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Health Effects of Ozone
For over two decades medical researchers have
used clinical, field, and epidemiological studies
to examine the human health effects of exposure
to ozone (commonly called "smog"). Clinical
studies are conducted in settings wherein the
environment experienced by the human volunteers is under the researchers' control. Field and
epidemiological research relies on a variety of
sources-hospital and doctors' records, patient
diaries, and interview reports-to determine if
there is a relationship between a given health
effect and elevated ozone levels.
Laboratory Exposures. Clinical studies conducted in the United States and elsewhere have
examined both short-term (acute) effects and
long-term (chronic) effects of elevated levels of
ozone, but by far the greatest amount of research
has been on acute responses. Until recently, studies of the health effects of short-term exposures
to ozone have focused almost exclusively on oneto three-hour exposures.
Table 1 classifies the types of physiological
responses associated with short-term exposures
to elevated levels of ozone. Mild responses indicate lung function reductions of less than 10 percan

inspection of automobiles and other programs
that could restrict driving freedoms or raise the
cost of commuting is focusing the reformers'
spotlight on the ozone provisions of the act.
Sensing the seriousness of the reform sentiment, environmentalists and their allies, such as
the American Lung Association, have launched a
counterattack, calling for a more restrictive air
quality standard for ozone. To be fair, the debate
over the need for a tighter standard, one that
measures lower exposures over a longer period,
has been taking place for some time. The last
time the issue was visited by the EPA, in March
1993, the agency opted to leave the standard for
ozone at 0.12 parts per million measured over a
one-hour period.
This article summarizes the medical evidence
to date on the health effects of elevated levels of
ozone. It reviews the physiological responses to
short-term (one- to three-hour) exposures consistent with current air quality standards and those
responses produced by prolonged exposures (six
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reexamine what is arguably the "flagship"
of environmental regulation: the Clean Air Act.
In particular, public discontent over centralized

to eight hours). A concluding section provides an
estimate of the relationship between benefits and
costs of current efforts to reduce ozone levels
and conjectures about the costs of meeting a
revised, tighter, longer-exposure standard.
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Themayregulatory
reform mood in Congress
provide a window of opportunity to
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Table 1

Classes of Individual Physiological
Response to Acute Ozone Exposure

Gradation of Response
Moderate

Severe

Incapacitating

Decreased lung
function

5-10%

10-20%

20-40%

Greater than 40%

Duration of
effect

Complete

Complete

Complete

Recovery

recovery in

recovery in

recovery

in more than 24

less than
30 minutes

less than 6
hours

in 24 hours

hours

Mild to

Mild to
moderate
cough, pain
on deep
inhaling, and
shortness of

Repeated
cough, mod-

Severe
cough,

0

Symptoms

moderate cough

deep inhaling, and
shortness
of breath;
obvious
distress

(D.

Some individuals choose to
discontinue
activity

0-6

Many individuals
choose to
discontinue
activity

f09

Few individuals choose
to discontinue activity

None

pain on

severe pain
on deep inhaling, and
shortness of
breath; breathing distress
t04

breath

Limitation of
activity

erate to

°->

(/1

Mild

Source: Review of the National Air Quality Standard for Ozone Assessment of Scientific and Technical Information. Washington, D.C.:
U.S. EPA, Office of Air Quality Planning and Standards, June 1989, pp. VII-53.

breathing capacity and various combinations of
exercise levels and ozone concentrations. Figure
1 (page 52) illustrates the EPA's findings for
healthy, adult subjects (18 to 45 years old) after
one to three hours of ozone exposure.
however.
The composite results shown in Figure 1
Not surprisingly, decreases in lung function demonstrate that during light exercise, typical
and the severity of respiratory symptoms gener- subjects experience less than a 10 percent loss in
ally increase as individuals are exposed to higher lung function at ozone levels more than four
concentrations of ozone. Such physiological times the current standard. Even during very
changes are reversible, however. Individuals who heavy exercise, lung function is usually reduced
experience even severe losses in breathing capac- by less than 10 percent at 0.24 parts per million
ity (20 to 40 percent) when exposed to elevated (ppm)-twice the Clean Air Act standard.
ozone levels for one to three hours typically
The Clean Air Scientific Advisory Committee
recover completely within 24 hours. The lung suggests that "responses identified as `mild' for
function of subjects experiencing "mild" respons- an individual's response to ozone [should] not be
es returns to normal after less than 30 minutes.
considered an adverse respiratory health effect."
Physiological responses to ozone are especially The committee concludes that such mild physioinfluenced by the frequency and depth of breath- logical responses probably would not be considing, which increases as exercise workload ered medically significant and should not interincreases. Based on results from 25 clinical stud- fere with the normal activity of most individuals.
ies, the Environmental Protection Agency (EPA) Indeed, mild decreases in pulmonary function
has estimated the relationship between reduced may go unnoticed by the typical person, due to
cent and a mild to moderate cough, for instance.
Reductions of lung function of 10 to 20 percent
are termed "moderate," and those affected may
experience pain when inhaling deeply. Few individuals reduce activity due to such symptoms,
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lowed by 10 minutes of rest. The researchers
concluded, "Some individuals experienced substantial pulmonary distress" at low concentrations, but "others will not experience any from
such exposures." Lung function "was significantly reduced after only three hours at 0.12 ppm,
after 4.6 hours at 0.10 ppm, and after 5.6 hours
at 0.08 ppm." At ozone levels of 0.08 and 0.10
ppm, researchers reported that breathing capacity decreased by an average of 7.0 percent. Those
findings were confirmed by a nearly identical
1991 study by McDonnell et al., involving 38
young males in which lung function dropped by
an average of 8 percent at 0.08 ppm of ozone.
Recall, however, that the Clean Air Act Scientific
Advisory Committee suggests that a "mild"
response (less than 10 percent reduction in lung
capacity) should not be considered an adverse
health effect.
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viduals exposed to ozone over an extended period. Supporters of a tighter ozone standard often
infer that such short-term effects are precursors
of long-term, chronic lung problems.
With respect to ozone-induced airway inflammation, the scientific debate does not center on

18-35) were exposed to ozone concentrations of
0.00, 0.08, 0.10, and 0.12 ppm while moderately
exercising for six 50-minute periods, each fol-
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and could be forced to reduce their level of activity due to discomfort from exposure to ozone levels at or near the standard, if heavily exercising.
Prolonged Exposures. Most laboratory studies of human volunteers measuring the effects of
prolonged exposures (six or more hours) to
ozone levels at or below the current air quality
standards are relatively new. The American Lung
Association and numerous environmental organizations argue that the present standard is too
lenient and that longer exposures should be of
greater concern than the current one-hour standard. To bolster their claims, those groups point
to a number of recent studies that purport to
show: (1) ozone-induced inflammation in the
lower respiratory tract at concentration levels as
low as 0.08 ppm; and (2) significant decreases in
lung function among moderately exercising indi-

the existence of the problem, but rather on

Both the common cold and mild influen-

whether or not such a reaction constitutes a serious "adverse health effect." Both the common
cold and mild influenza often induce airway

za often induce airway inflammation
symptoms that substantially exceed those
from a typical ozone exposure.

inflammation symptoms that substantially

exceed those from a typical ozone exposure. Yet
there is little concern that infection-related airway inflammation produces long-term adverse
consequences.
Indeed, exposure to infections such as the
common cold and influenza is generally thought
to be an acceptable risk inherent in normal social
activity. As William S. Linn, an ozone specialist
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As Table 2 (page 54) shows, averages can be
somewhat deceiving. The table indicates a good
deal of variation in individual responses among
the 22 subjects evaluated in the Horstman study.
The subjects numbered six and seven experienced the greatest loss in "forced expired volume
and professor of preventive medicine at the in one second" (a common measure of lung
University of Southern California, notes: "The capacity) at the 0.08 ppm level-17 and 26 perlaw requires children to attend school, even cent, respectively. Oddly enough, however, the
though school attendance probably increases two subjects experienced a lung function loss of
their exposure to respiratory disease organisms. only 7 percent and 8 percent at the higher 0.10
If other forms of inflammation have acceptable ppm exposure. Subjects six and seven again
risk/benefit ratios, so might the inflammation exhibited "responder"-type reactions at the next
level of ozone exposure, 0.12 ppm, with
due to ozone."
As for concern over lung function, there has decreased breathing capacity of 29 percent and
been a handful of studies that show a loss of lung 39 percent, respectively. Such variability makes
function at ozone concentrations well below the drawing firm conclusions from the data some0.12 ppm standard. A study in the November what problematic.
1990 issue of the American Review of Respiratory
A 1994 study (Folinsbee et al.) examining proDisease by Horstman et al. examines the effects longed exposures to ozone concentrations at the
of 6.6-hour exposures on lung function. Twenty- 0.12 ppm national standard was also inconclutwo healthy, nonsmoking male volunteers (ages sive. The research explored the effects of repeated
^z:$
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Table 2

Respiratory Response to Varying Ozone Levels
and Mild Exercise
(Individual changes in forced expired volume
in one second [%] for 6.6-hour exposures
to 0.00, 0.08, 0.10, and 0.12 ppm ozone)

Ozone (ppm)

Subject

0.00

0.08

0.10

0.12

%

%

%

%

-15.6
-10.2

-19.4
-10.7

-7.3

4.8

-14.4

3

2.1

1.4

-2.1

1.3

4

1.7

-8.2

-10.3

-7.9

5

-3.1

-5.4

-7.1

-8.1

6
7

0.3

-17.2

-6.8

-29.0

5.1

-25.9

-8.0

-38.9

8

-2.3

-4.9

1.4

-6.1

9

-16.4
0.7

-22.0

-23.8

10

1.5
2.7

fl-

1.9

2

f--

1

2.0

2.2

11

-4.6

-1.9

0.6

-19.6

12

-0.6

-2.4

-0.7

2.8

13

-0.5

-4.7

-18.2

-16.0

14
15
16

0.3
6.4

-5.9

-2.7

-7.8

-19.6

-0.1

0.5
-10.3
7.9

0.4

-8.4

17

-0.5

-0.2

0.9

-2.8

18
19
20

2.9
2.3

-13.0
-2.2

-20.6

-0.3

-6.4

-18.8
-18.6
-3.0

21

-0.3

-3.9

-8.7

-6.4

22

-1.8

-11.9

-9.5

-11.1

-

-15.6

Source: Donald H. Horstman et al., "Ozone Concentration and Pulmonary Response Relationships for 6.6-Hour Exposures with Five Hours
of Moderate Exercise to 0.08, 0.10, and 0.12 ppm." American Review of Respiratory Disease. Vol. 142, No. 5, November 1990, p. 1161.
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for days one to five of ozone exposure were: -11.9
percent, -6.23 percent, 1.06 percent, 1.52 percent,
and 0.89 percent, respectively. Similarly, symptoms of coughing and pain on deep inhalation
increased significantly on day one only. As with
previous studies, there was considerable individual variability in pulmonary responses to ozone.
54
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The results of those and other prolonged-exposure studies suggest that the observed acute
effects are similar to those found in studies of
shorter-term exposures. In most instances, the
physiological changes are relatively minor. In all

cases they are reversible and not life-threatening.
Indeed, Horstman et al.'s prolonged-exposure
study indicates that regardless of an individual's
responsiveness to the ozone exposure, lung function returns to pre-exposure levels the very next
day.
Accumulated animal studies, most often using
O..
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prolonged low-concentration ozone exposure.
Seventeen healthy, nonsmoking male subjects
were exposed to 0.12 ppm ozone levels for 6.6
hours while mildly exercising on five consecutive
days. While subjects did experience increased
airway responsiveness during each of the five
exposure days, other symptoms were fully attenuated three days into the test, suggesting an
adaptation mechanism. For example, mean postexposure-preexposure changes in lung capacity

rats subjected to long-term ozone exposures,
have shown permanent damage to lung tissue at
levels ranging from 0.12 ppm to 1.0 ppm. The
more severe effects include decreased resistance
to respiratory infection and chronic respiratory
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establish more definitive results.
It does seem logical, however, that if prolonged exposure to elevated ozone does cause
chronic health effects, residents of Los Angeles
should exhibit those effects most dramatically. In
the Los Angeles area, ozone levels exceeded 0.12
ppm for one hour or more for an average of 138
days a year during the period 1987-89.
Nonetheless, evidence of chronic effects of ozone
on Los Angeles residents is rare and, at this time,
speculative.
A 1991 autopsy study of over 100 Los Angeles
accident victims aged 14 to 25 offers some suggestive evidence of permanent lung damage.
Twenty-seven percent of the subjects' lungs had
severe structural abnormalities. Forty-eight percent had similar but less severe lung damage.
Although the observed abnormalities were not
expected in such young people, the researchers
made no comparison to subjects from low-level
air-pollution areas. Also, the researchers could
not attribute their findings to ozone alone; smoking, drug abuse, or other airborne pollutants
could have caused the observed abnormalities.
Although suspected, a link between cancer and
elevated levels of smog has eluded researchers. In
a 1991 study, medical researchers at Loma Linda
usually children in summer camps, provides University examined cancer incidence and morsome quantitative evidence relating lung func- tality among 6,000 nonsmoking, California
tion declines to ambient ozone exposure.
Seventh-Day Adventists. The researchers found
It is important to point out a key difficulty that neither average concentration nor "any
with the camp studies. It appears that ozone has threshold levels of ozone were statistically signifa much stronger effect on lung function in com- icantly associated with cumulative incidents" of
paratively low-exposure New Jersey camp studies any symptom of "airway obstructive disease."
than in the highest-exposure camp study in They did find that the relative risk of respiratory
Southern California. If further research confirms cancer for persons exposed to ozone levels above
the existence of this anomaly, it may suggest that 0.10 ppm for more that 500 hours a year was of
other airborne pollutants are causing the reac- "borderline statistical significance."
tions in New Jersey and/or that California
The book on ozone's health effects is certainly
campers have developed defenses to many of the not closed. Population studies and clinical anieffects of ozone exposure.
mal studies of ozone's chronic effects continue to
Other field studies that have analyzed sum- raise concern among medical researchers.
mertime daily hospital admissions due to respi- Nonetheless, any causal relationship between eleratory symptoms also show a positive relation- vated levels of ozone and incapacitating or irreship with ambient levels of ozone. The associa- versible health effects in humans remains highly
tion has been shown to remain even after con- speculative.
trolling for the effects of temperature and copolAre the Health Effects Adverse? Essentially, the
lutants. However, those studies provide only sug- debate over the appropriate stringency of the
gestive epidemiological evidence for chronic ozone standard emanates from a fundamental
health effects from ozone exposure. Lack of tenet of the Clean Air Act: when setting air-qualiinformation on the actual levels of ozone expo- ty standards, the EPA must provide the public
sures that individuals experience and other con- protection against "any adverse health effect"
founding variables have made it difficult to and do so with an "adequate margin of safety."
disease.
Extrapolating the results of animal studies to
human health effects is problematic, however.
Congress's Office of Technology Assessment cites
differences in anatomy, biochemistry, physiology, cell biology, and pathology as confounding
factors in predicting health effects from animal
testing.
One factor seemingly deemed irrelevant by
proponents of a new standard is the ability of
individuals to alter their living and working conditions to reduce their responses to exposures to
elevated ozone. Unlike laboratory animals locked
in cages, human beings can reduce their exercise
levels and can even reduce their exposure levels
by moving indoors during ozone alerts. Current
Clean Air Act policy seeks to alter the environment to protect those who are presumed too
foolish to protect themselves. As will be discussed later in this article, that paternalistic presumption can be extremely costly.
Field and Epidemiological Studies. A variety of individual-level field studies and aggregatelevel time-series studies has addressed the effects
of ozone on lung function and increased human
morbidity and mortality. Research examining the
outdoor exposures of physically active people,
...
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observed physiological responses to relatively
low and longer-term exposures. Nor should such
a policy change be undertaken without consideration of the costs of reaching a standard of less
than 0.12 ppm.
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regulations "can only continue to balance the costs
and benefits of different regulatory levels rather
than choose a regulatory level
that will clearly
avoid adverse human health effects."
It is imprudent to require a reduction in the
ambient air standard for ozone without a scientific consensus on the health significance of the

E''

cal significance and health significance, the
EPA's Clean Air Science Advisory Committee
states that the "resolution of the adverse effects
issue represents a blending of science and policy
judgments." The Office of Technology Assessment
concurs with that view, concluding that air-quality

a single year, and no monitors recorded a onehour average above 0.12 ppm in the other two
years, the area would be designated as nonattainment. Thus, a single year of abnormally high
temperatures and stagnant air flows can force an
area that is normally in compliance with the
standard into nonattainment status for a minimum of two more years.
The Long Hot Summer of 1988. Extreme
weather conditions in 1988, in particular, created
a distorted picture of America's smog woes.
Indeed, that year had more favorable days for
ozone formation in the United States than any
other in the past 25 years; the summer of 1988
ranked as the third hottest summer since 1895.
In 1988, 258 counties had at least one monitoring site that had a one-hour average ozone level
above 0.12 ppm-at least one "exceedance." By
contrast, only 115 counties recorded at least one
exceedance in 1990-the 15th warmest summer
in the United States since 1895.
Because the Clean Air Act Amendments of
1990 require that the 1988 data be included in
determining the classification of an area's nonattainment status, the extent of the problem is
being overstated. The EPA currently reports that
89 non-California areas fail to meet the national
ozone standard. If the EPA were to use 1989-91
data to determine an area's attainment status,
only 28 non-California areas would be nonattainment.
The extent to which ozone is more a California
problem than a truly "national" problem is made
clear in a 1992 study entitled "The Truth about
Ozone and Urban Smog" written for the Cato
Institute by K. H. Jones. According to Jones, who
authored the chapter on air quality status and
trends in eight of the Council on Environmental
Quality's annual reports, 85 percent of human
exposures to ozone levels above 0.12 ppm in the
United States occur in California-82 percent of
which occur in the Los Angeles Basin.
Even in areas where ozone levels are high,
progress is being made. Ventura County,
California, which is classified as "severe" by the
EPA, has seen the number of ozone exceedances
drop from 122 days in 1974 to 13 days in 1993.
San Francisco, an area that violated ozone standards on 65 days in 1969, had only two violations
in 1994-an achievement that effectively removes
the Bay area from the federal smog-watch list.
Jones's analysis shows that if ozone monitoring data are adjusted for temperature variations,
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However, the issue of whether the observed physiological responses are "adverse health effects" or
not is difficult to resolve.
Unable to differentiate clearly between statisti-
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plex chemical reactions between emissions of
volatile organic compounds (VOCs) and nitrogen
oxides (NO,) in the presence of sunlight during
periods of elevated temperatures. Since the formation of smog requires sunlight, concentrations
are minimal around sunrise, rise to maximum
levels in the early afternoon, and fall to minimal
levels again at night. Ozone levels also follow a
seasonal pattern. In general, conditions are best
for the formation and accumulation of ozone in
the United States during the late spring and summer, when sunlight is most intense, temperatures
are elevated, and stagnant meteorological conditions are present. Without sunlight, ozone begins
to break down rapidly. Thus, ozone does not
accumulate from one day to the next. Ozone also
moves with air masses-for more than 100 miles
in some cases-and dissipates fairly rapidly.
Violations of the current ozone standard are
highly sensitive to meteorological fluctuations.
The Clean Air Act very precisely defines an
area to be "nonattainment" if the fourth highest
daily monitor reading taken during the most
recent three-year period registers a one-hour
average concentration of ozone above 0.12 ppm.
Even if all four highest readings were to occur in
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Unlike other air pollutants, ozone is not emitted
directly into the air, but is formed through com-
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Understanding the Extent of the Problem
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smog concentrations in non-California regions
are declining as well. Since 1985 the number of
exceedance days has declined by 74 percent in
urban areas outside of California.
Several other facts should also be kept in mind
when considering the seriousness of exposure to
elevated ozone levels in nonattainment areas.
First, localized readings recorded on any single
monitor define the extent of a nonattainment
area's air quality and, hence, the types of controls
it must apply to the precursor pollutants that
form ozone. As required by the Clean Air Act, the
EPA has classified nonattainment areas as "marginal," "moderate," "serious," "severe," and
"extreme," based on their fourth highest monitor
reading during the period 1987-89. Cities classified as "severe" or "serious" must implement
Cad

S,"

'CS

CCi

tougher control strategies than less-polluted
,U+

"marginal" and "moderate" areas.
Simply by using more up-to-date data, the
EPA could alleviate the regulatory burden of
numerous cities. Jones points out that if 1988
data were not used, 14 areas would be reclassified as moderate or marginal, and thus could
forgo the adoption of the "expensive and onerous" federal clean fuels program. Jones estimates

than those outdoors. Some groups of people,

such as construction workers or children, however, spend relatively more time outdoors and thus
California areas would lower the overall cost of have a greater chance of being exposed to elevatozone control by nearly 60 percent.
ed levels of ozone.
A second factor distorts the picture of ozone's
Finally, the number of days that cities are in
impact on America's health, namely the current violation of the ozone standard has been steadily
method of assessing the severity of nonattain- declining for the past decade. According to the
ment. The nonattainment classification of an EPA's most recent air quality report, the expected
area currently rests on just a single piece of number of exceedances at all 532 air pollution
data-the fourth highest one-hour reading from monitoring sites decreased 60 percent between
any single monitor in that area during the 1987- 1984 and 1993. For those sites that are located in
89 (or 1988-90) period. Taking the average of a high pollution-high population areas, the numrepresentative sample of monitors would seem a ber of exceedances decreased 57 percent.
more sensible procedure and could well show the
Hot spots do exist, but are isolated to
fourth-highest reading to be a fluke, not at all Southern California, Houston, Chicago, and the
representative of air quality for the area.
Northeast coastal area. The South Coast Basin in
Using the three-year data that includes 1988 California is the only region classified as
readings, the EPA estimated that 140 million "extreme." Houston and Chicago are classified as
Americans are living in areas that are technically "severe," one category away from "extreme." As
nonattainment. That figure is misleading, howev- was pointed out earlier, even those highly polluter, since data from 1989 show that only 67 mil- ed areas have shown marked improvement in air
lion Americans live in counties that recorded one quality.
exceedance or more in that year. In addition,
Ozone's Complex Chemistry. Researchers'
exposures to elevated levels of ozone depend on lack of understanding of the formation, transthe amount of time an individual spends outside. portation, and accumulation of ozone further
Most people spend more than 90 percent of their complicates the task of combating America's
day indoors at home, school, or work, where smog woes. Current atmospheric science does
ozone concentrations are substantially lower recognize that the relative concentrations of

that the resulting reclassification of non-

CAD

000

'CJ

REGULATION, 1995 NUMBER 3

57

HEALTH AND SMOG

r-.

G'1

USG

("D

`s'

'=J

via

dynamic than that, however-VOC/NO, ratios
can change throughout a single day. Ratios also
vary by metropolitan area and can differ within
sectors of an individual city. Further, the relative
amounts of VOCs and NO, in the air are linked
to the location and size of their sources and the
movement of air masses. VOCs originate mostly
from vehicle emissions, chemical and petroleum
refining companies, industrial solvents, and natural vegetation. Some smaller sources include
dry cleaners, small repair shops, household
paints, and lighter fluid. Major NO, sources
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ozone.
The NRC report emphasizes that the effectiveness of efforts to reduce ozone levels depends on
the relative amounts of VOCs and NO,, in the air.
Figure 2 shows curves representing maximum
ozone concentrations formed from various mixtures of VOCs and NO,. (These relationships
have been derived through experimentation and
computer modeling.)
An area with a mixture of VOCs and NO, similar
to that represented by point A has a much higher
ratio of VOCs to NO, than, say, a city with a mixture
equivalent to point B. Although both cities would

experience the same peak ozone level, they would
require very different control strategies to lower
ozone concentrations effectively.
For a city with a relatively high ratio of VOCs
to NO, in its air, such as point A, abating VOC
emissions (moving to the left on the graph) will
be relatively ineffective. Such a city could likely
gain much greater benefits by reducing NO, levels. The case for City B is the opposite: smaller
reductions in VOCs provide the same benefit as
large NO, reductions. Additionally, in some cases
abating NO, could actually increase ozone concentrations, as shown by moving from point B to
point C in Figure 2.
Ozone's real-world chemistry is even more
+''

ozone precursors-VOCs and NO., in the air
can greatly affect the choice of the control strategy that will bring about the best results. Natural
sources of VOCs also affect ozone control efforts:
if "background" (natural) levels of ozone are significant relative to ozone formed from manmade
pollutants, a more stringent standard would be
even more difficult to reach.
In 1991 the National Research Council (NRC)
analyzed the role of VOCs and NO, in the formation and control of ground-level ozone. The NRC
report suggests that science presently lacks the
"knowledge of many of the fundamental processes that govern the formation and distribution of

include motor vehicles
<-+

and electric power plants.
Until recently NO, emissions received little attention. Abatement emphasis
has been placed on controlling VOCs in nearly all

Figure 2
Ozone Concentration's Dependence on Precursor Pollutants
(Ozone levels in parts per million [ppm] as a
function of VOC and NOx concentrations)1
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nonattainment areas.
Most cities apply VOC
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`-.

controls because they are

generally cheaper and
more readily available.
The NRC's report also
states that emissions

wdd
E
2-

'ION

0

fly

0.20

0.16
0.12

inventories of manmade
VOCs-especially automobile emissions-have
been significantly underestimated and the effec-
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Each curve represents the peak ozone concentration in parts per million as a function of initial
organic VOC and NOx levels.
1

Source: John H. Seinfeld, "Urban Air Pollution: State of the Science," Science, February 10,
1989, p. 751.
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tiveness of efforts to control VOCs has been overstated. Consequently, the
NRC concludes that past

ozone-control strategies
have been "misdirected."
Most ozone nonattainment

HEALTH AND SMOG
oho

.,.

1].

vii

+v+

sm.

'n..2'

O""

p--

'..

r""

ozone over a longer period of time is less developed. The means for abating those lower concentrations are also poorly understood.
The EPA has analyzed the effects of various
new ozone standards on the attainment status of
many American cities. If an eight-hour, 0.10 ppm
standard were required, the agency estimates
that it would be roughly equivalent to reaching
the current one-hour 0.12 ppm goal. An eighthour, 0.08 ppm standard, however, would effectively be tighter than the current standard, resulting in designating as many as 67 additional cities
as "dirty air" areas. Over one-third of those areas
would record 10 or more violations a year under
the revised standard, according to the EPA.
Many areas that were very close to compliance
with the current standard in 1989 would have
more difficulty reaching the revised target. For
`7D

,._

(A-

`-H

rent one-hour standard. Research on the air
chemistry producing lower average levels of
r-]

.S''

,-+

+O[

'C3

CZ-
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.fl

VOCs in half. In 1986, however, Atlanta's ozone levels were higher than in 1979. Besides not knowing
the importance of VOC/NOR ratios, city officials

early 1980s clearly substantiates that conclusion.
Redefining Dirty Air Areas. More than 20
years of research and regulatory efforts have produced some progress toward reaching the curvii

areas have point-A-type air chemistry-relatively
high levels of VOCs compared to NOR. Thus, controlling NOR emissions may provide greater benefits
than abating VOCs. Of course, comparing the relative costs of VOC and NOR controls, which likely
vary by region, still would be essential to choose the
most efficient abatement strategy.
Atlanta's experience with controlling VOCs in
the 1980s offers an example of the consequences of
implementing a control strategy without a good
understanding of the local smog chemistry. Atlanta
spent $700 million between 1979 and 1985 to cut
transportation and stationary-source emissions of

'C3

.`3

b1)

C14

appear to have failed to realize the significance of
natural emission of VOCs. Researchers have shown
that in Atlanta, where almost 60 percent of the metropolitan area is wooded, natural VOC emissions
are nearly equivalent to manmade VOC emissions.
Natural Sources of Ozone. As is the case in
Atlanta, trees and other vegetation generate a significant amount of VOCs. Such natural VOC emissions
are extremely dependent on temperature and thus example, three Indiana cities-South Bend,
are highest on days when meteorological conditions Indianapolis, and Evansville-were on the
threshold of reaching attainment status in 1989,
also favor ozone formation.
The National Research Council estimates that averaging only 1.1 days a year when the 0.12
natural sources of VOC emissions, resulting in ppm standard was not met for more than one
background levels of ozone, are of "comparable hour. Under an eight-hour, 0.08 ppm standard,
magnitude" to manmade VOC emissions. The South Bend, Indianapolis, and Evansville would
NRC suggests that "in many cities even if man- fail to comply 16, 21, and 25 times a year, respecmade VOC emissions are totally eliminated, a tively.
background of reactive [natural] VOCs will
remain." On days conducive to ozone formation, The Costs and Benefits of
this VOC background should be able to generate Reducing Ozone Levels
ozone concentrations that exceed the NAAQS
[National Ambient Air Quality Standard] concen- It seems intuitive that a lower standard for avertration of 0.12 ppm," according to the NRC. age ozone concentration over a six- or eight-hour
Computer-generated simulations have shown period, as championed by the American Lung
that reactions between prevailing levels of NOD Association and others, will be more difficult,
and natural VOCs alone can generate ozone con- that is, more costly, to try to reach. The costs of
centrations above 0.08 ppm in the Ohio River attempting to meet a new or additional standard
and the value of the health benefits to be gained
Valley and the entire Northeast corridor.
In summary, the combination of weather con- are unknown. Indeed, overall benefit and cost
ditions, complex chemistry, and natural emis- estimates of the present standard have been few
sions makes the objective of decreasing smog lev- and far between because the Clean Air Act does
els problematic. The NRC report emphasizes that not allow for costs to be considered when setting
solutions to local ozone problems are not easily national air-quality standards.
prescribed, and a regulatory approach that does
Of course, even if costs were better documentnot take specific local circumstances into ed, we would only have half the puzzle solvedaccount is likely to produce disappointing the issue is whether benefits exceed costs. Again,
results. The lack of progress in Atlanta in the there is a paucity of information about the bene.-+
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for the Future, provides numerical estimates
associated with various decreases in ambient
ozone concentrations. Assuming that benefits are
derived only by heavily exercising individuals,
the payoff to public health from reaching the
0.12 ppm standard ranges from $69 million to
$490 million (in 1994 dollars). If all exercising
individuals are presumed to receive benefits proportional to exercise levels, the benefits derived
as a result of total compliance with the current

into tons and taking the high end of the acute
health benefit estimated to accrue due to the
decrease in ozone levels, health benefits would
amount to $610 a ton. That is an optimistic estimate of aggregate acute health benefits from
reduced ozone levels.
Prior to passage of the 1990 Clean Air Act
Amendments, the OTA estimated that reducing
VOC emissions by about 35 percent (by 1994)
would cost all nonattainment areas between $4.2
and $7.1 billion per year On 1989 dollars). Costs
would rise to between $6.6 and $10.0 billion
(also in 1989 dollars) annually by 2004. Adjusting
those estimates to 1994 dollars yields costs ranging from $7.6 billion to $11.6 billion by the year

'CS

fits of abating ozone pollution.
One comprehensive study of acute human
health (and agricultural) benefits, completed for
the Office of Technology Assessment (OTA) by
Alan Krupnick and Raymond Kopp of Resources

2004.
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Assuming that all exercising individuals
receive benefits, a 35 percent reduction in VOC
emissions would produce health benefits ranging
from $337 million to $2.3 billion (in 1994 dollars). Converting a 35 percent VOC reduction
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by 2004.
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ozone standard range from $906 million to $6.4
billion.
The total costs of reaching the standard are
incalculable, however. In particular, for Los
Angeles to reach the 0.12 ppm standard, citizens
would have to alter transportation methods,
change patterns of workplace and housing locations, and substantially modify consumption of
products that emit VOCs in their production or
use. The costs of such lifestyle changes are virtually unquantifiable.
Fortunately, some sense of the comparability
of nationwide aggregate benefits and costs can
be deduced from benefit and cost estimates for a
given level of reduction in VOC emissions. In
their report for the OTA, Krupnick and Kopp furnish a benefit estimate for an across-the-board
35 percent reduction in VOCs for all nonattainment areas. That level of abatement was projected to bring only one-third of the areas in mild
violation of the ozone standard into attainment

Study of American Business (CSAB) calculated
its own estimate for a 40 percent reduction in
emissions by the year 2005. A 40 percent reduction would be possible at an estimated total
nationwide cost of approximately $10.9 billion. a
year (in 1994 dollars).
Table 3 shows cost-benefit ratios assuming the
most inclusive health benefit estimate from the
Krupnick and Kopp study, compared to OTA and
CSAB projections of the cost-effectiveness of
control techniques. The comparisons are very
rough, however, and should be considered only
as indicators. Using OTA estimates, the cost-benefit ratio ranges from 3.3 to 5.1. That is, for every
dollar of benefit derived from the ozone provisions of the 1990 Clean Air Act Amendments, the
cost to consumers and taxpayers is between
$3.30 and $5.10. The CSAB's estimate yields a
cost-benefit ratio of roughly 4.1, right in the middle of the OTA's range.
To be certain, no definitive conclusion should
be drawn from such crude estimates, but average
cost-benefit ratios substantially above 1.0 should
raise a warning flag. In and of themselves, costbenefit ratios as high as these for ozone abatement indicate that consumer and taxpayer dollars are being allocated improperly.
Cost-benefit ratios for greater reductions in
ozone precursors (VOCs and NO,), which would
be needed to attain the standard nationally,
would be even more unfavorable, because the
costs of abating added increments of ozone-producing pollutants would rise at an increasing
rate. Such is the case with most environmental
cleanup projects. The pulp and paper industry,
.mo

If the current standard were tightened,
every city now in violation, and a large
number of new areas currently considered to be in compliance, would face a
more difficult task to reach ozone attainment.

Based on data from the EPA and the Alliance
Technology Corporation, the Center for the
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Table 3

Comparing Acute Health Costs to Benefits
(1994 dollars)

Average

Nonattainment2

Cost per Ton

OTA

$7.6-11.6 billion

35% (3.8 million metric tons)

$2,000-3,100

Center for the Study
of American Business

40% (4.3 mmt)

$2,500

VOC Reduction
in Areas of

Average
Benefit

$2.3 billion

N'"

Krupnick and

Nonattainment2

Per Ton

35% (3.8 mmt)

C'?

Benefits

Health
Benefits1

FWD

°'E

$10.9 billion

CAD

Costs

ti}

VOC Reduction
in Areas of

Abatement
Costs

$610

Kopp

Cost-to-Benefit Ratio

3.3-5.1
...

OTA/Krupnick and Kopp
CSAB/Krupnick and Kopp

4.1

1The highest estimate of benefits from a 35 percent rollback of VOCs is $2.3 billion in 1994 dollars, the high estimate from clinical studies.
2VOC reductions are for a baseline of 1985 levels (10.8 million metric tons for nonattainment areas).

Source: The Center for the Study of American Business.

the current one-hour standard.
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The Clean Air Act prohibits policymakers from
considering economic factors when setting airquality standards. Instead, the act requires that
the standards for ground-level ozone ensure an
"adequate margin of safety" against "any adverse
health effects," regardless of cost. If medical evidence of adverse health effects of longer exposures to lower levels of ozone is demonstrated,
the Clean Air Act requires the EPA to revise the
standard. But if the adverse effects are temporary, and if the public places a value on their
avoidance that is far less than the cost, resources
could be better spent on more threatening environmental or public-health problems.
As ozone-policy analyst and former EPA official Dr. Milton Russell has said, "The way the law

+.o

s"'

for example, spent $3 billion to reduce water pollution by 95 percent to comply with federal
clean-water standards. To reach a 98 percent
reduction, the industry would have to spend $4.8
billion or more.
The converse is true for incremental benefits.
In the case of ozone, it would be more beneficial
in terms of avoiding acute physiological responses to reduce the level of one-hour exposures
from, say, 0.24 ppm to 0.20 ppm, rather than
from 0.16 ppm to 0.12 ppm.
If the current standard were tightened, every
city now in violation, and a large number of new
areas currently considered to be in compliance,
would face a more difficult task to reach ozone
attainment. Further, unless longer exposures are
demonstrated to cause chronic effects, the benefits of going beyond the current standard to a sixor eight-hour, 0.08 ppm standard will be less
than a comparable drop in ozone levels to reach
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Clean Air Act's fundamental objective. The goal
of the act should be to protect the public against
unreasonable risk of significant adverse health
effects. Unless chronic effects of prolonged exposures to elevated ozone can be demonstrated
(and after two and a half decades of research,
they have not been), it would be extremely wasteful to insist on a tighter air-quality standard.
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