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Abstract: Research on air pollutant emissions associated 
with unconventional oil and gas (UOG) development has 
grown significantly in recent years. Empirical investiga-
tions have focused on the identification and measure-
ment of oil and gas air pollutants [e.g. volatile organic 
compounds (VOCs), particulate matter (PM), methane] 
and the influence of UOG on local and regional ambient 
air quality (e.g. tropospheric ozone). While more stud-
ies to better characterize spatial and temporal trends in 
exposure among children and newborns near UOG sites 
are needed, existing research suggests that exposure to 
air pollutants emitted during lifecycle operations can 
potentially lead to adverse respiratory outcomes in this 
population. Children are known to be at a greater risk 
from exposure to air pollutants, which can impair lung 
function and neurodevelopment, or exacerbate exist-
ing conditions, such as asthma, because the respiratory 
system is particularly vulnerable during development in-
utero, the postnatal period, and early childhood. In this 
article, we review the literature relevant to respiratory 
risks of UOG on infants and children. Existing epidemi-
ology studies document the impact of air pollutant expo-
sure on children in other contexts and suggest impacts 
near UOG. Research is sparse on long-term health risks 

associated with frequent acute exposures – especially in  
children – hence our interpretation of these findings may 
be conservative. Many data gaps remain, but existing data 
support precautionary measures to protect the health of 
infants and children.

Keywords: benzene; formaldehyde; ozone; particulate 
matter; silica dust; UOG.

Introduction
Hydraulic fracturing (fracking) and other technological 
advances have enabled the extraction of fossil fuels from 
previously inaccessible geological formations (e.g. shale), 
leading to the rapid and extensive spread of unconven-
tional oil and gas (UOG) development in the United States 
since the mid-to-late 2000s. UOG technologies and prac-
tices are now also being considered in a growing number 
of countries outside of North America. As the shale oil and 
gas boom continues, policymakers, citizens, and scien-
tists around the world have started to pay more attention 
to the potential public health impacts of this emerging 
industry.

The scientific literature on environmental and public 
health impacts associated with UOG development has 
grown significantly in recent years. While the rapid 
growth of this industry was undertaken without substan-
tial public health research, there are now numerous pub-
lications clarifying health risks and, increasingly, health 
outcomes. At the time of this review, there are nearly 700 
peer-reviewed publications that assess various environ-
mental and societal impacts of UOG, and of these, more 
than 80% have been published since the beginning of 
2013. In particular, there has been a wave of research on 
air pollution in areas with high levels of oil and gas activ-
ity, such as Texas, Colorado, and Pennsylvania. These 
investigations have focused mostly on the identifica-
tion and measurement of air pollutant emissions as well 
as the influence of UOG on local and regional ambient 
air quality. Hazardous air pollutants (HAPs) such as 
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ground-level ozone precursors (e.g. nitrogen oxides or 
NOx), particulate matter (PM), silica, aromatic hydrocar-
bons, and volatile organic compounds (VOCs), are emitted 
throughout the lifecycle of UOG development, including 
well pad construction, drilling, completion, production, 
midstream processing, storage, and transport. The respir-
atory health impacts of these pollutants are well known 
and documented in the scientific literature.

Concurrently, there is interest in the potential impacts 
of UOG activities on vulnerable populations, such as chil-
dren and newborns (1–4). A large body of research sug-
gests that children are at a greater risk from exposure to 
environmental pollution due to various biological and 
behavioral factors (5–8). A significant number of epide-
miological studies have examined health outcomes in 
children and newborns from exposure to various air pol-
lutants. Some of these pollutants, including ozone, PM, 
silica dust, benzene, and formaldehyde are associated 
with UOG activities.

This review considers the potential impacts of air pol-
lution from UOG operations on the respiratory health of 
children and newborns. We add to the growing body of 
scientific literature by reviewing recent studies on UOG 
air pollution as well as the respiratory health outcomes 
associated with five specific air pollutants associated with 
UOG development: tropospheric ozone, PM, silica dust, 
benzene, and formaldehyde. The primary purpose of this 
review is to highlight how certain vulnerable populations 
(children and newborns) may suffer disproportionately 
from health risks from exposure to air pollutant emis-
sions from UOG development. Our intention is to high-
light many of the unknown exposure risks and the need 
for more stringent control of health-protective measures 
based on the evidence to date about the risks of air pol-
lution to children’s respiratory health. In this review, we 
also identify future research needs and make general 
policy recommendations in light of the identified hazards 
and risks to these populations.

Methods
For this review, we focused on the scientific literature relevant to 
the potential respiratory health impacts of UOG emissions on chil-
dren and newborns. This required reviewing four different types of 
research, including studies of 1) UOG air emissions and atmospheric 
concentrations; 2) the potential respiratory health impacts of air pol-
lutants (ozone, PM, silica dust, benzene, and formaldehyde); 3) health 
outcomes from childhood exposure to air pollution; and 4) health 
outcomes associated with UOG. We synthesized the information in 
a narrative form and did not include a formal quality assessment of 

the literature. Additionally, although we primarily focused on infant 
studies, we also referred to some adult studies when appropriate to 
understand potential implications for infants and children.

This review is not intended to provide a formal risk assessment 
that would characterize the exposure levels among children to our 
pollutants of concern. At present, there is not enough data to under-
stand how much UOG emissions contribute to exposure levels among 
populations. Instead, we review studies that measure UOG air emis-
sions and atmospheric concentrations of our five pollutants of con-
cern. When provided by the literature, we also note if concentrations 
exceed relevant air quality standards or guidelines. Our methods 
are intended to help identify exposure pathways, potential health 
risks, and to promote research to measure the likelihood and extent 
of childhood exposure to various air pollutants associated with UOG 
development.

This review drew from the peer-reviewed scientific literature 
with a few exceptions. For instance, we cited toxicological data for 
various air pollutants from several government sources, including 
the Agency for Toxic Substances and Disease Registry (ATSDR) and 
the United States Environmental Protection Agency (US EPA). Other 
government reports were cited where appropriate.

Of note, the term UOG is used in many contexts and may refer 
to a number of modern oil and gas development techniques, some 
of which are beyond the scope of this review. UOG generally refers 
to oil and natural gas produced from atypical reservoir types. UOG 
development is a broad and complex term. We limited our review to 
research pertaining to onshore oil and gas development from shale 
and tight formations (i.e. low permeability) and did not include stud-
ies of coalbed methane, oil sands, or offshore oil and gas develop-
ment. Some of the common technological features of these types of 
oil and gas development include high volume hydraulic fracturing 
and directional wells. Hydraulic fracturing is defined as a well stimu-
lation technique where highly pressurized fluid consisting of water, 
sand, and chemicals is injected into a wellbore to open cracks in low 
permeability rock formations in order to mobilize oil or natural gas. 
Higher volumes of fluid are used in the type of hydraulic fracturing 
employed for shale oil and gas development. Directional wells are 
defined as those that deviate from the original vertical wellbore at a 
high angle to target a specific location (e.g. vertically and then later-
ally into a shale formation) (9).

In our discussion of the health impacts of air pollution, we 
focused on five particular air pollutants of concern: ozone, PM, 
silica dust, benzene, and formaldehyde. These five pollutants have 
received considerable attention in the oil and gas air quality litera-
ture. There are numerous studies on atmospheric concentrations of 
ozone in areas of highly concentrated oil and gas development, such 
as Wyoming, Utah, Texas, and Colorado (10–14). The Occupational 
Safety and Health Administration (OSHA) and the National Institute 
for Occupational Safety and Health (NIOSH) have studied respirable 
crystalline silica in the context of worker safety and hydraulic frac-
turing operations (15). Numerous studies have measured quantities 
and types of VOC emissions, and benzene and formaldehyde have 
often been a particular concern, in part because of their carcinogenic 
effects on humans and animals. PM is also commonly associated with 
UOG operations due to diesel emissions from truck traffic and onsite 
equipment (e.g. generators, pumps, etc.) (16). The potential health 
outcomes of the five air pollutants included in this review are well 
known and have been studied in a variety of other contexts (Table 1).

This review employed several search methods, including key-
word searches in three science databases (PubMed, Web of Science, 
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and ScienceDirect) and in existing collections of scientific literature 
on this subject, including the PSE Healthy Energy Citation Database 
on Shale and Tight Gas Development as well as the Marcellus Shale 
Initiative Publications Database at Bucknell University. Additionally, 
we complemented our search using the NYU Ehrman Medical Library 
database and Google Scholar, as well as manual searches of the refer-
ences included in many of the studies identified.

Results

Sources of air pollution from UOG

UOG operations emit air pollutants linked to adverse res-
piratory effects throughout their lifecycle (16, 47). Sources 
of air pollution include emissions from the extraction 
and processing of natural gas, as well as the transporta-
tion via natural gas infrastructure components including 
compressor stations and pipelines (48–50). Pollutants can 
be emitted during venting, flaring, production, and leaks 
from faulty casings (51). In addition, truck transportation 
of materials to and from well pads and vehicular equip-
ment use during construction and maintenance generate 
air pollution from particulate matter and diesel exhaust. 
These processes release numerous contaminants into 
the air, resulting in elevated concentrations of polycyclic 
aromatic hydrocarbons (PAHs), methane, ozone, NOx, 
and VOCs like benzene, formaldehyde, alkenes, alkanes, 

aromatic compounds, and aldehydes (10, 13, 38, 52–58). 
Many of these pollutant groups have been recognized by 
the ATSDR, Centers for Disease Control (CDC), EPA, OSHA, 
and National Institutes of Health (NIH) as hazardous res-
piratory pollutants.

Health effects of air pollution and childhood 
vulnerability

Air pollution can cause a range of reactions in the human 
body, from acute to chronic effects (59). A number of 
health impacts can result, including respiratory irritation, 
heart disease, lung disease, and increased susceptibility 
to acute and chronic infections (59).

The developing respiratory system is vulnerable to air 
pollution for a number of reasons. First, children’s respir-
atory systems are growing. At the time of birth, the human 
lung has about 24 million alveoli (60), which represents 
a fraction of the remaining alveoli needed to develop to 
allow for a completely functioning respiratory system. 
It has been estimated that approximately 80% of the 
alveoli are developed postnatally and continue to develop 
throughout adolescence (61). The first years of life are con-
sidered to be an especially vulnerable period of time (62). 
From birth to age four, the alveolar count in the human 
lungs is estimated to increase from roughly 24 million to 
257 million (60).

Table 1: Summary of respiratory health effects associated with pollutants of concern,d and the studies in which the health effect was 
reported.

Pollutant   Associated respiratory health outcome   Range of emissions

Ozone   Systemic, respiratory tract, and lung inflammation (17–19)
Reduced lung function as measured by FEV1 (20, 21)
Increased susceptibility to infection and decreased immunity (22)
Asthma (23)

  67–107 ppbvb (24)

57–160 ppbvc (12)

Particulate matter 
(2.5 and 10 μm)

  Reduced lung function as measured by FEV1 (25)
Lung injury via oxidative stress (26)
Pulmonary and systemic inflammation (27, 28)
Asthma via oxidative stress and inflammation (29)

  N/A

Benzene   Increased coughing and wheezing (30–32)
Asthma (33)
Reduced lung function as measured by FEV1 (34, 35)
Bronchitis and pulmonary infections (36, 37)

  0–62.7 ppbv (38)
0.3–1.1 ppbv (39)
1–4.9 ppbva (13)
0.075–1.6 ppbv (40)

Formaldehyde   Chest discomfort, difficulty breathing, and wheezing (41)
Acute respiratory tract illness (42)
Reduced pulmonary function (43)
Asthma (44–46)

  0–49.6 ppbv (38)
0.3–2.4 ppbv (39)

This table also summarizes the range of emissions for each pollutant. Studies with an a indicate ranges corresponding to a 25th–75th quar-
tile range. Studies with a b indicate a range increase in daily max 8-h average concentrations for a 6-day period. Studies with a c correspond 
to a 6-day period between February 28 and March 5, 2011. dSilica dust was not included in Table 1 due to limited peer-reviewed literature 
concerning respiratory effects in children. ppbv, parts per billion by volume.
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Second, due to their smaller size, children’s develop-
ing respiratory systems are more exposed to air pollution. 
Children have a larger lung surface area per kilogram 
body weight ratio than adults (60). Third, they have nar-
rower airways, which also contributes to their increased 
susceptibility to irritation by air pollution (63). Fourth, 
children are shorter and thus inhale a greater concen-
tration of particulate air pollutants and dust (63). Fifth, 
children have an increased resting respiratory rate com-
pared to adults. Finally, children spend more time out-
doors where the concentrations of some air pollutants 
are highest; and active outdoor play increases ventilation 
rates, thus increasing exposure to air pollutants relative 
to adults (60, 64).

Tropospheric ozone

Exposure standards and ozone levels near UOG sites

During the hydraulic fracturing process, diesel-powered 
trucks haul millions of gallons of water, chemicals, and 
tons of silica sand to and from the well sites (24, 65, 66). 
Diesel engines release exhaust containing NOx and VOCs 
(13, 24). The use of diesel-powered trucks, then, becomes 

important because tropospheric or ground level ozone 
forms when NOx react with VOCs in the presence of sun-
light (13, 24). Moreover, the release of NOx and VOCs also 
occurs with the use of diesel-powered equipment during 
site preparation, drilling, extraction, transportation via 
pipelines, at compressor stations (24, 65, 66).

The federal government sets standards, like the 
National Ambient Air Quality Standards (NAAQS) for cri-
teria pollutants based on levels estimated to pose a health 
risk. These standards are intended to protect public health. 
A number of field studies and air quality models have 
reported ozone levels exceeding the NAAQS of 75 ppb (10, 
12–14). For example, Schnell et  al. (10) assessed winter-
time air quality near a gas field in the Upper Green River 
Basin, Wyoming (UGRB), and found 8-h ozone average 
concentrations exceeding 120 ppb. Oltmans et al. (12) also 
reported winter-time ozone 8-h average concentrations up 
to 120 ppb. Because high ozone production is considered 
an urban summer-time phenomenon, the levels reported 
in these field studies throughout several winters is highly 
uncharacteristic (12, 13). These winter-time ozone events 
are likely occurring near other sites with similar topogra-
phy (12, 13).

Reference exposure levels (RELs) are guidelines and 
are intended to describe concentrations to which one can 

200

180

160

140

120

100

80

60

40

20

0

UBUT, Utah
140

*UGRB, Wyoming
March, 2011

120

UGRB, Wyoming
2011
166

1-h and 8-h ozone average measurements compared to NAAQS and REL

*UGRB, Wyoming
February, 2008

122

8-h NAAQS
standard

1-h OEHHA
REL

Study name

O
zo

ne
 le

ve
l r

ep
or

te
d,

 p
pb

Helmig et al., 2014 Rappengleuck et al., 2014 Schnell et al., 2009Oltmans et al., 2014

Figure 1: Field study measurements for ozone near UOG development sites.
Locations with * indicate an 8-h average. The red line indicates Office of Environmental Health Hazard Assessment (OEHHA) Acute (1-h) REL. 
Critical effects above this level include (1) eye irritation and (2) minor changes in lung function tests. The orange line indicates 8-h National 
Ambient Air Quality Standard (NAAQS) for ozone.
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be exposed for an hour without developing adverse health 
outcomes (Figure 1). Two studies have reported 1-h average 
ozone concentrations above the California’s Office of Envi-
ronmental Health Hazards Assessment’s (OEHHA) acute 
inhalation REL (13, 14). Modeling studies in the Haynes-
ville and Barnett Shales have also reported increased NOx 
and ozone levels in UOG regions (11, 67), and increases 
have been measured in active production areas in New 
Mexico (47). In Wyoming and Utah, local ozone emissions 
resulted from oil and gas production (12).

Acute respiratory symptoms (shortness of breath, 
wheezing and cough), airway inflammation and 
pulmonary function

Several studies have focused on the impact of ozone on 
the respiratory system of infants (68). Changes in respira-
tory epithelium and hyper-responsiveness due to ozone 
exposure has been reported (17). Studies have also shown 
that breathing ozone can lead to the initiation of systemic 
inflammatory processes (18) and respiratory tract and lung 
inflammation (19). Although the newly proposed NAAQS 
for ozone is set to be lowered to 0.70 ppm (70 ppb) in 2017 
[currently, it is 0.75 ppm (75 ppb)], exposure concentrations 
as low as 0.08 ppm (8 ppb) have been reported to result in 
significant increases in inflammatory markers (i.e. neutro-
phils, prostaglandins, and inflammatory proteins) (19).

Other studies have implicated ozone exposure during 
childhood with reductions in lung function. Forced expira-
tory volume (FEV1) and peak expiratory flow (PEF) have 
been used to assess the effects on lung mechanics from 
exposure to ambient ozone and can be used as markers for 
reduced lung function. Kinney et  al. (20) determined that 
children exposed to ambient ozone experienced decreases 
in FEV1. A number of other studies have also reported an 
association between ambient ozone and decreases in lung 
function particularly in children and adolescents (20, 21, 69).

Immune response and infections

In addition to causing changes to the respiratory system, 
ozone is believed to affect immune response leading to 
more lung infections. Studies have reported an associa-
tion between ozone and an increase in susceptibility to 
Influenza A infection due to alteration of the pulmonary 
protease function (22). Specifically, ozone appears to be 
able to injure the respiratory system and airway epithelial 
cells resulting in reduced microbial clearance and increas-
ing susceptibility to infection (70, 71). Studies of adults 

65 years and older demonstrate an increase in hospitali-
zations due to pneumonia and exacerbations of chronic 
obstructive pulmonary disease when environmental 
ozone levels increase (72); data in children is currently 
lacking.

Asthma

Some evidence from studies suggests that ozone is impli-
cated in the induction of asthma in children (23). As part 
of the Children’s Health Study (CHS) study, McConnell and 
colleagues followed 3535 children (9–16 years old) with no 
previous diagnosis of asthma at baseline from 1993 to 1996 
in 12 communities across California and reported that 
where levels of ambient ozone were in the “maximum” 
range there were 259 newly reported cases of asthma 
(23). Other studies have shown that chronic exposure to 
ozone can cause an increase in respiratory symptoms and 
exacerbation of pre-existing asthma (73–75). Ground-level 
ozone concentrations tend to be the highest on warm and 
sunny days. It is also during these times that children are 
more likely to be outdoors playing (60).

An association between ozone exposure and hospi-
talizations for adverse respiratory health effects has been 
reported (76), particularly for an increase in emergency 
department (ED) visits and hospitalizations due to asthma 
(77–81). The Study of Particles and Health in Atlanta 
(SOPHIA), which was conducted during the time period 
between 1993 and 2004 in metropolitan Atlanta, Georgia, 
evaluated more than 90,000 pediatric ED visits for asthma 
in relation to air pollution (including ozone). After con-
trolling for confounders, ozone was associated with ED 
visits for asthma during both warm and cold months of 
the year (80).

School absenteeism

In addition to ED visits and hospitalizations, a significant 
relationship between high ambient ozone and an increase 
in school absenteeism has been reported (82). Gilliland 
et al. (82) investigated the relationship between ozone and 
school absenteeism in a cohort of fourth grade schoolchil-
dren who lived in 12 communities across southern Cali-
fornia. An increase in ozone concentration of 20 ppb was 
found to be associated with an increase by 62.9% (95% CI, 
18.4%–124.1%) in rates for absence due to illness, 82.9% 
(95% CI, 3.9%–222.0%) for respiratory illnesses, 45.1% 
(95% CI, 21.3%–73.7%) for upper respiratory illnesses, and 
173.9% (95% CI, 91.3%–292.3%) for lower respiratory ill-
nesses and cough in children 9 and 10 years old.
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Particulate matter

Exposure standards and PM levels near UOG sites

Ambient particle pollution including PM10 and PM2.5, 
is commonly released into the surrounding air during 
UOG operations, especially where there are diesel emis-
sions (16). PM2.5 in particular poses a significant health 
concern and interacts with airborne VOCs, thus increasing 
their impact (83). To our knowledge, there is little avail-
able field study data about PM levels near UOG sites and 
further research is needed.

Acute respiratory symptoms (shortness of breath, 
wheezing and cough), airway inflammation and 
pulmonary function

PM is a complex mixture of small particle solids, droplets, 
dust particles, heavy metals, radioactive materials, and/
or other organic chemicals that have become suspended 
in the air and are small enough to be inhaled (27, 59). The 
most health-damaging particles are those with an aerody-
namic diameter of 10 μm or less, (  ≤  PM10), because they can 
penetrate and lodge deep inside the lungs (84). Particles 
with an aerodynamic diameter of 2.5–10 μm are consid-
ered coarse; those with a diameter smaller than or equal 
to 2.5 μm are considered fine particles. It is important to 
consider particle size because health impacts are influ-
enced by this factor. For example, particle size determines 
where particles are deposited in the lung. Coarse particles 
(2.5–10 μm) are usually deposited in the upper respiratory 
tract and large airways; fine particles ( < 2.5 μm) may reach 
terminal bronchioles and alveoli. Moreover, compared to 
large particles, fine particles can remain suspended in the 
atmosphere for longer periods and be transported over 
longer distances (8).

PM affects more people than any other pollutant and 
contributes substantially to negative impacts, includ-
ing respiratory and cardiovascular disease and prema-
ture mortality (85). Children are a particularly affected 
subgroup, especially when they are physically active, as 
breathing faster increases the particle intake. In addi-
tion, children’s lungs are still developing, and, they are 
more likely to get respiratory inflammation and infections 
infections. These conditions are exacerbated when envi-
ronmental PM concentrations are high (86).

Particulate pollution is linked to a variety of health 
effects including onset and exacerbation of asthma (87), 
irritation of airways, coughing, wheezing, chest tight-
ness, and shortness of breath (88). High concentrations of 

particulates are of concern because they absorb airborne 
chemicals which deposit in the lungs and can lead to local 
or systemic diseases (83).

The International Agency for Research on Cancer 
(IARC) has recently classified the particulate matter com-
ponent of outdoor air pollution as a class I carcinogen. 
Considering the 10–20 year latency period for cancer, it is 
reasonable to say that childhood exposure to PM plays a 
role in the later development of cancer (89, 90).

Particulate pollution affects respiratory health, lung 
development, and lung function in children (as meas-
ured by FEV1 = forced expiratory volume in 1 second and 
PEF = peak expiratory flow) (25, 91, 92). As part of CHS, 
Gauderman et al. (25) studied lung development in chil-
dren living in 12 southern Californian communities from 
age 10 to age 18 and correlated the findings with expo-
sures to ambient particulate matter. Exposure was asso-
ciated with clinically and statistically significant deficits 
in the FEV1 attained at the age of 18 years. In all 12 com-
munities, a low FEV1 was positively associated with levels 
of exposure to pollutants including PM10 and PM2.5 (25).

In an experimental study of rat lung tissue, oxidative 
stress responses to ambient particles from motor vehi-
cles were evaluated, and a significant increase in lipid 
peroxidation (an indicator of oxidative stress) was seen 
in lung tissue immediately following 20 h of continuous 
exposure, but not following a 6-h exposure or intermittent 
exposures (93). As with ozone, children’s higher ventila-
tion rates and increased lung surface area may make them 
more susceptible to oxidative stress resulting in inflamma-
tion, airway injury, and disease (26). Long-term exposure 
to PM is associated with airway remodeling and chronic 
inflammation (27, 28).

Immune response and infection

Pulmonary inflammation resulting from PM exposure 
may trigger systemic inflammation through the action of 
cytokines and other mediators which enter the general 
circulation from the lungs (94). Coarse particles deposit 
in the lung and then subsequently cause the release of 
cytotoxic and inflammatory markers in plasma (e.g. inter-
leukin-6 and interleukin-8). The bone marrow releases 
leukocytes and platelets in response to the lung inflam-
mation and is an important component of the systemic 
inflammatory response (95). In response to lung inflam-
mation, leukocytes and platelets are released from the 
bone marrow, stimulating further immune responses.

Studies have reported that PM can increase bron-
chitic symptoms (96) and hospitalization rates for severe 
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respiratory infections (97, 98). Components of PM2.5 have 
been associated with hospitalizations for several child-
hood respiratory diseases including pneumonia, bron-
chitis, and asthma. PM sources include diesel exhaust, 
motor vehicle emissions, and fuel combustion processes 
(97). Positive associations between PM exposure and hos-
pital admissions for respiratory infection are supported 
by animal toxicological studies. Research demonstrates 
reduced clearance of bacteria (Pseudomonas, Listeria) 
and enhanced pathogenesis of viruses [influenza, respira-
tory syncytial virus (RSV)] as a result of PM exposure (99).

An increase in hospitalizations due to respiratory 
infection for children has also been documented (98). 
Lin et al. (98) examined the association between ambient 
air pollution and respiratory infections in children under 
15 years in Toronto, Canada, between 1998 and 2001. Even 
at low levels of air pollution (under many standard guide-
lines), levels in the study were shown to have a significant 
effect on hospitalization rates due to respiratory infection. 
Outdoor air pollution could contribute to respiratory infec-
tious disease in infants by causing ongoing inflammation 
in the lungs. Sheffield et  al. (100) looked at several air 
pollutants, but specifically at fine particulate matter and 
ozone, which are the pollutants with the strongest evidence 
linking them to adverse respiratory outcomes and found 
an association between these pollutants and hospitaliza-
tion. Their findings support the hypothesis not only that 
short-term exposure to particulate matter (the one-month 
average) is associated with more severe bronchiolitis, but 
also that longer exposure duration – the average over the 
lifetime of the infant – shows a stronger effect.

Respiratory symptoms and asthma

Both the onset of asthma symptoms and diagnosed 
asthma have been associated with exposure to ambient 
particulate matter (101). Peak concentrations of ambient 
fine particulates have been associated with early increases 
in bronchodilator use and urinary leukotriene E4 levels 
among children with persistent asthma (102). A recent 
systematic review reported that ambient PM2.5 levels 
have also been found to be associated with an increase in 
asthma ED visits (103).

Mar et  al. (104) studied asthmatic children and 
adults in Spokane, Washington. Increases in PM were 
strongly associated with cough (104). When all lower 
respiratory tract symptoms (wheezing, cough, shortness 
of breath, sputum production) were grouped together, 
positive  associations in children were reported for each 
10  μg/m3 increase. Sputum production and runny nose 

were associated with PM10 and coarse fraction. However, 
no association was found between increases in PM and 
the presence of any respiratory symptoms in the adult 
subjects, suggesting that children are more sensitive than 
adults to the effects of increased levels of PM air pollution.

In the National Cooperative Inner-City Asthma Study 
(NCICAS) (105), for the three urban areas with air quality 
data, each 10 μg/m3 increase in the mean of the previous 
2 days’ PM10 value increased the risk for morning asthma 
symptoms.

Particulate pollution may also play a role in the exac-
erbation of pre-existing asthma (96). A meta-analysis 
found that there can be an aggravation of health effects 
among asthmatics exposed to PM10 (106). An increase in 
symptoms (cough and phlegm production) and lower pul-
monary function among asthmatics has been reported (96, 
106–108). In CHS, children with pre-diagnosed asthma 
had greater lower respiratory tract symptoms (bronchitis 
and phlegm production) if they resided in communities 
where there were higher levels of PM10 and PM 2.5 (96). In 
addition, there was an increased risk for bronchitis symp-
toms in children with asthma when there was a 19 μg/m3 
increase in PM10. Exposure to an increase in PM10 of 10 
μg/m3 in 1 day reportedly leads to an increase in severity of 
asthma symptoms and an increase in adverse respiratory 
function in asthmatic children (109, 110).

Exposure to ambient particle pollution may cause 
asthma by inducing oxidative stress mechanisms and pul-
monary inflammation. Exposure to particulate matter can 
cause the development of lung injury via oxidative stress 
mechanisms and pulmonary inflammatory response (27, 
29, 111). Specifically, oxidative stress mechanisms cause 
epithelial cells in the airway to express inflammatory 
cytokines (29) and chronic inflammation resulting in 
asthma.

Silica dust

Exposure guidelines and silica dust levels near UOG

In the UOG industry, huge quantities of silica sand are 
used. Tons of silica sand are added to each UOG well site’s 
fracturing fluid during each ‘frack job’, which may be 
repeated at intervals. Silica sand is used in hydraulic frac-
turing in order to prop open fissures in the shale and facil-
itate the flow of trapped natural gas (112). Silica occurs in 
two general forms, crystalline and amorphous. Crystalline 
silica is generally considered to be more toxic, although 
health concerns exist for both forms. Silica sand used in 
fracking is crystalline silica. Transport and use of sand 
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during fracking emit respirable particles of silica into the 
air at fracking sites, particles that are small enough to be 
breathed deep into the lungs (112).

Exposure to fine respirable silica can occur even 
before the drilling process, when the sand is being mined 
and extracted, transported in trucks to the distant well 
pads, or during the process of blending the sand with 
other hydraulic fracture fluid ingredients (16, 112). Several 
studies have focused on silica dust dispersion in air and 
concern for workers near well pads and UOG sites (15, 
113–115). Crystalline silica air concentrations have been 
reported above occupational health standards at oil 
and gas sites (15, 115). A NIOSH study documented that 
worker exposure to silica dust used during UOG opera-
tions exceeded occupational health standards at every 
site tested. Some exposures exceeded NIOSH standards 
by a factor of 10 or more. Esswein and colleagues col-
lected air samples from 11 sites in five states to assess 
worker exposure levels. More than 50% of the samples 
collected indicated that silica exposures were higher than 
OSHA permissible exposure level (PEL) and 68.5% indi-
cated that exposures were higher than the NIOSH REL of 
0.05  mg/m3 (15, 116). Furthermore, NIOSH (112) showed 
that even those workers not working directly with silica 
were still exposed to respirable silica sand. This is because 
silica particles become airborne and high concentrations 
were found in places that were downwind of operations 
involving silica sand (112).

Given the focus on worker health in relation to silica, 
very little is known about safe exposure limits for children.

The health risks associated with silica dust

The health risks of silica exposure are related to the ease 
with which the tiny particles of silica dust are inhaled and 
are able to reach the deep alveolar recesses of the lungs 
(15, 112, 117). Respirable silica dust can damage respira-
tory cells resulting in scarring and subsequent irreversible 
chronic pulmonary fibrotic disease or silicosis (118). Silica 
dust can also lead to lung cancer and to an increased sus-
ceptibility to tuberculosis (15, 119–122).

Silicosis

Silicosis has only been linked to silica dust particle expo-
sure and not to any other common respiratory irritants 
or toxins, such as environmental tobacco smoke. Symp-
toms of silicosis include dry cough, sputum, shortness of 
breath, and reduced pulmonary function (117). Silicosis 

can be categorized into three types: chronic, acute, and 
accelerated. Chronic silicosis develops over a course of 
more than 10 years of exposure, while accelerated silicosis 
develops over 5–10 years of exposure (117). Acute silicosis 
is less common than the other forms, but develops over the 
course of a few months or a few years of exposure to very 
high levels of respirable crystalline silica, and frequently 
results in death or disability (112). Silicosis is often called 
a silent killer, because any symptoms associated with it 
might not be obvious until a thorough medical examina-
tion is done (112). There is no known effective treatment 
for this lung disease (123).

Potential implications for vulnerable populations

Silicosis is often described in the scientific literature as 
an occupational disease because most existing epidemio-
logical studies have focused on populations of workers 
employed by industries that mine or use silica. However, 
there is also concern for potential exposure and similar 
health outcomes for local residents who live in close 
proximity to these industrial sites. This includes children 
whose homes, backyards, and school grounds are located 
near UOG sites or silica sand transfer stations. Because 
silica dust particles are easily dispersed in the air (15), 
vulnerable populations such as children may be easily 
exposed and are especially at risk. Given the long latency 
of developing silica-related health problems (10 years or 
more), it may be years or decades before adverse health 
effects become apparent.

Interestingly, Kanatani et  al. (124) reported that fine 
desert dust particles can cause asthma exacerbations and 
an increased risk of hospitalizations for asthma in pediat-
ric populations. They reported that desert dust includes 
quartz, the most common form of crystalline silica. Future 
research should focus on enhancing knowledge concern-
ing long-term effects of silica dust on children.

Benzene

Exposure standards and benzene emissions from UOG

VOCs can be released during many stages of the UOG 
lifecycle (40). Benzene, toluene, ethylene, and xylene 
(BTEX), a tetrad of VOCs, are commonly found in petro-
leum products such as gasoline and diesel fuel, and are 
also found to be associated with UOG operations (125). 
Oil and natural gas operations also rely heavily on the use 
of diesel-powered equipment and transportation in each 
step of the process (16, 40), releasing VOCs.
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Benzene is both a petroleum byproduct as well as 
an organic compound that occurs naturally in shale rock 
and other hydrocarbon deposits and is released into the 
air throughout the UOG development. Benzene emissions 

Table 2: Inhalation MRLs for benzene at different exposure 
durations.a

Benzene inhalation minimum risk levels (MRLs)

Exposure duration   MRL, ppm  MRL, μg/m3

Acute (  ≤  14 days)   0.009  29.3
Intermediate (15–364 days)  0.006  19.6
Chronic ( ≥ 365 days)   0.003  9.8

Benzene conversion factor: 1 ppm = 3.26 mg/m3 at 20°C. aATSDR’s 
inhalation MRLs provide estimates of daily human exposure to a 
hazardous substance at or below which that substance is unlikely 
to pose a measurable risk of harmful (adverse), noncancerous 
effect. MRLs are guidelines, not standards like PELs or NAAQS. The 
threshold for developing an adverse health response is significantly 
less for people experiencing chronic exposures. Individuals residing 
near UOG sites may more likely experience chronic exposure and be 
subjected to emissions up to 24 h a day.

are released from wells, production tanks, compressors, 
and pipelines (38, 52, 115). A number of UOG studies have 
identified benzene as a potential health risk (2, 13, 38, 53, 
126). Exposure to benzene can occur through inhalation, 
oral, or dermal exposure, and benzene can volatilize into 
the air from water and soil (127, 128). Concentrations have 
been reported near UOG sites that significantly exceeded 
the minimal risk level (MRL) established by the ATSDR 
(Table 2) and were associated with health impacts on resi-
dents (Figure 2) (38).

Acute respiratory symptoms (shortness of breath, 
wheezing, and cough), airway inflammation and 
pulmonary function

The health effects of benzene are well-described in the 
literature (15, 33, 112, 117, 118, 120, 121) and epidemiologi-
cal studies have documented the relationship between 
ambient benzene and respiratory health in children (33). 
In addition to being a carcinogen (122), benzene is also 
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Figure 2: Field study measurements for benzene near UOG development sites.
Helmig et al. reported average benzene levels based on 330 measurements (13). Macey et al. reported one measurement for Washington 
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a respiratory irritant and can pose serious risks to res-
piratory health (129, 130). In children, benzene exposure 
has also been associated with adverse respiratory health 
outcomes, including increased occurrence of cough and 
wheezing (30–32), and increased incidence of airway 
infections and bronchitis (36, 37).

Two studies have also assessed lung function in rela-
tion to ambient benzene exposure (34, 35). Martins et al. 
(35) evaluated the relationship between individual total 
exposure to air pollution and airway changes in 51 chil-
dren with wheezing in school settings (classrooms and 
courtyards) as well in their place of residence. Respira-
tory effects were assessed four times over a 1-week period. 
Benzene was associated with a significant decrease in 
FEV1 (95% CI, –7.13 to –1.53), FEV1/FVC (95% CI, –3.24 to 
–0.18) and FEF (25%–75%) (95% CI, –10.16 to –1.62) and an 
increase of ΔFEV1 (95% CI, 0.92–4.65) (35).

VOC mixtures may also be responsible for increased 
lung inflammation. An inflammatory response and a sig-
nificant increase in inflammatory markers was observed 
in  a study which assessed indoor exposure to VOCs 
(25 mg/m3 total hydrocarbon) in men (131).

Immune response and infections

In addition to acute respiratory symptoms, chronic bron-
chitis and pulmonary infections have been reported to be 
associated with benzene exposure (36, 37). The Leipzig 
Allergy High-Risk Children Study (LARS) assessed indoor 
chemical exposure on the health of infants with a risk 
for allergic hypersensitivity. The study followed 475 pre-
mature infants for 1 year and evaluated associations 

Table 3: Inhalation MRLs for formaldehyde at different exposure 
durations.a 

Formaldehyde inhalation minimum risk levels (MRLs)

Exposure duration   MRL, ppm  MRL, μg/m3

Acute (  ≤  14 days)   0.04  49.6
Intermediate (15–364 days)  0.03  37.2
Chronic ( ≥ 365 days)   0.008  9.9

Formaldehyde conversion factor: 1 ppm = 1.24 mg/m3 in air at 25°C. 
aATSDR’s inhalation MRLs provide estimates of daily human expo-
sure to a hazardous substance at or below which that substance 
is unlikely to pose a measurable risk of harmful (adverse), non-
cancerous effect. MRLs are guidelines, not standards like PELs or 
NAAQS. The threshold for developing an adverse health response is 
significantly less for people experiencing chronic exposures. Indi-
viduals residing near UOG sites may more likely experience chronic 
exposure and be subjected to emissions up to 24 h a day.

between VOC exposures and infections. Twenty-five VOCs 
were measured in infants’ bedrooms using passive air 
sampling for 4 weeks following birth. Ambient benzene 
at levels greater than 5.6 μg/m3 increased the risk of pul-
monary infections in babies 6 weeks old (95 % CI, 1.28–
4.48) (36).

Respiratory symptoms and asthma

VOC exposures are associated with an increase in respira-
tory symptoms. Ware and colleagues assessed the rela-
tionship between effects of ambient VOC exposures and 
respiratory symptoms in 8549 children living in Kanawha, 
West Virginia, a chemical-manufacturing region. The 
VOCs were found to be associated with an increase in res-
piratory symptoms in relation to VOC exposure (132).

Asthma is associated with exposure to ambient 
benzene. (30, 33, 34, 133–135). Several epidemiological 
studies concerning the relationship between benzene 
air exposure and respiratory health among children 
and adolescents found significant associations between 
benzene exposure and asthma (33). These included both 
an increase in asthma symptoms (135) and an increased 
risk of developing of asthma (134).

Formaldehyde

Exposure standards and formaldehyde emissions from 
UOG

Another volatile compound associated with UOG is 
formaldehyde. Formaldehyde is produced at numer-
ous points during the UOG lifecycle and is commonly 
emitted from compressor stations. Formaldehyde can 
also form from the chemical reaction caused by sun-
light interacting with NOx and VOCs (39). Formalde-
hyde has been found in air samples in a drilling dense 
area in Garfield County in rural Western Colorado and 
near residential sites (39). Concentrations have been 
reported near UOG sites that significantly exceeded the 
MRL (Table 3) established by the ATSDR. ATSDR’s MRLs 
are estimated guidelines that describe daily human 
exposure to a hazardous substance that is likely to be 
without appreciable risk of adverse noncancer health 
effects over a specified duration of exposure. Macey 
et  al. (38) found formaldehyde levels in three coun-
ties that exceeded ATSDR’s MRL for chronic inhalation 
( ≥ 365 days) (Figure  3). These levels were associated 
with health impacts on residents (38).
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Acute respiratory symptoms (shortness of breath, 
wheezing, and cough), airway inflammation and 
pulmonary function

In children, formaldehyde has been identified as a respira-
tory tract irritant (119, 136–140). Exposure to formaldehyde 
can lead to respiratory symptoms (e.g. chest discomfort, 
difficulty breathing, wheezing, etc.) (41), reduction in pul-
monary function (43, 141), acute respiratory tract illness 
(42), and asthma (44–46).

Formaldehyde initiates inflammation by induc-
ing oxidative stress in lung tissue (142). The pulmonary 
inflammatory response mechanisms are then responsible 
for the development of lung diseases and reductions in 
lung function (45).

Immune response and infection

Formaldehyde also appears to inhibit beneficial immune 
responses. A significant increase in immune biomarkers 
in children exposed to high levels of formaldehyde was 
found in one study (143). Both animal and human studies 
have indicated that formaldehyde impairs the develop-
ment of an allergic response in the lungs (142, 144).

Asthma

Studies have suggested a link between inhalation expo-
sure to formaldehyde and the development of asthma 
(45,  140, 145). Rumchev et  al. (140) reported that their 
case-control study of children residing in Australia indi-
cated that formaldehyde exposure was associated with 
asthma. McGwin et al. (46) conducted a systematic review 
and found a positive association between formaldehyde 
exposure levels and childhood asthma. In a cross-sec-
tional study on indoor formaldehyde exposure in Swedish 
schools, researchers reported that there were more stu-
dents with current asthma in schools where there were 
higher levels of formaldehyde and other VOCs (146).

Discussion
Based on the literature indicating adverse impacts from 
air pollution on children’s health in other contexts, there 
is potential for adverse respiratory effects in infants and 
children in the context of UOG. Our review shows that at 
least five of the pollutant groups used and/or produced by 
UOG processes have well-known respiratory health effects 
for infants and children.
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Health risks identified

Our review found that these five pollutants are associated 
with increased respiratory problems in children: asthma 
prevalence and incidence, chronic and acute respiratory 
symptoms, adverse lung function and development, and 
airway inflammation. It is also reasonable to conclude 
that young children with fragile, developing respiratory 
systems who experience frequent exposures to these pol-
lutants are at particularly high risk for respiratory tissue 
injury leading to irreversible pulmonary damage and 
chronic respiratory diseases.

General policy recommendations

Emission reduction standards

In order to ensure public health and safety, especially 
for infants and children, we recommend federal stand-
ards that reduce air pollutant emissions from oil and gas 
development, including methane, VOCs, PM, and ozone. 
The EPA’s proposed measures to cut methane and VOC 
emissions from the oil and natural gas industry will not 
only address climate change, but also reduce the expo-
sure of nearby communities to these pollutants and the 
subsequent risk of health effects, including respiratory 
morbidity and mortality. The proposed rule is projected to 
prevent between 170,000 and 180,000 tons of VOCs and 
1900–2500 tons of HAPs from new sources in 2025 (147). At 
this time, the proposed rule only addresses new and modi-
fied sources and further steps will be required to address 
existing sources. Many practices and technologies to 
reduce emissions already exist and their implementation 
is not only feasible, but cost-effective as well.

Increased setbacks from sensitive receptors

Setback distances from UOG development are intended 
to protect the health and safety of residents (148), includ-
ing infants and children. Many states establish setback 
rules with an average distance of 100–1000 feet from a 
permitted well and sensitive receptors such as schools, 
hospitals, churches, and other occupied dwellings (149). 
However, the majority of municipal setback ordinances 
are not supported by empirical data. Established setback 
ordinances are typically the result of negotiation between 
stakeholders (e.g. residents and municipal policymakers) 
(148). Calls for increased setback distances are due to the 
potential health risks associated with residing or working 

in close proximity to UOG development. Individuals resid-
ing within close proximity (less than or equal to ½ mile) 
to high-density drilling areas are at greater risk for health 
effects from exposure to natural gas development than 
those living greater than ½ mile from wells (53). A recent 
report documented that approximately 53,000 children 
residing in Pennsylvania under the age of 10 live within 
a mile of permitted well sites (150). We recommend that 
at a minimum, one-mile setbacks should be established 
between drilling facilities and occupied dwellings such as 
schools, hospitals, and other dwellings where infants and 
children might spend a substantial amount of time.

Strengthening standards for tropospheric ozone

Our review found that levels of ozone pollution is a 
leading contributor to asthma exacerbations and has 
been linked to a range of other respiratory impacts, and 
infants and children are disproportionately affected. We 
know from air monitoring research that ozone levels near 
UOG sites of oil and gas development can exceed regula-
tory limits. Both public health professionals and environ-
mental advocates support strong national standards for 
ground-level ozone.

In 2015, the EPA’s Clean Air Scientific Advisory Com-
mittee (CASAC) Ozone Review Panel recommended low-
ering the standard to 60 ppb. A health protective level of 
60 ppb would begin to address some of the health risks 
facing children living or attending school near oil and 
natural gas development. Despite the recommendation 
put forth by CASAC, in October 2015, the new threshold 
for ground-level ozone was set at 70 ppb (to go into effect 
in 2017). This new standard falls short of what many envi-
ronmentalists and public health experts recommended.

Ozone often triggers asthma attacks, coughing, 
wheezing, and increases emergency room utilization for 
severe asthmatic exacerbations. It has been estimated that 
had the standard been set at 60 ppb this action:

“Would prevent up to 7,900 premature deaths and 1.8 million 
asthma attacks and 1.9 million school days missed in 2025, for all 
counties in the U.S. expected to meet the standard that year.” (151)

Reducing ozone levels near UOG potentially improves 
children’s health and decreases school absenteeism. In 
the CHS, the largest long-term study of the health effects 
of children’s chronic exposures to Southern California’s 
air pollution to date, reductions in ambient ozone levels 
in Southern California between 1990 and 1999 reduced 
school absences by 2.8 million (152). A more recent 
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estimate found a reduction of 1 million absences annually 
if more strict ozone standards were put in place (153).

A stronger ozone standard would also have provided 
significant public health protections for children and the 
elderly, those most vulnerable to the ozone’s impacts.

OSHA standards for respirable silica dust

Approximately 1.7 million workers in the United States 
are exposed to respirable silica dust every year (154). In 
2013, OSHA proposed new rules for occupational expo-
sure limits to silica dust. The recommended permissible 
exposure limits was set at 50 μglm3 for an 8-h day. OSHA 
estimates that the proposed rule will save 700 lives and 
prevent 1600 new cases of silicosis annually (155). New 
protection standards were announced in March 2016.

We support the finalization and enforcement of these 
new rules; the protective standards will protect not only 
workers, but also infants and children living near UOG 
sites who are often in their house or yard for almost the 
whole day.

EPA New Source Performance Standards (NSPS) for 
methane

In August 2015, the US EPA announced new NSPS for 
methane and VOCs for new and modified sources of release 
from UOG. These new standards will significantly reduce 
methane releases by 40%–45% and are estimated to 
reduce VOC emissions by up to 95%. This will improve air 
quality and decrease ground-level ozone, which, as shown 
in the literature, can be a problem for infants and children. 
We recommend these standards be finalized and that this 
NSPS be expanded to cover existing UOG facilities.

The health burden and economic impact of childhood 
asthma

Asthma affects over 7.1 million children in the United 
States under 18 years and is the third cause of hospitaliza-
tion among children under 15 years. In 2010, there was an 
estimated 640,000 emergency room visits due to asthma 
for children under 15 years. Asthma is one of the leading 
causes of school absenteeism, and in 2008, asthma was 
responsible for an estimated 14.4 million lost school days 
in children (156). The annual direct and indirect cost (i.e. 
lost days of productivity) for treating asthma in the United 
States is estimated to be $56 billion (156). Policies to 

reduce the asthma burden created by UOG are an impor-
tant part of reducing these costs.

Transparency and disclosure: clinical implications

We strongly recommend policies that strengthen disclo-
sure and transparency about chemicals used in UOG. Due 
to the 2005 Energy Policy Act, a number of chemicals asso-
ciated with UOG are not reported to the public. Disclosure 
of chemicals is critical to be able to understand the full 
scope of respiratory health effects for infants and children. 
In a 2011 study by Colborn et al. (157), the authors evalu-
ated possible health impacts of chemicals used in UOG 
and found that over 80% of these chemicals are linked to 
negative respiratory impacts (n = 353). However, the study 
was limited because of the lack of transparency about the 
chemical mixtures used in the UOG process.

Precautionary approach

In order to protect the health of children and wellbeing 
of families, state, federal agencies, and authorities should 
adopt a precautionary approach when establishing per-
mitting rules and standards for UOG development and 
production. This also applies to enforcement of standards 
for air emissions near UOG sites. The federal government 
sets standards for many air pollutants, based on an esti-
mated risk of health effects at a certain level. Currently, 
the EPA uses a narrow view of variability and vulnerability 
in their risk assessment caused by differences in genetic 
makeup, metabolism, and age of exposures. Therefore, 
current risk assessment practices provide inadequate pro-
tection to the most vulnerable populations, such as infants 
and children (158). Even when air pollution meets current 
regulatory levels, adverse respiratory health effects have 
been reported in children and adverse health effects have 
been identified at levels once considered safe (159).

Research needs

Improved exposure assessment

While we strongly support a precautionary approach that 
prevents children’s exposure, we recommend that well-
designed biomonitoring studies should be undertaken to 
measure existing exposures to pollutant groups associ-
ated with UOG. Currently, only a small number of studies 
document a causal relationship between pollution created 
by UOG operations and undesirable health outcomes. 
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Better population exposure assessment is needed to docu-
ment these relationships. The most accurate way to obtain 
information about human exposures from environmental 
pollution is through well-designed biomonitoring studies.

Air monitoring and modeling

This review documents that air pollution can present sig-
nificant health threats to infants, children, and others who 
live near UOG sites. Identification and quantification of air 
pollutants is an essential part of demonstrating success-
ful risk reduction and ensuring compliance with national 
standards. There are a number of different methods used 
to capture air quality data, from community monitoring to 
remote sensing of regional emission concentrations. UOG 
companies should fund better real-time monitoring of air 
pollutants near UOG operations.

Models need to be developed that can account for 
simultaneous exposures to multiple pollutant groups. 
Synergistic mechanisms and bioaccumulation of air pol-
lutants are important when assessing respiratory health 
outcomes.

Review limitations and considerations

This review is not exhaustive in scope. We focus on five 
particular air pollutants of concern and do not discuss a 
number of other air pollutants, such as hydrogen sulfide, 
polycyclic aromatic hydrocarbons, NOx, and naturally 
occurring radioactive materials.

The studies we reviewed evaluated exposures in a 
variety of settings. For example, some of these studies 
assessed pollutant atmospheric concentrations while 
others assessed urban- and traffic-related pollution. We 
also examined exposures from some of these pollutants in 
both indoor and outdoor settings. The relevance to expo-
sures near UOG sites varies.

Additionally, we were restricted in our assessment by 
current understanding of some respiratory health effects 
and their relevance for children living near UOG areas. 
There remains a dearth of information about UOG impacts 
on children. Respirable silica is an example where little 
data about children exists. There is scientific consensus 
that 1) silica dust causes silicosis and that 2) exposure to 
quartz dust can lead to an increase in hospitalizations 
for respiratory illness. But the long-term effects of silica 
dust on children residing near UOG operations remain to 
be determined. There is a long latency period for silicosis, 
lung cancer, and some other respiratory illnesses, so it may 
be decades before we can document these relationships.

We also did not explore alternative energy sources 
that may provide a solution to our energy needs without 
the negative health impacts found with UOG. If we move 
away from UOG, we need to be cognizant that our energy 
needs will not go away and that we should support health-
ier energy choices.

Conclusion

We conclude that exposure to ozone, PM, silica dust, 
benzene, and formaldehyde is linked to adverse respira-
tory health effects, particularly in infants and children. 
However, the scientific literature examining the direct 
impact of shale gas and oil development on children is 
just starting to emerge.

In the absence of direct evidence on levels of expo-
sure and adverse health outcomes among infants and 
children due to UOG air pollution, our focus on key 
air pollutants and the vulnerability of children serves 
to identify potential health risks as well as to promote 
additional research in this area. Research indicates 
elevated air pollutant emissions and/or atmospheric 
concentrations in areas with UOG development as well 
as increased health risks, driven by pollutants such as 
benzene. Meanwhile, a growing number of epidemiologi-
cal studies indicate that oil and gas development is asso-
ciated with adverse health impacts, such as increased 
birth outcomes, hospitalization rates, and reported 
health symptoms per person (2, 160, 161). These initial 
results are consistent with the existing body of epidemi-
ology that observes the impact of air pollutant exposure 
on children more generally.

We believe that protecting children’s health is a social, 
scientific, and ethical priority. Large-scale and long-term 
epidemiological studies are needed but we strongly rec-
ommend precautionary measures at this time, in order to 
protect the health of infants and children.
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