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Ozone Air Pollution: How Low Can You Go?

Anewhumanclinicalstudy of the respiratory effects of exposure to
ozone appeared in a recent issue of the Journal (1). Fifty-nine
healthy young adults breathed clean air and 0.06 ppm ozone, on
separate occasions, for 6.6 hours with intermittent exercise. In
comparison with clean air exposure, the mean FEV, decreased
following ozone exposure a small but statistically significant
1.75%, and the percentage of neutrophils in induced sputum,
collected the morning after exposure, increased 15.7%. Neither
lung function change nor inflammation was affected by presence
of the glutathione-S-transferase null gene polymorphism.

Why does this article warrant space in the premier respiratory
journal? We already know that breathing ozone while exercising
can cause airway inflammation (2) and decrements in lung func-
tion (3) in susceptible people, and that these effects appear to be
independent of each other (2, 4). Responsiveness to ozone is quite
variable among people, but reproducible within individuals. With
repeated daily exposures, the declines in FEV; and the increases
in airway neutrophils are attenuated, but other markers of airway
inflammation and injury persist or increase, including neutrophils
in airway mucosal biopsies (5). Smokers experience minimal lung
function effects (6), but remain susceptible to the airway inflam-
matory effects (2). Genetic differences in antioxidant protective
mechanisms have been hypothesized to contribute to susceptibil-
ity (7). There is increasing evidence that ozone may adversely
affect the cardiovascular system (8); the Health Effects Institute
has recently funded a multicenter clinical study of the acute car-
diovascular effects of ozone exposure in elderly people (9). The
importance of the study by Kim and colleagues in this issue lies,
not in any new mechanistic insights, but in its regulatory impact: it
demonstrates health effects at an exposure concentration that is
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well below the current U.S. National Ambient Air Quality Stan-
dard (NAAQS) of 0.075 ppm over 8 hours.

The history of ozone regulation has been one of ever-tightening
standards based on findings of health effects at ever-lower levels,
punctuated by controversy and lawsuits. Implementation of emis-
sion control technologies has been successful, and ozone air pol-
lution has been getting better in the United States, the result of
reduced emissions of precursor pollutants that drive tropospheric
ozone formation. As shown in Figure 1, average ozone concen-
trations have declined 30% over the past 30 years. However,
much of the U.S. population resides in communities that fail to
comply with the current standard, and compliance will worsen if
the standard is tightened further.

The Clean Air Act was passed in 1970 (10), mandating the
establishment of air quality standards “...allowing an adequate
margin of safety... to protect the public health.” The EPA first
specified a 1-hour NAAQS for ozone of 0.12 ppm in 1979 (11). In
1991, amid increasing evidence of health effects below 0.12 ppm,
the American Lung Association went to court to compel the
EPA to lower the standard. The EPA published an ozone criteria
document in 1996, finding strong evidence of adverse health
effects below 0.12 ppm. In 1997 the EPA revised the ozone
NAAAQS, setting an 8-hour standard at 0.08 ppm. This was chal-
lenged in court by industry and some states. The case found its
way in 2001 to the U.S. Supreme Court, which upheld the con-
stitutionality of the Clean Air Act, and reaffirmed that the EPA
must set standards based solely on public health considerations,
without consideration of costs.

The most recent scientific review by the EPA of ozone health
effects was completed in 2006 (12). The Clean Air Scientific Ad-
visory Committee (CASAC) unanimously recommended to the
EPA, based on the scientific review and in concurrence with the
recommendations in the EPA staff paper in 2007, that a new 1-
hour standard be established in the range of 0.060 to 0.070 ppm. In
a break with tradition, rather than choosing a level within the
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Figure 1. Image reprinted from the U.S. Environmental protection
Agency website (http://www.epa.gov/airtrends/ozone.html, accessed
April 2, 2011).

range recommended by CASAC and the EPA’s own staff, former
Administrator Steven L. Johnson promulgated a new ozone 8-
hour standard of 0.075 ppm. This triggered more litigation. Now
with a different administration in the White House and anew EPA
Administrator, the ozone standard is being reconsidered, based on
the scientific review completed in 2006. CASAC has reaffirmed
concurrence with an ozone standard in the range of 0.060 to 0.070
ppm (13), while recognizing that ever tighter standards create
more problems with implementation. Given the new evidence
presented in this issue, it seems likely that the ozone NAAQS will
need to go even lower following the next EPA review cycle, to
comply with the legislative requirements of the Clean Air Act.
The problem: it may not be possible to achieve an “adequate
margin of safety.” The scientific evidence suggests that, for ozone
at least, there may be no identifiable safe threshold concentration.
Further tightening of the standard would be costly. Attempts to
achieve compliance would require major reductions in emissions of
precursor air pollutants, with increased costs to industry and trans-
portation sectors at a time of high unemployment and a fragile eco-
nomicrecovery. More importantly, the science is telling us we need
to rethink how we regulate air pollution. The authors of the Clean
Air Act made an assumption that seemed reasonable at the time,
that there is a safe threshold concentration for air pollutants, below
which there are no significant health effects, even for the most sus-
ceptible groups. However, more sophisticated and targeted studies,
including those reported by Kim and colleagues in this issue, are
demonstrating effects at lower and lower ambient concentrations.
We can never make our air completely free of air pollutants.
There is a background tropospheric ozone level in North America
that is not related to local human activities (14). This background
ozone comes from lightning strikes, emissions from vegetation,
stratospheric intrusions, and transport from other continents. The
EPA has estimated the “policy relevant” background level for
North America to be between 0.015 and 0.045 ppm. As the ozone
NAAQS gets closer to background concentrations, the regulatory
burdens and cost of control implementation increase exponentially,
while the health benefits of further reductions decrease. NAAQS
compliance becomes a near impossibility for many communities.
We need to balance the health benefits with the economic and
welfare costs of regulation, to allocate resources to maximize ben-
efits. We need to consider new regulatory approachesin achieving
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the cleanest air possible and minimizing harm. One example is the
“multipollutant approach,” which was discussed in a previous ed-
itorial in the Journal (15). Continuing to reduce the ozone
NAAQS to concentrations that are unattainable threatens the
effectiveness of, and regard for, the regulatory process. Maybe
it’s time to reconsider the way we regulate criteria pollutants, and
rewrite the Clean Air Act.
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