SMOG:
THE EAGER DESTROYER
Like so many other pollutants, smog, or ozone, is virtually everywhere. What happens
when you inhale it is not pretty.
Within seconds of entering the lung, ozone burns through cells walls in lungs and airways.
Tissues redden and swell.1 Cellular fluid seeps into the lungs2, 3, 4, 5, 6 and over time their elasticity
drops.7, 8, 9, 10, 11, 12 Macrophages, specialized white blood cells that are the body’s first line of
defense against bacteria, viruses, molds and other threats, rush to the lung’s aid, but they are no
match for the ozone. It stuns and kills them.13, 14
There are other serious health damages–development of asthma,15 increased hospital visits
and stays, for example—but there also is more, much more: ozone injures the plant equivalent of
lungs, the stomata, so they grow neither
as fast nor as big.16 The amount of food
that farmers can harvest falls.
Trees—indeed, entire forests—especially
in the mountains where gale force winds,
sudden ice and snow storms cause forests
to hover at the brink of death, can no
longer survive.17 Entire mountainsides
begin to resemble a forest holocaust.
Then, there’s global warming.
The pollutant that will be the major cause
of global warming in the future is carbon
dioxide. But after it, vying for second
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dioxide and other pollutants designated as ozone, the scents can travel 4,000 feet, but today that has
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distributed throughout the global
atmosphere. Concentrations in, say
Berlin, will be roughly equal to those in Baltimore or Burbank. This is not true of ozone or the
other shorter-lived pollutants that also cause global warming. Because they are being created and
destroyed constantly, levels can differ over a geographic scale of a few blocks or a time frame of a
few hours. Nevertheless, wherever and whenever they are found, they cause warming.
Reducing ozone and these other shorter-lived pollutants will, therefore, not only save lives
and avoid illnesses, but also curb global warming. And, because their lifetimes are measured in
days or weeks, not centuries, the health and cooling benefits accrue very quickly. Want to cool

the planet an infinitesimal amount with two weeks? Park the car, so it is not emitting pollutants
that form ozone.
The proof that reducing ozone pollution will also lessen illness and visits to doctors and
hospitals has been demonstrated: In Atlanta, George, for example, drivers there were asked to
park their cars and ride the bus to cut air pollution during the summer Olympics of 1996.
Atlantans did, causing ozone levels to all, and when smog levels dropped, so did doctor and
hospital visits, insurance claims for medicines and many other measures of sickness.18 In northern
cities, when summer changes to winter and ozone levels fall, so do deaths.19 And when children
who have been breathing dirty air move someplace where it is cleaner, their health improves.20 In
one study, lowered smog concentrations reduced the percentage of children hospitalized for
respiratory problems by 77 percent.”21
These are sensible results, because once weakened by the ozone, the body’s immune
system is less able to fend off infections causing hospital admissions and emergency department
visits to increase.22, 23, 24 When ozone levels increase 20 parts per billion—a common daily
variation—school absences due to general illness increase 62.9 percent, while those for respiratory
sickness jump 82.9 percent.25 Children at summer camp lose the ability to breathe normally, even
when the air is supposedly “clean,” based on standards set by the government at the time. These
losses continue for up to a week after leaving camp.26
To this point, the damages inflicted by ozone might have been reversed by fleeing inside
or to a place where the air is cleaner. Soon, that is no longer an option. Ozone begins to kill the
cells with cilia, tiny whips that move mucus and dead germs out of the lungs. As the tall, slender
ciliated cells die, they are replaced by cells that are thick, stiff and non-ciliated, reducing the
lungs’ flexibility—and with that, the ability to breathe normally.27, 28 Scars and lesions, not unlike
those found in smokers, form in the airways.29
For those who live in virtually any city in the world, smog is in every breath. Few people
appreciate, however, just how dangerous ozone is.

Figure 2 One oxygen atom joins with
two others to form ozone, which quickly
destroys whatever it contacts.

Every city and metropolitan area in the United
States–indeed, with rare exceptions, every city in the world- is plagued by high levels of ozone. In 1989, the exposed
population in the U.S. was 67 million, but in warmer years
like 1988, this can more than double to 135 million.30 Some
ozone is formed naturally, but the reaction between
hydrocarbons (Hcs) and oxides of nitrogen (NOx), both
emitted in large quantities by cars and trucks, is the
principal source of the pollutant today. The reactions that
form ozone are accelerated by higher temperatures, so as
they increase with global warming, so will smog levels.
One analysis of the effect of higher temperatures due to
global warming concluded that ozone would increase 3 to
10 percent in various regions of California, and even with
aggressive reduction if emissions of ozone precursors might
be ineffective at bringing smog levels down in some
regions, especially San Francisco.31

Ozone not only causes some diseases--asthma, for example–32 it also reduces crop yields,33
kills forests34 and, both directly and indirectly, causes global warming. It also is associated with
death in humans.35
There are hundreds of different hydrocarbons in the air, emitted by sources ranging from
gasoline stations and printing shops to pine trees and shrubs. Each of these reacts to form a
different kind of oxidant, which is a pollutant that destroys organic matter, not unlike chlorine
bleach. The principal oxidant, however, is ozone, so it commonly used as shorthand for the
complex mixture of poisons.1
Ozone so effective at destroying organic matter, whether it is dirt in a shirt or cells in a
human lung, it is widely used to disinfect drinking water. In Los Angeles, for example, the$146
million filtration plant treats up to 600 million gallons of water each day, and is the second largest
ozone-generating plant in the world.36 In many hospitals, doctors and nurses use ozone to
disinfect their scalpels, tongs and other medical instruments.37
According to the U.S. Department of Energy, “By any measure ozone is extremely
toxic—one of the most toxic substances known.”38 The nearly invisible gas is, like oxides of
nitrogen, formed from the Earth’s own atmosphere.
The oxygen that is about 20 percent of the air is composed of two atoms tightly joined
together in a nearly unbreakable bond. However, when the nuclear radiation from the sun
completes its 90 million mile trip to the Earth, it is traveling so fast and with such immense force
that it shatters the oxygen molecule into two atoms. Each of the atoms quickly attaches itself to
an oxygen molecule, forming ozone, which has three atoms.
The bond between the single oxygen atom and the two-oxygen molecule is very weak, so
ozone is extremely unstable. It is figuratively not unlike a child learning to ride a training bicycle.
Just as the child is likely to fall off if the training bike hits something—a street curb, say—so, too,
will the third oxygen atom break away
when the ozone molecule bumps into
something else. The single atom, now
free, almost instantly reacts with and
“oxidizes”—in other words, destroys—the
other substance.
If the ozone happens to be in
drinking water, it will kill bacteria. If it’s
in a hospital, blood and other residue on a
scalpel will be oxidized. If the ozone is in
our lungs, it almost instantly burns holes
through a cell walls, and fluid begins to
leak out.

Figure 3 Typical ozone “sunburn” of lung lining, with a
healthy lung airway (left) and an inflam ed lung airway
(right).

Thus, whether the target is bacteria, dirt and other contaminants, they are chemically
oxidized in much the way fire burns up paper or chlorine-based bleach zaps that dingy “ring around
1

Ozone is the pollutant m easured for regulatory purposes, but there are m any oxidants. See FinlaysonPitts, B.J. & Pitts, J.N. Chemistry of the Upper and Lower Atmosphere (Elsevier, 1999).

the collar.” Not surprisingly, however,
breathing the atmospheric equivalent of
bleach isn’t so good for the lungs.
Some people say there is “good”
ozone—because about 90 percent of it
is between about 6 to 20 miles overhead
in the stratosphere, where it blocks out
enough of the sun’s radiation to make
life on the surface habitable. Then,
there’s the remaining 10 percent at the
level where humans, plants and animals
live, and they are injured by ozone,
which some call the “bad” kind.
Smog’s damage starts with the
first breath. It stimulates the nerve
endings triggering pain, rapid breathing
and shortness of breath. For many
years, regulators thought the pain
brought on by ozone caused these
changes—but not so. When people are
given pain killers, the hurt is gone but
the abnormal breathing isn’t. So the
two—pain on the one hand and
abnormal breathing on the other—are
independent of one another.39

Figure 4 Microscopic views of hum an lung tissue
(epithelium , or lining) show dam age resulting from exposure
to relatively low levels of ozone. In the control im age (upper)
from the lung of a person exposed only to air, the tiny cilia
that clear the lungs of m ucus appear along the top of the
im age in a neat and regular row. In the lung exposed to 20
ppb of ozone—a com m on day-to-day variation— added to the
air for four hours during m oderate exercise, m any cilia
appear m issing and others appear m isshapen. Arrows point
to tiny bodies called neutrophils in the ozone-exposed
subject. The presence of neutrophils indicates inflam m ation.
Magnification: x400. (Micrographs courtesy of the Am erican
Thoracic Society, from Am erican Review of Respiratory
Diseases, Vol. 148, 1993, Robert Aris et al., pp. 1368— 69.)

When the human body is being
attacked, whether by bacteria or air
pollution, it mounts a counter attack. In
the case of ozone, specialized white
blood cells that are the body’s first line
of defense against bacteria, viruses,
molds and other threats, rush to the
lung’s aid, but they are no match for the
ozone. It stuns and kills them.40, 41

With the body’s immune system
having been weakened by the ozone, the
threat of bacterial infections increases.
Even scarier, ozone begins to kill the
ciliated cells, which have tiny whips
that move mucus and dead germs out of
the lungs. They are replaced by non-ciliated cells, which are so thick and stiff that they reduce the
flexibility of the lungs and airways Over time, people become unable to inhale and exhale
normally.42, 43 (See Figure 13.)44

At ozone levels that prevail through much of the year in California and most other cities
during warmer weather, healthy, non-smoking young men who exercise can’t breathe normally.
Breathing becomes rapid, shallow and painful.45
Ozone is so prevalent that even
seemingly unpolluted rural or wilderness areas
are shrouded.. In the Virginia mountains of
Shenandoah National Park, for example, ozone
concentrations are among the highest in the
country,46 and frequently exceed the law’s
health based standards.47 Much the same is true
in Acadia National Park, whose rocky cliffs
hug the frigid Atlantic waters off Maine.48 In
the Great Smoky Mountains National Park in
Figure 5 Los Angeles sm og.
Tennessee and North Carolina ozone levels
rival those of Los Angeles, while in
California’s Sequoia and Kings Canyon National Parks, ozone concentrations exceeded
human-health standards on 61 summer days in 2001.49 During summer, ozone levels in these parks
exceed the California Health Standard at an average of one out of every three days at low-elevation
sites and one out of every five days at mid-elevation sites.50
Indeed, although ozone concentrations tend to be highest in and downwind of cities,
virtually the entire United States—excepting only portions of the Pacific Northwest—is blanketed
by the pollutant at levels that have been demonstrated to reduce lung function.51 For example, in
tests, of 58 farm workers at Abbottsford and Matsqui, Canada, about 42 miles (70 kilometers)
southeast of Vancouver, researchers found that as ozone concentration rose, the ability to breathe
normally fell, even though average concentrations were only one-third of the U.S. standard. Ozone
levels in this study were, in other words, at levels that prevail virtually constantly during the warm
weather periods throughout much of North America, Europe and Asia. Even more alarming, these
deficits were still present the following morning.52

THE STEADILY RISING TIDE
Finding injuries at very low levels is bad news, because so-called “background”
concentrations of smog—those found on farms, in forests and at mountaintops—are rising.
According to the U.S. National Oceanic and Atmospheric Administration, “Over the last
one hundred years the ozone concentrations near the ground in the northern middle latitudes have
more than doubled. Several sources support a lower-tropospheric ozone increase of greater than 1
percent per year since the end of the nineteenth century.”53
What this means is that smog is moving closer and closer to being a pollutant that can’t be
escaped, no matter your wealth or distances from a city.
At the same, a raft of studies show that smog isn’t some minor problem that makes children
and adults merely uncomfortable. On the contrary, smog must now be included on the short list of
possible causes of the huge global increase in asthma. It now seems certain that over the long term

ozone actually changes the size, shape and function of lungs, making them stiffer and smaller and
causing either asthma itself, or something that looks like asthma.
There are three key studies that point to this conclusion:
Rhesus Monkeys
Rats and many other laboratory animals are born with lungs that are fully developed or
nearly so. However, humans and other primates, such as rhesus monkeys, are born with respiratory
systems that still are maturing.
At the University of California at Davis, rhesus monkeys of various ages were given doses
of ozone designed to simulate what happens in Los Angeles, New York City and other areas with
dirty air. They breathed ozone-polluted air for five days, then nine days of normal air. This was
repeated over and over again every two weeks for five months.
During the tests young monkeys had all the symptoms of asthma in humans: changes in the
size, shape and composition of lungs; sudden inability to breathe normally and loss of a key
protective chemical, glutathione, from lung fluids and cells. Most alarming, the developing lungs
stopped dividing after 9 times, instead of continuing to the normal number of 13.54
When changes like this happen, they show up in tests of breathing—how much air can be
exhaled, etc. So, if the changes in the young monkeys were also happening in children, tests of
breathing would show it. And they do.
Freshman from Polluted Areas Compared to those from Cleaner Cities
One specific breathing test, FEV25–75 or forced expiratory volume, measures how much air
leaves the lung. If it is lower than it should be, it means that the parts of the lung just before oxygen
and carbon dioxide are exchanged are blocked—another of asthma’s symptoms.
Scientists at the University of California at Berkeley selected 130 freshmen to test. All
were lifelong residents of either the Los Angeles Basin, where smog is the worst in the nation, or
the San Francisco Bay area, which is relatively clean. When the lifetime exposures to smog were
calculated and compared to FEV25–75, there was a “consistent” linkage between having breathed
smog and the inability to breathe normally.55 Another study, this one of 520 Yale University
students, found the same thing: breathing smog seriously and almost certainly permanently injures
human lungs.56
Children Living in Southern California
But wait—if the direct evidence of the monkey studies and the indirect evidence of the
examination of college freshman is correct, children who live and play in smog should have more
lung diseases than those raised in cleaner neighborhoods. And they do.
In Southern California, scientists conducted one of the most ambitious air pollution
research programs in history, a ten-year, 12-community study of the impact of air pollution on lung
health and growth in thousands of children recruited from areas with varying levels of air pollution.

It is now considered throughout the world as perhaps the most comprehensive and authoritative
study ever conducted on the effects of air pollution on children.
Starting in 1991,
researchers began tracking
over 5,500 school age
children, comparing their
activities, illnesses, places of
residence and a wide range
of other things. What the
study demonstrated should
be a cause of alarm for every
parent whose child lives in
polluted cities—and most of
the world’s children do.
Asthma development
was three times higher in
Figure 6 The cycle of ozone creation, followed by “oxidation and
children that lived in high
decom position,” which m eans, in plain term s, that it burns holes through
ozone communities.57 There
your lungs and kills its cells. It does m uch the sam e to trees and other
was also a clear correlation
plants and, on top of all this, causes global warm ing as well.
between ozone levels and
slowed lung growth, which
was more pronounced in girls who were spending the most time outdoors.
The most profoundly alarming finding was the apparent link between exposure to ozone
and the development of asthma.
Children who played three or more outdoor sports—which means they would breathe more
air and the pollution in it, thus boosting the total amount of poison inhaled—and who lived in
neighborhoods with higher ozone levels were three times more likely to develop asthma.58
Perhaps the worldwide increase in asthma has nothing to do with air pollution, including
smog. Perhaps it is merely a coincidence that at the same time as an increase in background levels
of ozone, there has been a jump in asthma rates. Perhaps it is also a coincidence that in places
where air pollution is high, so are the asthma rates. Perhaps it is only chance that when one group
of primates, rhesus monkeys, breath air pollution they develop asthma or something like it; and
that when another group of primates, college freshman, have breathed air pollution for a lifetime,
they, too, have breathing patterns like those of an asthmatic.
But then again, perhaps it is not a coincidence at all, but a simple reality: air pollution
permanently injures infants and children, and it’s getting worse, not better.
Taken together, these studies and those that have gone before, constitute a compelling,
consistent and coherent body of evidence suggesting that long term exposure to ozone results in
profound and permanent damage to the body’s respiratory system, beginning at the earliest ages.
Injury to plants

Because ozone is so reactive, it
has much the same effect on plant
tissue as in humans. It enters the
stomata, the tiny pores through which
plants take up carbon dioxide, then
once inside the leaf destroys cells.59
The aggregate impact of these injuries
is to substantially reduce the growth of
a wide range of plants, including crops
as well as trees. One group has
concluded that increasing levels of
tropospheric ozone under a
business-as-usual scenario could cut
global crop yields by nearly 40 percent
worldwide by 2100.60 Another group
Figure 7 Potato leaf burned by ozone.
examined the indirect contribution that
widespread ozone injury might have by
reducing the ability of plants to take up and fix carbon dioxide. Carbon dioxide, an essential
nutrient for plants, is removed by them and sequestered in their tissues. Ozone, however, by
causing “significant suppression” of plant growth would lessen the ability of plants to sequester
CO2, indirectly causing global warming.
Indeed, the indirect contribution to
warming would greater than the direct
impact.61
Ozone also destroys the scents
released by flowers that guide honeybees
to them. In unpolluted air, the scents can
travel 4,000 feet, but destruction of up to
90 percent of the aroma by ozone can
reduce that distance to 650 to 1,000 feet,
reducing the honeybees’ food supply and
starving them. Plants, in turn, are not
pollinated, reducing productivity.62
Figure 8 Forest death, or “waldsterben,” in Germ any
because of ozone. Sim ilar scenes can be found throughout
the eastern United States, along the spine of the
Appalachian and Blue Ridge Mountains.

Ozone-caused warming

Ozone is created in the lower air
by complex reactions between a variety of
others pollutants, especially methane,
oxides of nitrogen, hydrocarbons and some other pollutants.63 As`mentioned earlier, almost all of
these pollutants have extremely short lifetimes in the air, sometimes only minutes, so their
concentrations vary markedly from place to place,64 but in the aggregate they account for a
substantial fraction of current warming. Ozone traps heat being radiated from the Earth’s surface
that otherwise would escape into space, increasing global temperature by 0.25 to 0.65 watts per
square meter, according to the IPCC.65

In addition to its global impact, ozone also causes warming in the Arctic, especially in the
non-summer seasons. During summer, sunlight and heat accelerate atmospheric reactions that
destroy ozone, preventing it from persisting long enough to be transported from mid-latitudes to
the Arctic. But in the cooler temperatures of the fall,
winter, and spring, ozone pollution survives long enough
to be blown into the frigid regions of Alaska and elsewhere
in the Arctic, where it causes 0.4/ C to 0.5/ C degrees
warming there.66 One team of investigators concluded that
traffic in Europe–cars, trucks, ships, trains and aircraft-alone could account for 12 percent of the ozone in the
Arctic and remote maritime regions during July; and, in
January, 15 percent in the Arctic and 8 percent
elsewhere.67
Other studies conclude that if traffic-related
pollution in all regions of the world were to reach the same
per capita levels as in Europe and in the United States,
ozone levels in south Asia would essentially double, rising
by 30 to 50 parts per billion. Warming due to ozone from
vehicles would jump to 0.27 watts per square meter
(W/m2).68 That compares to the IPCC 2007 estimate of
ozone’s contribution to global warming of 0.25 to 0.65
watts per square meter.69 Some believe the IPCC’s
estimate is too conservative and estimate that ozone
accounts for much more warming, perhaps about 15
percent of the total.70

Figure 9 Ozone causes warm ing
globally, but has a disproportionate
im pact in the Arctic.

Concentrations of free, or background, ozone have been increasing for at least one century.
Modern air pollution control programs have lowered levels in and around some cities, but by no
means all of them. In many other cities, however, and in the countryside, smog continues its steady
climb. Some studies conclude that levels have approximately doubled,71 while others have found a
five-fold increase.72 Increases have also been found in Bavaria, Germany,73 Ahmedabad, India,74
and the tropical Pacific region of South America75 to name but a few. Levels are currently
increasing faster than in the past and are projected to continue rising unless action is taken to
reduce precursors.76
That said, reducing ozone is a fairly straightforward process. The technologies and
practices to minimize, or even eliminate altogether, the emissions that cause ozone are well
developed and have been for decades in some cases. Catalytic converters, installed on cars starting
more than 40 years ago, can be loaded with additional precious metals, for example, in new
models, thus reducing their emissions still further. Similar controls can be fitted to smokestacks
and have been throughout much of Europe and Japan, as well as a few places in the United States.
Electricity can be produced from sunshine, wind or even heat trapped in the earth, all with zero
pollution.
Thus, although the bad news is that ozone seems to be almost everywhere, ways of
reducing are as well. Adopting those technologies and practices not only could but, in fact would,
start saving lives, reducing illness and cooling the planet with a matter of days.
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Evidence from records of ground-level measurements demonstrate that the average tropospheric concentration of
ozone in the Northern Hemisphere has increased. In particular, the comparison of recent observations with those
made at the Montsouris laboratory in Paris between 1876 and 1910, suggests that the surface concentration of ozone
at mid to high latitudes has more than doubled in the past 100 years. This has potential implications for a wide range

of environmental issues both because of the direct effects of elevated concentrations of ozone on man and
ecosystems and because ozone is a radiatively active gas which could contribute significantly to global warming if its
concentration were to increase. Used a global tropospheric model to simulate the chemistry of the pre-industrial
atmosphere and that of the present day. The model results for surface ozone concentrations in the pre-industrial
atmosphere agree well with the Montsouris data, and the calculated concentrations for the present day agree with
recent observations of a wide range of chemical species. Estimates of the future growth in emissions of nitrogen
oxides (NO X) were used to make similar calculations for the year 2020. On the basis of these estimates, the global
tropospheric concentration of ozone will continue to increase at a rate faster than during the past 100 years. The
potential for further increases in tropospheric ozone needs to be taken into account when assessing the impact of air
pollution emissions and the adequacy of measures to control them.

