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Section 2: Systematic Review of Human Health Effects Studies



Introduction Over the last several years, multiple papers have outlined the potential chemical and non-chemical hazards from oil and gas operations1-6. Other studies have evaluated the relationship between living near oil and gas operations and the potential for certain adverse human health effects 9-20. These studies contribute to the scientific evidence for identifying potential public health concerns that may need further investigation. This section systematically reviews the existing peer-reviewed epidemiology literature and determines the level of scientific evidence for the findings from these studies to answer our main question:



Do substances emitted into the air from oil and gas operations result in exposures to Coloradans living near oil and gas operations at levels that may be harmful to their health?



Systematic review process We adapted the various established systematic review frameworks for environmental health assessments, such as GRADE and the Navigation Guide to ensure a standardized and rigorous review 7,8 (Figure 1).



Figure 1. Steps in the review of the epidemiological literature



Twelve studies met our criteria of an observational human health epidemiologic study evaluating the potential health effects associated with living near oil and gas operations and were included in this systematic review. The findings within each study were rated as either a low, medium or high quality of evidence based on the strengths and limitations of that study. Each of the findings were grouped into similar health-effect categories and the overall strength of evidence was assessed (Table 1). Details for each step are provided in Appendix 2A. Table 2 provides a summary of the evidence findings for each health effect. Individual study evaluation details, including relevant findings and strengths and limitations, are provided in Appendix 2B.
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Table 1. Strength of evidence statements and criteria Evidence Level Substantial



Moderate



Limited



Mixed



Failing to show an association Insufficient



Definition Strong scientific findings that support an association between oil and gas exposure and the outcome, with no credible opposing scientific evidence. Strong scientific findings that support an association between oil and gas exposure and the outcome, but these findings have some limitations. Modest scientific findings that support an association between oil and gas exposure and the outcome, but these findings have significant limitations. Both supporting and opposing scientific findings for an association between oil and gas exposure and the outcome, with neither direction dominating. Body of research failing to show an association - indicates that the topic has been researched without evidence of an association; is further classified as a limited, moderate or substantial body of research failing to show an association. The outcome has not been sufficiently studied.
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Strength of evidence findings Table 2. Summary of overall strength of evidence for epidemiological studies by health effect Health Effects Categories



Number of studies*



Birth outcomes



4



Birth Defects



1



Respiratory (eye, nose and throat (ENT) and lung)



6



Neurological (migraines, dizziness)



5



Cancer



4



Skin (irritation, rashes) Psychological (depression, sleep disturbances Cardiovascular (heart) Gastrointestinal (nausea, stomach pain) Musculoskeletal (joint pain, muscle aches) Blood/Immune



2 4 2 3 2 2



Health Effects



Evidence



Preterm birth9,10,11,12 Low APGAR10,11 Small for gestational age10,11,12 Birth weight (LBW & mean)9,10,11,12 Congenital heart defects9 Oral Clefts9 Neural tube defects9



Mixed Mixed Mixed Mixed Insufficient Insufficient Insufficient



Multiple, self-reported symptoms13,14,15



Mixed



Hospitalizations17,18 Asthma exacerbations16 Hospitalizations17,18 Multiple, self-reported14 Migraine/severe headache13,14,15 Overall childhood cancer incidence19 Childhood Hematological (Blood) Cancers19,20 Childhood CNS tumors19 Hospitalizations17,18



Failing to show an association Limited Mixed Insufficient Mixed Insufficient Mixed Insufficient Mixed



Multiple, self-reported14,15



Limited



Multiple, self-reported13,14,15



Failing to show an association Insufficient



Hospitalizations17 Hospitalizations17 Multiple, self-reported14 Hospitalizations17



Hospitalizations17



Insufficient Insufficient Insufficient Failing to show an association Insufficient



Multiple, self-reported15



Mixed



Multiple, self-reported14,15



17,18



Hospitalizations



Mixed



* A total of 12 studies were included with some studies evaluating multiple health effects
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Reproductive and developmental effects Oil and gas operations can emit volatile organic compounds (VOCs) and particulate matter into the air during the extraction process. Some VOCs can cause developmental effects in test animals following high levels of exposure – generally much higher than we have observed for individual VOCs at oil and gas operations. Additionally, systematic reviews of a broad set of data have demonstrated evidence of positive associations between maternal exposures to fine particulate matter in ambient outdoor air pollution in urban areas and adverse birth outcomes21-23. However, the ability of specific substances emitted directly from oil and gas operations to cause reproductive and developmental effects has not been proven at residential exposure levels. This review identified four low-quality epidemiological studies that evaluated the relationship between women that lived near oil and gas operations and the likelihood their offspring would have birth defects or other types of adverse effects at birth. Birth outcomes



There is MIXED evidence for whether or not living near oil and gas operations during pregnancy is associated with adverse birth outcomes, such as preterm birth, changes in birth weight, low APGAR scores and small for gestational age, in the infant. Four studies evaluated various birth outcomes in infants of mothers who lived near well operations9-12. These studies examined commonly used indicators of infant health status such as preterm birth, changes in birth weight, low APGAR scores, small for gestational age and birth weight (see glossary of terms for definitions). Overall, there were conflicting low- to medium-quality findings across the four studies.



Birth defects



There is INSUFFICIENT evidence to determine if living near oil and gas operations during pregnancy is associated with birth defects, such as oral clefts, heart defects and neural tube defects in the infant. Evidence is limited to a single (1) study that evaluated the relationship between maternal residence proximity to O&G operations and the incidence of birth defects in their offspring 9.
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Upper (eye, nose and throat) and lower respiratory symptoms



There is LIMITED evidence that living near oil and gas operations is associated with exacerbation of existing asthma. There is MIXED evidence for whether or not living near oil and gas operations is associated with self reported upper and lower respiratory symptoms. There is a limited body of evidence FAILING TO SHOW AN ASSOCIATION between living near oil and gas operations and upper and lower respiratory hospitalizations. Many different substances in the air can cause eye, nose and throat (ENT) irritation or respiratory effects in test animals and humans (see Section 1). Five low-quality and 1 medium- quality study evaluated the relationship between living near oil and gas operations and the occurrence of ENT irritation and respiratory health effects and found conflicting evidence based on the type of the specific health effect evaluated13-18.



Neurological symptoms



There is MIXED evidence for whether or not living near oil and gas operations is associated with migraines or an increased rate of hospitalizations for neurological symptoms. There is INSUFFICIENT evidence to determine if living near oil and gas operations is associated with self reported neurological symptoms. VOCs can produce neurological effects such as central nervous system damage, headaches, dizziness, visual disorders, loss of coordination, and memory impairment in test animals and humans 24 (see Section 1). Five studies evaluated the relationship between living near oil and gas operations and the occurrence of a variety of different measures for neurological health effects 13-15,17-18. Overall, the lowquality studies lack clear positive findings for increased occurrence of neurological symptoms in people living in oil and gas areas.
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Cancer



There is INSUFFICIENT evidence to determine if living near oil and gas operations is associated with increased incidence of overall childhood cancers. There is MIXED evidence to determine whether or not living near oil and gas operations is associated with increased incidence of childhood hematological cancers and rates of adult and child cancer hospitalizations. Long-term exposure to certain substances that are likely emitted into the air from oil and gas operations, such as benzene, may increase the risk of developing certain types of cancer (see Section 1). However, the development of cancer is complex because many other non-environmental influences, such as genetics and lifestyle behaviors, can also contribute to cancer. Two epidemiological studies evaluated the incidence of childhood cancers in Pennsylvania counties or in rural Colorado 19-20. Two community level studies examined hospitalization rates in an oil and gas areas compared to an area with no oil and gas17-18. Overall, these low quality studies have both supporting and opposing evidence that living near oil and gas operations may be positively associated with cancer.



Dermal Symptoms



There is LIMITED evidence that living near oil and gas operations is associated with self-reported dermal symptoms.



Two low-quality studies evaluated dermal outcomes such as rash, irritation, burning, itching, and hair loss in relation to oil and gas activities in Pennsylvania 14,15. Skin related health effects, however, are unlikely to occur following inhalation exposures to oil and gas related substances in the air (Appendix 1C).
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Psychological Effects



There is a limited body of evidence FAILING TO SHOW AN ASSOCIATION that living near oil and gas operations is associated with self-reported psychological symptoms (sleep disturbances, fatigue, forgetfulness, anxiety, and depression). There is INSUFFICIENT evidence to determine if living near oil and gas operations is associated with increased rates of psychological hospitalizations. Measures of mental health, such as reported psychological symptoms, are not necessarily a result of direct exposure to substances emitted from oil and gas but could be indirectly associated with nonchemical environmental stressors such as noise, light or odors. For example, studies have shown associations between living in areas with increased noise and traffic, such as by airports, with increased psychological symptoms25-28. Four epidemiological studies evaluated a variety of indicators of psychological well-being, such as depression, anxiety, fatigue, sleep disturbances and forgetfulness specifically in populations living near oil and gas operations 13,14,15,17.



Cardiovascular, Gastrointestinal, Musculoskeletal and Hematological (blood) and Immune Effects



There is INSUFFICIENT evidence to determine if living near oil and gas operations is associated with self-reported cardiovascular symptoms and cardiac and gastrointestinal hospitalizations. There is a limited body of evidence FAILING TO SHOW AN ASSOCIATION between living near oil and gas operations and selfreported gastrointestinal symptoms. There is MIXED epidemiologic evidence for whether or not living near oil and gas operations is associated with self-reported musculoskeletal or blood/immune symptoms.
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Most of the substances that may be emitted from oil and gas are not known to cause gastrointestinal, cardiovascular or musculoskeletal effects (Appendix 1C). Benzene is the only substance identified in our screening risk assessment that is known to cause harmful blood disorders following repeated or prolonged exposures. Four studies with low quality findings had both supporting and opposing evidence, depending on the health effect, for self-reported symptoms and rates of hospitalizations in people living near oil and gas operations14,15,17,18.



Conclusions 



A relatively small number of epidemiological studies (12) have been published that evaluate potential associations between oil and gas emissions and health outcomes.







There is limited evidence that exacerbation of existing asthma and self-reported dermal symptoms are associated with exposure to substances emitted from oil and gas operations.







There is a lack of evidence or, in some cases, conflicting evidence concerning the relationship between other health outcomes and oil and gas operations.







The majority of findings from the studies were ranked as low quality, primarily due to limitations of the study designs that make it difficult to establish clear links between exposures to substances emitted directly from oil and gas and the outcomes evaluated.







A person’s total exposure may reflect multiple substances from both oil and gas and nonoil and gas sources from indoor and outdoor environments. For example, VOCs can be emitted from a variety of sources including oil and gas, other industrial operations, vehicle traffic and everyday consumer products such as nail polish, detergents, sealants, aerosol antiperspirants and deodorants.







In addition, these epidemiological studies may also reflect the interactions of nonchemical stressors that may or may not be related to oil and gas operations that can contribute to adverse health outcomes in a population.







Although these observational epidemiology studies alone are not sufficient to determine causality, they provide helpful information to direct further investigation into the public health implications of oil and gas activity near residential areas.







Studies of populations living near oil and gas operations provide limited evidence of the possibility for harmful health effects. This needs to be confirmed or disputed with higher quality studies.
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Recommendations 



Epidemiological studies that include more controlled designs with direct measurements of exposure and determination of health effects are needed to confirm or dispute the associations published in the literature.







Public health officials should continue to monitor health concerns in areas with substantial oil and gas operations through centralized data collection and analysis.







Multi-state collaborations should be considered to collect consistent datasets from differing oil and gas basins across the United States in order to more comprehensively evaluate the potential for adverse health effects.
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