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Concentrations of hazardous air pollutants increase with
density of oil and gas wells

Halliday et. al. 2016

Repeated peak exposure potentials at night, before
sunrise

Halliday et. al. 2016

Locations where air was sampled at ground level in
the summer of 2014.

Benzene, toluene, and
C9-aromatic results
from 467 1-hour
samples (229 m from
nearest O&G facility,
included in 152-610 m
distance range for
acute)

NMHC results from1minute samples.
Number of samples
collected (distance
from nearest O&G
facility)
• 24 (> 1600 m)
• 6 (610 – 1600 m)
• 50 (152-610 m)
• 29: (≤ 152 m)

NMHC results from72
and 96- hour samples.
Number of samples
collected (distance
from nearest O&G
facility)
• 12 in Boulder
(> 1600 m)
• 11-12 samples each
at 4 locations in Eastern
Boulder County (47
total samples)
(448-625 m)

Maximum
concentration for each
distance range

TWA
Concentration for each
distance range

Mean
Concentration for each
location

Acute non-cancer risk
based on 1-hour and 1minute samples

Chronic non-cancer and
cancer risk
based on 1-minute
sample samples

NMHC results from 41
3-hour samples in
Platteville
(247 m from nearest
O&G facility)

TWA
Concentration

Chronic non-cancer and
cancer risk
based on 3 to 96- hour samples

Methods

 Human Health Risk Assessment Guidance from
California Office of Environmental Health Hazard
Assessment (OEHHA).
Current toxicity information for benzene
Consideration of lifelong effects resulting from
exposures beginning in gestation.

 Accounted for higher night-time levels of
hazardous air pollutants
 Assessed health effects for exposure to
hydrocarbons associated with petroleum.
Did not assess ozone, particulate matter, or carbonyls

Methods Continued

 Used maximum concentration to estimate health
hazards from exposure for 1 hour (acute)
 Used time weighted averages for long term chronic
and cancer exposures which considered higher
nighttime exposures
 For non-cancer health effects: assumed chronic
exposures for 24 hours per day, 350 to 365 days
per year for more than 7 years.
 For cancer health effects assumed that people
spend 72 to 85 percent of their time at home over
a 30 year period.

Concentrations of hazardous air pollutants in 1-minutes samples
collected by University of California, Irvine
Total Alkanes1
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Concentrations of hazardous air pollutants in 3-96 hour damples
collected by Boulder County Study (INSTAR) and Halliday
Benzene
1.0
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1.5
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Total Alkanes1

1.6
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Risk Characterization: Non-cancer Hazard Quotient

NOAEL

Uncertainty
Factors

Reference
Dose
(RfD or RfC)

Risk Characterization:
Hazard Quotient = reference dose/exposure

Hazard Quotient
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Chronic and acute hazard quotients and hazard indices based
on 1-minute and 1-hour sample results

HI = 0.026

HI = 0.14
HI = 0.17
HI = 0.20
HI = 0.40
HI = 0.85
HI = 5.4
HI = 14

Chronic hazard quotients and hazard indices for residents living in
Boulder, Eastern Boulder County , and Platteville based on 3, 72,
and 96-hour sample results
HI = 0.76

HI = 1.1

HI = 0.63

Total Lifetime risk of being diagnosed with Cancer

Excess Lifetime risk of being diagnosed with Cancer
because of exposure from a site

De Minimus Risk = 1 in a
million

Upper Threshold =
100 in a million

Lifetime excess cancer risks (30 year exposure duration)
1

No O&G facilities within 1600 m

2.0E-05

2
Boulder (No O&G facilities within
1600 m)

Nearest O&G facility 6101 to 1600 m
Nearest O&G facility 501
to 610 m
1
Eastern Boulder County (Nearest O&G facility 448- 625
2
m)
Platteville (Nearest O&G facility
247 m)
2

EPA Upper
Threshold
6.4E-05

2.3E-05

5.7E-05

9.2E-05

1.0E-04

Nearest O&G facility within 152 m
1

8.3E-04

1.00E-06
1.00E-05
1.00E-04
1.00E-03
EPA
Lifetime excess cumulative cancer risk on log scale
De Minimus
Risk
Benzene
Ethylbenzene

Strengths

 Realistic residential exposure scenarios
 Incorporated spatial and temporal variability
 Evaluated risks resulting from short exposures to
high levels of hazardous air pollutants
 Reference sites (> mile for an O&G site) included
those with traffic influences
 Findings consistent with published epidemiological
studies and risk assessments.

Limitations

 Limited Information on the toxicity at the levels of
hazardous air pollutants used in the risk
assessment
 Did not assess all of the air pollutants associated
with oil and gas development
 Most samples were collected in the daytime –
which limits our ability to assess nighttime
exposures.
 Only one season – summer

Policy Implications
 Tens of thousands of people in Colorado live within
500 feet of an oil and gas well site.
 Cancer burden in this population is estimated at 14
additional cancers.
 The population living within 500 feet of an oil and
gas well site is growing faster than the general
population.

Policy Implications
 State regulatory setback distances and municipal
building codes
Historical setbacks: 150 and 300 feet
Reverse Setbacks
Setbacks for all types of O&G facilities

 Existing wells
Older and smaller facilities may have leaks and equipment
malfunctions
65% of 145 O&G sites in Boulder had gas leaks – most leaks
were from storage tanks, thief hatches, separators, and
wellheads
Audio, visual, and olfactory inspections miss most leaks.

Conclusions

This study provides further evidence that populations
living nearest to O&G facilities bear the greatest risk
of acute and chronic health effects from exposures to
NMHC air pollutants emitted from upstream O&G
facilities. Therefore, this analysis supports and
highlights the importance of policies aimed at
reducing or eliminating air emissions from O&G
equipment and facilities, particularly those near
homes, and effective monitoring of emissions from
these facilities.
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