
UNIVERSITY OF COLORADO  |  COLORADO STATE UNIVERSITY  |  UNIVERSITY OF NORTHERN COLORADO 

Unconventional Natural Gas 

Development and Public Health:    

What Do We Know? 

 

 
John L. Adgate 

 

March 10, 2014 

Professor and Chair 

Department of Environmental and Occupational Health 

University of Colorado  



Roadmap 

• Unconventional O&G Development 

 
– Background and potential health impacts 

 

• Public Health Questions: 

 
– Populations:  Who’s exposed, are they vulnerable, and  how risky is the 

process? 

– What health effects/concerns have been associated with extraction? 

– What approaches can be used to minimize population health impacts? 

– What are the key knowledge gaps? 
 





Context:   The Unconventional O&G 

Boom in the US 

• Wall Street Journal, October 25, 2013 

– “More than 15 million Americans live 

within a mile of a well that has been 

drilled and fracked since 2000.” 









Population Health: 

What is Public Health in This Context? 

• Optimize the health of populations over time 

– Workers and Communities 

– Highly dependent on activities, hazards and exposure 
mitigations 

• Not just about standards for what is “safe” 

– Technology-based standards and Health-based 
standards are context dependent 

– Links to Best Management Practices and Process 
Improvements need to be explicit and have teeth 

 

 



http://www.garfield-county.com/environmental-

health/battlement-mesa-health-impact-assessment-

ehms.aspx 



AJPH June 2013 



Potential Adverse Effects 

• Acute (e.g., respiratory tract irritation)  

• Chronic  (e.g., asthma  exacerbation)  

• Cancer risk 

 

 

• Traffic and other accidents 

• Noise, light, vibration 

• Catastrophic risks 

 

• Changes in Place Attachment 

• Decreased physical activity 

• School enrollment turnover 

• Decreased social engagement 

• Psychosocial stress 

CHEMICAL 

 

INDUSTRIAL 

ACTIVITIES 

 

COMMUNITY 

CHANGES 



Air Quality During Well Completion 

• Mckenzie et al, 2012.  

– Human Health Risk 

Assessment 

– Limited number of 

“flowback” samples as 

well as area samples 

– Risk of sub-chronic and 

chronic non- cancer 

health effects and lifetime 

excess cancer risk 

 

 



Human Health Risk Assessment 

• “Screening” Risk Estimates Using EPA methods 
– EPA Reference Concentrations (RfCs), inhalation unit risks, and other 

health-based guidelines when RfCs or cancer potency estimates not 
available 

– Scenario-based chronic and subchronic assessments for nearby 
residents 

• Quantitative Risk Assessment 
– Non Cancer (Systemic):  Hazard Index 

• Ratio of estimated exposure to RfC and/or health-based guidance level 

• Index sums potential effects of multiple chemicals 

• Are these greater than 1? 
 

– Cancer:   Lifetime Excess Cancer Risk, multiple chemicals  
• Are risks greater than 1 in a million ? 

• Are risks greater than 1 in 10,000  ? 

 



Hazard Indices by Health Endpoint:   Near 

Wells, 20 Month Exposure Scenario 
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Risk Assessment Summary 

• Residents living near well completion activities 
potentially exposed to substantial levels of air toxics 

• Estimated cancer risks and chronic non-cancer 
hazard indices are greater for residents living 
nearest the well pads, but are within generally 
acceptable range. 

• Subchronic non-cancer cumulative and endpoint 
specific hazard indices are greater than one for 
residents living near well pads. 

 



Retrospective Cohort Study 
McKenzie, L, et al.  2014. In Press, Environ Health Perspect; [Online January 28; DOI 

10.1289/ehp.1306722]. 

 
Explore the association between a mother’s 

proximity to natural gas development while 

pregnant and birth outcomes using: 

– Birth certificate data 

– Birth defects surveillance data 

– Geocoded well locations 

– Information on spud dates and gas production 



Birth Outcomes 

• Congenital Heart Defects 

• Neural Tube Defects (anencephalus and spina 
bifida) 

• Oral Clefts (cleft lip and cleft palate) 

• Preterm birth (less than 37 weeks of pregnancy 
completed) 

• Term Low Birth Weight (less than 2500 grams ~ 
5 pounds) 

 



The Cohort 

• 124,832 infants born between 1996 and 2009  

• Rural areas and towns with populations less 

than 50,000  
• Excluded:  Denver-Metropolitan area, El Paso County and the cities of 

Fort Collins, Boulder, Pueblo, Grand Junction and Greely 

• White Hispanic and Non-Hispanic Mothers 

• Singleton live births 

 



Located all gas wells that existed in the infant’s 

birth year within 10 miles of where the mother was 

living on the birth date of her infant 

Ten Miles 
Ten Miles 

Exposed Unexposed 



Measured the distance of each gas well from the 

Mother’s home 



IDW Tertiles 

Exposed 

Group 

Low (1 to 

3.62 wells 

per mile) 

High (126 

to 1400 

wells per 

mile) 

Medium 

(3.63 to 

125 miles 

per mile) 



Summary of Results 

• Prevalence of CHDs increased with exposure tertile, with 
an odds ratio (OR) of 1.3 for the highest tertile (95% CI: 
1.2, 1.5)  
– NTD prevalence was associated with the highest tertile of 

exposure (OR = 2.0, 95% CI: 1.0, 3.9, based on 59 cases), 
compared to no gas wells within a 10-mile radius. 

• Exposure was negatively associated with preterm birth 
and positively associated with fetal growth, though the 
magnitude of association was small.  

• No association was found between exposure and oral 
clefts.  

 



Limitations 

• Undercounting of birth defects possible 

• Obscuring of outcomes by grouping 

• Information on some potentially important 

confounders not available (e.g., maternal folate 

consumption) 

• Exposure Misclassification 

– Maternal residence during the first trimester 

– Specific activities occurring at well sites 

 

 

 



Conclusions 
 

• Short term exposures to air emissions from well sites are 

potentially in the range of health concern for nearby residents 

– Health concerns include neurological, respiratory, and 

developmental effects. 

• These results suggest a positive association between greater 

density and proximity of natural gas wells within a 10-mile 

radius of maternal residence and greater prevalence of CHDs 

and possibly NTDs, but not oral clefts, preterm birth, or 

reduced fetal growth. 

• Further study is needed to address the limitations of this 

research 

 

 



Public Policy Implications:   

Approaches for Minimizing  

Exposures and  

Potential Health Effects 



HIA Recommendations/Best 

Management Practices 

• Pollution Prevention 

– reduce the opportunity for residents to be exposed to 

industrial chemicals 

• Promote Safety   

– promote safe industry operations in a residential 

neighborhood 

• Communication   

– foster constructive interaction between stakeholders 

 

 



Well Setback Rules:   CO and TX 

• “Old” CO Rules: 150/350 ft for 

rural/urban areas 

• Feb 2013 Rules:   500 ft 

minimum, with mitigations for 

noise, etc; high occupancy 

buildings up to 1000 ft 

• Fry, 2013:   “In Texas, setbacks 

have no empirical basis, but 

are political compromises” 

• New Colorado Methane 

emission control rules, March 

2014 

 

 

Photo credit:   Denver Post,  Hyoung Chang  



Uncertainties, Limitations & 

Unanswered Questions 
• Limited data exists on emissions to primary/secondary 

and engine-related air pollutants at during high emission 
processes, though this is changing: 

– Understanding spatial and temporal variability in human 
exposures is key to both prevention and investigating 
potential health outcomes 

• Non-methane pollutant emissions vary by field type, 
number of well heads, well completion process used and 
controls in place 

• These data do not tell us how far is far enough nor 
how close is too close to well development sites 



In Closing 

• While there is substantial 
public concern, it is likely 
many more people will 
live near gas and oil 
development sites in the 
future 

• Research on control and 
mitigation strategies 
should focus on 
knowledge gaps and 
uncertainties  
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