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Dear Mr. Butterfield: 

Thank you for the opportunity to comment on the 2nd External Review Draft of the 
Environmental Protection Agency’s Ozone Criteria Document (CD). While the ozone CD 
includes a great deal of information, it nevertheless provides a misleading and incomplete 
view of ozone’s health effects and the potential benefits of additional ozone reductions. 
The comments below detail my specific concerns. 

Maximum Health Benefits of Ozone Reductions 
While the CD includes hundreds of pages of information on ozone’s health effects, 
nowhere does it summarize in practical terms, the health improvements EPA believes 
will occur if ozone is reduced from current levels. The CD and Staff Report should 
include a table in the Executive Summary of each document listing EPA’s best estimates 
of the percentage reduction in various health effects (e.g., asthma emergency room visits, 
respiratory hospital admissions, premature deaths) that might result from reducing ozone 
down to various levels, including down to the level of the policy-relevant background 
(PRB).  

Table 1 provides an example, based on estimates from the California Air Resources 
Board (CARB) of the benefits of attaining the current federal 8-hour standard of 0.085 
ppm (4th highest annual reading), and of attaining a standard of 0.070 ppm (no 
exceedances allowed), which is the standard CARB adopted for California.1 The 
estimates are based on ozone levels in California during 2001-2003. 

 

                                                 
1 For details, see J. Schwartz, Rethinking the California Air Resources Board's Ozone Standards 

(Washington, DC: American Enterprise Institute, September 2005), 
http://www.aei.org/doclib/20050912_Schwartzwhitepaper.pdf. 

mailto:butterfield.fred@epa.gov
http://www.aei.org/doclib/20050912_Schwartzwhitepaper.pdf


Table 1. Percent of Health Effects Avoided by Going from Recent California Ozone 
Levels Down to the Federal 8-Hour Standard and to the California 8-Hour 
Standard 

Health Effect 

Attainment of 
Federal 8-Hour 

Standard  
(0.085 ppm;  
4th highest) 

Incremental 
Benefits of 

California 8-Hour 
Standard  

(0.070 ppm;  
no exceedances) 

Total 
Reduction in 

Cases 

Mortality 0.14% 0.13% 0.27% 

Respiratory Hospital 
Admissions 0.60% 0.55% 1.15% 

Asthma ER Visits 0.92% 0.84% 1.76% 

CARB estimated the number of cases of each health condition avoided by reducing ozone, and also 
provided the estimated baseline rate of each health condition in California’s population. Since we know 
California’s total population, I estimated the percent reduction in the total number of cases for each health 
outcome. 

 

Because reducing ozone on peak days at peak sites in an air basin also means reducing 
ozone on all other days and sites in that air basin, most of the health benefits accrue from 
reductions in ozone levels that already comply with the given standard. The table 
therefore assumes that benefits accrue until ozone is reduced to 0.04 ppm, which is 
CARB’s (somewhat arbitrary) choice for the PRB. Based on CARB’s estimates, only 20 
percent of the benefits listed in the table are due to reducing ozone down to the level of 
the given standard. 

The California 8-hour ozone standard of 0.070 ppm, not to be exceeded, should probably 
be considered as requiring ozone to be reduced to the PRB. Even if the average daily 8-
hour-average PRB is lower than 0.070 ppm, the standard is based on peak values, so the 
relevant comparison is with the PRB on the day with the highest PRB ozone level of the 
year. Given natural biogenic emissions within California, and ozone and ozone 
precursors transported into the state from elsewhere, some parts of the state would 
probably exceed the California standard at least once every few years even without any 
human-caused emissions from within the U.S. Adding in other emissions that could 
reasonably considered part of the PRB, such biogenic emissions from agriculture, and the 
small amounts of VOC and NO emitted by human bodies, would make it still more likely 
that the California standard is near or perhaps below the PRB in some areas of the state.   

If so, then the estimates in Table 1, with appropriate caveats, can be considered the 
maximum health benefits of eliminating all human-caused ozone. These caveats include 
at least the following: (1) the assumption that CARB’s estimates of ozone dose-responses 
for various health effects reflect the weight of the evidence from the scientific literature, 
and (2) that CARB used a defensible rollback method for estimating ozone reductions 
that would occur on non-peak days due to efforts to reduce ozone on peak days. If 
anything, CARB erred on the side of overstating the both ozone reductions and the health 
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benefits of each increment of ozone reductions, so the values in Table 1 should be 
considered upper limits on health benefits. 

A recent study by EPA scientists also provides estimates of health improvements from 
reducing ozone.2 In this case, the estimates were for the health benefits of reducing ozone 
only down to the federal 8-hour standard, with no additional benefits assumed for 
reductions in ozone below the standard. Just as in CARB’s case, the EPA study provides 
only the estimated number of cases avoided, but also provides the estimated baseline rate 
of each health outcome in the population. Combined with a knowledge of the total 
relevant population, I calculated the percent reduction in each health outcome, as shown 
in Table 2. Once again, these results are based on ozone levels during 2001-2003. The 
benefits would probably be about a factor of 5 greater if benefits continue to accrue as 
ozone is reduced below the federal 8-hour standard.  

 

Table 2. Percent of Health Effects Avoided by Going from Recent National Ozone 
Levels Down to the Federal 8-Hour Standard 

Health Effect 

Attainment of 
Federal 8-Hour 

Standard  
(0.085 ppm;  
4th highest) 

Premature Mortality 0.03% 

Respiratory Hospital Admissions, 
Adults 0.03% 

Respiratory Hospital Admissions, 
Children 0.05% 

Asthma ED Visits 0.02% 

 

Both EPA’s and CARB’s estimates show that the total effects of ozone on public health 
are small. The true benefits are even smaller than EPA’s and CARB’s estimates would 
lead one to believe, because EPA and CARB selected the evidence in such a way as to 
bias upward the estimated health effects of ozone.3 Regardless, whatever benefits EPA 
believes will accrue from reducing ozone, these benefits should be clearly listed up front 
as a percentage reduction from the baseline level of each health outcome. The public 
must know the extent to which reducing ozone can reduce the total burden of various 
health effects suffered by Americans, if there is to be a reasoned and informed discussion 
of ozone policy.  

                                                 
2 B. J. Hubbell, A. Hallberg, D. R. McCubbin et al., “Health-Related Benefits of Attaining the 8-Hr 

Ozone Standard,” Environmental Health Perspectives 113 (2005): 73-82. 
3 I discuss some of the reasons for this below, and also in Schwartz, Rethinking the California Air 

Resources Board's Ozone Standards. 
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Reducing ground-level ozone also will cause small increases in human exposure to solar 
ultraviolet (UV) radiation. I will have more to say about the CD’s and Staff Report’s 
treatment of this issue below. Here I want to stress that any discussion of the total effects 
of ground-level ozone reductions would be incomplete and misleading if it did not 
include an estimate of the negative health effects of ground-level ozone reductions. In 
this case, the appropriate comparison is between the absolute number of health outcomes 
prevented (e.g., premature mortality, respiratory hospital admissions) by ozone 
reductions and the absolute number of health outcomes caused (e.g., premature mortality, 
non-fatal skin cancers, cataracts) by ozone reductions.  

The effects of the costs of reducing ozone on Americans’ health and welfare are not 
required to be addressed by EPA in its CD. However, these costs and their ensuing health 
and welfare effects are real, and EPA would better serve the public by acknowledging 
these costs in the CD.4 

Selective Characterization of Evidence 
Although the CD includes many caveats in its discussions of the evidence on ozone’s 
health effects, the CD overall selectively emphasizes studies and portions of studies 
reporting harmful ozone effects, while downplaying studies reporting no effects or 
apparently protective ozone effects. Likewise, the CD is quick to emphasize weaknesses 
in studies that report little or no harmful effect from ozone, while ignoring weaknesses in 
studies reporting harmful effects. Summary sections of the CD often draw conclusions 
that are at odds with the detailed evidence presented in more technical and detailed 
sections of the CD. 

For example, in a summary in Chapter 8, the CD claims ozone effect sizes are relatively 
consistent across studies (p. 8-56). However, this claim is based on pooling of results 
across cities and/or studies, and masks the large heterogeneity of the results between 
individual cities and even the same city across individual studies. For example, 
NMMAPS reported a range of a -5% to +16% increase in mortality per 10 ppb increase in 
24-hour ozone across the 95 cities in the study. Higher ozone was associated with 
reduced mortality in nearly 40 percent of the cities in the study.  

However, the CD focuses only on the pooled results in its summary of the epidemiologic 
literature on ozone and mortality.5 The CD draws conclusions based on the pooled 
results, rather than the individual city results, creating an appearance of consistency that 
does not in fact exist. The city-by-city data from NMMAPS and other studies cited in the 
CD demonstrate the huge and biologically implausible range of apparent ozone effects on 
mortality, from very protective to very harmful.  

The CD also fails to note that the pooled result in NMMAPS is sensitive to a few outlier 
cities. Moolgavkar (2002, 2005), has shown that the NMMAPS pooled PM10 mortality 
association becomes statistically insignificant when just two or three outlier cities are 

                                                 
4 For more on this, see, for example, Ibid. 
5 See Figure 3 in M. L. Bell, A. McDermott, S. L. Zeger et al., “Ozone and Short-Term Mortality in 95 

US Urban Communities, 1987-2000,” Journal of the American Medical Association 292 (2004): 2372-8. 
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removed from the analysis.6 Examination of Figure 3 in Bell et al. (2005) suggests that 
one extreme outlier city and two or three more moderate outliers are driving the positive 
ozone result as well. The CD demonstrates the great heterogeneity of ozone associations 
in the technical sections of the document, but the summary sections draw conclusions 
about consistency that are at odds with this evidence. 

The CD makes a few mentions of publication bias and model-selection bias in ozone 
epidemiology studies, but these concerns seem to have had little effect on the CD’s actual 
use of evidence and conclusions. For example, the CD cites three recent EPA-
commissioned meta-analyses7 in support of the conclusion that daily ozone fluctuations 
are increasing daily mortality, stating: “These three studies, along with the earlier meta-
analyses, provide strong evidence that O3 is associated with mortality” (p. 7-84). This 
claim ignores the degree to which publication bias inflated the ozone effect estimates in 
these studies. For example, Bell et al. (2005) presented evidence that publication bias 
may have inflated the meta-analytic ozone effect estimate by more than a factor of 3—a 
fact not mentioned in the CD.  

The CD claims that the consistency of the results lends weight to their conclusions. But 
this consistency is likely do to the three studies sharing the same biases, rather than to an 
underlying relationship of the results to real-world health effects. As a commentary 
accompanying the meta-analyses concluded: “In the absence of NMMAPS or other 
multisite analyses, some observers might have taken the agreement of the meta-analyses 
as confirmation that the meta-analytic method was reliable. However, if our observational 
methods are all subject to the same biases, as meta-analyses are when they are derived 
from the same pool of studies, the agreement criterion is testing a narrow range of 
assumptions.”8  

The CD’s cursory treatment of publication bias also points up the selective way in which 
the CD marshalls evidence. The CD uses the Bell et al. (2004) NMMAPS results as 
evidence of an ozone mortality effect, but discounts these same NMMAPS results when 
they provide inconvenient evidence about the effect of publication bias in inflating the 
meta-analytic ozone-mortality estimates.  

As with the effect of publication bias, the CD mentions, but fails to adequately account 
for the degree to which model selection bias inflates ozone effect estimates. Koop and 
Tole used Bayesian Model Averaging (BMA) to conclude, based on data for Toronto, 

                                                 
6 S. H. Moolgavkar, Review of Chapter 8 of the Criteria Document for Particulate Matter (Comments 

Submitted to EPA) (2002); S. H. Moolgavkar, “A Review and Critique of the Epa’s Rationale for a Fine 
Particle Standard,” Regulatory Toxicology and Pharmacology 42 (2005): 123-44. 

7 M. L. Bell, F. Dominici and J. M. Samet, “A Meta-Analysis of Time-Series Studies of Ozone and 
Mortality with Comparison to the National Morbidity, Mortality, and Air Pollution Study,” Epidemiology 
16 (2005): 436-45; K. Ito, S. F. De Leon and M. Lippmann, “Associations between Ozone and Daily 
Mortality: Analysis and Meta-Analysis,” Epidemiology 16 (2005): 446-57; J. I. Levy, S. M. Chemerynski 
and J. A. Sarnat, “Ozone Exposure and Mortality: An Empiric Bayes Metaregression Analysis,” 
Epidemiology 16 (2005): 458-68. 

8 S. N. Goodman, “The Methodologic Ozone Effect,” Epidemiology 16 (2005): 430–35. 
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that ozone is unlikely to be associated with daily mortality.9 The CD summarily dismisses 
this research with a few sentences about BMA’s limitations in the introduction to Chapter 
7, and does not consider the technique further. Koop and Tole (2004) is not mentioned at 
all in the Staff Report.  

Yet the problem of model selection bias is becoming widely recognized in air pollution 
epidemiology, and Koop and Tole (2004) is one of the few efforts to systematically 
address the issue. For example, the Health Effects Institute special panel that reanalyzed 
the GAM time series studies concluded that various model selection choices may 
“introduce an element of uncertainty that has not been widely appreciated previously.”10 
Likewise, Ito (2003), in the same report, concluded:11 

“Weather model specification and the extent of temporal smoothing are 
not the only factors that can change pollution [Relative Risk] estimates. 
Others may include the location of monitors, choice of lags, and 
consideration of distributed lags. These factors can cause differences that 
vary by up to a factor of two in estimated pollution coefficients.”  

These problems are compounded by the selective publication of larger and more 
statistically significant effects. Lumley and Sheppard (2003) cautioned:  

“Estimation of very weak associations in the presence of measurement 
error and strong confounding is inherently challenging. In this situation, 
prudent epidemiologists should recognize that residual bias can dominate 
their results. Because the possible mechanisms of action and their 
latencies are uncertain, the biologically correct models are unknown. This 
model selection problem is exacerbated by the common practice of 
screening multiple analyses and then selectively reporting only a few 
important results.”12 

In fact, Koop and Tole is not the only paper, and BMA is not the only method of 
demonstrating the effects of model-selection bias. Ito (2003) estimated 1,220 separate air 
pollution-mortality models for Detroit and substantial fraction suggested a “protective” 
effect of air pollution on health. 

A new study shows that changes in adjustment for weather can cause the apparent effect 
of ozone on short-term mortality to disappear. When Keatinge and Donaldson (2005) 
allowed in their model for cumulative effects of heat stress over several days, as well as 

                                                 
9 G. Koop and L. Tole, “Measuring the Health Effects of Air Pollution: To What Extent Can We Really 

Say That People Are Dying from Bad Air?” Journal of Environmental Economics and Management 47 
(2004): 30-54. 

10 Health Effects Institute, Revised Analyses of Time-Series Studies of Air Pollution and Health (Boston: 
May 2003). 

11 K. Ito, “Assocations of Particulate Matter Components with Daily Mortality and Morbidity in 
Detroit,” in Revised Analyses of Time-Series Studies of Air Pollution and Health, ed.  (Boston: Health 
Effects Institute, 2003). 

12 T. Lumley and L. Sheppard, “Time Series Analyses of Air Pollution and Health: Straining at Gnats 
and Swallowing Camels?” Epidemiology 14 (2003): 13-4. 
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the additional effects of direct sunshine, which adds to heat stress, the association of 
ozone with mortality was reduced by 90 percent and became statistically insignificant.13  

The CD’s density plots indirectly show that consideration of publication and model-
selection bias would greatly reduce the health effects attributed to ozone. For example, 
the density plot for mortality on page 7-128 has 25 percent of the probability on the side 
of a protective effect for ozone. But for multi-city studies, the chart relies on pooled 
results, rather than individual city results. For example, NMMAPS includes 95 city 
results, nearly 40 percent of which suggested a protective effect of ozone. Entering 
results for individual cities would increase the amount of probably on the side of 
protective ozone effects. Furthermore, the density chart relies only on published point-
estimate studies, and therefore suffers from publication bias (only partially accounted for 
by having a few multi-city studies) and model selection bias (not accounted for at all). 
Accounting for these effects would push still more of the probability toward negative 
(that is, protective) ozone effects.  

The CD’s conclusion of robustness and consistency of ozone associations with mortality 
and other health endpoints is mistaken, and its presentation of the evidence is misleading. 
EPA should revise the CD to reflect the lack of consistency and biologic implausibility of 
the epidemiological results.  

Selective and Inaccurate Characterizations of Studies 
I discussed above the CD’s general problem of mischaracterizing evidence. Here I point 
out some additional cases in which the CD mischaracterizes specific studies, creating a 
bias toward assuming greater air pollution health effects than the actual results of the 
studies would suggest.  

Children’s Health Study Asthma Results: The California Children’s Health Study 
(CHS) assessed the risk of developing asthma due to air pollution in a cohort of 3,535 
children with a five-year follow-up.14 According to the CD, “Asthma risk was not higher 
for residents of the six high-O3 communities versus residents of the six low-O3 

communities” (p. 7-109). The staff report makes a similar claim (p. 3-22). These claims 
are mistaken. The risk of asthma was 30 percent lower in the six high-ozone 
communities, relative to the six low-ozone communities in the study.15  

The CD notes that asthma risk was 3.3 times greater for children in high-ozone 
communities playing 3 or more team sports (8 percent of the children), though this result 
was based on a small sample. This means the risk of developing asthma must have been 
50 percent lower for the other 92 percent of children in the study. When the 12 
communities were divided into tertiles, increased asthma risk was reported for only the 4 
highest ozone communities. These 4 high-ozone communities—all in the eastern portions 
of the South Coast Air Basin (the Los Angeles metro area)—have by far the highest 

                                                 
13 W. R. Keatinge and G. C. Donaldson, “Heat Acclimatization and Sunshine Cause False Indications of 

Mortality Due to Ozone,” Environmental Research  (2005): in press. 
14 R. McConnell, K. Berhane, F. Gilliland et al., “Asthma in Exercising Children Exposed to Ozone: A 

Cohort Study,” Lancet 359 (2002): 386-91. 
15 Based on 1-hour ozone levels. Based on 8-hour ozone levels, risk of asthma was 20% lower and the 

top of the 95% confidence interval for relative risk was 1.0).  
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ozone levels in the country. The study was based on ozone levels during 1994-97, when 
these areas violated the 1-hour ozone standard dozens of times per year. The rest of the 
U.S. has ozone levels typical of the medium- and low-ozone areas of the Children’s 
Health Study, for which there was no increase in risk of developing asthma, even in very 
active children. Thus, this study suggests the federal 1-hour ozone standard is more than 
protective against the development of asthma. 

If the higher asthma risk with higher ozone for very-active children is to be taken as 
causal, then there is no justification for not taking the lower overall asthma risk as also 
causal. If so, there are two conclusions that the CD and Staff Report should draw: First, 
overall, higher ozone levels reduce the risk of developing asthma. Second, the federal 1-
hour and 8-hour ozone standards protect against the development of asthma, with a large 
margin of safety, even in the most physically active children. The CD and Staff Report 
should not create the impression that a more stringent ozone standard would reduce 
children’s risk of developing asthma. 

Multi-City Study of Ozone and Use of Asthma Medication. The CD claims “the strong 
evidence from the large multicities [sic] study by Mortimer et al. (2002)” (p. 8-44) shows 
that ozone is associated with increased medication use.16 But the evidence from this study 
is not strong. The ozone effect was statistically significant only in a single-pollutant 
model. It became statistically insignificant when any other pollutant was added as a 
confounder. The CD creates the false impression that other pollutants had little 
confounding effect on the results: “In multipollutant models, the O3 effect was shown to 
be slightly diminished” (p. 7-45; emphasis added). In fact, the ozone effect dropped by 40 
percent when NO2 was added to the model, and dropped to zero when NO2, SO2, and 
PM10 were added.17 

CARB/Kaiser Central Valley Study. This time-series study reported a statistically 
significant decrease in acute health effects with higher ozone levels.18 The CD does not 
mention this study.  

EPRI-Veterans Cohort study: The CD states “Lipfert et al. (2000b, 2003) reported 
positive effects on all cause mortality for peak O3 exposures (95th percentile levels) in the 
U.S. Veterans Cohort study of approximately 50,000 male middle-aged men recruited 
with a diagnosis of hypertension” (p. 7-111). But the CD fails to mention that the study 
reported a threshold for ozone’s mortality effect at 0.14 ppm for 95th percentile 1-hour 
ozone concentrations.19 The 95th percentile represents the 18th worst day of the year. In 
other words, to exceed the ozone mortality threshold, 1-hour ozone would have to exceed 
0.14 ppm more than 18 days per year. This is well above even the federal 1-hour 
standard, which allows only one day per year exceeding 0.125 ppm.  

                                                 
16 K. M. Mortimer, L. M. Neas, D. W. Dockery et al., “The Effect of Air Pollution on Inner-City 

Children with Asthma,” European Respiratory Journal 19 (2002): 699-705. 
17 This was based on only 3 of the 8 cities in the study that had sufficient data on all four pollutants.  
18 S. F. van den Eeden, C. P. Quesenberry, J. Shan et al., Particulate Air Pollution and Morbidity in the 

California Central Valley: A High Particulate Pollution Region (Sacramento: CARB, July 2002). 
19 F. W. Lipfert, H. M. Perry, J. P. Miller et al., “The Washington University-EPRI Veterans' Cohort 

Mortality Study,” Inhalation Toxicology 12 (suppl. 4) (2000): 41-73. 
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The appropriate conclusion to draw from this study is that even in what one would expect 
to be a particularly sensitive subgroup of the U.S. population, the current federal 8-hour 
and 1-hour ozone standards both protect against premature mortality from long-term 
ozone exposure with a substantial margin to spare. Yet both the CD and Staff Report 
mislead readers to draw the opposite conclusion. Fortunately, the Staff Report draws the 
correct overall conclusion that there is little or no evidence for increases in mortality from 
chronic ozone exposure. However, this conclusion would be strengthened by an accurate 
summary of the Veterans Cohort results. All mentions of the Veterans study in the CD 
and Staff Report should be revised to include the finding of a threshold for ozone’s 
association with premature mortality.  

Health Effects of Increased Solar Ultra-Violet (UV) Exposure Due to Lower 
Ground-Level Ozone 
Whether up in the stratosphere or near ground level, reducing ozone shielding marginally 
increases people’s exposure to solar UV light. The CD claims these effects are too 
uncertain to assess: 
 

“Within the uncertain context of presently available information on UV-B 
surface fluxes, a risk assessment of UV-B-related health effects would 
need to factor in human habits (e.g., daily activities, recreation, dress, and 
skin care) in order to adequately estimate UV-B exposure levels. Little is 
known about the impact of variability in these human factors on individual 
exposure to UV radiation. Furthermore, detailed information does not 
exist regarding the relevant type (e.g., peak or cumulative) and time period 
(e.g., childhood, lifetime, or current) of exposure, wavelength dependency 
of biological responses, and interindividual variability in UV 
resistance…In conclusion, the effect of changes in surface-level O3 
concentrations on UV-induced health outcomes cannot yet be critically 
assessed within reasonable uncertainty” (p. 10-35). 

 

It is strange that EPA would claim uncertainty as a reason not to address a potential 
health risk. EPA normally uses uncertainty as the justification for more stringent 
regulatory limits and greater safety factors. In any case, the CD’s claim of uncertainty is 
unjustified. Back in 1997 an internal EPA analysis concluded “any decrease in 
atmospheric ozone (tropospheric or stratospheric) causes…an increase in the incidence of 
non-melanoma skin cancers…The methodology for estimating such increases (of both 
UV levels and skin cancer incidence) is well established.”20  

The United Nations Environment Program also has not found the effects of increased UV 
exposure too uncertain to estimate.21 UNEP estimated that each 1 percent decrease in 

                                                 
20 EPA never made this analysis public, but it was anonymously placed in an OMB docket and is now 

available at http://aei.brookings.org/admin/pdffiles/php9v.pdf. 
21 United Nations Environment Program, Environmental Effects of Ozone Depletion: 1998 Assessment 

(Nairobi, Kenya, 1998), http://www.gcrio.org/UNEP1998/UNEP98.html. The chapters of this report were 
also published as separate papers in the October 1998 issue of Journal of Photochemistry and Photobiology 
B, available at http://www.gcrio.org/ozone/toc.html 
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total atmospheric ozone results in a 1 to 2 percent increase in human exposure to UV 
light, and thereby to increased cancer incidence. According to UNEP, each 1 percent 
increase in UV exposure would likely result in 10 to 20 new skin cancers per year per 
million people, or 3,000 to 6,000 new cancers in a population the size of the U.S. The 
ozone reductions necessary to attain a national ozone standard of 0.06 or 0.07 could 
easily be of this magnitude or perhaps greater. The Department of Energy (1995) and 
Lutter (2004) have estimated similar cancer increases from lower ground-level ozone 
levels, as well as increases in cataracts.22  

The harm to health from lower ozone levels is sufficient to offset much or perhaps even 
all of the health benefits from further ozone reductions. Of course, there are uncertainties 
attached to estimates of harm from increased UV exposure due to lower ground-level 
ozone. But these uncertainties are certainly no greater, and are arguably smaller than the 
large uncertainties in the epidemiological evidence of harmful effects from ozone. It is no 
doubt inconvenient for EPA to acknowledge and estimate the risks of marginal increases 
in UV exposure. But that is not an excuse for brushing off the issue. The next draft of the 
CD should include detailed estimates of the UV health effects due to ozone reductions, 
and a table comparing estimates of total health benefits to total harms. 

Policy-Relevant Background (PRB) Ozone 
The Executive Summaries and relevant chapters of the CD and Staff Report need to 
provide a more coherent summary of the sources contributing to background ozone,  a 
more appropriate definition of the PRB, and a more scientifically defensible estimate of 
the PRB. 

Contrary to the CD’s definition, the PRB should include emissions from Canada and 
Mexico, as these are not directly under U.S. policy control. The PRB should also include 
VOC and NO emissions given off by human bodies. These are a small portion of total 
emissions, but might measurably add to ozone in metropolitan areas in the absence of all 
U.S. anthropogenic emissions. For example, based on estimates in Fenske and Paulson 
(1999), human VOC emissions might amount to a few tons per day in South Coast.23 
Some agricultural biogenic VOC emissions might also arguably be beyond practical 
policy control. 

Because the ozone standard is based on extreme values, the CD should estimate a PRB 
based on days that are likely to have the highest PRB levels, rather basing the PRB on 
average ozone levels.  

The CD’s estimate of the PRB also seems to be based on the output of a single, low-
resolution model. The CD’s PRB estimates should be expanded to include high-

                                                 
22 Department of Energy, EPA Docket a-95-54, Iv-D-2694, Appendix B-9 (Washington, DC: March 21, 

1995); R. Lutter, “Head in the Clouds Decision-Making: EPA's Air Quality Standards for Ozone,” in 
Painting the White House Green: Rationalizing Environmental Policy inside the Executive Office of the 
President, ed. R. Lutter and J. F. Shogren (Washington, DC: Resources for the Future, 2004); R. Lutter and 
H. Gruenspect, “Assessing Benefits of Ground Level Ozone: What Role for Science in Setting National 
Ambient Air Quality Standards?” Tulane Environmental Law Journal 15 (2001): 85-96.  

23 J. D. Fenske and S. E. Paulson, “Human Breath Emissions of VOCs,” Journal of the Air and Waste 
Management Association 49 (1999): 594-8. 
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resolution models and observations from areas that are relatively uninfluenced by human 
activities. 

The next draft of the CD should include PRB estimates for a number of non-attainment 
areas, and with an appropriate definition of the PRB.  

Ozone Chamber Studies Have Not Simulated Policy-Relevant Real-World Ozone 
Exposures 
Comparisons of ozone exposures measured by personal monitors with ambient ozone 
measured at the fixed ozone monitoring sites used for regulatory compliance show that 
personal exposures are much lower than ambient levels, even when comparing only 
outdoor personal exposures to outdoor ambient levels. Thus, for example, when ambient 
ozone is 0.08 ppm, personal exposures outdoors are typically on the order of 40 to 60 
percent lower than the ambient level.24 And because people spend much of their time 
indoors, overall personal exposure is only a fraction of ambient monitor-based levels 

Even people with the highest personal exposures almost always have exposure levels  
lower than the ambient level measured by a central ozone monitor. For example, out of 
about 2,100 person-days measured in a study in Alpine, California, near San Diego, there 
were only 3 person-days in which personal ozone exposure exceeded 0.07 ppm.25 This is 
despite the fact that 27 out of the 100 days studied had ambient ozone exceeding 0.07 
ppm. In probabilistic terms, for each day in which ambient ozone exceeded 0.07 ppm, an 
average of only 1 in 190 people (0.53 percent) was actually exposed to ozone exceeding 
0.07 ppm.26  

                                                 
24 See, for example, R. J. Delfino, B. D. Coate, R. S. Zeiger et al., “Daily Asthma Severity in Relation 

to Personal Ozone Exposure and Outdoor Fungal Spores,” American Journal of Respiratory and Critical 
Care Medicine 154 (1996): 633-41; A. S. Geyh, J. Xue, H. Ozkaynak et al., “The Harvard Southern 
California Chronic Ozone Exposure Study: Assessing Ozone Exposure of Grade-School-Age Children in 
Two Southern California Communities,” Environmental Health Perspectives 108 (2000): 265-70; T. 
Johnson, K. Clark, K. Anderson et al., “A Pilot Study of Los Angeles Personal Ozone Exposures During 
Scripted Activities,” Measurement of Toxic and Related Air Pollutants, Pittsburgh, Air and Waste 
Management Association, 1996; K. Lee, W. J. Parkhurst, J. Xue et al., “Outdoor/Indoor/Personal Ozone 
Exposures of Children in Nashville, Tennessee,” Journal of the Air and Waste Management Association 54 
(2004): 352-9; L. J. Liu, R. Delfino and P. Koutrakis, “Ozone Exposure Assessment in a Southern 
California Community,” Environmental Health Perspectives 105 (1997): 58-65; M. S. O'Neill, M. 
Ramirez-Aguilar, F. Meneses-Gonzalez et al., “Ozone Exposure among Mexico City Outdoor Workers,” 
Journal of the Air and Waste Management Association 53 (2003): 339-46. 

 
25 These ozone levels are based on 12-hour rather than 8-hour averages. The study did not report eight-

hour averages. For any given 8-hour-average ozone level, the 8-hour average would of course be expected 
to be somewhat lower. Thus, a 12-hour average of 0.07 ppm is probably roughly the same as an 8-hour 
average of about 0.08 ppm. 

  
26 It is, of course, possible that this group of fifty people is not representative of the typical resident of 

Alpine. On the other hand, the results of this study are consistent with the other studies discussed in this 
section. 
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This means that a laboratory study of the effects of 0.08 ppm ozone is not representative 
of 0.08 ppm in ambient air, but of ambient levels of 0.12 ppm or more. When time spent 
indoors is taken into account, ambient levels are even higher than personal exposures.  

Not only have laboratory studies used personal ozone exposures that are too high; they 
have used “control” exposures that are too low. Laboratory studies compare lung function 
when volunteers breathe, say, 0.08 ppm ozone (equivalent to at least 0.12 ppm ambient) 
to lung function when breathing ozone-free air. In fact, they should be using a 
background ozone level as the “clean air” control exposure.  

Assume for the sake of argument that this background level is 0.05 ppm ambient. This 
would be equivalent to a personal exposure of about 0.03 ppm. If we wanted to know the 
potential effects of an actual ambient level of 0.085 ppm, we should then be comparing 
laboratory personal exposures of 0.03 ppm to represent background and 0.05 ppm to 
represent personal exposure for an ambient level of 0.085 ppm.  

No study to date has tested the differential effects of such a small increment in ozone 
exposure. However, Adams (2002) tested personal exposures of 0.00, 0.04, and 0.08 ppm 
in heavily exercising college students.27 There was no change in lung function between 
the first two exposure levels. Average lung function declined about 5 percent in going 
from 0.04 to 0.08 ppm, but only after 6 hours of exposure. These results suggest that 
laboratory tests using realistic personal exposures would find no lung-function 
decrements due to ozone at the level of the current federal 8-hour standard.  

In other words, the evidence suggests that chamber studies with policy-relevant personal 
ozone exposures would not find any effects of ozone at concentrations equivalent to the 
current federal 8-hour standard. This is all the more striking when considering that the 
chamber studies are done with people performing vigorous exercise for several hours.  

The CD appears to be silent on the fact that personal exposures in chamber studies are not 
representative of or relevant to real-world personal exposures. There is no mention of 
personal exposures in Chapter 6 of the CD. The CD does discuss personal exposures in 
the context of epidemiological studies. But here the CD creates the false impression that 
there is ambiguity about the difference between personal ozone exposures and ambient 
ozone levels.  

The CD states “Some personal exposure measurements using passive samplers show O3 

exposures below those O3 concentrations measured at outdoor stationary sites (Delfino et 
al., 1996; Avol et al., 1998b; Sarnat et al., 2000; Geyh et al., 2000; Brauer and Brook, 
1997). However, other studies have found strong correlations between O3 measured at 
stationary sites and personal monitored concentrations (Liard et al., 1999; Bauer and 
Brook, 1997; Linn et al., 1996; Lee et al., 2004; Avol et al., 1998b; O’Neill et al., 2003) 
when the time spent outdoors, age, gender, and occupation of the subjects were 
considered” (p. 3.54).  

                                                 
27 W. C. Adams, “Comparison of Chamber and Face-Mask 6.6 Hour Exposures to Ozone on Pulmonary 

Function and Symptom Responses,” Inhalation Toxicology 14 (2002): 745-64. 
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The fact that some studies have found “strong correlations” between stationary and 
personal ozone is a separate issue from whether personal ozone exposure is lower than 
ambient ozone levels. The CD appears to be citing these studies as evidence against 
personal exposures being lower than ambient levels. But this isn’t what these studies 
show. O’Neill et al. (2003), which I cited earlier, reported that personal outdoor ozone 
exposures of outdoor workers in Mexico City were 60 percent lower than ambient 
monitor values.28 Lee et al. (2004), also cited earlier, reported that children in Tennessee 
in the top 25 percent of time-spent-outdoors nevertheless experienced personal ozone 
exposures 80 percent lower than ambient levels.29 Liard et al. (1999) reported that 
personal ozone exposure was on average lower than ozone from stationary site 
measurements.30  

The initial discussion of personal exposure in the Integrative Summary also does not 
mention the fact that personal exposures are much lower than ambient levels (p. 8-9). The 
lower personal exposures are mentioned on p. 8-53, but without quantitative detail, and 
only in the context of epidemiological studies. Chapter 8 is silent on the implications of 
personal exposure vs. ambient levels for chamber studies. 

The next draft of the CD should include quantitative details on the relationship between 
personal exposure and ambient levels, and a discussion of the fact that once the personal 
vs. ambient difference is accounted for, chamber studies to date suggest the current 
federal 8-hour standard is already protective against acute decrements in lung function. 

Conclusion 
In general, the 2nd Draft of the Ozone CD provides a misleading account of the evidence 
on ozone health effects. The CD selectively marshals evidence in support of EPA’s 
position while mischaracterizing or omitting contrary evidence. The CD should be 
revised as noted above to provide a more realistic account of the weight of the evidence. 

I would welcome the opportunity to discuss these comments in greater detail. Please feel 
free to contact me at 916.203.6309 or jschwartz@aei.org. 

                                                 
28 O'Neill, Ramirez-Aguilar, Meneses-Gonzalez et al., “Ozone Exposure among Mexico City Outdoor 

Workers.” 
29 Lee, Parkhurst, Xue et al., “Outdoor/Indoor/Personal Ozone Exposures of Children in Nashville, 

Tennessee.” 
 
30 R. Liard, M. Zureik, Y. Le Moullec et al., “Use of Personal Passive Samplers for Measurement of 

No(2), No, and O(3) Levels in Panel Studies,” Environmental Research 81 (1999): 339-48. 
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Sincerely, 

 

/Joel Schwartz/ 

 

Joel Schwartz 
Visiting Fellow 
American Enterprise Institute 
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