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The toll of ozone
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Ground level ozone is both a regional and global
problem
Ground level (tropospheric) ozone, an air pollutant and key ingredient
of urban smog, has a negative impact on human health worldwide. Ozone
consists of three oxygen atoms and is created via a chemical reaction between
nitrogen oxides (NOx) and volatile organic compounds (VOCs) in the presence of sunlight. The ozone gas precursors, NOx and VOCs, are produced or
emitted by cars, chemical and power plants, refineries, and other industrial
sources. Because of its atmospheric transport properties, ozone created in
one region can be carried by wind currents to affect individuals hundreds
of miles away, therefore making ozone pollution not only a local problem
but also a global issue.
In a recent editorial in Pneumon Prof. N. Siafakas pointed out that the
World Health Organization (WHO) estimates that half of the world’s population lives in areas with poor air quality1. One of the main goals of the
declaration by the Forum of International Respiratory Societies that 2010
be the “Year of the Lung” was to reaffirm the right of all people to live in
unpolluted areas. The highest concentrations of ozone are found in areas
of greatest population densities, such as in Central Europe, Eastern China,
Northeastern India, Southern Africa, and the Eastern USA2,3, where it has
the potential to affect the greatest numbers of people. Background levels
of ozone have been increasing worldwide over the past three decades,
with increases of as great as 2%/year measured over the mid-latitudes of
the northern hemisphere4. In the USA, although ozone pollution has been
declining at national5, state6, and local7 levels for the past several decades,
due to reduced emissions of precursor gases, many regions still report ozone
levels that are at or above the current National Ambient Air Quality Standard of 0.075 ppm for 8 hours8, and much higher than the newly proposed
U.S. Environmental Protection Agency limits of 0.06 ppm9 for 8 hours and
WHO guideline values of 0.05 ppm2. Over 150 million people residing in
240 counties across the USA are exposed to ozone at unacceptable levels10,
creating significant local and regional problems in polluted areas where
concentrations often exceed 0.2 ppm.
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Climate change and future ozone
problems
Climate change is expected to significantly influence
future ozone levels, with many regions still seeing increases
in ozone concentrations despite the implementation
of ozone controls2. Climate change could alter weather
patterns, lengthening the ozone season and increasing
the frequency, duration, and concentration of ozone
levels11-13. Climate change could also increase ozone
concentrations by increasing emissions of ozone precursors, changing chemical reaction rates, altering boundary
layer heights that affect vertical mixing of pollutants and
changing airflow patterns governing the transport of
pollution11,14. With climate change, many regions could
see concentrations of ozone much beyond the ranges of
natural historical levels, potentially increasing morbidity
and mortality rates due to ozone11,14,15.

Ozone effects on healthy
and susceptible populations
The effects of ozone are felt by everyone. Short-term
exposures to ozone can cause increases in respiratory
symptoms, reduced lung function, changes in airway
responsiveness and increased airway inflammation, even
in healthy individuals9,10,16-18. Long-term or prolonged
exposures can cause asthma in children and lead to permanent lung damage and even death9,10,16,17,19. Ozone has
the greatest effects on children, the elderly, and people
who frequently work or exercise outdoors10,16,17-24. Ozone
also affects women more than men20-24 and can even
harm the unborn child25-27. The most pronounced adverse
effects of ozone, however, are seen in the ever-growing
population of those with predisposing conditions, such
as obesity, diabetes mellitus (DM), asthma, chronic obstructive pulmonary disease (COPD), pneumonia, and
other cardiorespiratory diseases9,16,19,21,24,25-35 (Figure 1).
Many studies have reported increases in emergency room
visits, hospital admissions, and mortality for patients
with these conditions, associated with days of increased
ozone9,10,16,19,30-34,36-38.
However, not all individuals, either healthy or predisposed, exhibit the same level of susceptibility to ozone18, 35.
Some individuals are sensitive to ozone (even at ambient
levels)35 and remarkable variability in ozone susceptibility
is observed among healthy non-smokers engaging in
moderate to heavy exercise39-41. This indicates that several
different factors, acting either alone or in combination,

Figure 1. The ozone disease snowball. The most pronounced
adverse effects of ozone are experienced by individuals whose
health is already compromised, including those with pneumonia, diabetes mellitus (DM), obesity, chronic obstructive
pulmonary disease (COPD), asthma, and other cardiopulmonary
diseases.

may contribute to the susceptibility of an individual to
ozone and to air pollution in general, and that these factors include genetic variability. A genetic basis for ozone
response has been suggested in animal studies, where
great differences in injury and mortality were observed
among different strains42,43. For example, the genetic variation present in genes playing a role in oxidative stress,
and inflammation, among other functions, may be of
particular relevance.

The costs of ozone pollution
The costs of ozone pollution are enormous and often
difficult to measure. The estimated costs include hospitalbased costs, medical care expenses, missed school and
work days and their economic toll, behaviour modification
and inactivity due to restricted activity days, quality of
life factors, and premature and increased mortality. For
example, failure to meet government air quality standards cost California alone an estimated $193 million in
hospital spending between 2005 and 2007, $58 million
of which was due solely to ozone44. These costs put an
increased financial burden on both patients and their
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ment that can lead to better human health and better
socio-economic conditions worldwide.
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Figure 2. The socio-economic effects of ozone pollution.
The negative impact of ozone on health results in an increase
in medical expenses, restricted activity, and loss of school
and work days. All of these factors contribute to a decrease
in consumption of goods and lost wages that, in turn, have a
negative impact on the economy. This limits, in part, the ability
of governments to provide adequate funding for ozone-related
works. Such works may include efforts aimed at better understanding of the sources of ozone load, the effects of ozone on
health and other aspects.

health care providers. It is estimated that health costs
due to ozone pollution globally will reach $580 billion
per year by 2050 (in year 2000$), and that mortalities
from ozone exposure will exceed 2 million45. Aside from
the human costs, the socio-economic impact of ozone
pollution must be considered. Missed school and work
days, and behaviour modification due to restricted activity
days, all result in a loss of welfare and consumption (i.e.
reduction in purchase of goods due to restricted activity)
(Figure 2). A recent study in Europe estimated the annual
loss to consumption due to air pollution in 2005 to be
€220 billion (in year 2000€) with a total annual welfare
loss of €370 billion (~$500 billion) for the continent, 10%
of which was linked directly to ozone46.

Comment
Air pollution, and in particular ozone exposure, constitutes a major health and socio-economic burden worldwide. Guidelines for further reduction of air pollution
benefit everyone and therefore it should concern all of
us that these be continually improved, implemented, and
complied with. Research efforts aimed at understanding
the mechanisms involved in human disease due to ozone
pollution and the basis of individual variability to ozone
and air pollution susceptibility are a worthwhile invest-
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