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The Health Care Research Collaborative was developed to meet a need
expressed by hospital and health system executives for more research
and data to assist them in their efforts to make more sustainable choices
in health care design, construction, operations and organization. To
fund this initiative, HCWH applied for and received seed funding from
the Robert Wood Johnson Foundation. The Health Care Research Col-
laborative is based at the University of lllinois at Chicago School of Public
Health with a mission to stimulate the development, coordination and
dissemination of research focused on the impact of the health care

built environment, operations and organization on patient, worker and
environmental safety and sustainability. This interdisciplinary approach
reflects the growing understanding among the leadership of health care
providers that patient, provider, and community health and safety are
profoundly interrelated.

The Research Collaborative has published a series of white papers that
explore existing research and identify research gaps in a number of areas
of health care safety and sustainability. It also develops original research
projects and works closely with both the Healthier Hospitals Initiative,

a group of hospitals that are leading the way on sustainability, and

with Practice Greenhealth, a membership and networking organization
engaged in sustainable health care.

More recently, the Research Collaborative has taken on a second field of
inquiry -- that of evaluating the health impacts and healthcare costs of
various energy generation choices in a diversity of countries. The Col-
laborative's Energy and Health Initiative has begun with a brief literature
review of the health impacts of coal combustion. It will expand over time
to explore this issue in depth and to address a series of other energy
sources and engage a number of other academic and institutional part-
ners.
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INTRODUCTION

Access to electricity has a positive effect on
the health and well-being of people world-
wide. However, the use of coal to generate
energy has negative health consequences.
There is evidence of coal's impact on hu-
man health during every stage of its use for
electricity generation -- from mining to post-
combustion disposal. In particular, the com-
bustion of coal has been well-studied, with
compelling evidence of widespread health
effects on the population. Air pollution pro-
duced by coal combustion in power plants
can affect the respiratory and cardiovascular
systems as well as cause abnormal neurologi-
cal development in children, poor growth of
the fetus before birth, and can cause cancer.
Coal used for heating and cooking indoors,
generates pollutants in indoor air that are
known to cause respiratory ailments and
cancer. Moreover, coal combustion con-
tributes to climate change, which can harm
human health on a global scale.

This document includes scientific evidence of
health effects from the use of coal for energy
generation. Its aim is to serve as a resource
for those interested in the evidence from

the health research literature addressing the
health effects of the use of coal, focusing
primarily on air emissions from coal combus-
tion. Biomedical research databases (Ovid
Medline and PubMed) were searched for all
articles using the search terms “coal or solid

Scientific Evidence of Health Effects from Coal Use in Energy Generation

III

fuel” and “health or burden or economic or
cost”. English language articles published in
the last 10 years were exclusively included
unless the article was of unique value. Ar-
ticles examining coal use in power plants
were prioritized for review, and exposures
produced by alternative uses of coal were

in general excluded. Background readings
found on the Internet along with resources
from industry and environmental non-gov-
ernmental organizations were also reviewed,
but were not used in this document. They
are provided in the accompanying Addition-
al Resources section. Citations are provided
using a standard scientific format to aid
those who may be interested in accessing
full-text articles.



BACKGROUND

The use of coal to produce electricity has
been shown to increase illness and death in
the general population through air pollution.
When coal is burned in power-plants -- to
generate steam which spins turbines and
creates electricity -- it produces air-borne
pollutants of particulate matter, sulfur diox-
ide, oxides of nitrogen, carbon dioxide,
mercury, arsenic, chromium, nickel, other
heavy metals, acid gases (HCL,HF), hydrocar-
bons (PAHs) and varying levels of uranium
and thorium in flyash.

In 2011 the World Health Organization
(WHO) compiled air quality data from 1,100
cities in 91 countries and found that residents
living in many urban areas are exposed to
persistently elevated levels of fine particle
pollution.®” The report states, “In both devel-
oped and developing countries, the largest
contributors to urban outdoor air pollution
include motor transport, small-scale manu-
facturers and other industries, burning of
biomass and coal for cooking and heating,
as well as coal-fired power plants. Residential
wood and coal burning for space heating

is an important contributor to air pollu-

tion, especially in rural areas during colder
months.”®

Before coal can be used in power plants, it
first must be mined, washed, and transport-
ed. After being burned in power plants, the
remaining ash must be stored or disposed

of. Each of these steps in the coal life cycle,

in addition to coal combustion, generates
pollution. In the mining of coal, excess oil
and slurry from the washing process contains
hazardous substances such as heavy metals
that can leach out of storage containers or in-
fill, contaminating surface and ground water.
After being washed, coal is transported from
mines to power-plants via train, truck, ship,
or barge. Diesel emissions from coal transport
can be a significant contribution to local air
pollution. After combustion, some coal ash is
recycled into cement and other engineering
products, but most of it is disposed of in dry
or wet landfills. Landfills that leak flyash waste
can contaminate ground and surface water
with arsenic, cadmium, barium, thallium,
selenium, and lead.

In the vicinity of coal fired power plants,
exposure to emissions depends on factors
such as weather (temperature, precipitation,
wind-direction and speed) and topographical
features of the local area. Emissions can also
be transported long distances, even globally,
causing health effects to those living far from
power plants. Individual susceptibility to the
health effects of coal emissions depends on
age, underlying medical conditions, and use
of medications. Populations that are especially
vulnerable to health effects from air pollu-
tion include children, the elderly, pregnant
women, and people with lung conditions like
asthma and chronic obstructive pulmonary
disease.
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HEALTH EFFECTS FROM
COAL-FIRED POWER PLANTS

Forty percent of the electricity produced in
the world is generated from the combustion
of coal, and the number of power plants
burning coal is likely to rise in the next two
decades as world-wide energy demand
increases.*® The World Resources Institute
estimates that, globally, approximately
1,200 new power plants are currently pro-
posed, with 76 percent of the new capacity
proposed in China and India.®

The ‘external costs’ of electricity generation
from coal are the burdens to society that
are not included in the electricity’s mon-
etary price. Estimates of the external costs
of electricity generation from coal suggest
that 95% of the external cost consists of the
adverse health effects on the population.©®®
Most of coal’s health burden results from its
combustion in power plants, with the rest of

the health burden consisting of the effects
caused from the other steps of coal’s life
cycle.®9

A 2007 article published in the medical
journal, The Lancet, summarizes the burden
of the health effects of generating electricity
from coal and lignite (a type of coal). The
authors estimate that for every TWh (Ter-
rawatt-hour) of electricity produced from
coal in Europe, there are 24.5 deaths, 225
serious illnesses including hospital admis-
sions, congestive heart failure and chronic
bronchitis, and 13,288 minor illnesses.”
When lignite, the softest and most polluting
form of coal, is used, each TWh of electricity
produced results in 32.6 deaths, 298 serious
illnesses, and 17,676 minor illnesses.”’ The
table below summarizes this information.
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AIR POLLUTION-RELATED EFFECTS OF COAL AND LIGNITE COMBUSTION IN EUROPE

Deaths/Cases per TWh

Lignite

32.6 (8.2-130)

Coal 24.5 (6.1-98.0)

298 (74.6-1193)

225 (56.2-899)

17,676 (4,419-70,704)

13,288 (3,322-53,150)

Extracted from Markandya, Wilkinson; “Electricity generation and health”, published in The Lancet September 15,
2007.7 Figures do not include the contribution to death and illness from climate change.

() is 95% Confidence Interval. Serious Illness column includes: “respiratory and cerebrovascular hospital admissions,
congestive heart failure, and chronic bronchitis.” Minor Illnesses column includes: “restricted activity days, broncho-
dilator use cases, cough, and lower-respiratory symptoms days in patients with asthma.”®

According to a report from the International
Energy Agency®, world-wide coal-based
energy production was 8,572 TWh in 2010.
Using the health effects per TWh estimates in
The Lancet article, the worldwide health toll
from air pollution due to coal combustion is
210,000 deaths, almost 2 million serious ill-
nesses, and over 151 million minor illnesses
per year, not including the effects of climate
change. This calculation is based on European
pollution standards and population density. In
countries with fewer air pollution standards,
higher use of coal, or poorer quality coal, the
health burden is even greater. For example, a
study in China, the results of which were re-
ported in Markandya in 20077, estimated 77
deaths per TWh from a coal-fired power plant
that met Chinese environmental standards.”
This is over three times the estimate of deaths
per TWh of coal combustion in Europe, and
would result in an estimated 250,000 deaths
per year in China, based on estimates of coal
combustion in China.®

Respiratory Effects

T

Specific pollutants from burning coal that
cause a negative health effect on the respira-
tory system include particulate matter (PM),
sulfur dioxide (SO,), and oxides of nitrogen
such as NO,. The mechanism injury to the
airways and lungs via damage to cells caused
by oxidizing molecules in pollutants. This
leads to inflammation, cytotoxicity, and cell
death.

Particulate Matter

[

Particulate matter is generated from the
combustion of coal and is characterized by
size -- small particles less than 2.5 microm-
eters (PM, ;) and larger particles up to 10
micrometers (PM, ). PM, . travels deeper
into the airways than PM,  and is therefore




generally believed to cause a greater threat to
human health. A study of various powerplant
emissions in China found that of total particu-
late matter emitted, PM, ; comprised 62-84%
and PM, , comprised 8-44%.®

In a report evaluating over 40 studies on the
health effects of exposure to small particulate
matter (PM, ), the U.S. Environmental Pro-
tection Agency concluded that PM, ; likely
causes respiratory symptoms, the develop-
ment of asthma, and decrements in lung
function in children.® Findings from the
review conclude that a 10 pg/m? increase

in PM, . is associated with a 1% to 3.4% de-
crease in FEV,, a measure of lung function,
in asthmatic children.®

It also concluded that exposure to PM, .
increases emergency department visits and
hospital admissions for respiratory related
symptoms such as infections and chronic ob-
structive pulmonary disease. Epidemiological
evidence from Australia and New Zealand(9,
Mexico ", Canada (%, and Europe® confirm
that these health effects on the respiratory
system are seen around the globe among
communities exposed to PM, .. In addition to
respiratory illnesses, long-term exposure to
PM, , is causally linked to the development of
lung-cancer. @

Sulfur Dioxide

T

Exposure to sulfur dioxide (SO,) emitted by
coal burning power plants increases the se-
verity and incidence of respiratory symptoms
of those living nearby, particularly children
with asthma. For adults and children who are
susceptible, inhalation of SO, causes inflam-
mation and hyper-responsiveness of the
airways, aggravates bronchitis, and decreases
lung function. There is a significant asso-
ciation between community-level SO, con-
centration and hospitalizations for asthma
and other respiratory conditions, and asthma
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emergency department visits particularly
among children and adults over 65.0% A review
of epidemiological studies in European cities,

in Italy, Spain, France, and the Netherlands
found that low concentrations of SO, (less than
10 ppb 24-hr average) are associated with
increased risk of death from heart and lung
conditions.®"® For every 10 ppb increase in SO,
concentration there is a 0.4 - 2% increased risk
of death.(® Fortunately, ambient concentra-
tions of SO, in many countries have declined
over the last few decades due to the addition
of pollution control technologies at coal-burn-
ing power-plants. Countries with lower pollu-
tion standards put their populations at risk of
health effects from SO,. The ambient concen-
trations of SO, in China, for example, increased
from 2000 to 2006 at an annual rate of 7.3%,
mainly due to emissions from power plants.
But in 2005, new policy in China increased the
use of flue-gas desulfurization (FGD) technolo-
gies, and SO, concentrations have since been
on the decline(®

Oxides of Nitrogen

T

Oxides of nitrogen (NO,) are by-products of
fossil fuel combustion from automobiles and
coal-fired power plants, among many other
sources. Oxides of nitrogen react with chemi-
cals in the atmosphere to create pollution
products such as ozone (smog), nitrous oxide
(N,0O), and nitrogen dioxide (NO,). NO, and
ozone are pollutants of particular concern.
When asthmatic children are exposed to NO,
they can experience increases in wheezing and
cough.™ Exposure to NO, also increases sus-
ceptibility to viral and bacterial infections, and
at high concentrations (1-2 ppm), it can cause
airway inflammation.'® At low concentrations
(0.2- 0.5 ppm) NO, causes decrements in lung
function in asthmatics.'® Increases in ambient
NO, levels (3-50 ppb) cause increases in
hospital admissions and emergency depart-
ment visits for respiratory causes, particularly
asthma.(®



Cardiovascular Effects

Coal-fired power plants contribute to the
global burden of cardiovascular disease pri-
marily through the emission of particulate
matter. Particles less than 2.5 microns in
diameter (PM, ,) have been causally linked
to cardiovascular disease and death. ® The
mechanism of cardiovascular injury is the
same as for the respiratory system: oxida-
tive stress from oxidizing molecules

in pollutants leads to inflammation and
cytotoxicity.

The World Health Organization (WHO)
estimates that worldwide, 5% of cardio-
pulmonary deaths are due to particulate
matter pollution.('” Long term exposure to
PM, ;. has been shown to accelerate the de-
velopment of atherosclerosis and increase
emergency department visits and hospital
admissions for ischemic heart disease and
congestive heart failure. The United States
Environmental Protection Agency (USEPA)
reports that a majority of the studies it
reviewed found a 0.5-2.4% increase in
emergency department visits and hospital
admissions for cardiovascular diseases per
each 10 ug/m? increase in PM, ; concen-
trations.® A 2007 scientific review of the
health effects of combustion emissions

reported an 8-18% increase in cardiovas-
cular deaths per 10 pg/m? increase in PM,
concentration in the United States.("®In ad-
dition, recent studies conducted in China
and Latin America confirm the significant
link between outdoor air pollution and
cardiovascular events.(1929

Reproductive Health

T

A literature review of air pollution’s effects
on pregnancy outcomes suggests that

the evidence is sufficient to conclude that
exposure to air pollution during pregnancy
can cause low birthweight. The review in-
cluded studies that investigated the effects
of SO,, PM (China, South Korea) NO,, CO,
and ozone (South Korea), concluding that
all of the pollutants studied were associated
with low birthweight.@"

Researchers have studied the association
between electricity generation from coal-
fired power plants and infant mortality.??
Infant mortality was shown to increase with
increased coal consumption in countries
that had mid to low infant mortality rate

at baseline (1965) such as Chile, China,

Mexico, Thailand, Germany, and Australia.
@2
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Neurologic Effects

|

Mercury

Coal contains many naturally-occurring
heavy metals, including mercury. When
coal is burned, mercury is emitted into the
atmosphere in gaseous form. The United
Nations estimates that 26% of global
mercury emissions (339-657 metric tons/
year) come from the combustion of coal

in power plants.®® The mercury emitted
into the atmosphere from coal-burning
power plants is deposited into waterways,
converted to methylmercury, and passed
up the aquatic food chain.?*?® Consump-
tion of methylmercury-contaminated fish,
from mercury emissions locally, regionally,
and internationally, by pregnant women
can cause developmental effects in their
offspring such as lower intelligence levels,
delayed neurodevelopment, and subtle
changes in vision, memory, and lan-
guage®® Large-scale epidemiologic studies
in Spain, Hong Kong, and the United States
have shown that many women have blood
mercury levels that are above acceptable
levels due to consumption of mercury-
contaminated fish, putting their offspring
at risk.7-2%

Life Expectancy

A study modeling the effect of coal use for
power generation on life expectancy found
that the use of coal predicted a decrease in
life expectancy in countries with moderate
life expectancy at the baseline year (1965)
including Poland, China, Mexico, and Thai-
land. In India and China, years of life lost
were estimated up to 2.5 years and 3.5
years, respectively.®?

Climate Change

|

Global climate change is caused by the accu-
mulation of greenhouse gases in the Earth’s
atmosphere. Two of the major greenhouse
gases contributing to climate change are
products of coal combustion: carbon dioxide
(CO,) and nitrous oxide (N,O). As the con-
centrations of these gases in the atmosphere
increase, the average global temperature
slowly increases, setting in motion a host of
consequences that further promote climate
change such as melting of polar ice and
thawing of the arctic permafrost.

Infant mortality was shown to increase with
increased coal consumption in countries such as
Chile, China, Mexico, Thailand, Germany, and Australia.
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As the average global temperature in-
creases, it is predicted there will be an
increase in public health burden, particu-
larly in low-income countries which have
fewer resources to respond and adapt to
the changes brought on by warmer global
temperatures.©® A higher average global
temperature and warmer oceans are al-
ready increasing the incidence of extreme
weather events such as floods, hurricanes,
and droughts that in-turn, increase disease
and injury, and adversely affect water qual-
ity and food security.®132

Warmer average temperatures alter eco-
systems, causing a decrease in some key
food-chain supporting species such as cor-
als, and causing an increase in the growing
ranges of some weeds, grasses, and trees
that may increase the severity and preva-
lence of allergies.®'*? Other consequences
include: the spread of climate-sensitive
diseases such as tick-and mosquito-borne
diseases and food-and water-borne patho-
gens, an increase in ground-level ozone
and smog which aggravate asthmas and in-
crease hospital visits; and an increase in the
number of extremely hot days which can
cause heat-related mortality.®%3*% The mass
migration of people to avoid these climate-
related consequences may cause conflict
and further stress on water, food, shelter,
sanitation, and healthcare resources.®?

Other Health Effects

While this review focuses primarily on the
health effects from the combustion of coal
for electricity, it should be noted that other
health burdens arise from the use of coal,
two of which are reviewed below.

Indoor Coal-Combustion

Using solid-fuels such as coal for heating
and cooking is estimated to cause almost 1
million deaths from pneumonia in children
under 5 years old and one million deaths
from chronic obstructive pulmonary disease
per year world-wide.®® While the use of coal
for indoor fuel is relatively unusual, in China
it is still in common use. In 2000, the World
Health Organization conducted a meta-
study on the use of solid fuels for heating
and cooking in which they reported that
about 158 million adults in East Asia and
about 20 million adults in South Asia are ex-
posed to coal smoke from cooking, causing
over 16,000 deaths from lung cancer per
year.®

Coal Miners

The occupational health impacts of mining
coal are well known and must be considered
when reviewing the effects of electricity
generation with coal. In a 2002 review of
250 studies on coal mining, Stephens and
Ahern®? calculated that up to 12% of coal

of global mercury emissions
come from the combustion of
coal in power plants.
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miners develop the potentially fatal lung
conditions coal workers’ pneumoconiosis
and silicosis due to the inhalation of dust
during mining operations.®” Miners are
also at higher risk for chronic bronchitis
and accelerated loss of lung function.
Most of the research on the health ef-
fects of coal mining have been performed
among miners in large scale mines in
Europe and North America.®” Small scale
mines, many of which are found in devel-
oping countries, are often more hazard-
ous, resulting in higher rates of accidents
and injuries. They often employ less
experienced workers and children, both
of which are populations with increased
vulnerability to occupational disease and
injury.”

The Cost of the

Health Burden From Use
of Coal for Energy
Production

The impacts of coal combustion can be
described in economic terms, and sev-
eral papers have attempted to estimate
the cost of using coal by assigning value
to the environmental and public health
damage caused during each stage of

Scientific Evidence of Health Effects from Coal Use in Energy Generation

coal’s extraction, transportation, com-
bustion, and disposal.One such study by
Epstein et al.®® estimated that the external
costs of coal-fired electricity in the U.S. add
an extra 17.8 cents to each kWh of elec-
tricity produced; an amount that would
triple its cost to consumers.®® Another
U.S. report by Machol et al. ¢ estimates
45 cents per kWh as the cost of the health
burden and environmental damages from
coal combustion. As part of an analysis for
the European Commission in 2005, Rabl
et al. estimated the external life cycle costs
of fossil fuels (the most expensive of which
was coal) to be 1.6 - 5.8 c€/kWh.®

In 2011 the US EPA estimated the benefits
and costs of the Clean Air Act, a law which

regulates emissions of sulfur dioxide, oxides

of nitrogen, carbon monoxide, and par-
ticulate matter in the United States. The
EPA calculated that the ratio of health care
cost savings to compliance costs was 25:1
in 2010.¢9 This means that for every dollar
spent complying with the Clean Air Act,
twenty-five dollars were saved in health
care costs due to lower disease burden,
including a reduction in premature deaths,
and cases of bronchitis, asthma, and myo-
cardial infarction.“®

10



SUMMARY AND RESEARCH NEEDS

This document has presented scientific evi-
dence for the health effects from the use of
coal for the generation of electricity. Recent
research findings have been summarized,
and we have provided references and addi-
tional resources for further information. It is
clear that scientific research has shown that
the pollutants generated by coal combus-
tion can have profound effects on the health
of local communities, especially vulnerable
individuals including children, the elderly,
pregnant women, and those suffering from
asthma and lung disease in urban settings.
On a global scale, coal emissions can travel
long distances affecting populations living
remote from power plants. Moreover, coal
combustion contributes to climate change,
whose health impacts are already significant
and growing.

The use of coal results in health conse-
quences throughout the span of its use --

from mining to combustion waste disposal.
However, in order to keep this document
brief, as an accessible resource on the topic,
the health effects from exposure to fly ash
and pollutants resulting from coal transport,
or noise from blasting in coal mines were
not included. Top quality, peer-reviewed
global research and documentation on the
health impacts of coal is needed. Future
research should evaluate the global public
health effects, including cancer, that are
specific to the use of coal for indoor heating
and cooking. In addition, effects on the local
population from noise from blasting during
mining, and local population-based health
effects from coal-fired power plant emissions
not discussed in this paper need to be fur-
ther evaluated. Furthermore, a comparative
study of the health impacts of various power
generation options would help provide a
scientific basis for energy policy choices.

11 Scientific Evidence of Health Effects from Coal Use in Energy Generation



REFERENCES

(1) Tackling the Global Clean Air Challenge. World
Health Organization News Release. 26 September
2011. Geneva, Switzerland.

(2) International Energy Agency (IEA). World Energy
Outlook 2007: China and India Insights. Paris: Organi-
zation for Economic Co-operation and Development
(OECD); 2007.

(3) International Energy Agency (IEA). Key World En-
ergy Statistics 2012. 2012.

(4) Yang A, Cui Y. Global Coal Risk Assessment: Data
Analysis and Market Research. World Resources Insti-
tute 2012.

(5) Rabl A, Spadaro), Bickel P, Friedrich R, Droste
-Franke B, Preiss P,etal. Extern E-Pol. Externalities of
Energy: extension of accounting framework and policy
applications. Final Report contract NENG 1- CT 2002-
00609. ECDG Research 2004.

(6) Rabl A, Spadaro JV. Environmental impacts
and costs of energy. Ann NY Acad Sci. 2006 Sep;
1076:516-526.

(7) Markandya A,Wilkinson P. Energy and Health 2:
Electricity generation and health. The Lancet 2007
9/15-21; 370(9591):979-990.

(8) Yi H, Guo X, Hao |, Duan L, Li X. Characteristics
of inhalable particulate matter concentration and size
distribution from powerplants in China. ] AirWaste
Manage Assoc 2006; 56(9):1243-1251.

(9) U.S. Environmental Protection Agency. Integrated
Science Assessment for Particulate Matter. 2009 De-
cember 2009; EPA/600/R-08/139F.

(10) Barnett AG, Williams GM, Schwartz |, Neller AH,
Best TL, Petroeschevsky AL, etal. Air pollution and
child respiratory health: A case-crossover study in
Australia and New Zealand. Am | of RespCritCare Med
2005;171(11):1272-1278.

(11) Barraza-Villarreal A, Sunyer ], Hernandez-Cadena
L ,Escamilla-Nufiez MC, Sienra-Monge JJ, Ramirez-
Aguilar M, etal. Air pollution, airway inflammation, and
lung function in a cohort study of Mexico City school-
children. Environ Health Perspect 2008; 116(6):832.

(12) Chen Y, Yang Q, Krewski D, Shi Y, Burnett RT,
McGrail K. Influence of relatively low level of particu-
late air pollution on hospitalization for COPD in elderly
people. Inhal Toxicol. 2004;16(1):21-25.

(13) De Hartog |, Hoek G, Peters A, Timonen K, Ibald-
Mulli A, Brunekreef B, etal. Effects of fine and ultrafine
particles on cardiorespiratory symptoms in elderly
subjects with coronary heart disease The ULTRA Study.
Am | Epidemiol 2003;157(7):613-623.

(14) U.S. Environmental Protection Agency. Integrated
Science Assessment for Sulfur Oxides - Health Criteria.
2008 September 2008; EPA/600/R-08/047F.

(15) Lu Z, Streets D, Zhang Q, Wang S, Carmichael
G, Cheng Y, etal. Sulfur dioxide emissions in China
and sulfur trends in East Asia since 2000. Atmospheric
Chem Physics 2010; 10(13):6311-6331.

(16) U.S. Environmental Protection Agency. Integrated
Science Assessment for Oxides of Nitrogen-Health
Criteria. 2008 July 2008; EPA/600/R-08/071.

(17) World Health Organization (WHO). Global Health
Observatory (GHO): Outdoor air pollution. 2013;
Availableat: http://www.who.int/gho/phe/outdoor_
air_pollution/en/index.html. Accessed Feb,2013.

(18) Lewtas J. Air pollution combustion emissions:
Characterization of causative agents and mechanisms
associated with cancer, reproductive, and cardiovascu-
lar effects. Mut Res 2007,;636:95.

(19) Liu L, Breitner S, Schneider A, Cyrys ], Brske |,
Franck U, etal. Size-fractioned particulate air pollution
and cardiovascular emergency room visits in Beijing,
China. Environ Res. 2013 Feb;121:52-63.

(20) Romieu I, Gouveia N, Cifuentes LA, deLeon AP,

Junger W, Vera |, etal. HEI Health Review Committee.
Multicity study of air pollution and mortality in Latin
America (the ESCALA study). Res Rep Health Eff Inst.

2012 Oct; (171):5-86.

(21) SramR], Binkod B, Dejmek |, Bobak M. Ambient
air pollution and pregnancy outcomes: A review of the
literature. Environ Health Perspect. 2005; 113(4):375.

(22) Gohlke J, Thoma R, Woodward A, Campbell-Len-
drum D, Pruss-Ustun A, Hales S, etal. Estimating the
global public health implications of electricity and coal

Scientific Evidence of Health Effects from Coal Use in Energy Generation



consumption. Environ Health Perspect. 2011 Jun;
119 (6):821.

(23) Pacyna ], Sundseth K, Pacyna E, Panasiuk ND.
Study on mercury sources and emissions and analy-
sis of cost and effectiveness of control measures:
“UNEP Paragraph 29 study”. 2010 Nov; UNEP
(DTIE)/Hg/INC.2/4:17.

(24) Lippmann M, Cohen B, Schlesinger R. Envi-
ronmental Health Science: Recognition, Evalua-
tion, and Control of Chemical and Physical Health
Hazards. NewYork, NewYork: Oxford University
Press; 2003.

(25) National Research Council (US). Hidden Costs
of Energy: Unpriced Consequences of Energy Pro-
duction and Use. National Academy Press; 2010.

(26) World Health Organization (WHO). Exposure
to Mercury: A Major Public Health Concern. Public
Health and Environment 2007:3.

(27) Mahaffey KR, Clickner RP, Bodurow CC.
Blood organic mercury and dietary mercury intake:
National Health and Nutrition Examination Survey,
1999 and 2000. Environ Health Perspect 2004;
112(5):562-570.

(28) Diez S, Delgado S, Aguilera |, Astray ], Perez-
Gomez B, Torrent Metal. Prenatal and early child-
hood exposure to mercury and methylmercury in
Spain, a high-fish-consumer country. Arch Environ-
Toxico 2009; 56:615-622.

(29) Lam HS, Kwok KM, Chan PH, So HK, LiA M,
Ng PC, Fok TF. Long term neurocognitive impact of
low dose prenatal methylmercury exposure in Hong
Kong. Environ Int. 2013 Feb 13; 54C:59-64.

(30) Costello A, Abbas M, Allen A, Ball S, Bell S,
Bellamy R, etal. Managing the health effects of
climate change. Lancet (London, England) 2009;
373(9676):1693-1733.

(31) U.S. Environmental Protection Agency. EPA's
Endangerment Finding: Health Effects. 2009 Dec.

(32) U.S. Environmental Protection Agency. Tech-
nical Support Document for Endangerment and
Cause or Contribute Findings for Greenhouse Gases
under Section 202(a) of the Clean Air Act. 2009
December 7,2009.

(33) Health Effects of Climate Change in the UK
2012, Current evidence, recommendations and
research gaps. S Vardoulakis and C Heaviside (Edi-
tors). Health Protection Agency, United Kingdom.

(34) Mc Michael A), Woodruff RE, Hales S.Climate
change and human health: present and future risks.
Lancet 2006; 367:859-69.

(35) World Health Organization. Indoor air pollution
and health. Fact sheet N°292. September 2011.

(36) Smith KR, Mehta S, Maeusezahl-Feuz M. Indoor
air pollution from household use of solid fuels. In:
Ezzati M, Lopez AD, Rodgers A, Murray CJL, editors.
Comparative Quantification of Health Risks: Global and
Regional Burden of Disease Attributable to Selected
Major Risk Factors--Volume 1 Geneva: World Health
Organization; 2004. p.1435.

(37) Stephens C, Ahern M. Worker and community
health impacts related to mining operations interna-
tionally. A rapid review of the literature. London, Min-
ing and Minerals for Sustainable Development Project
2001; 25.

(38) Epstein PR, Buonocore ||, Eckerle K, Hendryx
M, Stout Ill BM, Heinberg R, etal. Full cost account-
ing for the life cycle of coal. Ann NY Acad Sci 2011;
1219(1):73-98.

(39) Machol B, Rizk S. Economic value of U.S. fossil
fuel electricity health impacts. Environ Int 2013 Feb;
52:75-80.

(40) US Environmental Protection Agency Office of Air
and Radiation. The Benefits and Costs of the Clean Air
Act: 1990-2020. Washington DC: EPA, 2010.

Additional Resources

American Lung Association (ALA). Toxic Air: The Case
for Cleaning Up Coal-fired Power Plants. 2011 Mar.
Available at: http://www.lung.org/assets/documents/
healthy-air/toxic-air-report.pdf

Bolten |G, Morrison PF, Wolf KA, Resetar SA. Health
risks of toxic emissions from a coal-fired power plant.
USA: RAND Corporation; 1987. Available at: http://
www.rand.org/pubs/reports/R3507.html

Cleetus R, Clemmer S, Davis E, Deyette |, Downing J,
Frenkel S. Ripe for Retirement: The Case for Closing
America’s Costliest Coal Plants. Union of Concerned
Scientists 2012 2012 Nov.

Cohen AJ, Ross Anderson H, Ostro B, Pandey KD,
Krzyzanowski M, Kunzli N, etal. The global burden of
disease due to outdoor air pollution. Journal of Toxi-
cology & Environmental Health Part A. 2005 Jul 9-23;
68(13-14):1301-1307.

Scientific Evidence of Health Effects from Coal Use in Energy Generation



Cropper M, Gamkhar S, Malik K, Limonov A,
Partridge I. The Health Effects of Coal Electric-
ity Generation in India. Resources for the Future
Discussion Paper. 2012 Jun;RFF DP 12-25. Avail-
able at: http://www.rff.org/RFF/Documents/RFF-
DP-12-25.pdf

Goenka D and Guttikunda S. Coal Kills - An As-
sessment of Death and Disease caused by India’s
Dirtiest Energy Source. Urban Emissions 2013.
http://www.urbanemissions.info/india-power-
plants

Gottlieb B.Coal Ash: Hazardous to Human
Health. Physicians for Social Responsibility; 2010.
Available at: http://www.psr.org/resources/coal-
ash-hazardous-to-human-health.html

Huscher, ] and Smith D. THE UNPAID HEALTH
BILL - How coal power plants make us sick. A
report from the Health and Environment Alliance
(HEAL). March 2013. http://www.env-health.
org/resources/projects/unpaid-health-bill

Holdren JP, Smith KR. Energy, the environment,
and health. United Nations Development Pro-
gramme 2000.

Hosgood HD, Wei H, Sapkota A, Choudhury

I, Bruce N, Smith KR, etal. Household coal use
and lung cancer: systematic review and meta-
analysisof case-control studies, with an emphasis
on geographic variation. Int ] Epidemiol 2011;
40(3):719-728.

Hvistendahl M. Coal ash is more radioactive
than nuclear waste. Sci Am 2007;13. Available
at: http://www.scientificamerican.com/article.
cfm?id=coal-ash-is-more-radioactive-than-nucle-
ar-waste

Lockwood AH, FAANM, Welker-Hood K, Sc DM,
Rauch M, Gottlieb B. Coal’s Assault on Human
Health. Physicians for Social Responsibility Report
2009. Available at: http://www.psr.org/resourc-
es/coals-assault-on-human-health.html

Lockwood AH. The Silent Epidemic. Coal and the
Hidden Threat to Health. 2012. MIT Press
Penney S, Bell ], Balbus J. Estimating the Health
Impacts of Coal-Fired Power Plants Receiving
International Financing. Environmental Defense
Fund 2009. Available at: http://www.edf.org/
sites/default/files/9553_coal-plants-health-im-
pacts.pdf

Perera F, Li TY, Zhou ZJ, Yuan T, Chen YH, Qu L, et al.
Benefits of reducing prenatal exposure to coal-burning
pollutants to children’s neurodevelopment in China.

Environ Health Perspect 2008 Oct;116(10):1396-1400.
Rabl A, Nathwani |, Pandey M, Hurley F. Improving
policy responses to the risk of air pollution. ] Toxicol Envi-
ron Health A 2007 Feb 1; 70(3-4):316-331.

Sadamori K, International Energy Agency (IEA). Medium-
term Coal Market Report 2012 Presentation. 2012;
Available at: http://www.iea.org/newsroomandevents/
speeches/121218MCMR2012_presentation_KSK.pdf.

Schneider C, Banks J. The Toll from Coal: An Updated
Assessment of Death and Disease from America’s Dirtiest
Energy Source. 2010. Clean Air Task Force. Available at:
http://www.catf.us/resources/publications/files/The_Toll_
from_Coal.pdf

Shindell D, Faluvegi G. The net climate impact of
coal-fired power plant emissions. Atmos Chem Phys
2010;10:3247-3260. Available at: http://www.atmos-
chem-phys.net/10/3247/2010/acp-10-3247-2010.pdf

Wilkinson P, Smith Kirk R., Joffe M, Haines A. Energy and
Health 1: A global perspective on energy: health effects
and injustices. Lancet 2007 Sep 13; 370(9591):5.

World Health Organization (WHO). Indoor air pollution.
Available at: http://www.who.int/indoorair/en/index.
html.

World Health Organization (WHO). Public Health and
Environment (PHE) - Database: outdoor air pollution in
cities. Available at: http://www.who.int/phe/health_top-
ics/outdoorair/databases/en/. Accessed 04/04, 2013.

World Health Organization (WHO). WHO Air quality
guidelines for particulate matter, ozone, nitrogen dioxide
and sulfur dioxide: Global update 2005--Summary of risk
assessment. 2006.

World Health Organization (WHO), World Meteorologi-
cal Organization (WMO). Atlas of Health and Climate.
WHO Press 2012;WMO-No. 1098:52.

World Health Organization (WHO). Health in the green
economy: Co-benefits to health of climate change miti-
gation; Household energy sector in developing countries.
2011.

Yang A, Cui Y. Global Coal Risk Assessment: Data Analysis
and Market Research. World Resources Institute 2012.
Availableat: http://www.wri.org/publication/global-coal-
risk-assessment

Scientific Evidence of Health Effects from Coal Use in Energy Generation



Local Resources

Scientific Evidence of Health Effects from Coal Use in Energy Generation



