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Thank you for the invitation to speak with you all today. I am honored to be able to present our 

study entitled “Unconventional oil and gas development exposure and risk of childhood acute 

lymphoblastic leukemia: A case-control study in Pennsylvania, 2009-2017.” This peer-reviewed 

work was published in Environmental Health Perspectives and reflects years of effort from a 

team of talented researchers from diverse disciplines. My goal today is to provide you with the 

context and information needed to interpret the results of this study, to discuss some of the 

broader public health implications of this work, and to be available for any questions you may 

have on these topics. I will begin by briefly providing context and rationale for the study before 

highlighting some of the most relevant results and discussing their broader implications for the 

deliberations at hand. 

 

Introduction. The focus of this study, childhood acute lymphoblastic leukemia (or ALL), is a 

cancer of the blood that arises in the immune cells [1]. ALL is the most common type of cancer 

in children aged 0-14 years, representing nearly 80% of childhood leukemia cases and 20-30% of 

all childhood cancer cases [1-3]. ALL is most common in children aged 2-4 years [1, 4], and thus 

the early-life environment is thought to be an important time for potential exposures. Despite a 

decrease in the incidence of cancer overall in the United States, the incidence of childhood ALL 

has continued to increase, underscoring the need for primary prevention of the exposures that 

cause this disease. 

 

The development of childhood ALL is thought to be attributable to both genetic susceptibility 

and environmental exposures [5-7]. The current evidence and the early age of peak ALL 

incidence suggest that early-life exposure to environmental chemicals may contribute to the 

development of leukemia, particularly chemicals that are toxic to the blood, damage DNA, or 

interfere with the immune system [2, 8]. To date, ALL has been linked to several environmental 

and chemical exposures, including ionizing or diagnostic radiation [9, 10], radon [11], air 

pollution [12-16], pesticides [17-21], polybrominated diphenyl ethers [22], and benzene [14, 23-

27]. Multiple risk factors mentioned here are associated with unconventional oil and gas 

development (UOGD). Several of the hundreds of chemicals have reportedly used in UOGD 

injection water or detected in wastewater have been associated with leukemia, and many more 

have not undergone any health risk assessments at all [28]. In addition to water pollution, studies 

of UOGD-related air emissions have measured several carcinogens, including radioactivity, 

particulate matter, and volatile organic compounds (e.g., benzene) [29-32]. The potential for 

children living near UOGD to be exposed to chemical carcinogens and radiological contaminants 

is a major public health concern. 

 

Methods. We conducted an analysis to identify potential associations between early life 

exposure to UOGD and ALL risk. Our population of children included all children diagnosed 

with ALL between the ages of 2-71 years in PA from 2009-20172 (n=429), each matched by birth 

 
1 We selected the age range of 2-7 years because it includes the peak age of ALL incidence in the U.S [4] and 

excludes infant leukemia (diagnosis between the ages of 0-1), which tends to have different causes.  
2 We selected the years of diagnosis (2009-2017) to ensure there was opportunity for exposure after drilling 

commenced in the state and to include a latency period of at least one year to provide time for the development of 

disease. 



year with five control children with no diagnosis of cancer (n=2,145). Figure 1 in the provided 

handout is a flow chart depicting the data acquisition process and inclusion decisions made. After 

exclusions for geocode quality and missingness for important variables, we included 405 cases 

and 2,080 controls in our final analyses (Figure 1).  

 

 

Figure 1. Data sources and selection process for Pennsylvania cases and controls (2009-

2017). 

 

 
 

 

 

 

 

 

 



Exposure Assessment. We used oil and gas well permit and production report datasets from the 

PA Department of Environmental Protection’s Office of Oil and Gas Management [37] to 

construct a dataset of location, permit, and production data for UOG wells that were either 

drilled or producing in PA from 2001-2015. We then used maternal residential address at birth to 

assign exposures using a surrogate of oil and gas exposure, an inverse distance-squared weighted 

well count.3 This metric assumes that exposure potential decreases significantly with increasing 

distance between the home and the well. We calculated this metric at buffer sizes of 2, 5, and 10 

km around the maternal residence for two exposure windows: (i) three months prior to 

conception to one year prior to diagnosis, called the “primary window,” and (ii) three months 

prior to conception to birth, called the “perinatal window.”  

 

Analysis. We calculated odds ratios (OR), which are a representation of the risk of developing 

ALL given the exposure level considered, and their corresponding confidence intervals (95% 

CI), which represent the range in which the odds ratio could feasibly fall given other factors such 

as sample size. We adjusted our results for both individual- and area-level factors in 

multivariable logistic regression models.4 

 

Results and Discussion. We observed elevated risk of developing ALL for children living within 

2, 5, and 10 km of UOGD during the prenatal period and in early life (Figure 2). The odds of 

developing ALL were nearly 2 times higher in children with at least one UOG well within 2 km 

of their birth residence during early life compared to those with no UOG wells. This effect was 

statistically significant (OR: 1.98, 95% CI: 1.06-3.69). The size of the effect that we observed 

decreased across the larger 5 km5 and 10 km6 buffer sizes, but remained elevated, indicating 

consistently increased risk associated with exposure to UOGD within 10 km.  

 

When we considered just the perinatal exposure period, the risk estimates were larger in 

magnitude by 20-40% than the estimate for the corresponding buffer size using the full primary 

period of pre-conception to 1 year prior to ALL diagnosis. This indicates that exposure during 

pregnancy may be particularly important. Children with mothers living within 2 km of UOGD 

during pregnancy had nearly 3 times the odds of developing ALL as compared to children with 

no UOG wells nearby (OR: 2.80, 95% CI: 1.11-7.05); this was also a statistically significant 

effect. The risk of developing ALL remained similarly elevated (at about 1.5 times the odds) for 

children born in homes with UOG wells within 5 and 10 km. Consistently, adjusting these 

models for additional variables resulted in little to no attenuation of the observed effect. In 

summary, we found that Pennsylvania children born or living near UOGD in early life had up to 

2-3 times the odds of developing ALL as compared to children not living near UOGD.  

 

 

 

 
3 Represented by ∑

1

𝑑𝑖
2

𝑛
𝑖=1   for all UOG wells within a buffer zone, where (d) is distance between the ith UOG well 

and a residence. 
4 The variables considered were birth year, maternal race, maternal participation in a food stamp program, sex, 

delivery route, birth weight, and percent cropland within 500 m of the residence.  
5 OR: 1.33, 95% CI: 0.88-2.00 
6 OR: 1.14, 95% CI: 0.84-1.55 



Figure 2. Plots of the risk of childhood acute lymphoblastic leukemia (odds ratios and 95% 

confidence intervals) by buffer size, assessed with the aggregate metric for the primary and 

perinatal exposure windows. 

 
The aggregate metric refers to inverse distance-squared well counts. Odds ratios and 95% confidence 

intervals calculated using unconditional logistic regression. Minimally adjusted: adjusted for year of 

birth only; Parsimonious: adjusted for year of birth, maternal race, and WIC. OR: Odds Ratio; 95% CI: 

Confidence Interval. 

 

 

When interpreting science, it is critically important to be aware of both the strengths and 

limitations of the approaches employed. Our study has several notable strengths. At the time of 

publication, it was the largest study to date investigating UOGD with ALL or any childhood 

cancer and the first case-control study to focus exclusively on UOGD exposure. We controlled 

our models for multiple known risk factors for ALL and examined the impact of several 

competing environmental exposures. We assessed UOGD exposure at multiple buffer sizes 

informed by the epidemiologic and environmental literature and during multiple exposure 

windows thought to be important in the development of ALL, and our results were highly 

consistent across models. 

 



Our study also has a few important limitations. Principally, though we designed a statewide 

study, UOGD is confined to the extent of the shale and drilling is not performed in urbanized 

metropolitan centers. Therefore, most of our study population was unexposed. Low exposure 

prevalence may reduce model stability and the overall precision of risk estimates. However, we 

would expect this to have reduced the size of any observed relationships, as the incidence for 

cancer with non-modifiable risk factors tends to be higher in urban areas [38], and urban 

dwelling individuals are more likely to be exposed to known risk factors for ALL, such as air 

pollution [39, 40]. ALL is also a rare disease, and as such our sample size, though the largest 

study of ALL and UOGD to date, restricts the types of analyses that we can perform.  

 

In summary, our study suggests that children living near UOGD have increased odds of 

developing leukemia. These results, when considered alongside a large body of peer-reviewed 

evidence demonstrating that exposure to UOGD is associated with adverse health effects in 

children [41-43], have significant implications for the creation of health-protective policies like 

the one being discussed. The current setback distance in PA is 152 m (500 ft), which was 

extended from 61 m (200 ft) in 2012 [44]. We observed elevated odds of cancer associated with 

UOG activity within 2 km (more than 6,560 ft), which far exceeds any existing setback distance. 

Further, although effect sizes diminished with increasing buffer size, the odds of developing ALL 

were still elevated for children living within 5 and 10 km of UOGD. Our results in the context of 

the broader environmental and epidemiologic literature suggest that existing setback distances 

are insufficiently public health protective, particularly for vulnerable populations like children, 

and should be revisited and informed by more recent data.  

 

Thank you for your time and attention, and I would be happy to take any questions at this time. 
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