM2.5: lodge in the deep lung (bronchioles and alveoli)
-PM2.5: invoke an inflammatory response exacerbate lung disease
-Diesel exhaust: Group 1: carcinogenic in humans (IARC)
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Additives in Fracking Fluid

FracFocus.org Chemical Disclosure Registry- 35,957 disclosures; 1,084 different
chemicals used; only 9% have RfVs and OSFs  - Source US EPA 2016
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Common Additives in Fracking Fluid
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Potential for Water P      Fracking Fluid
q 0.49% of fracking fluid contains a

mixture of chemicals

q95 tons of chemicals are used
per well base

qComposition is a trade-secret

qSome chemicals listed by class and
not by CAS registry number

q Multi-Criteria Decision Analysis
(MCDA) Framework
-Toxicity Score (Rfv, TTC, LOC)
-Occurrence Score (frequency of use)
-Physiochemical properties
(mobility, volatility, persistence)

(Source US-EPA)
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Frequency of  HF Chemical Use and Critical Oral Effects 
Chemical Name % 

Disclosures
Rfv

(mg/Kg)
Critical Effect Organ System

Methanol 73% 2 Extra cervical ribs Skeletal
Ethylene glycol 47% 2 Kidney toxicity Kidney
Propargyl
alcohol

33% 0,002 Renal and 
heaptotoxicity

Kidney & Liver

2-Butoxyethanol 23% 0.1 Hemosiderin 
deposition in liver

Liver

Naphthalene 19% 0.02 Decreased terminal
body wt

Whole body

1,2,4-
trimethylbenzene

13% 0.01 Decreased pain 
sensitivity

Nervous 
system

Quaternary
ammonium salts

12% 0.44 Decreased body wt Whole Body

Formic Acid 11% 0.9 Reproductive
toxicity

Reproductive

Sodium chlorite 11% 0.03 Neurodevelopmental CNS

Only 9/31 top used chemicals have established critical oral health effects-US EPA (2016) 
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Cancer MCDA in Produce Water

Source-US-EPA 2016
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Potential for Water Pollution- Flow-Back Fluid

MCL = maximum contaminant level ppm
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Potential for Water Pollution- Flow-Back Fluid

(NORM = Naturally Occurring Radioactive Material)
(PRG = Preliminary Remediation Goals)
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EHSCC Hydraulic Fracturing ICWG

q Driven by an emerging environmental public health threat
q Community-driven concern
q Required spectrum of expertise: mechanistic toxicology; 

epidemiology; exposure science; social science; 
environmental law; regulatory science; and public health

q Galvanized 16/20 EHSCC to work together
q Resourced with inter-Center Pilot Projects & P30 Supplements

Deliverables
q High profile papers in EHP and PLoS One: Health Care 

Utilization Study >22,000 downloads
q Consortium of Health and Energy Research (CHER)-Judy 

Zelikoff-NYU
q Written and oral comments on “EPA Assessment on the 

Potential Impacts of Hydraulic Fracturing for Oil and Gas on 
Drinking Water Resources”- EPA SAB
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Health Disparity

Disparities exist when differences in health outcomes or health 
determinants are observed between populations
-race and ethnicity
-sexual orientation
-age and disability
-socioeconomic status
-geographic location
-exposures

(CDC-Health Disparity and Inequalities Reports)
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Yelena Ogneva-Himmelberger, 
Liyao Huang-

Applied Geography, 60, 2015, 165–174

Health determinants in 
Marcellus Shale

q Examined residential census tracks
In rural areas

q Conducted spatial autocorrelation for
health determinants with well density% below poverty level   % without HS diploma

% above 65 yrs of age      % below 15 yrs of age
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PLoS ONE 10, e0131093. Downloaded > 22,000 
times
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Hypotheses

Increases in health care utilization 
are associated with number of wells 

and well-density in Pennsylvania 
counties and zip codes. 
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Objectives

1. Determine increase in UGOD activity in 3 PA counties matched in
demographics for the  period 2007-2011 where one county 
serves as a control

2. Examine all inpatient billable insurance records for the 3 counties
and group by medical category over 5 years (n= 92,850) obtained
from Truven Health Analytics

3. Determine whether well number or well density by zip-code is
associated with changes in health care utilization

4. Can the changes in utilization be associated with suspected 
air or water pollution
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Increase in well-density by zip-code in Bradford and Susquehanna Counties  
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Demographics of Populations are Similar
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Total Inpatient Rates and Health Economic Impact

§ n = 92,805 hospitalizations

§ increase at 3% per year

§ 3,000  x 30K per hospitalization

§ 10 M per year increase in
health care costs
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Poisson Fixed Effects Models: Number of Wells per Zip Code per Year.
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Poisson Fixed Effects Models: Quantile Analysis of Wells/km2
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Gas Production Since 2011
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Solid and Liquid Waste Produced in PA 2014

Liquid	Waste	
43,367,268	Bbls

Solid	Waste	
1,586,547	Tons

Source:https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/DataExports/DataExports.aspx
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Where does the waste go?

Green: Liquid

Yellow: Solid
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Tioga County: Waste-water Treatment

Each red dot identifies an active well which
Sends waste water to a centralized
waste water treatment (CWT) plant

q In PA 6 deepwater injection wells exist

q 2013-PA reuses 65% of its HF water waste

q 2013-20% goes to CWT facilities

q 39 CWT facilities in PA

q 30 zero-discharge and 9 are discharge

q 90% goes to zero-discharge

q TDS waste goes to 51 landfills 

q 34 have radium-226 and radium-228 leachates
that exceed the PRG by  65,000 and 52-fold
respectively
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Summary
◆ UGOD pose a public health threat
◆ UGOD occurs in communities that have subpockets of 

vulnerable populations
◆ Association between increases in inpatient hospitalization rates 

with number of wells and well density shows that health 
disparity exists between exposed and non-exposed groups

◆ Cardiology inpatient rates were significantly associated  with 
wells per zip-code and and wells per km2

◆ Dermatology, neurology, oncology and urology inpatient rates 
supported an association with wells per km2

◆ Cardiology inpatient rates might be associated with exposure to 
PM2.5

◆ Dermatology inpatient rates night be associated with  exposure 
to water pollutants

◆ Large number of uncertainties exist
-lack of base line water monitoring
-lack of real time air monitoring
-lack of human exposure data (biosensors or biomarkers)
-lack of complete toxicology data on 90% of the chemicals used
-need for alternative approaches
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EPA-Risk Assessment on Nation Water Resources

qPreliminary Report July 2015:
“The effect of HF on the nation’s drinking water 

resources was neither widespread or systemic”

qFinal Report December 2016:
“HF can impact drinking water resources 

under some circumstances. Impacts can range in 
frequency and severity..”
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q FracFocus has >35,957 HF disclosures matched to well 
location

q 1,173 different chemicals used
q Cluster analysis of chemical use with toxic-endpoint e.g. 

REPROTOX Data base (Elliot et al., J. Exposure Sci and 
Eng. 2016 1-10)

q Provide health end-points for epidemiological studies

q https://bioinf.ceet.upenn.edu/fracking/

Chemoinformatics
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Matching Use to Toxic End-Points
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