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Outline

How do we understand health risks?
• Toxicology
• Epidemiology
• Measurements and models

What we don’t know
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How do we understand health risks?
• Toxicity studies

• Limitations based on:
• which chemicals are studied
• which outcomes are studied
• conditions evaluated
• does not typically include mixtures



Dose makes 
the poison
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• Epidemiology studies

• Studies of populations exposed to different chemicals

• Limitations:
• People are exposed to many different things, hard to determine 

exact causes of health outcomes
• Case-controlled studies are difficult and expensive
• Sometimes effects are generational and take a long time to 

identify

• Indicate areas for further study
• Example: oil and gas and asthma exacerbation or birth defects

How do we understand health risks?

Evaluating adverse health 
effects across populations 
to evaluate connections to 
exposures



Review of epidemiology studies
Bamber et al. 2019

Findings:
● Reviewed 20 epidemiologic studies with 32 different health outcomes
● Limited evidence* of harmful health effects:

○ asthma exacerbations
○ various self-reported symptoms

● Additional high-quality studies are needed

Important notes:
● Low level of certainty was the starting point for any observational study
● Observational studies cannot determine cause and effect, indicate 

potential associations
● Highest quality studies (moderate certainty), were for birth outcomes 

indicate associations with OG and preterm birth/low birth weights

*modest scientific findings that support the outcome, 
but with significant limitations



Health-based guideline values (HGVs)
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Acute benzene minimal risk level

Health Impacts

individual 
studies

HGVs set below level 
where health impacts 
are seen



How do we understand health risks?
Measuring or modeling exposures

screening level risk assessment

modeling study



• CDPHE Assessment of Potential Public Health Effects from Oil and 
Gas Operations in Colorado (2017)
• Reviewed available data in Colorado (10,000 air samples) 
• All values below Health-based Guideline Values

• Oil and Gas Health Information and Response Program
• Performs screening level risk assessments
• Over 7,000 hours of air samples near oil and gas operations
• One 1-hour sample exceeded Health-based Guideline Value for benzene

• Limitations
• Measure between 20-60 VOCs
• Samples from one location at a time

Measurements of potential exposure

Colorado Air Monitoring Mobile Laboratory (CAMML)
Oil and Gas Health Information and Response Program



• Garfield County and 
Northern Front Range.

• Upstream oil and gas 
development (drilling, 
fracking, flowback) and 
production.

• Well pad sizes ranged 
from 1 to 32 wells. 

• Emission rates for 47 
volatile organic 
compounds (VOCs).

Modeling: Source and emissions (CSU)



• Modeled concentrations at 300 
to 2,000 feet. 

• Short-term (acute) health 
effects.
• One hour maximum exposures - worst 

case conditions.

• Development stages.

• Long-term (chronic) health 
effects. 
• Average exposures over 14 months to 

30 years.

• Longer development operations and 
production.

• Modeled inhalation exposure.

Modeling: Concentration & exposure 



Modeling: Health effects

• Modeled risk of negative short-term health effects
• During worst-case weather and emission conditions. 

• Highest for flowback, lower risk for drilling and fracking.

• Risk drivers: benzene, toluene, ethyltoluene.

• Consistent with symptoms reported: headaches, dizziness, respiratory 
concerns, skin and eye irritation.

• Risk holds true all modeled distances, 300 to 2000 feet.

• Model showed low long-term health risks
• Slightly elevated risk of blood and nervous system effects from 

multiple chemicals at 500 ft but not at 2000 ft.

• Cancer risk within EPA acceptable risk range.

• Did not assess the cumulative long-term health effects in areas that 
have multiple well pads.



Understanding the risks is only part of 
the picture

Risk assessment

Science-based

Risk management

Policy-basedRi
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What we still don’t know:
• How different operational decisions impact exposures

• <1-hour exposures not easily comparable to toxicology data, 
yet we see short several minute spikes in VOCs

• Toxicology data doesn’t have all of the outcomes that people 
may be concerned with (headaches, itchy eyes, etc.)

• Many things that aren’t currently measured or quantified:
• other chemicals
• mixture effects
• longer-term health effects 
• cumulative impacts of exposures + 

noise/vibrations/traffic etc.



Thank you.

Questions or concerns? 
Contact us:

303-389-1687  | cdphe_oghealth@state.co.us
www.colorado.gov/oghealth


