
Ellen Webb, MPH, Julie Moon, Brian Rodriguez, 
Caroline Cox, Larysa Dyrszka, MD, Sheila Bushkin-
Bedient, MD, Heather Patisaul PhD, Eric London, 
MD

Potential Neurodevelopmental Effects of Oil and Gas 

Operations: A Literature Review



Center for Environmental Health

2



Outline

Å Study Methods & Goals

Å UOG Routes of Exposure

Å Susceptibility & Pathways 

of Exposure

Å Chemicals of Concern & 

Health Outcomes

Å Future Research & Policy 

Recommendations

3



Goal of Literature Review

We review the scientific 

literature providing evidence 

that prenatal and early life 

exposure to chemicals 

associated with UOG 

operations can result in 

adverse neurological 

dysfunction and 

neurodevelopmental harm.
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Literature Review

Literature was collected from the following sources:

Å Peer-Reviewed Bibliographic databases: PubMed, 
Web of Science,  and Science Direct was undertaken. 

Å Searches in Physicians, Scientists and Engineers for 
Healthy Energy (PSE) citation database and Columbia 
University Library

Å Searches in Google and Google Scholar

Å Manual searches of peer-reviewed studies including 
key words (i.e. health impacts, children, women, 
neurodevelopment, neurological) was conducted. 
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Potential Route: Water

Unconventional oil and gas 

operations can contaminate 

both surface and ground water
(Warner, 2012; Fontenot et al. 2013).

Improper treatment, disposal and 

reuse of produced and wastewater 

which can eventually get into the 

groundwater and/or enter local water 

supplies and lead to agricultural 

pollution (Rozell et al. 2011; Vidic 2013; 

Shonkoff 2014).
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Potential Route: Air

Å The release of VOCs from some of these 
sources can include BTEX and can occur 
during venting, flaring, production, and from 
leaks due to faulty casings (Gilman et al. 2013).

Å A cluster of wells located in a small area can 
lead to significant accumulation of VOCs in the 
surrounding air (Bar-llan et al. 2008).
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Potential Route: Air

Stages of UOG lifecycle 
associated with air pollution 
include extraction and 
processing of natural gas 
and oil, transportation via 
compressor stations and 
pipelines, storage tanks, 
truck transportation of 
materials use of vehicular 
equipment , venting, flaring, 
production and leaks from 
faulty casings. 
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UOG Chemicals of Concern
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Chemicals of Concern

Known contributors to reduced air and 

water quality that pose a threat to 

human neurological and 

neurodevelopmental health include:

Å Volatile organic compounds (VOCs) 

(including benzene, toluene, ethyl 

benzene, and xylene (BTEX)

Å Polycyclic aromatic hydrocarbons 

(PAHs)

Å Endocrine disrupting chemicals 

(EDCs)

Å Heavy metals (arsenic and 

manganese)

Å Particulate matter (PM 2.5 & PM 10)
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Potential Neurological and 

Neurodevelopmental Health 

Outcomes
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Windows of Vulnerability: Critical Periods of 

Development During Gestation

Image: Sheila Bushkin-Bedient, MD 2014
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Pathway of Exposure: In-Utero

Chemicals can pass 

through the placenta, 

and through the 

blood-brain barrier, 

thus affecting fetuses 

in the womb 

(Sly and Carpenter 2012; Dybing et 

al. 2002; and Andersen et al. 2000)
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Pathways of Exposure: Infants 

Infants can also be exposed 
to chemicals through their 
motherôs breast milk. As a 
result of a motherôs exposure 
to chemicals in the 
environment, an increasing 
amount of chemicals is found 
in breast milk

(Landrigan et al. 2002; Sly and Carpenter 2012)
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Susceptibility of Children to Chemicals

Å Increased exposures and greater 

absorption due to rapid metabolism 

Å Reduced ability to detoxify 

compounds compared to adults

Å They eat more, drink more, and 

breathe more per unit of body 

weight compared to adults 

Å They exhibit frequent hand to 

mouth behavior and play close to 

the ground, which exposes them to 

more chemicals in dust and soil
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Prepubescence and Adolescence: Other 

Critical Windows of Vulnerability

ÅOvaries and 

testes are 

developing

ÅPrimordial stem 

cells are at risk to 

chemical 

contaminants
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Gregg Dunn, PhD, The Franklin Institute, https://www.fi.edu/
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Brain Development (Only the Starté.)

Image: Heather Patisaul, PhD 2017
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ΓCritical PeriodsΔ Extend into 

Adulthood
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The Endocrine system

Golub et al. (2000)
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Neural Outcomes of EDC Exposure In 

Animal Models and Humans

Reduction or loss of brain sex differences

Impaired spatial and working memory

Anxiety/hyperactivity

Altered social behaviors

Altered metabolic function and feeding 
behaviors

Impaired reproductive behavior

Premature puberty and impaired fertility 
(HPG axis alterations)

Disrupted myelination

Neuroinflammation

Diamanti-Kandarakis et al. (2009); Patisaul

et al. (2009); Gore et al. (2010); Frye et al. 

(2012); Vandenberg (2014); Gore et al. 

(2015); Rebuli et al. (2016)
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Neuropsychology & Behavior

Significant association between high 

prenatal PAH exposure and ADHD behavior 

problems , suggesting that prenatal PAH 

exposure may play a role in childhood ADHD 

behavior problems (Perera et al. 2014; Peterson 

et al. 2015).

Conduct problems, hyperactivity, and 

aggressive behavior in children (Ericson et al. 

2007; Frye et al. 2012; Rahman et al. 2017).

Symptoms of anxiety, depression and 

problems with self -regulation in newborns 

(Perera et al. 2012; Margolis et al. 2016; Parajuli

et al. 2013; Power et al. 2015). 
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Neurocognitive Effects

Å Deficits in with concentration, memory and 

executive functions; as well large deficits 

in cognition (Calderon-Garciduenas et al. 

2008; Perera et al. 2012; Tolins et al. 2014; 

Gore et al. 2015).

Å Children with high prenatal exposure 

showed impaired neurodevelopmental 

health. Reduced full -scale and verbal IQ 

scores at 5 YOA , and at 7 YOA (Perera et 

al. 2009; 2012). 

Å Slower processing speed index on the 

Weschler Scale of Intelligence and 

decreased performance on working 

memory, verbal, object assembly and 

picture completion tests (Perera 2009; 

Rodriguez-Barranco et al. 2013). 
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