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URD is an Industrial Process
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Potential Environmental Stressors (witer et ai 2013)

= Air quality

s Water quality

m [raffic

s Noise, Light, and Vibrations
m Economic conditions

m Social conditions

m Health infrastructure

m Accidents/malfunction
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Oil and Natural Gas Operations

» Can emit air
pollutants:
» Directly
» Diesel Engines
» Ozone precursors

i > Water Pollutants
> Spills
» Leaks

Helmig et al. 2014; McKenzie et al 2014; Halliday et al. 2016;
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Atmospheric benzene observations from oil and gas
production in the Denver-Julesburg Basin in July
and August 2014

Hannah S. Halliday', Anne M. Thompson ', Armin Wisthaler’, Donald R. Blake®,
Rebecca 5. Hornbrook®, Tomas Mikoviny®, Markus Milller®, Philipp Eichler®, Eric C. Apel®, and
Alan J. Hills®

*Dapartment of Metearclagy, Pennsylvania State University, Univessity Park, Pennsyhvania, USA, “Goddard Space Flight
srytand, USA, "Department of Chemistry, Unsversity of Osla, Osle, Nerway, “institute far lon Physics and

Abstract High time resolution measurements of volatile organic compounds {VOCs) were collected
using a proton-transfer-reaction quadrupale mass spectrometry (FTR-GMS) instrument at the Platteville
Atmospheric Observatory (PAD) in Colorado to ivestigate haw ofl and natural gas [OBNG] development
impacts air quality within the Wattenburg Gas Field (WGF) in the Denver-Julesburg Basin, The measurements
were carried out in July and August 2014 as part of NASA's “Deriving Information on Surface Conditions from
EColumn and Vertically Resolved Obsenvations Relevant to Air Quality" [DISCOVER-AQ) field campaign. The
PTR-QMS data were supported by pressurized whole air canister samples and airbome vertical and horizontal
surveys of YOCs. Unexpectedly high benzene mixing ratios were ohserved at PAQ at ground level [mean
benzene=0.53 ppby, maximum benzene =193 pybv), primarily at night (mean nighttime benzene=0.73
ppiw). These high benzene levels were associated with winds, The ai
indicate that benzene originated from within the WGF, and typical source signatures detected in the canister
samples implicate emissions from Q&NG activities rather than urban vehicular emissions as primary benzene
source. This canelusion is backed by a regional toluene-to-benzene ratio analysis which assoclated southerly
flow with vehicular emissions from the Denver area. Weak benzene-to-CO correlations confirmed that traffic
i responsible for benzene levels, Previous measurements at the Boulder
Atmospheric Observatory (BAD) and our data obtained at PAQ allow us to locate the source of benzene
enhancements batween the twa atmospheric observatories. Fugitive emissions of benzene from OGNG
operations in the Platteville area are discussed as the most likely rauses of enhanced benzene levels at PAD.

1. Introduction

il and navural gas (D&NG) extraction has been rapidly expanding in the Denver-Julesburg Basin (DJB) in NE
Colorado. In 2014, Colorads was ranked as the fifth highest state in number of gas wells, with 7.4% of the
nation’s wells and 5.2% of the total US. NG production aver all active DSNG extraction regions in the state
[Energy information Administration, 2015). The DIB i one of the active OSNG regions in Colorado, with the
highest well density in the Wattenburg Gas Field (WGF) in Weld County which has more than 25,000 active
gas wels within its boundary (Colorads Oil and Gas Conservation Commission (COGCC), hitp:/cogee state.
co.us/). Increased extraction of O&NG from shale depasits has been shown ta have an adverse effect on air
quality in areas with heavy OSNG development [McKenzie ef al, 2012] and is a concern for public health
[Colborn et i, 2011).

The air quality impact of uncanventional O&NG production has received considerable attention from
researchers and air quality managers hecause the Denver Metropalitan Area and Northem Front Range were
categorized as noncompliant with Natianal Ambient Air Quality Standarels (NAAQS) for azene pollution in
2007 [Colorado Air Quality Conteol Commissian, 2008]. The region has remained in marginal Aonattainment
through 2015 [Alisan, 2015). Gzone is a secondary poliutant that is prosduced from reactions invalving reac-
tive nitrogen (NO-+ NO; =N} and volatile arganic compounds (VOCs) under sunlight. Increased mixing
ratios of volatile crganic compounds (VCOCs) have been attributed to O&NG activity, and these increased
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Repeated peak exposure potentials at night,
before sunrise
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Scale of Exposure

Regional
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Scale of Exposure

Figure 1: Density of multiple ail and gas well sites within a 1-mile radius in Colorado's

Piceance Basin .
14 Multiple oil and gas well site m House
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Public Health Studies: Level of Evidence
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Conclusions from predictive and
descriptive health studies

» People living nearest to the well pads may be at increased risk for
neurologic, developmental, endocrine system, and respiratory health
effects, as well as cancer and stress.

Inventories of chemicals used on O&G sites (Colburn et al. 2012, Ellison
et al. 20106)

Chemical concentrations in air samples collected in Garfield County
(McKenzie et al 2012)

Survey of self-reported symptoms (Steinzor et al. 2013, Ferrar)

Hum?n cell lines exposed to water samples from O&G areas (Kassotis
2014

» Risk for exposures and health effects is greatest during the period of
short-term, high air emissions that may occur during events such as
during well-completions (McKenzie et al. 2012) and well unloadings
(Allen et al. 2013) and may be higher at night (Halliday et al. 20106).
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Conclusions from ecological Studies

« Cases of childhood central nervous system cancers
higher than expected in Pennsylvania shortly after
hydraulic fracturing introduced (Frysek 2013)

« Cases of childhood leukemia not higher than expected in
Pennsylvania shortly after hydraulic fracturing introduced
(Frysek 2013)

* More cases of bladder and thyroid cancer than expected
In Pe)nnsylvania counties with shale gas activity (Finkel
2016

« Cardiology and neurology hospitalizations increase with
increasing density of wells in zip code (Jemielita 2015).

11
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Limitations of Ecologic studies
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Location of the wells in relation to the home
matters

Colorado School of
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Measure the distance of each O&B well from the home

\’
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Inverse Distance Weighting (IDW)

Inverse distance =

1

distance of well from mother’'s home

éolorado School of
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Sum the inverse distances

* All wells 1 mile away: IDW =1/1+1/1 +1/1 +
111 =4

* All wells 5 miles away: IDW=1/5+1/5+1/5+
1/5=0.8

« 2 wells 1 mile away, 2 wells 2 miles away = 1/1 +
1/1 +1/2 +1/2 = 2.4

17
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Proximity to oil and natural gas wells
and childhood acute lymphocytic
leukemia and non-Hodgkin lymphoma

« Registry-based case-control study

743 children from the Colorado Central Cancer Registry
— Residing in rural Colorado

— Diagnosed between 2001 and 2013

— Age 0-24 years at time of diagnosis

— Geo-coded address to rooftop accuracy

87 ALL Cases
50 NHL Cases

528 control: children with non-hematologic cancers

— 78 children with another type of leukemia or Hodgkin lymphoma
excluded

18
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More children with acute lymphocytic
leukemia live in areas of high density
oil and gas wells
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Proximity studies other states

Health conditions more likely as proximity to UNGD
wells/activity increases:

Congenital heart defects and neural tube defects
(McKenzie 2014)

Low birth weight (Stacy et. al. 2015)

Preterm birth and high risk pregnancy (Casey et. al.
2015)

Asthma exacerbations (Rasmussen et. al. 2016)

Nasal and sinus, migraine headache, and fatigue
symptoms (Tustin et. al. 2016)

C_)olorado School of
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What do these studies tell us?

 These studies show that there are more

people with these health outcomes living
near O&G wells.

* None of these studies show that living
near O&G wells caused the health
outcome.

21
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What the health studies do not tell us

« Baseline exposure: What were the concentrations of chemicals
in air/water before O&G development?

 What actual exposures are:

— What are people exposed to — if anything - and at what
concentration/level?

— Is O&G development the source of the exposures or is
it something else?

— If itis O&G, what activities are the source of the
exposure?

— Chemical stressors or non-chemical stressor?

* The distance O&G development should be to minimize
potential for health effects

— Likely no one “right” answer for this question
— Highly dependent on activities

C_)olorado School of



Current Studies at the Colorado School
of Public Health

Follow-on study for congenital heart defects (American
Heart Association)

Cumulative risk assessment considering chemicals in air
and water, noise, traffic, and accidents (National Science
Foundation)

Describing populations living near oil and gas
development (National Science Foundation)

Quality of life and subclinical biomarkers: comparing
Greeley and Fort Collins Populations (National Institute
of Environmental Health Sciences)

Childhood Cancers (University of Colorado Cancer
Center)

23
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