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roduction of natural gas has grown by nearly

400% in the United States since 1950, and gas

is now the country’s second-largest energy
source. The main driver of this increase has been

the wide-scale adoption of hydrau-
lic fracturing (“fracking”). During
the fracking process, large vol-
umes of water, sand, and chemi-
cals are injected deep underground
at high pressure to fracture shale
deposits and sand and coal beds
to release trapped gas. The world’s
largest gas-transmission network
— with more than 300,000 miles
of interstate and intrastate trans-
mission pipelines, 2.1 million
miles of local distribution lines,
and more than 1000 compressor
stations — brings this gas to the
market. The ready availability of
gas has reduced dependence on
coal and oil, enables the United
States to ship gas overseas, and
will make the country a net energy
exporter by 2020.! It has also made
gas an important feedstock for the
chemical, pesticide, and plastics-
manufacturing industries.

Natural gas, composed princi-
pally of methane, has been hailed
as a clean “transition” fuel — a
bridge from the coal and oil of the
past to the clean energy sources of
the future. This claim is partially
true. Gas combustion produces
only negligible quantities of sulfur
dioxide, mercury, and particulates.
It is thus less polluting than com-
bustion of coal or oil, and this
benefits health.? Gas combustion
also generates less carbon dioxide
per unit of energy than combus-
tion of coal or oil.

But beneath this rosy narrative
lies a more complex story. Gas is
associated with health and envi-
ronmental hazards and reduced
social welfare at every stage of its
life cycle.? Fracking is linked to
contamination of ground and sur-
face water, air pollution, noise and
light pollution, radiation releases,

N ENGL ) MED NEJM.ORG

The New England Journal of Medicine

ecosystem damage, and earth-
quakes (see table). Transmission
and storage of gas result in fires
and explosions. The pipeline net-
work is aging, inadequately main-
tained, and infrequently inspected.
One or more pipeline explosions
occur every year in the United
States. In September 2018, a series
of pipeline explosions in the Mer-
rimack Valley in Massachusetts
caused more than 80 fires and
explosions, damaged 131 homes,
forced the evacuation of 30,000
people, injured 25 people, includ-
ing two firefighters, and killed an
18-year-old boy. Gas compressor
stations emit toxic and carcino-
genic chemicals such as benzene,
1,3-butadiene, and formaldehyde.
Wells, pipelines, and compressor
stations are disproportionately lo-
cated in low-income, minority, and
marginalized communities, where
they may leak gas, generate noise,
endanger health, and contribute
to environmental injustice while
producing no local benefits. Gas
combustion generates oxides of
nitrogen that increase asthma risk
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Health and Environmental Hazards of Natural Gas.*

Category
Local hazards

Water contamination

Air pollution

Noise pollution

Light pollution

Radionuclide releases

Earthquakes

Community disruption

Regional hazards

Fires and explosions

Air pollution from gas
combustion

Global hazards

Contributions to climate
change

Pathways and Mechanisms

Ground and surface water at gas wells is contami-
nated with fracking chemicals.

Heavy trucks, construction equipment, and drill
rigs emit diesel exhaust, oxides of nitrogen, and
particulates; sand piles release silica dust; gas
venting and flaring produce volatile organic
compounds (benzene, 1,3-butadiene, and form-
aldehyde).

Heavy equipment and gas flaring generate nearly
continuous noise; sound levels can reach 70
A-weighted decibels, which exceeds EPA com-
munity guidelines.

High-intensity illumination and gas flaring generate
bright light day and night

Some shale formations contain naturally occurring
radionuclides such as radon, principally in
Pennsylvania and Texas.

Seismic activity is increased near fracking sites and
up to 30 miles away.

Poor and minority communities are disproportion-
ately exposed to noise, toxic chemicals, and ex-
plosion hazards.

Pipeline explosions occur every year in the United
States and recently occurred in Armada
Township, MI; Refugio, TX; Salem, PA; Watford
City, ND; and Merrimack Valley, MA.

Gas combustion in stoves, boilers, and furnaces
generates oxides of nitrogen.

Use of natural gas causes methane leakage and gas
combustion generates carbon dioxide.

Established and Potential Health Hazards

Many fracking chemicals are toxic: 25% are carcino-
gens; 75% are dermal, ocular, respiratory, and gas-
trointestinal toxins; 40 to 50% have toxic nervous,
immune, cardiovascular, and renal effects; 30 to
40% are endocrine disrupters

Exacerbation of asthma and COPD; increased risk of
cardiovascular disease and diabetes; increased risk
of prematurity and low birth weight; volatile organic
compounds increase risk for leukemia and lym-
phoma

Sleep disturbance; stress (associated with increased
cardiovascular disease risk); cognitive deficits in
children

Sleep disturbance; stress

Cancers, chiefly lung cancer

Injuries; anxiety; loss of property value

Mental health problems; substance abuse; sexually
transmitted diseases

Injury; death

Increased asthma risk; exacerbation of COPD and car-
diovascular disease

Heat waves; extreme weather events; droughts; floods;
wildfires; expanded ranges of vectorborne diseases;
compromised food supplies resulting in famine,
migration, conflict, and mental distress

* COPD denotes chronic obstructive pulmonary disease, and EPA Environmental Protection Agency. Sources of information are listed in the

Supplementary Appendix, available at NEJM.org.

and aggravate chronic obstructive
pulmonary disease.
Compounding these hazards
are the grave dangers that gas
extraction and use pose to the
global climate’ Gas is a much
more powerful driver of climate
change than is generally recog-
nized. As much as 4% of all gas
produced by fracking is lost to

leakage, and these releases appear
to have contributed to recent sharp
increases in atmospheric meth-
ane.* Methane is a potent contrib-
utor to global warming, with a
heat-trapping potential 30 times
greater than that of carbon dioxide
over a 100-year span and 85 times
greater over a 20-year span. Gas
burned in stoves and boilers ad-
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ditionally contributes to global
warming by generating carbon
dioxide. Together, this evidence
suggests that the purported ad-
vantage of gas over coal and oil
has been greatly overstated.
Despite growing recognition of
the dangers associated with gas
and recent exponential increases
in the production of electricity
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from renewables, new gas wells
continue to be drilled and new
pipelines built. The U.S. Energy
Information Administration proj-
ects that daily natural-gas produc-
tion in the United States will in-
crease by 10 billion cubic feet in
the next year and that under cur-
rent federal policy, more electric-
ity will be generated from gas than
from renewables each year from
now through 2050." This expan-
sion of the gas infrastructure is
supported by government subsi-
dies and tax breaks that benefit
the fossil-fuel industry and artifi-
cially depress gas prices. In 2016,
federal subsidies for gas equaled
$32.6 billion, an amount 60 times
greater than the $533 million al-
located to research and develop-
ment related to solar energy.’ State
subsidies provide additional sup-
port for fossil fuels.

As physicians deeply concerned
about climate change and pollu-
tion and their consequences, we
consider expansion of the natural-
gas infrastructure to be a grave
hazard to human health. All rea-
sonable analyses indicate that we
must leave nearly all remaining
fossil fuels in the ground if we are
to hold the extent of global warm-
ing below 1.5°C, the target set by
the Intergovernmental Panel on
Climate Change, and thus mitigate
the health and environmental con-
sequences of climate change.

A further argument against
investment in gas is that it is ec-
onomically reckless. Such invest-
ment ignores the reality that the
cost of producing electricity from
renewables is falling rapidly and
that energy prices are approach-
ing a “tipping point” after which
it will become cheaper to generate
electricity from solar and wind
sources than from gas. The En-
ergy Information Administration

estimates that by 2023 it will
cost $36.60 per megawatt-hour to
produce electricity from wind and
$37.60 to produce solar energy,
versus $40.20 to produce energy
from gas. Any investment in gas
is thus at risk of failing to yield
an economic return and becom-
ing a stranded asset. This risk
could increase if federal subsi-
dies for gas were to be cut.

We believe that investment in
gas is also shortsighted. States
that provide subsidies for gas and
permit construction of new pipe-
lines and compressor stations will
lock in dependence on gas for
years to come while missing op-
portunities to invest in renewables.
The real problem with fracking,
then, is that it perpetuates the
carbon-based energy system and
delays the transition to a carbon-
free economy.

To address this problem, we
recommend that state and federal
subsidies for natural gas be re-
duced over the next 2 years and
then eliminated. The International
Monetary Fund has made similar
recommendations. We also rec-
ommend that new residential or
commercial gas hookups not be
permitted, new gas appliances be
removed from the market, further
gas exploration on federal lands
be banned, and all new or planned
construction of gas infrastructure
be halted. We believe an ill-con-
ceived proposal announced recent-
ly by the Environmental Protection
Agency to roll back limits on
methane pollution needs to be
blocked. At the same time, we
call for the creation of new tax
structures, subsidies, and incen-
tives such as carbon pricing that
favor wind, solar power, and oth-
er nonpolluting, renewable energy
sources and policies that support
energy conservation, clean vehi-
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cles, and expansion of public
transit.

Implementation of these rec-
ommendations will require cou-
rageous political leadership and
face fierce resistance. But wide-
scale transition to renewables
would yield enormous benefit for
the United States. It would reduce
air pollution and therefore pre-
vent disease, extend life expectan-
cy, and reduce health care costs.
It would free up the billions of
public dollars now spent on fossil-
fuel subsidies, and it would pro-
tect our planet.

Models exist for effective cli-
mate action. In July 2019, New
York State enacted comprehensive
energy and climate legislation and
pledged to reduce greenhouse-
gas emissions by 85% by 2050.
To meet this target, New York is
developing the country’s largest
wind farm and collaborating with
Ireland and Denmark to improve
its electric power grid. It has also
created economic incentives for
clean vehicles, including trucks
and buses, and tax incentives for
energy conservation. Idaho Pow-
er, the largest utility in a deeply
conservative state, has pledged to
produce 100% of its electricity
from renewable sources by 2045.
The United Kingdom has commit-
ted to net zero carbon emissions
by 2050. New York, Idaho, and
the United Kingdom are creating
new, high-paying jobs in the wind
and solar energy industries.

Natural gas has been portrayed
as a bridge to the future. The data
now show that it is only a tether
to the past. We believe it’s time
to reject the false promise of gas.

Disclosure forms provided by the au-
thors are available at NEJM.org.
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servatory on Pollution and Health, Boston
College, Chestnut Hill (PJ.L.) and Lundberg
Health Advocates, Newton (B.E.L.) — both
in Massachusetts; and the Wellcome Trust,
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This article was published on December 4,
2019, at NEJM.org.
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