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Introduction 

The intent of this document is to synthesize scientific information related to public health concerns of relevance to 
Canada about shale gas production (including the pre-production stages of drilling, hydraulic fracturing, and well 
completion, as well as abandonment). Current policy and regulations are not considered. For the most part, the 
environmental and public health implications relating to shale gas production also apply to other types of 
unconventional natural gas production using hydraulic fracturing, including that of tight gas and coal bed methane. 
Basic descriptions and definition of terms for shale gas production and the hydraulic fracturing process are provided in 
the NCCEH summary “Overview of Shale Gas and Hydraulic Fracturing in Canada”: 
http://www.ncceh.ca/environmental-health-in-canada/health-agency-projects/hydraulic-fracturing-shale-gas 

In general, public health impacts related to hydraulic fracturing and shale gas production are determined by the 
relative proximity of communities as well as by the pathways of exposure. In addition to distinct differences in the 
extent of shale gas production across Canada, it is recognized that there are variations in geological, hydrologic, 
landscape, cultural, social, and economic conditions, which also have a bearing on the potential public health impacts 
of shale gas production.1 

Shale gas production involves continuous activity over the day for seven days a week, often for a number of years.2 
With hydraulic fracturing, there is added effort of injecting large volumes of water mixtures at high rates and pressures 
required to extract natural gas; more trucks are involved, drilling times are longer, pumps are more powerful and 
holding ponds are larger than in conventional gas production. The multi-stage fracturing is repeated consecutively on 
multi-well pad sites, which may house six to 21 wells per drilling pad.3 Due to the large number and size of the storage 
containers, mixers and pressure pump trucks, and the control operations, a multi-well pad can be 3-7 acres in size.4 
Figure 1 depicts a representative hydraulic fracturing operation in the US. 
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Figure 1. A hydraulic fracturing operation at a Marcellus Shale drill pad in Pennsylvania, US, showing pumps, 
generators, fuel, chemicals, sand, pipes, service trucks (Creative Commons, US Geological Survey, photo credit: 
Doug Duncan5) 

Methods 

The present document incorporates some of the information covered in a recent comprehensive 266-page report 
on the “Environmental Impacts of Shale Gas Extraction” published by the Council of Canadian Academies that was 
prepared for the Government of Canada in response to a request from the Minister of Environment.6 The council 
includes members of the Royal Society of Canada, the Canadian Academy of Engineering, and the Canadian 
Academy of Health Sciences. The citation is: 

Council of Canadian Academies, 2014. Environmental Impacts of Shale Gas Extraction in Canada. Ottawa (ON): 
The Expert Panel on Harnessing Science and Technology to Understand the Environmental Impacts of Shale Gas 
Extraction.6 

Due to the rapidly evolving literature on this topic, recent publications and reports were sought and relevant 
citations were added to this document. A literature search of published and grey literature since 2013 to 2015 was 
conducted using google and University of British Columbia databases, with the keywords “hydraulic fracturing” or 
“shale gas” and “public health,” “community health,” “air,” “water,” “seismic,” or “earthquake,” and further references 
obtained from hand searches and bibliographic citations. The majority of relevant published studies originated from 
the US, which has a more extensive history of unconventional natural gas production.  

This document is organized under the following major headings: 

• Drinking Water 
• Air Quality 
• Seismic Activity 
• Other Community Impacts 
• Conclusion 
• References 
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Drinking Water

Shale gas production is a water-intensive process that has implications for water quantity and contamination of 
drinking water. Water serves as the primary carrier fluid when hydraulic fracturing (fracking) for shale gas. Large 
volumes of water, usually acquired from surface water sources (streams, rivers, and lakes) but also from 
groundwater, are transported to the well pad (the surface area of the wells) containing the drilling and production 
equipment. Typically, there is more than one well per well pad. More water is required for extracting shale gas than 
for conventional gas, although the amounts are less than that of conventional oil.7 However, a large volume of 
water for shale gas extraction is needed in short time periods. In BC, reported volumes of water used during 
hydraulic fracturing range from 2,000 m3 to over 75,000 m3 (equivalent to millions of gallons) per well.3 In 2013 
alone, there were 5,341,635 m3 of water injected into 433 shale wells in BC.1 Although there is generally little 
concern about water quantity in Canada, seasonal effects such as frozen surface waters in the winter and local 
drought conditions in the summer may temporarily diminish water supply.  

A major concern about shale gas production is the potential impact on chemical and radiological contamination of 
drinking water resources sourced from groundwater (e.g., drinking water wells) and surface water (e.g., from lakes, 
rivers, or creeks). The principal component of natural gas, methane, can occur naturally in small quantities in 
groundwater sources. However, ignition and explosion could be a concern when a high concentration of methane 
bubbles out of solution in the well to a gaseous form.  

Accidental spills, leaks, and runoff during different stages of shale gas production may contaminate natural surface 
water, and groundwater.8 Figure 2 below is a diagram of the basic processes of a horizontally drilled well that 
involve potential areas of leakage, which may lead to contamination of groundwater. These include acquisition 
(obtaining water), chemical mixing for injection (hydraulic fracturing), storage of wastewater (flowback and 
produced water) on-site, often in open pits or tanks, and transportation of wastewater for treatment or disposal. 

 

Figure 2. Schematic of potential sources of water contamination associated with shale gas extraction through 
hydraulic fracturing (Creative Commons, U.S. Environmental Protection Agency9) 
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What is the impact of surface spills during shale gas production? 

Leaks or spills of chemicals, oils, drilling mud, and fracture fluids, as well as flowback and produced water, can 
occur during many shale gas production processes.  Potential pathways include storage, mixing or pumping of 
fracturing fluids, inadequate storage or disposal of wastewater, and truck transport of fluids to and from the pad. 
Flowback and produced water from the hydraulic fracturing process especially can be a source of water 
contamination since these contain fracturing chemicals as well as compounds from the shale reservoir, including 
salts, natural occurring radioactive material such as radon gas, trace metals (e.g., arsenic), and natural gas 
(predominantly methane).   

Episodes of contamination from large spills linked to shale gas production activities are described in a few 
published reports. For example, a January 2012 spill near Red Deer, Alberta, of 500 barrels of flowback and 
produced fluid, affected 4.5 hectares of surface area.3 In this case, the majority of the clean-up operations were 
complete within 72 hours, aided by the frozen ground conditions that prevented much of the fluid from seeping into 
the ground. Contamination of surface water occurred in Kentucky in 2007, in which toxic effects on fish, including 
gill lesions, were observed after an accidental release of fracturing fluids to a creek.10 Analysis of a database 
consisting of reports by operators of oil and gas sites in Colorado found that the majority of spills were in the 
counties with the highest density of fractured wells. In a one-year period, there were 77 reported surface spills 
impacting groundwater (<0.5% of the active wells).11 Of 60 reports of groundwater samples, 90% of the benzene 
measurements exceeded the US EPA National Drinking Water maximum contaminant level of 5 ppb. Actions taken 
to remediate the spills, and therefore reducing the potential impact on communities, were effective for most (84%) 
of the spills. 

Can hydraulic fracturing contaminate groundwater? 

When shale reservoirs are fractured with fluids injected under high pressure, new flow paths are opened that allow 
upward gas or fluid migration along existing faults or newly created fractures. The majority of the fluid injected 
underground is water, and approximately 2% of the millions of gallons of fluid are fracturing additives (amounting to 
tons of chemicals for 5 million tons of fluid per fracturing event), many of which have hazardous or carcinogenic 
properties.8 At issue is whether the gas, brine, and fracturing fluid migrating up from the fractured shale play to 
overlying aquifers (an underground layer of water-bearing permeable rock from which groundwater can be 
extracted using water wells).  

To date, there is little evidence of upward migration of fracturing fluid from fractures to aquifers, in part, due to the 
depth of the wells.8 A recent report from the US Department of Energy evaluated gas/fluid migration during and 
after hydraulic fracturing in six Marcellus Shale gas wells in Pennsylvania using chemical and isotopic analysis of 
gas and water and monitoring for tracers in gas produced from the wells.12 There was no evidence of gas or brine 
migration 3,800 feet (approximately 1.5 km) upwards from the shale to a monitored overlying gas field situated at 
least 1,300 feet below a freshwater aquifer. However, it is unclear whether the process of hydraulic fracturing can 
provide a path for vertical migration of gas by opening existing fractures in the rock. 

To what extent does well integrity affect groundwater sources? 

The quality of a well and how is it constructed to prevent leaks of gas and fluids upward (known as well integrity) 
can affect groundwater sources if and where leaks occur. Gas and fluid migration from leaks in active, old, or 
abandoned wells is considered to be the primary cause of water contamination.6 Well integrity problems can result 
from imperfections in the well cement and well bore casing (steel pipe that is inserted into a drilled section of a 
borehole and held in place by cement). Poor concrete coverage and degradation over time of the casing and 
cement sheath would allow buoyant natural gas and saline waters from leaky well casings to migrate upwards.6  

Well integrity is an issue across many types of wells, including those from conventional and unconventional oil and 
gas production. Up to 2013, there have been over 550,000 gas and oil wellbores (the hole that forms the well, 
usually encased by cement) drilled in Canada.13 Inadequate cement seals are a long-recognized yet unresolved 
problem. Leakage of natural gas (as well as drilling mud, fracturing fluids, and produced water) from a shale gas 
wellbore can occur as it passes through the water aquifer.3 
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An analysis of 75,505 compliance reports for 41,381 oil and gas wells drilled from 2000 to 2012 in the state of 
Pennsylvania demonstrated that there was a higher incidence of cement and/or casing issues for shale gas wells in 
comparison to conventional wells.14 For the 4-year period since 2009, there were 2,714 unconventional (shale) gas 
wells with loss of structural integrity. In another study, the percentage of unconventional wells estimated in the 
Marcellus Shale Formation that had integrity failure ranged from 2.58% to 6.2% over different periods of time, with 
measurable concentrations of gas present at the surface for most wells with casing or cementing violations.15   

Abandoned oil and gas wellbores are widespread across oil and gas regions in Canada.13 Abandoned wells that 
have not been properly decommissioned (sealed and permanently closed) may be a source of leakage of brine 
fluids and especially, methane gas. Over an extended length of time, a cement plug used to isolate liquid and gas 
hydrocarbons and saline water in an abandoned well can shrink, crack, or degrade, and may contaminate fresh 
water aquifers it passes through.6 

What is done with wastewater? 

Wastewater consists of drilling fluids or muds (water, oil, or gas-based fluids used to drill boreholes into the earth), 
flowback fluids, and produced water and can be stored in surface ponds, treated, recycled, or disposed of. Their 
high saline content can pose a problem for surface pond storage by eroding the material used to line the ponds, 
causing leaks.  

If untreated, wastewater can contain such heavy metals as chromium, arsenic, and mercury, natural occurring 
radioactive materials, including radium and beta radiation, very high levels of salt, and volatile organic compounds, 
such as toluene and ethylbenzene. Analysis of constituents of produced water from 541 shale gas sites in the US 
showed that maximum measurements for a number of inorganic compounds, such as zinc, aluminum, and 
magnesium, exceeded guidelines for surface water discharge.16    

Some of the wastewater can be recycled after dilution or pre-treatment and reused in the hydraulic fracturing 
process. Although wastewater recycling has economic advantages by reducing the need for water acquisition, 
concerns include unanticipated chemical reactions and exposure to radioactive materials in the wastewater.17   
Wastewater that is not stored or recycled may be trucked to industrial wastewater treatment facilities or to deep 
injection wells.7  

Industrial wastewater treatment may be inadequate if it is not designed to treat total dissolved solids. For example, 
a study of a Pennsylvanian wastewater treatment facility from the Marcellus shale examined the water quality of 
discharged effluents and nearby surface waters and stream sediments.18 In addition to downstream concentrations 
of chloride and bromide above background levels, radium-226 levels were measured in stream sediments at the 
point of discharge at approximately 200 times greater than upstream; this exceeded radioactive waste disposal 
threshold regulations and poses risks of radium bioaccumulation.  

With injection of wastewater underground into deep, porous rock formations through disposal wells, there is a risk 
of groundwater contamination if the injection well lacks mechanical integrity, allowing fluids to leak through 
improperly sealed casings directly into aquifers.3 In Western Canada, the method of choice for disposing of 
wastewater is through deep well injection; whereas for Eastern Canada, the geology is inappropriate for this 
disposal method.1 

Is there evidence of contamination of drinking water wells from shale gas production? 

Without pre-drilling baseline characterization of underground water resources, it is difficult to determine if drinking 
water resources have been contaminated due to shale gas production. Differences in drinking water quality have 
been demonstrated for residents in US regions close to shale gas wells, compared to those more distally located. In 
a study of 141 drinking water wells in northeastern Pennsylvania, methane (the main component of natural gas) 
was detected in 82% of drinking water samples with average concentrations six times higher for homes less than 
one km from natural gas wells.19 Analysis of the water composition indicated that, although naturally occurring 
methane is usually present to some extent, groundwater contamination from the shale region was the probable 
cause. Another study of the Marcellus and Utica shale formations in the US also showed that average and 
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maximum methane concentrations in drinking water wells increased with proximity to the nearest gas well, but there 
was no evidence for contamination of drinking-water samples with deep saline brines or fracturing fluids.20  

Another study assessed the quality of private well water in aquifers overlying the Barnett Shale formation in 
Texas.21 Total dissolved solids, arsenic, and selenium exceeded the EPA Drinking Water Maximum Contaminant 
Limit for 55%, 32%, and 20%, respectively, of samples from 91 private water wells located within 3 km of active 
natural gas wells. The levels of some contaminants, such as arsenic, strontium, and barium, were lower on average 
in non-active well areas. Because a number of private water wells in close proximity to natural gas wells had no 
elevated constituents, the authors suggested the possibility that industrial accidents, such as equipment failure, 
faulty casings, and spills may have occurred. Many of the hundreds of chemicals used in hydraulic fracturing fluid 
are known or suspected endocrine-disrupting chemicals. Most of the surface and groundwater samples collected 
from sites with known drilling-related spill incidents in a natural gas drilling region of Colorado exhibited more 
estrogenic activity than those taken from reference sites with limited drilling operations.22   

Results of a study of community residents in Pennsylvania illustrate the complexity of attributing well water 
contamination to shale gas production.23 Almost one half of respondents reported changes in water quality or 
quantity of well water since drilling for shale gas began and some wells had elevated manganese, iron, bromide, 
and chloride. However, because the community lies over an oil field and had previous mining and oil and gas 
activities, the source of water contamination could not be conclusively determined. 

Gaps in Research and Knowledge Concerning Drinking Water  

• Without good baseline data on the quality of drinking water resources, it is difficult to differentiate 
contamination from methane and other substances through natural pathways from what is potentially 
caused by drilling, hydraulic fracturing, and other shale gas production activities. There is a need for 
monitoring groundwater quality at all stages of shale well exploration and development.  

• The interactions of chemicals associated with shale gas production are generally unknown and untested, 
making it difficult to predict and assess risk from direct or indirect exposures. It is not known whether 
reactions between chemicals in reuse of wastewater may produce new toxic chemicals and complex 
mixtures that may have cumulative or synergistic properties.6 

• More research is needed to determine the potential for upward migration of fluids to aquifers after hydraulic 
fracturing or through poorly cemented casing and improperly abandoned wells.  

• There is a need to develop well casings and plugs that are resistant to corrosion and leakage. 

Summary on Drinking Water 

The scientific evidence on public health implications of shale gas production on water quality is aptly summarized in 
a recent (June 2015) assessment by the US Environmental Protection Agency (EPA) on the potential impacts of 
hydraulic fracturing for oil and gas on drinking water resources.24 Excerpts from the executive summary follow24:   

“From our assessment, we conclude there are above and below ground mechanisms by which hydraulic fracturing 
activities have the potential to impact drinking water resources. These mechanisms include: water withdrawals in 
times of, or in areas with, low water availability; spills of hydraulic fracturing fluids and produced water; fracturing 
directly into underground drinking water resources; below ground migration of liquids and gases; and inadequate 
treatment and discharge of wastewater.”  

“Of the potential mechanisms identified in this report we found specific instances where one or more mechanisms 
led to impacts on drinking water resources, including contamination of drinking water wells. The number of 
identified cases, however, was small compared to the number of hydraulically fractured wells. This finding could 
reflect a rarity of effects on drinking water resources, but may also be due to other limiting factors. These factors 
include: insufficient pre- and post-fracturing data on the quality of drinking water resources; the paucity of long-term 
systematic studies; the presence of other sources of contamination precluding a definitive link between hydraulic 
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fracturing activities and an impact; and the inaccessibility of some information on hydraulic fracturing activities and 
potential impacts.” 

Air Quality  

Shale gas extraction and processing can generate a wide variety of air pollutants that vary in type and amount 
throughout the production process. These emissions differ from that of conventional oil and gas development in that 
there are more extensive well completion activities, including hydraulic fracturing, along with a greater density of 
wells and intensity of trucking activities. Table 1 itemizes the main air pollutants (along with their chemical symbols) 
that can be emitted during different stages of shale gas production, along with potential health effects from 
excessive exposures. 

 

Figure 3.  Natural gas flare (Creative Commons, Tod Baker25) 

 
Table 1. Air pollutants associated with shale gas production and their potential health effects.8,26-28 

Agent Potential Health Effects 

Nitrogen and Sulphur Oxides (NOx, 
SOx) 

Lung diseases, asthma, cardiovascular diseases 
Contributes to ground level ozone production 

Ozone (O3) Asthma, cardiovascular effects, irritation of mucous 
membranes, particularly significant for the elderly 
and vulnerable populations 

Volatile Organic Compounds 
(VOCs): Benzene, Toluene, 
Ethylbenzene and Xylene (BTEX)  

Cancer (leukemias), birth defects, lung, and nervous 
system diseases  
 

Crystalline Silica (respirable fraction) Silicosis and lung cancer, kidney disease, particularly 
for occupational exposures  

Diesel exhaust (includes particulate 
matter (PM) Carbon monoxide (CO) 
Hydrocarbons (HC), NOx and VOCs)  

Lung and bladder cancer, asthma, other lung 
diseases, heart disease 

Hydrogen Sulphide (H2S) Lethal if inhaled at high concentrations  
Headache, respiratory and mucous membrane 
irritation, central nervous system effects, e.g., 
confusion, memory loss, and prolonged reaction 
time. Sensory irritation from rotten egg smell  
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Agent Potential Health Effects 
Particulate Matter (PM) Respiratory disease, including asthma, 

cardiovascular disease, and premature death for 
cardiorespiratory patients 

Methane, ethane, propane and 
butane (light VOCs)  

Methane contributes to greenhouse gases and can 
cause explosions or lead to asphyxiation at high 
concentrations 

Carbon Dioxide (CO2) Greenhouse gas contributor 
Radioactive materials (radon) Radon exposure associated with lung cancer.  
 

How is air quality impacted by shale gas production? 

Shale gas production generates a range of emissions that can be classified as point sources (from a stack or pipe), 
mobile sources (from trucks or drill rigs), fugitive sources (from leaks), and area sources (aggregate emissions).29 
Each stage of pre-production and production of shale gas introduces different types of air pollutants that can vary 
both in the amount and duration of exposure (Table 2).  

The pre-production stage includes site clearing and road construction, drilling, hydraulic fracturing, and well 
completion.30 During the construction of well pads, holding ponds, and the supporting road network, vehicle traffic 
to and from the site are sources of diesel exhaust and PM. Diesel emissions also occur during drilling and hydraulic 
fracturing from a wide range of heavy diesel equipment and trucks transporting water, sand, and chemicals to and 
from the well pads. Truck traffic also generates PM emitted from tire and brake wear and suspended road dust.30 It 
has been estimated that approximately 4000 heavy and light-duty truck trips are required for each horizontal well, 
given that each well can be hydraulically fractured multiple times during its productive life.31  

During the initial drilling and completion of wells, the fracturing fluid and produced water from the shale rock that 
returns to the surface (flowback) includes chemicals, a small amount of proppant, and natural gas (methane and 
some hydrocarbons). The flowback fluid can emit air toxins such as VOCs, methane, benzene, ethylbenzene, and 
n-hexane. The gas portion from the flowback fluid is often vented (controlled release) or flared off (controlled 
combustion) because it is not salable when contaminated with the other agents in the flowback mix (Figure 3). 
Venting and flaring can emit carbon dioxide, benzene, and formaldehyde, along with other known toxic air 
pollutants depending on what compounds returned to the surface from the well completion. It has been estimated 
that from 3.6% to 7.9% of the methane from shale gas production escapes to the atmosphere in venting and leaks 
over the lifetime of a well.32  

The production phase emits compounds similar to those found in conventional oil and gas extraction. At the well 
pad, pressure and heat are used to separate the gas from produced water and liquid hydrocarbons. When raw 
natural gas is heated in a glycol dehydrator, non-methane hydrocarbons are vented or piped to a condensate tank 
on the pad. VOCs and BTEX have been detected in the air around condensate tanks.4 Production water and 
hydrocarbons can be stored in pits or tanks, which are a source of fugitive emissions such as methane and 
VOCs.29 Natural gas compressor stations used to transfer the gas into high pressure pipelines are a source of 
combustion emissions, including BTEX and NOx.4 

Table 2. Sources of emissions associated with shale gas production.8,26,29,33 

Agent Source 

Nitrogen Oxides and Sulphur Oxides 
(NOx, SOx) 

Diesel engines, natural gas compressors, fluid 
evaporation, flaring. 

Ozone  (O3) By-product, created by mix of NOx and VOC at ground 
level. 
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Agent  Source 

Volatile Organic Compounds (VOCs): 
Benzene, Toluene, Ethylbenzene, and 
Xylene (BTEX) 

Flowback during well completion, dehydration, 
condensate, evaporation processes, fugitive emissions, 
venting and flaring, spills 

Crystalline Silica (respirable fraction) Large amounts used as proppant in fracturing fluids, 
exposure during loading and unloading can be 
considerable 

Diesel exhaust (includes particulate 
matter (PM) Carbon monoxide (CO), 
Hydrocarbons (HC), NOx and VOCs)  

Large number of heavy vehicles travelling to and from 
drilling sites, diesel engines use, including generators, 
during drilling and production, compressors. 

Hydrogen Sulphide (H2S) Released during flaring and venting, well blowouts, line 
releases, and fugitive emissions from equipment and 
compressors 

Particulate Matter (PM) Site preparation, fracturing process, road building, traffic, 
venting and flaring, engine exhaust from equipment on 
site 

Methane, ethane, propane and butane 
(light VOCs)  

Fugitive emissions during drilling and production, engine 
exhaust from production equipment and pneumatic 
pumps on site, leakage from well integrity problems (i.e., 
from poorly constructed wells). Routine venting and 
flaring, engine exhaust from equipment on site and 
improperly decommissioned sites 

Carbon Dioxide (CO2) Venting and flaring  
Radioactive materials (Radon) Present naturally in varying concentrations in the earth. 

Can be brought to the surface through flow back fluids 
and produced water brine.34 Airborne exposure is via 
radon gas 

 

How do geology and meteorological conditions affect air pollutant levels? 

The geology of a shale play (geographic area conducive to shale gas exploration) influences the type and amount 
of emissions as well as the type of fracturing fluids required and the processes required to extract the natural gas. 
“Sour” natural gas has a higher concentration of hydrogen sulphide (H2S) than “sweet” gas condensate.33 Sour gas 
is considered more of a health risk than sweet gas given the acute hazards associated with exposure to H2S. Shale 
gas is also classified as “wet” or “dry” depending on the amount of methane and VOCs (higher in wet areas) 
emitted during shale gas production.35 Wet natural gas generally contains less than 85% methane and more 
complex hydrocarbons than dry natural gas.   

Weather conditions, including wind speed and direction upwind or downwind from the emission source and mixing 
of the air column, also can affect air pollution levels.36 Emissions can persist near ground level when topography 
encourages air inversions. Climatic conditions (such as sunlight and temperature) can interact with fugitive 
emissions of methane, vehicle and engine exhausts, and ambient VOCs to generate ozone and photochemical 
smog.4 Winter conditions can exacerbate the development of ground level ozone. Recent studies in Utah, 
Wyoming, and Texas report high ground level ozone near gas fields and operations.4,37,38 

Do air pollutants from shale gas production impact the health of community residents? 

Proximity to shale gas operations is an important determinant of exposure to average and peak levels of air 
pollution.26 In the US, some states, such as Texas, have permitted shale gas operations to be built amidst existing 
communities and within city jurisdictions39 (referred to as “urban drilling”), leading to mounting concerns about air 
pollution for residents whose homes are close to drilling sites. In addition to outdoor exposure, air contaminants can 
migrate into homes and influence indoor air quality.40   
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A direct link on health effects from air pollution attributed to shale gas production has not yet been demonstrated in 
epidemiological research as few studies have been designed to evaluate health effects from measured air 
exposures on a population level.  Residents of communities in the US situated closer to well sites have reported a 
greater prevalence of symptoms than those situated farther away.41,42 In an area of active shale-based natural gas 
drilling in Pennsylvania, dermal conditions and respiratory symptoms were reported more frequently by surveyed 
residents living within 1 km of extraction activities.41 The respiratory symptoms were suggestive of effects from air 
emissions, but well water contamination was also considered to be a risk factor.  

Two exploratory studies undertook air monitoring during specific stages of shale production. In a community-based 
study of five US states, residents were instructed to take grab samples and place formaldehyde badges near 
various sites such as production pads, compressor stations, condensate tank farms, gas processing stations, and 
wastewater and produced water impoundments.43 Locations were chosen on the basis of residents’ concerns and 
complaints. Benzene, formaldehyde, and hydrogen sulfide were the most common compounds to exceed acute 
and other health-based risk levels. High concentrations of volatile substances were found to exceed existing 
setbacks of 150 to 500 feet from wellheads to homes including that of formaldehyde (up to 2,591 feet) and benzene 
(up to 895 feet).44 In a study in Colorado, weekly sampling over one year conducted during drilling and hydraulic 
fracturing of a natural gas well pad detected the VOCs of methane, ethane, propane, and toluene as well as 
formaldehyde and acetaldehyde and the PAH naphthalene in every sample.45 The greatest percentage of 
detections occurred during the initial drilling phase, prior to hydraulic fracturing. Both studies did not directly 
evaluate exposure-response relationships, which would allow for causal inferences.  

A recent study linked higher first floor indoor air radon concentrations to proximity of drilled unconventional natural 
gas wells and their production activity in Pennsylvania.46 The impetus to the study was the demonstration of 
elevated radon concentrations in the Marcellus shale region.47 Further research on the source of radon is needed, 
particularly given the known relationship between radon exposure and lung cancer. 

Gaps in Research and Knowledge Concerning Air Quality 

• Data on repeated air quality measurements throughout the stages of production are sparse. Baseline air 
quality and variability of emissions throughout the production process need to be considered.  

• More epidemiological and health impact studies of community residents near shale gas well pads are 
needed that incorporate quantitative exposure assessment through monitoring of air emissions. 

• Given the high level of heavy vehicle traffic involved in shale gas production, more research needs to 
address the impact of truck exhaust and road and tire-related emissions and its contribution to air pollution 
in the area of activity. 

Summary on Air Quality 

Local community air quality can be impacted by shale gas production. The processes involved in pre- and post-
production of shale gas can expose workers and community residents to a wide range of emissions; many being 
associated with respiratory and cardiovascular disease. For community residents, air pollutant exposures from 
shale gas production can vary significantly depending on the proximity of the communities to well sites as well as 
the stages of shale production, local weather conditions, and geology. The discovery of elevated levels of radon 
gas, a known lung carcinogen, inside homes near shale gas wells is a newly recognized concern. To date, there is 
insufficient peer-reviewed epidemiological literature on shale gas production and air quality to adequately 
characterize direct health impacts, although the small number of exposure studies illustrates the potential for air 
exposures to exceed air quality guidelines. 

Induced Seismicity  

Shale gas production is being recognized as having the potential to be a source of injection-induced (human-
generated) earthquakes in which seismic activity is increased beyond historical levels.48,49  
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Earthquakes are measured in a variety of ways. Table 3 describes a magnitude (M) scale for earthquakes, with 
consideration of whether they can be felt and their potential for damaging effects. Magnitude is measured 
logarithmically (base 10): each step is a ten-fold increase in wave motion. In terms of their intensity, magnitudes of 
3–4 can create a sensation similar to a passing truck, while magnitudes of 4–5 may be noisy, cause vibrations, and 
overturn unstable objects.50 The Moment Magnitude Scale (MW) has been adopted more recently to describe 
seismic events,51 replacing the older Richter magnitude scale (also called the Local Magnitude, ML). 

Table 3. Earthquake Magnitude Scale51 

Magnitude Earthquake Effects 

2.5 or less Usually not felt, but can be recorded by seismograph. 

2.5 to 5.4 Often felt, but only causes minor damage. 

5.5 to 6.0 Slight damage to buildings and other structures. 

6.1 to 6.9 May cause a lot of damage in very populated areas. 

7.0 to 7.9 Major earthquake. Serious damage. 

8.0 or greater Great earthquake. Can totally destroy communities near the epicenter. 

How does hydraulic fracturing induce seismicity?  

The intention of hydraulic fracturing is to induce numerous micro-earthquakes (magnitude <2) that stimulate the 
flow of gas trapped in rock into a well.52 Initially, when a well is created and activated, fractures (cracks and breaks) 
in the shale are created through high-pressure injection of fracturing fluids. These fractures release gas and fluids 
trapped in the ground, but they can also change the stress or strain energy stored in the rocks, releasing stored 
elastic strain energy. If there are faults nearby, this can cause seismic movement through “fault slips.”  

The seismic activity that results from the hydraulic fracturing phase is minor, and movement or damage rarely 
occurs on the surface. However, occasional seismicity events have been linked directly to hydraulic fracturing 
processes in the Horn River Basin Area of northeastern BC. 53 The largest earthquake to date attributed to fluid 
injection from hydraulic fracturing was a 4.6 magnitude earthquake in August 2015 in the Fort St. John area of 
northeastern BC.54 As well, between August 2013 to October 2014, 193 of 231 seismic events within the Montney 
Trend of northeastern BC (2.6 per cent of the 7,400 hydraulic fracturing stages55) were triggered by hydraulic 
fracturing. The small town of Fox Creek, Alberta, previous to hydraulic fracturing, had been a region of low 
seismicity. Since drilling began in 2013, hundreds of earthquakes have been recorded, mostly small, but ranging up 
to 4.4.50,56 

Can deep well injection of wastewater induce earthquakes? 

The waste fluids, including flowback and produced water (or brine) that result from shale gas production are often 
disposed of deep underground through a process known as deep well injection of wastewater. This practice, which 
is used for both conventional and unconventional production of oil and gas as well as for other industries, has been 
associated with induced seismicity.52 However, the majority of injection wells do not cause seismic events that can 
be felt on the surface.57 Disposal of large volumes of water into deep sedimentary formations can raise pressure 
underground and induce slips of existing faults. The US Geological Survey has determined that the total volume of 
fluid (a particularly high-rate injection of >300,000 barrels per month) was associated with induced earthquakes 
from wastewater injection.58  

In 2011, three moderate earthquakes of magnitude 5.0, 5.6, and 5.0 in Oklahoma were attributed to injection of 
wastewater into deep disposal sites near shale gas operations.59 The largest earthquake in this series destroyed 14 
homes and injured two people.52 Earthquakes, up to magnitude 4.7, have also been linked directly to deep well 
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injection disposal of produced water from shale gas production in Ohio, Arkansas, West Virginia, and Texas. For 
example, in Arkansas, 98% of recent earthquakes occurred within 6 km of a waste disposal well after the start of 
injection.60 Based on analyses of waveforms of earthquakes in the Cordel Field of Alberta, a strong correlation was 
found between seismicity and month-to-month operations at a nearby disposal well.61  

While it is clear that deep well injection of wastewater can induce larger seismic events, there is currently little 
ability to forecast which of the wastewater injection wells will trigger earthquakes that are large enough to cause 
structural problems to settlements.62 

Are induced seismic events related to shale gas production increasing?  

In Canada, the number of seismic events in the Horn River Basin of BC increased from 24 in 2002–2003, prior to 
hydraulic fracturing operations, to 131 in 2011, with peak production. Along with the increasing number of events, 
the maximum magnitude of the events also shifted from 2.9 to 3.6 as the scale of HF operations expanded.63 64   

In Oklahoma there is an issue of increasingly larger seismic activity in regions of intense shale gas production that 
include wastewater injection disposal. The US Geological Service reported a record number of annual earthquakes 
in the first four months of 2014 (see Figure 7).65  

 

 

 

 

 

 

 

Figure 7. Histogram of earthquakes of magnitude 3.0 and higher in Oklahoma, 1978 to May 2014 (Creative 
Commons, US Geological Survey, photo credit: NEIC ComCat & Oklahoma Geological Survey65) 

In the short period between January and May 2014, there were 145 earthquakes of magnitude 3.0 or greater; in 
2013 there were 109 earthquakes, compared to the long-term average rate from 1978 to 2008 of only two 
earthquakes of magnitude 3.0 or greater earthquakes per year.65 Given concerns about the rapidly increased rate 
of earthquakes in this region of the US, an earthquake preparedness advisory was issued for residents, schools, 
and businesses in May of 2014. 

What are the public health concerns from induced seismic activity? 

In regions where hydraulic fracturing and deep well wastewater injection are increasing seismic activity, the 
potential exists for the occurrences of larger magnitude earthquakes that could damage infrastructure and result in 
injuries to workers and community residents. Concerns have been raised regarding the lack of regulations that 
could curb seismic impacts from shale gas production and wastewater disposal wells situated near critical facilities 
such as hospitals, schools, dams, and power generation plants.60 At least two cities (Dallas Fort Worth and 
Pittsburgh) have shale gas operations very close to their international airports.66,67  
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The largest earthquake to date linked to a nearby deep wastewater injection well was a Mw 5.6 event near Prague, 
Oklahoma, in 2011.68 The earthquake was felt in at least 17 states and occurred in a sequence, after an earthquake 
of Mw 5.0 and followed by many aftershocks. It caused injuries to two people, destroyed 14 homes, damaged many 
other buildings, and buckled pavement and is the subject of individual and class-action lawsuits. Damage to 
buildings and homes in Oklahoma has prompted an increase in the purchasing of earthquake insurance coverage 
in this state. In Rocky Mountain House, Alberta, an M 3.9 earthquake associated with wastewater disposal injection 
caused a power outage and resulted in a shut-down of a local gas well site.48 A review of seismic risks done by 
Taylor for the US Army Corp of Engineers concluded that the communities most at risk of seismic hazards from 
nearby shale gas production facilities are those that have been previously aseismic or quasi-stable.69 Such regions 
may have building codes that have not had to consider seismic stressors, leaving infrastructure more vulnerable to 
impacts. 

Other than structural damage, seismic impacts can cause other forms of harm. Toxic chemical and petroleum 
products may be released from an earthquake-damaged well or disrupted pipelines, leading to contaminated air 
and water resources.70 Earthquakes in general have also been associated with mental health concerns. For 
example, in California, 65% of surveyed residents who experienced a magnitude 6.0 quake (the South Napa 
Earthquake of 2014) reported that one or more household members had experienced anxiety, fear, or distraction 
since the earthquake.71 

Gaps in Research and Knowledge on Seismic Activity   

There are significant knowledge gaps in our understanding of the seismic risks from shale gas production:  

• More research is needed on the potential for larger slips or quakes that could result from the micro-events 
due to intensive hydraulic fracturing or from wastewater injection in a region.   

• More research of community impacts and public health is needed in regions where induced seismicity may 
be of potential concern. 

• The use of advance earthquake warning systems or earthquake advisories for communities in seismically 
sensitive areas needs to be considered. 

• More comprehensive information is needed for public health officials to plan for potential impacts from 
induced seismicity; this could include inventories of seismically sensitive infrastructure near well sites such 
as schools, hospitals, utilities, and airports. 

Summary on Seismic Activity 

The risk of earthquakes from shale gas extraction is a growing area of research. Initial concerns focused on deep 
well injection of wastewater as a cause of induced seismic activity that can be felt in surrounding communities. 
Hydraulic fracturing is meant to cause small micro-earthquakes, which can, on rare occasions, result in injection-
induced seismic activity. These phenomena suggest that as the shale gas industry expands, greater care needs to 
be taken to determine potential earthquake hazards before shale gas exploration is initiated and to monitor and 
restrict volume and flow of injected fluids. 

Other Community Impacts 

Shale gas development could provide the stimulus for improved economic opportunities through diversification of 
the local economy and creation of jobs. Appropriately regulated and managed production of shale gas can offer 
economic benefits to communities, such as locally contracted goods, services and employment, and improved road 
networks. Improved energy security and less reliance on coal and oil-based energy through development of natural 
gas resources will also have indirect benefits for population health.72  

At the same time, economic costs could accrue, compromising tourism and causing ecosystem disruption.6 In 
addition to potential risks of water contamination, air pollution, or increased seismic activity (described in previous 
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sections), there is the potential for negative health impacts from road traffic, noise, socioeconomic issues, and 
disruption of the ecosystem on towns or in rural communities located close to shale gas production sites. 

What are the potential effects of road infrastructure?  

Ecosystem integrity and plant and animal habitat are affected by extensive land clearing and fragmenting of large 
contiguous forests, due to the siting of well pads and their service roads, pipeline, and other support infrastructure 
systems.6 Improved road networks can be beneficial to the economy and to tourism by expanding opportunities for 
hunting, fishing, and trapping. However, road infrastructure can also increase erosion, alter stream flow, restrict fish 
passage, and result in a loss of species, habitat, and vegetation.6  

Materials must be transported by truck to build the well pad and its surrounding infrastructure. Hydraulic fracturing 
of shale gas wells requires delivery of large amounts of water, sand, and chemicals and use of large pumper trucks 
on site. Traffic load is greatest during well pad construction, drilling, and well completion (readying the well for 
production). Truck traffic can damage rural roads and increase congestion and the risk of motor vehicle accidents, 
as well as contribute to elevated exposures of vehicle exhaust (including diesel emissions), noise, and dust. A 
health impact evaluation in a community in Colorado concluded that traffic noise in the range of 30 to 70 decibels 
has been associated with a number of health effects including sleep disturbance, diminished school performance, 
and hypertension. It was recommended that roads be built to shunt industrial traffic outside the community to 
reduce associated safety hazards, diesel emissions, and noise.73 

 

Figure 8. Shale gas trucks carrying water in a hydraulic fracturing site (Creative Commons, National Public 
Radio74) 

What occupational hazards are relevant to community exposures? 

High levels of noise are generated from drilling, hydraulic fracturing (multiple fracturing trucks operate 
simultaneously at top output during the injection phase), continuously running compressors, and construction 
activities.6 However, the noise levels and associated health effects to workers and nearby residents from shale gas 
production operations have not been systematically studied.6 Long-term noise exposure from any source is 
generally associated with stress and annoyance, sleep disturbances, hypertension, and cardiovascular disease.75 
Workers may choose to use hearing protection and noise levels can be reduced by increasing the distance away 
from the industrial site and road. , 

Known worker safety concerns derive from on-site and transportation-related risks of accidents and injuries, 
explosions, and acute exposures to toxic vapours and high dust levels, including that of silica used in hydraulic 
fracturing fluid.76 For residents, acute exposures to toxic substances are less likely, but chronic exposures are a 
concern. Odours attributed to natural gas production such as odours of rotten eggs, burnt butter, or sickly sweet or 
chemical-like smells are commonly reported.8 
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Figure 9. Worker poses while hydraulic fracturing is undertaken in the Bakken oil formation, North Dakota (Creative 
Commons, photo credit: Joshua Doubek77). 

What are the psychosocial implications? 

Rural residents affected by unconventional natural gas development have witnessed dramatic increases in truck 
traffic and population growth, coincident with inflation and stress on infrastructure (roadways, law enforcement, 
schools, and housing).4 A “boomtown effect” is associated with a transient work force and disruptions in community 
cohesion with consequent increases in crime rates, substance abuse, and sexually transmitted infections.  

For aboriginal peoples especially, habitat destruction can affect cultural practices and identity, impacting health and 
resilience.6 A decline in property values was identified by the Colorado health impact assessment study as an 
important factor for psychosocial stress.73 Lack of transparency, conflicting messages, and the perception that 
industry and government authorities are hiding the truth about potential risks also can create psychosocial stress 
and foster anxiety about potential adverse effects of shale gas production to the community.6 An analysis of letters 
to the editor concerning unconventional natural gas operations in Pennsylvania found that citizens’ distress was 
related to a lack of information regarding economic, health, environment, and social issues, including changes to 
the rural landscape.78   

A US survey on the public perception of “fracking” found that the majority of Americans know little about hydraulic 
fracturing, or are undecided as to the risks involved.79  Drinking water contamination was the main concern. 

Is there evidence of community impacts on health? 

There are a number of case reports of effects on agricultural animals grazing in the vicinity of shale gas production 
areas. For example, for production animals in the vicinity of hydraulic fracturing drilling and production areas, 
reproductive problems were related to flaring or exposure to contaminated pond and creek water or wastewater.80 
After follow-up (averaging two years), flaring was still ongoing in most cases and while reproductive problems were 
minimized, respiratory and growth-related concerns increased. Apart from the implications for agriculture, disruption 
of animal behavior may indicate the potential for health effects in people who are exposed to pollution from shale 
gas production. 

The majority of the scientific literature on community impacts attributed to nearby shale gas production sites is from 
US-based studies. Anecdotal reports of symptoms of US residents in proximity to shale production sites and to 
occupational exposed workers include headaches, nose, eye and throat irritation, respiratory symptoms, rash, and 
fatigue, often in relation to odours.81 In a self-reported survey completed by 108 residents from 14 Pennsylvania 
counties, 81% detected odours, which were frequently linked to nausea, dizziness, headaches, and respiratory and 
ear/nose/throat problems, among other complaints.82 Convenience (non-randomized) sample surveys have found a 
high prevalence of self-reported symptoms among concerned citizens, particularly for those living near natural gas 
facilities.80 For example, in a survey of volunteer residents living near unconventional gas facilities in the Marcellus 
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Shale region, stress was reported as the most common of 59 health impacts and concern for health was 
predominant among 13 perceived stressors.83 

Adverse health consequences for community residents could implicate exposure to air emissions, water 
contaminants or psychosocial stressors, or a combination of these sources. One recent ecological study compared 
hospital utilization rates in Pennsylvania by zip codes for two counties with active hydraulic fracturing in shale gas 
production regions to one with no such activity.84 Due to multiple comparisons, a stringent level of statistical 
significance was applied. Cardiology inpatient and neurology impatient prevalence rates were associated with the 
number of gas wells per km2. Further research is needed to determine the relevance of these findings. 

Currently there are very few epidemiological studies concerning public health risks related to unconventional 
natural gas production, due in part to the relatively short time the industry has been established and the latency of 
chronic illnesses to develop, such as cancer. A cross-sectional survey involved a randomized sample of 492 
residents in 180 households with ground-fed wells near active hydraulic fracturing sites in the Marcellus shale 
formation in Pennsylvania.41 The odds of reporting of skin conditions and upper respiratory symptoms were 
significantly higher in persons living in households less than 1 km from gas wells compared to those living at least 2 
km away, even after adjustment for differences in age, sex, education, smoking, awareness of environmental risk, 
work type, and pets. There was no association between gas well proximity and reports of neurological, 
cardiovascular or gastrointestinal conditions. The authors speculated that exposure to air pollutants such as from 
flaring or diesel sources, contaminated well water or the effects of stress may be related to skin and respiratory 
symptoms, but further study is warranted.   

Infants and children are especially vulnerable to environmental exposures during growth and development. A 
record linkage study related birth outcomes to maternal residential proximity to natural gas production sites in 
Colorado. Within a 10-mile radius of natural gas wells and with greater gas well density there were statistically 
significant positive associations with congenital heart defects, but not of oral clefts, nor were there positive 
associations with preterm birth or term low birth weight.85 Exposure to benzene and volatile aromatic hydrocarbons 
were suggested to be causal factors; however, these exposures were not measured. Another retrospective cohort 
study evaluated fetal growth in infants born to mothers, according to the density of shale gas wells near their 
residence in Pennsylvania.86 Infants of mothers in the higher exposure categories had lower birth weight and a 
higher incidence of small-for-gestational age, but not of preterm birth. Potential air pollutants associated with shale 
gas production that are linked to low birth weight include diesel exhaust, heavy metals, benzene, and other VOCs.  
Another data linkage study in Pennsylvania found an association between unconventional natural gas development 
activity incorporating distance to the mother's home and production volume during pregnancy.87 They found an 
increase in preterm births (odds ratio of 1.4 (95% CI 1.0,1.9) but not small-for-gestational age or term birth weight. 
Differences in the study findings concerning fetal growth highlight the need for further investigation and improved 
exposure assessment as well as consideration of regional differences in the assessment of shale gas production 
impacts on public health. 

Knowledge and Research Gaps on Community Impacts 

• There is minimal Information on toxicological characteristics of shale gas industry products. A further issue 
is determining the combined effects of exposures to multiple cumulative chemical and physical hazards and 
their interactions with psychosocial stressors.88  

• Baseline studies of the air shed and water quality of potentially affected communities are needed to track 
health indicators. Addressing ecological concerns, including species at risk and critical wildlife habitats and 
waterways also require baseline data to observe any changes related to shale gas development.  

• There is a need for epidemiological studies that incorporate measurement-based exposure assessment 
when evaluating the risk of acute and chronic health effects for residents in close proximity to shale gas 
production sites. More studies are needed, not only to determine any associations but also to replicate 
findings and refine the study methods. Chronic diseases, particularly cancers, require latency periods to 
develop disease from initial exposure, and therefore associations with exposures from this relatively recent 
industry are difficult to assess.  
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• Consideration should be given to social, economic, geographic and individual-level vulnerabilities in the 
affected population, such as to children and pregnant women and also to Indigenous communities. 

• Occupational health studies are needed since shale gas exploration and production workers are more likely 
to experience acute toxic exposures.88  

• There is a lack of standard methods for measuring social impacts in communities and applying evidence-
based approaches for prevention and mitigation.89 

Summary on Other Community Impacts 

A unique aspect of shale gas production, as opposed to that of conventional gas and oil, is the large number of gas 
wells and infrastructure required for multi-stage hydraulic fracturing. In addition to concerns of diminished air quality 
and contamination of drinking water resources, residents in communities nearby shale gas production facilities may 
be vulnerable to psychosocial stress and compromised health due to increased road traffic and noise, as well as 
from socioeconomic problems related to a "boomtown" effect attracting migrant workers. To date, there are few 
epidemiological studies to determine whether community residents exposed to contaminants originating from shale 
gas production activities are at risk for adverse health impacts. 

Conclusion 

At this point in time, concerns about public health impacts attributed to shale gas production and hydraulic 
fracturing are mostly based on plausible risks rather than evidence. The science to determine public health risks 
associated with shale gas production is rapidly evolving. Risks of adverse health outcomes for residents in 
communities close to shale gas production sites can vary greatly and are largely dependent upon the extent of 
exposure to physical factors (such as noise, radioactive gases and materials, and seismic effects) and chemical 
contaminants (including fracturing fluid and methane gas). A number of determinants can affect exposures related 
to shale gas production including: 

• Proximity to communities – introduces population exposures to water and air toxics, physical intrusion 
(noise, roads) as well the potential for socioeconomic disruption with a temporary workforce; 

• Geology – composition of shale rock, including age, mineralogy and thickness, dictates the extraction 
process (such as fracturing chemicals used) and the seismic risks related to existing faults; 

• Intensity of production – the extent of infrastructure, including the number of gas wells per pad, increases 
the potential for water and air contamination including truck traffic-related emissions. 

Acute health effects from toxic physical and chemical exposures from shale gas production are generally an 
occupational health issue. Community-level chronic health concerns relate more to long-term, low-level exposures 
to air contaminants, such as benzene and VOCs, and to radionuclides in drinking water, all of which have the 
potential to cause cancer and other chronic health effects. Potential stressors such as noise and "boomtown" 
effects add to psychosocial stress. The emerging evidence on injection-induced seismic activity related to shale gas 
production, including deep-well disposal of wastewater, suggests that some nearby communities may be at risk 
from earthquake damage. Because the shale gas industry is relatively new, good quality epidemiological studies 
(not just surveys) that link measured exposures to adverse health outcomes are difficult to undertake at this stage. 
There is suggestive evidence only of adverse birth outcomes associated with mothers’ proximity to unconventional 
gas drilling during pregnancy. Further research, including epidemiological studies, is needed to more firmly 
establish the relationship between measured exposures and health outcomes related to hydraulic fracturing and all 
stages of shale gas production. 

At present, it remains unclear as to what extent suggested public health risks are inevitable consequences of 
hydraulic fracturing and shale gas production in Canada. Many of the peer-reviewed papers apply to potential 
exposures for population centers in close proximity to drilling sites in the US shale basins. Currently, much of the 
shale gas production in Canada is done in relatively sparsely populated rural areas although any contamination of 
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water and the air shed can be more widespread. On-going monitoring of air and water quality and seismic activity of 
new and existing shale gas industry sites is essential to safeguard public health. 
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