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List of Acronyms

The following acronyms have been used for the sake of brevity in this document:
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I/min
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NO,
NO
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PEM

PM
pNEM/O,
ppm
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uv
VOC

Clean Air Act

ar qudity adjustment procedure
American Petroleum Inditute

Clean Air Scientific Advisory Committee
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Chemica Manufacturers Association
Environmentd Protection Agency
forced expiratory volumein 1 second
liters per minute

liters per minute per meter squared
nationa ambient ar qudity andards
non-methane organic compounds
nitrogen oxides

nitric oxide
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personal exposure monitor
particulate matter

probabilistic NAAQS Exposure Modd for ozone
parts per million

Regiona Oxidant Model

ultraviolet

volatile organic compounds
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Responses to Significant Comments on the
1996 Proposed Rule on the
National Ambient Air Quality Standardsfor Ozone

INTRODUCTION

This document, together with the preamble to the find rule on the review of the nationa ambient
ar qudity stlandards (NAAQS) for ozone (O3) and several separate documents referred to below,
present the responses of the Environmenta Protection Agency (EPA) to the more than 50,000 public
comments received on the 1996 O; NAAQS proposd notice. All sgnificant issues raised in the public
comments have been addressed.

Asreflected in the table of contents for this document, responses are organized by topics,
which correspond to specific sections of a companion document that has been placed in the docket, the
Summary of Sgnificant Written Comments on the 1996 Ozone NAAQS Proposal -- Issue Report
(henceforth the “ Summary of Comments’). Due to the large number of comments that addressed
amilar issues, aswell as the sheer volume of the comments received, this response-to-comments
document does not generdly cross reference each response to the commenters who raised the
particular issue involved, athough commenters are identified in some cases where they provided
particularly detailed comments that were used to frame the overdl response on anissue. However, dl
commenters on a given topic are included in the Summary of Comments®.

This document refers as gppropriate to various support documents, available in the docket, that
have been prepared to assst in presenting the more technica aspects of the Agency’ sresponses. A
complete list of references, including these support documents, is presented at the end of this document.

The responses presented in this document and in the separate documents referred to above are
intended to augment the often extensive responses to comments that gppear in the preamble to the find
rule or to address comments not discussed in the preamble. Although portions of the preamble are
paraphrased in this and other documents where useful to add clarity to responses, the preamble itself
remains the definitive satement of the basic rationae for the revisons to the standards adopted in the
find rule

A ssparate summary document, the Summary of Significant Written Comments on the
1996 Ozone NAAQS Proposal -- Author Report, has aso been placed in the docket to facilitate the
review of the comment summaries by commenter as as as by issue.
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In many instances, particular responses presented in the above documents include cross
references to responses on related issues, either in those documents or in the preamble to the final rule?.
In view of the large number of comments received, the cross references may not dways reflect the
extent to which information relevant to a particular comment is contained in responses to other
comments. Accordingly, the above documents as a group, together with the preamble to the find rule,
should be considered collectively as EPA’ s response to dl of the comments submitted.

. RESPONSES TO SIGNIFICANT COMMENTS ON PROPOSED O; STANDARDS
A. Primary O; Standard
1 General commentson proposed primary standard

A large number of comments on the proposed primary O; standard are very generd in nature,
basically expressing either 1) support for the proposed 8-hour 0.08 ppm standard, for one of the two
dternative 8-hour slandards on which comment was solicited in the proposal notice, or for an 8-hour
standard that would be “equivaent” to the current 1-hour standard, or 2) expressing opposition to any
revisonsto the current 1-hour standard. Many of these commenters Smply expressed their views
without stating any rationae, while others stated generd reasons for their views but without reference to
the factua evidence or rationale presented in the proposa notice as a basis for the Agency’ s proposed
decison. Such general comments specific to the O, proposa notice are summarized in section 111.A.1
of the Summary of Comments, and generd comments on both the O; and PM proposa notices are
summarized in section |.A.

The Agency recognized in the proposa notice that there was awide diverdty of views asto
whether revison of the current tandard was gppropriate in light of the avallable scientific evidence, and
the range of generd comments received reflect that diversty. The preamble to thefind ruleiniits
entirety presents the Agency’ s response to these generd views. More specificaly, section [1.A of the
preamble to the fina rule responds to views that are generdly hedth-based, including reasons related to
1) the nature of O;-related hedlth effects, 2) the strength of and uncertainties associated with the
scientific evidence of these effects, 3) the appropriate and/or likely degree of public hedlth protection to
be afforded by the primary O; NAAQS, and 4) the nature of the advice from CASAC with regard to
the adequacy of the scientific evidence available for making a decison on the sandards and individua
CASAC Pand members persond views on the standard. Section 1V of the preamble to the fina rule
responds to views that are based on reasons beyond the scope of those that the Administrator can
congder in setting the standards, including those related to the costs and/or economic impacts of the

The terminology used in the preamble to the find rule asit gppearsin the Federd Register
refersto various named sections of the preamble as“units” This response to comments document
refers to the units as “ sections’ of the preamble.
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proposed standards. Sections 1V, VII, and VIII of the preamble to the fina rule respond to views
based on reasons related to statutory interpretations and procedura issues.

2. Specific comments on proposed primary standard

A large number of comments addressed specific eements of the proposed primary O
gtandard, including the averaging time, level, and form of the standard, and on the interpretation of the
standard as specified in proposed revisons to Appendix H (redesignated in the find rule as Appendix
). These comments are generdly summarized in sections [11.A.2.ab,c,d of the Summary of
Comments, and responses to the key issues raised in these comments are presented in sections 11.B and
V1 of the preamble to thefind. In some cases, more specific responses to the full range of significant
issues raised in these comments are presented below.

a. Averaging time

This section addresses specific commentsincluded in Section 111.A.2(a) and esewherein the
Summary of Comments concerning the averaging time of the primary O, standard.

Comments on the proposed change to the averaging time of the primary standard from 1to 8
hoursfal into two mgor categories. Thosein the first group reflect broad support for the 8-hour
averaging time, either as a replacement for or in addition to the current 1-hour standard. Support for
the 8-hour standard was based on evidence of hedlth effects reported in human studies of 6- to 8-hour
exposure durations (but at lower O, levels than the 1- to 3-hour exposures), analysesindicating that an
8-hour standard would limit 1-hour and 8-hour exposures to O, and the unanimous recommendation
of the CASAC members that the 1-hour standard be replaced by an 8-hour standard. Many who
supported setting an 8-hour standard believed that increased hedlth protection beyond that provided by
the current standard was needed, while others suggested that hedlth protection equivalent to that
provided by the current standard was appropriate. Those in the second group did not believe there was
sufficient judtification for setting an 8-hour standard, or for making any changesin the current standard,
by suggesting that the 1-hour standard, as currently being implemented, provides adequate public hedth
protection from effects of exposure to O;. Many of these commenters asserted that high cogts and life
style changes would result from programs designed to implement an 8-hour standard and/or referred to
the conclusion of CASAC that there were not large differences (i.e., no “bright lin€”) in public hedth
risk between any of the dternative 8-hour primary standards considered and the current 1-hour
standard.

Section 11.B. of the preamble to the find rule presents the key observations and conclusions that
form the basis for the decison by the Administrator to select an 8-hour averaging time for the primary
O, standard. Presented below is a Summary of Comments received and responses to various specific
issues raised by commenters regarding averaging time. The responses below are intended to expand
upon the discusson contained in the preamble to the find rule.
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Lack of “bright ling’ effects threshold or acceptable risk

This section addresses commentsincluded in section 111.A.2(a) and sewhere in the Summary

of Comments that raise questions regarding threshold or acceptable risk related issues. Comments on
these issues were received from AAMA (1V-D-2243) and others.

@

Comment: The EPA ignored CASAC'sview that thereisno “bright line” or large differences
in the degree of health risk or protection between any of the aternative 8-hour standards which
were considered and the 1-hour standard set at 0.12 ppm.

Response: As discussed in the preamble to the find rule, commenters very frequently quoted
from the CASAC dosure letter (Wolff, 1995b) stating “that thereisno *bright lin€ which
distinguishes any of the proposed standards (either the level or the number of dlowable
exceedances) as being sgnificantly more protective of public hedth” and that “the sdection of a
specific level and number of alowable exceedancesis a policy judgment.” These commenters
have varioudy interpreted these statements as a CASAC consensus that the differencesin the
public hedlth protection afforded by any of the dternative sandards were too smal to be
important from a public hedth perspective, not satisticaly sgnificantly different, or smply not
different a al. Based on these interpretations, the commenters argued that it is not appropriate
to revise the standard in any way, because arevised standard would result in disruption to
ongoing programs, additiona planning requirements, and increased implementation costs, but
would provide no or only very little improvement in public hedth protection.

The EPA bdieves that these commenters have misconstrued or too narrowly interpreted
CASAC' s advice to the Adminigtrator by not consdering the entire range of views and
recommendations included inits closure letter. Specificaly, CASAC began its summary of
recommendations to the Adminigtrator (Wolff, 1995b) by stating that “[t]he Panel wasin
unanimous agreement that the present 1-hour standard be eliminated and replaced with an 8-
hour standard.” This agreement was based on “the consensus of the Pandl that an 8-hour
standard was more appropriate for a human health-based standard than a 1-hour standard.”
Thus, CASAC was unequivocd in its advice to the Administrator with regard to which
averaging time the hedth effects evidence more strongly supports. While some commenters
have dso quoted statements by individua Panel members at CASAC meetings suggesting that
choosing between a 1- or 8-hour averaging timeisa“policy” choice, these individua
statements during the course of CASAC’ s review do not contradict nor supersede the clear
and unanimous agreement of CASAC on averaging time as conveyed to the Adminigrator in its
closure letter.

In congdering these comments, EPA aso believesit isimportant to put into a public hedth
perspective CASAC' s observations about the differences among dternative sandardsin
protecting the public from the hedlth effects that were quantitatively estimated in EPA’srisk
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asessment. In the closure letter (Wolff, 1995h), CASAC observed that “the differencesin the
percent of outdoor children . . . regponding between the present standard and the most stringent
proposd . . . are smdl and their ranges overlap for dl hedth endpoints” Most importantly,
EPA notes that the primary standard would provide protection from a broader array of health
effects than it was possible to consider in its quantitative risk assessment. This perspectiveis
clearly shared in particular by those CASAC panel members who persondly favored alevel or
range of levels that included the proposed level of 0.08 ppm, in that the closure letter
characterizes their views as reflecting, in part, their “concern over the evidence for chronic deep
lung inflammation from the controlled human and anima exposure sudies” While the risk of
this effect, as well as other effects related to 6- to 8-hour exposures in the Criteria Document
and Staff Paper (including increased airway responsiveness, impairment of host defenses
suggesting an increased susceptibility to respiratory infection, and increased emergency room
vigts, doctor vidts, and frequency of medication use by individuas with impaired respiratory
systems) could not be quantitatively estimated in EPA’ s risk assessment, EPA bdlieves that
consderation of these effectsis neverthdessimportant in making public hedth policy
judgments.

Further, in interpreting CASAC' s statements on EPA’ s risk assessment report (Whitfidd et dl.,
1996) that thereis no “bright ling’ which distinguishes any of the standards as being
“dgnificantly” more protective, and that the “ranges overlap,” EPA notes that there are
datigticaly sgnificant differencesin the estimated risks for the range of dternative sandards
andyzed. Thisinformation was presented to CASAC at its September 1995 meeting (CASAC
meeting transcript, September 19-20, 1995, pp. 108-109). Further, EPA again notes that
whether one judges the differences to be sgnificant or small can depend on whether one
focuseson percentages, as CASAC' s letter did, or on total numbers of timesthat children or
other a-risk individuals experience such effects. The overlagp in the ranges of risk referred to in
the CASAC letter reflect differences among urban areas used in EPA’srisk andysis (e.g., ar
qudity, exposure patterns, environmental factors), not random uncertaintiesin risk estimates
within any given urban area. Thus, the fact that the ranges overlap does not mean that there are
no red or gatigticdly sgnificant differences in protection among dternative sandards. To the
extent that the quoted statements from CASAC' s closure letter are read asimplying that
CASAC congdered the differences not to be Satistically sgnificant (or that there are no
differences at dl in the protection afforded by the dternative standards), EPA disagrees with
that reading.

Specific Comment (American Automobile Manufacturers Association, 1V-D 2243): Since
a 1-hour standard can provide protection againgt high 8-hour leves, thereis no need to change
to an 8-hour standard. Also, the air is getting cleaner, and changing the standard now would
provoke only chaos, not cleaner air, because it would disrupt ongoing control programs.



6

Response: Asdiscussed in the preamble to the final rule, EPA agreesthat air qudity trends are
improving as a consequence of ongoing control programs designed to attain the current
NAAQS. The EPA does not, however, believe that these trends relieve the Agency of its
statutory mandate to review and, if appropriate, revise the NAAQS on the basis of the best
available scientific evidence to establish standards that protect public hedth with an adequate
margin of safety. Thefact that current control programs are resulting in progress toward
improving ar quaity suggeststhat it isimportant to ensure that such progress is maintained
during any trangtion to arevised sandard. The EPA bdievesthat issues associated with
maintaining progress in air quality management programs are gppropriately addressed in the
development of implementation strategies rather than in the setting of the NAAQS itself.

Relationship between 1- and 8-hour air quality standards

This section addresses comments included in section 111.A.2(a) and esewhere in the Summary

of Comments that raise questions regarding relationships between 1- and 8-hour air quality standards.
Comments on these issues were received from Wolff (1V-D-2334) and others.

@

Comment: Commenters supported the 8-hour primary O; standard because it will provide
hedlth protection which is more consstent with new hedlth effects information published in
recent years and supported by CASAC. Commenters argue that there will be an improvement
in public hedlth protection that will result from replacing the existing 1-hour standard, which they
believe does not adequately protect public hedth, with an 8-hour standard, which they believe
will improve longer-term air qudity and increase public health protection.

Response: As discussed in the preamble to the find rule, EPA agrees with the considerations
raised by those commenters who favor an 8-hour standard. 1n considering the appropriateness
of an 8-hour standard as compared to a 1-hour standard, EPA aso notes the results of its
exposure and risk assessments which show variability across the nine urban areas andyzed with
regard to the extent to which the current 1-hour standard, and aternative 8-hour standards,
limit 8-hour exposures of concern and associated risks of adverse hedlth effects. Asnoted in
the proposa notice and in the supplementd risk assessment, there is much greeter variability
across urban aress, particularly in looking a the seven current nonattainment areas examined, in
the extent to which the current 1-hour standard limits such exposures of concern and risks than
for the dternative 8-hour sandards. For example, the updated assessment estimates that the
current 1-hour standard results in 8-hour exposures of concern at and above 0.08 ppm that
vary by dmost two orders of magnitude across dl nine urban aress. In contragt, the dternative
8-hour standards at the proposed level of 0.08 ppm result in estimated 8-hour exposures of
concern and risks that are much more consstent. In EPA’s view, the fact that an averaging
time of 8 hours results in asgnificantly more uniformly protective national standard than the
current 1-hour standard is an important public health policy consderation that supports the
selection of an 8-hour averaging time.
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Soecific Comment (George Wolff, IV-D-2334): Commenter’s personal recommendation with
regard to averaging time isto set anew 8-hour O; primary standard in place of the 1-hour
standard. The commenter asserts that athough the CASAC Panel favored the 8-hour

gtandard, and it was the consensus of the Panel that there be only one O, primary NAAQS, the
CASAC Pand recognized that the same degree of health protection could be achieved with
either an 8-hour or a 1-hour NAAQS at the appropriate levels.

Response: EPA agreesthat a new 8-hour O; primary standard should be set in place of the 1-
hour standard, because the 8-hour standard more appropriately directs control programsto
reduce therisk of exposures of most concern. EPA dso agrees with the commenter that it is
possible for either a 1-hour standard or an 8-hour standard, at appropriate levels, to provide
roughly “equivaent” public heath protection nationwide (in terms of total population protected
or aggregate risk), athough EPA notes that any such 1-hour and 8-hour standards would not
be truly equivalent since different areas would be protected under 1- or 8-hour standards with
levelsthat result in roughly equivaent protection nationwide.

Comment: EPA should retain the current 1-hour standard to protect against short-term
exposures to O; and set an 8-hour standard to provide protection against the prolonged 6- to
8-hour exposuresto O;. A greater degree of hedlth protection than that afforded by either
standard aone is warranted, and both a 1- and 8-hour standard are needed to provide the
requisite protection from exposures of concern.

Response: As gtated in the preamble to the fina rule, while EPA agreesthat it is possble that
an 8-hour standard done could alow for high 1-hour exposures of concern (at and above 0.12
ppm), EPA’s exposure assessments estimate that alternative 8-hour standards at the level of
0.08 ppm, but with different forms, would be very effective in limiting 1-hour exposures, and
generdly even more effective in limiting 1-hour exposures of concern than is the current 1-hour
sandard. More specificdly, the updated assessment estimates that upon attainment of
dternative 8-hour 0.08 ppm standards (with forms ranging up to the 5th highest concentration
form), less than 0.1% of outdoor children are likely to experience any 1-hour exposures greater
than 0.12 ppm while a heavy exertion levelsin four to seven of the nine urban areas andyzed,
wheress thisistrue for only two of the nine urban areas upon attainment of the current 1-hour
gtandard. In al nine urban areas both the current and aternative 8-hour standards are
estimated to limit such exposures to less than 1% of the outdoor children. Thus, EPA
concludes that an 8-hour 0.08 ppm averaging time does effectively limit both 1- and 8-hour
exposures of concern.

Air qudity trends

This section addresses comments included in section 111.A.1(c) and esewhere in the Summary

of Comments that raise air quality trends related issues. The comments on recent air quaity trends
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were received from numerous commenters representing industry, trade associations (NMA, 1V-D-
2247), (CMA, IV-D-2249), (AAMA, 1V-D-2243), and others.

@

Comment: Commenters stated that nationd air quality trends do not support the need for a
revisontothe NAAQSfor O,. Levesof O, and emissons of O; precursors such as VOCs
have been congstently declining for the past ten years. The commenters aso noted that the
Agency’sown Nationd Air Quaity and Emissions Trends Report, 1995 shows that over the
past 25 years emissons and ambient concentrations of the 6 criteria pollutants have decreased
nationaly by amost 30%. Further, the commenters said thet the Significant reduction in the
number of nonattainment aress, the decline in emissons and ambient levels from current and
prospective CAA programs, and EPA’ s forecast of continued reductionsin O precursor
emissions strongly suggest that there is no need for EPA to adopt more stringent NAAQS.

Response: The Adminigtrator, in her November 1996 press conference announcing the findings
of the 1995 Trends Report, said that the trends showed continued air quaity improvement
during the past 10 yearsfor dl 9x criteriapollutants. These ar qudity improvements are
especidly encouraging given the economic growth that has occurred in this country during the
past 25 years. However, the fact that air qudity isimproving does not mean that EPA should
not establish anew O; air quality standard that better reflects human exposure and risk. Asthe
Administrator stated in her pressrelease, “ Today’ s report underscores the effectiveness of
gtrong, protective air pollution standards and the continuing need for such standards to protect
public hedth. As science provides us with new information about the hedth risks of air
pollution, EPA must continualy review and update our nationa standards to ensure that they
protect the public.” For the reasons noted in the preamble to the find rule, the Administrator
has decided to replace the current 1-hour O; standard with an 8-hour O, standard to protect
public hedth.

Levd of 8-hour standard

This section addresses specific comments included in Section [11.A.2.b and dsawhere in the

Summary of Comments concerning the leve of the 8-hour primary O, standard.

As discussed in the preamble to the find rule, many public commenters supported EPA’s

proposed level of 0.08 ppm for an 8-hour standard, including most public health associations and
groups of medica professonds, many citizens, and some States and regiona associations. There were
aso large numbers of commenters who expressed strong views in opposition to the proposed levd. Of
those who did not support the proposed 8-hour leve, including many local governmenta groups and
private citizens, some States, and dmogt adl commenters representing businesses and industry
associations, either supported no change to the current standard or, if EPA were to replace the current
1-hour standard with an 8-hour standard, supported aleve of 0.09 ppm directly or smply one that
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would be “equivdent” to the current standard. On the other hand, environmenta groups, many citizens,
and some medical professonas and researchers supported alevel of 0.07 ppm for an 8-hour standard.

In generd, the issues raised by these groups of commenters can be addressed in three
categories. (1) comments on the strength and adequacy of the hedlth effects evidence upon which the
proposed decison was based, (2) comments on the quantitative exposure and risk assessments and the
extent to which the assessments either over- or under-predict exposures and risks among senditive
populations, and (3) judgments as to whether the differencesin public hedlth protection provided by
dternative sandards are significant from a public health perspective. Each of these categories of key
issuesis discussed below.

With regard to the first category of comments, on the strength and adequacy of the health
effects evidence, commenters who did not support the need for any increased protection beyond that
provided by the current sandard questioned the adequacy or highlighted the limitations of the various
types of health effects sudies that have related O, exposures to adverse effects. For example, some
commenters questioned the controlled human exposure studies, arguing that: (1) many such studies used
patterns of exposures and exercise levels that are not representative of norma population exposures to
ambient O;, (2) some exposure chambers using artificialy generated O; may have been contaminated
with other pollutants that could have accounted for some of the observed effects, and (3) responsesto
elevated O, levels were compared to responses to air with essentialy no O, rather than to background
levelstypicd of ambient air. Some commenters argued that these flawsin the study designs would
result in overestimating responses to non-background levels of ambient O; or in erroneous findings of
datigtica significance. In contrast, others commented that because the chambers did not contain other
pollutants and natural pulmonary irritants (e.g., pollens, dust) or afull range of environmenta conditions
(eg., high temperatures and humidity) typical of ambient air, the results may underestimate the true
impact of O; inthe ambient ar.

Some commenters dso questioned the summer camp and other field studies and
epidemiologica studies reporting increased hospital admissions and emergency room vists, arguing that:
(2) the responses in these studies were inherently confounded by exposures to other pollutants, (2) the
camp studies did not differentiate activity levels of the participants, and (3) linear regression down to or
below background levels was unjustifiably used to analyze the results of the hospital admisson studies.
These commenters expressed the view that these and other flaws call into question any conclusions
about whether the reported associations are causal. 1n contrast, other comments argued that the
hospita admissions reported in these studies are indicative of a pyramid of adverse hedth effects,
including increased mortality, increased vidits to emergency and outpatient departments and physicians,
increased numbers of asthma attacks resulting in increased medication use, and increased numbers of
restricted activity days and acute respiratory symptom days, that EPA has not adequatdly taken into
account. The EPA notes that these comments are consistent with statistics published by the U.S.
Department of Hedlth and Human Services, which indicate that for every hospital admisson of an
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individua with asthmafor respiratory causes, there are more than five emergency and outpatient
department visits and more than 20 office-based physician vigts (U.S. DHHS, 1996).

With regard to sudies related to pulmonary inflammeation and chronic respiratory dameage,
some commenters argued that the linkage between repeated inflammatory responses and chronic
respiratory damage was merely speculation, and, therefore, should not to be considered as part of the
bass for decisons on the primary standard. In contrast, others commented that anima studies had
demondrated that repeated pulmonary inflammeation leads to degenerative or irreversble lung damage,
that these Sudies are consistent with observations in human exposure studies, and, therefore, that they
should be considered in decisions on the standard.

The EPA notes that many of these comments did not reflect an integrative assessment of the
evidence--the approach CASAC has higtoricaly urged EPA to follow--but rather a piecemesal look at
each individua study or type of study, which tends to miss the strength of the entire body of evidence
taken together. Other commenters did consider the body of evidence in amore integrative manner, and
many of these commenters expressed the view that the body of evidence as awhole provided clear
evidence of O;-related effects at and below O, concentrations alowed by the current sandard. Some
commenters highlighted the large number of studies that demonstrate evidence of effects for prolonged
exposures a and below 0.08 ppm, and criticized EPA for giving too little weight to those studies which
reported serious effects, but for which the data were not sufficient to do quantitative risk assessments.

With regard to the second category of comments, on the exposure and risk assessments, a
number of commenters raised concerns about key aspects of the assessmentsincluding: the exposure
mode, the development of concentration-response functions, the application of the risk mode, and the
measures of risk used to characterize the results of the assessments. With regard to the exposure
modd, a number of commenters claimed that: (1) the model overestimates the exertion level that can be
achieved by most children and outdoor workers and the fraction of time that these groups spend in
moderate or heavy exertion, (2) the modd overestimates outdoor ambient exposures because fixed-site
monitors overestimate outdoor persona exposures, and (3) the air quality adjustment procedures used
to smulate attainment of the standards are ingppropriate or highly uncertain. Other commenters
expressed concern that the exposure mode may be significantly underestimating exposures for children
and outdoor workers who repeatedly exercise due to limitations in the available human activity pattern
data

As discussed in the proposal, EPA recognizes that the exposure model necessarily contains
many sources of uncertainty, adthough every effort has been made to account for such uncertainties to
the extent possible. In particular, the model incorporates and is sengtive to anaytical procedures used
to smulate spatid and tempord distributions of O; concentrations that would occur as aresult of an
areajud attaining any of the dternative standards addressed in the exposure assessment. These air
quality adjustment procedures are based on generdized models intended to reflect the patterns of
changes in digtributions of O, concentrations that have historically been observed in areas implementing
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control programs designed to attain the O; NAAQS. The EPA recognizes that future changesin air
quaity distributions are area-specific, and will be affected by whatever specific control strategies are
implemented in the future to attain the revised NAAQS. Thus, generdized models are expected to be
more uncertain for any given area than when exposure results are aggregated across many aress (as
was done across the nine urban areas andyzed in EPA’ s exposure assessment).

Some commenters questioned the specific air quality adjustment procedures used in theinitid
and supplementa assessments®, and afew of these commenters recommended revisions or dternative
procedures that they believed would be more representative of historical or projected future air quaity
patterns. Asdiscussed in more detail in the Response to Comments, EPA acknowledges that both
procedures used in the assessments result in projections of air quality that deviate to some degree from
historical patterns of air quality changes observed in specific urban areas, and that other procedures
may be more representative of air qudity patternsin specific areas. While EPA will take these
comments into account as future refinements are made to the air quality adjustment procedures used in
the exposure model, EPA believes, and CASAC concurred, that the procedures used in the
assessments conducted as part of this review are reasonable given the uncertainties inherent in
projecting future changesin air quality patterns.

In commenting on the air quality adjustment procedure used in the supplementa assessment,
some commenters particularly focused on the results for two of the nine areas andyzed in which,
contrary to results from theinitia assessment, lower risks were estimated for the current stlandard as
compared to the proposed standard. As discussed more fully in the Response to Comments, EPA
believes that these results for each area can not be distinguished within the sengtivity of the dternative
ar qudity adjusment procedures used in the initid and supplementa assessments. Further, EPA notes
that these two areas have much higher ratios of peak 1-hour to 8-hour O; concentrations than the vast
mgority of areasin which O, is monitored?, and it is thus reasonable to expect that generdlized air
quality adjustment procedures would be particularly uncertain for such aress.

Comments focusing on the development of concentration-response functions for usein the risk
modd have clamed that: (1) EPA ingppropriately selected studies for developing the functions by
excluding studies that reported lower response rates and by using only studies conducted by EPA

3Theinitia risk assessment used both “Weibull” and “proportiond” air quality adjustment
procedures, whereas the supplemental risk assessment used a“proportiona” ar quality adjustment
procedure for al nine urban areas. 1n responding to comments on the air quality adjustment
procedures, EPA aso evauated an dternative “quadratic’ procedure (as discussed in the Response to
Comments), which generdly resulted in risk estimates between those from the Weibull and proportiona
procedures.

“The two areas are Houston and Los Angeles, which are two of only six areas nationwide with
peak 1- to 8-hour design value ratios greater than 1.5.



12

scientigts, (2) contaminants in the controlled exposure chambers may be responsible for some of the
effects incorporated into the concentration-response functions for O;, (3) it was ingppropriate to
extrapolate the concentration-response functions to background levels, and (4) it was inappropriate to
develop concentration-response functions for symptomatic responses in children based on studies of
such responses in adullts.

Of the comments focusing on the application of the risk modd, some commenters claimed that
the aggregate risk results were overstated because of: (1) many of the methodologica problems noted
in the above Summary of Comments, (2) the failure to take into account the known attenuation of
effects, and (3) the assumption of an ingppropriatey low background concentration in caculating risks
attributable to non-background sources of O;. On the other hand, other commenters claimed that
aggregate risk results were understated because of: (1) methodologica problems, noted above, that
underestimate exposures, (2) limiting the analyses to only a subset of adverse hedlth effects rather than
esimating the full range of effects that have been attributed to O, and (3) by focusing only on nine
urban areas rather than projecting risk reductions from dternative standards nationdly.

While EPA has responded more fully to these comments elsewhere in this document, EPA
notes here that most of the issues and concerns raised by commenters concerning the health effects
evidence and the methods used in the exposure and risk assessments are essentialy restatements of
concerns raised during the review of the Criteria Document and the development and review of these
quantitative assessments as part of the preparation and review of the Staff Paper. EPA presented and
the CASAC reviewed in detail the approaches used to assess exposure and hedth risk, the studies and
hedlth effect categories sdected for which concentration-response functions were estimated, and the
presentation of the exposure and risk results summarized in the Staff Paper. As stated in the proposd
notice, EPA believes and CASAC concurred, that the general models selected to estimate exposure
and risk are gppropriate and that the methods used to conduct the exposure and risk assessments
represent the state of the art. EPA does not believe that the exposure or risk assessments are
fundamentally biased in one direction or the other as dlamed in some of the comments.

The Adminigrator and CASAC have recognized, however, that there are many uncertainties
inherent in such assessments and that the resulting ranges of quantitative risk estimates do not reflect all
of the uncertainties associated with the numerous assumptions inherent in such analyses (Wolff, 1995).
In the proposa notice EPA summarized some of the most important caveats and limitations concerning
both the exposure analyses and the risk assessments for lung function changes, respiratory symptoms,
and hospita admissons. A more complete discussion of assumptions and uncertaintiesis contained in
the Staff Paper and technica support documents (Johnson et d., 1996 ab; Whitfield et d., 1996;
Richmond, 1997).

With regard to the third category of comments, reflecting commenters: judgments as to whether
the differences in public hedlth protection of aternative sandards are sgnificant from a public hedth
perspective, EPA notes that highly divergent judgments were expressed by different groups of
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commenters. A large number of commenters who expressed the view that the differencesin public
hedlth protection were not Sgnificant or important enough to warrant any standard more stringent than
the current standard used CASAC as the basis for their position. Others cited small percentages of
outdoor children and other sengitive groups likely to be affected based on EPA’ s assessment, or even
smaller percentages as modified by anayses conducted by the commenter to correct perceived errors
intheandyses. In contrast, other commenters cited large totad numbers of children likely to be
affected, not only for the subset of O,-related effects and the nine areas analyzed in EPA’s
assessments, but aso for abroader array of related effects projected nationally.

See section |1.B of the preamble to the find rule for further response to comments on the leve

of the primary standard.

@
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Soecific Comment (Clean Air Network, 1V-D-2301): The commenter asserted that an 8-
hour standard of 0.07 ppm is necessary to protect public health and can be defended with
sound science. Further, the commenter asserted that tens of thousands of hospital admissions
would be prevented by atighter 8-hour standard.

Response: The O; primary standard published in the preamble to the find ruleis based on
extengve scientific and technica review of O, hedth effectsinformation. Based on that review,
it isthe conclusion of the Agency that the standard, as published, provides protection of public
hedlth from exposure to ambient concentrations of O, with an adequate margin of safety. See
aso Section 11.B of the preamble.

Specific Comment (NESCAUM, 1V-D-2169): The NESCAUM States support the proposed
primary standard and are comforted by the fact that the process by which EPA has developed
the primary standard has produced a standard which is adequately protective of public hedlth.
Reiance on CASAC and extensive peer review of the best available science reviewed by a
committee of nationa experts from academiaand industry demondtrates that EPA’s proposd is

appropriate.

Response: The EPA agreesthat the air quality criteriareview process has provided a strong
scientific basisfor thisrulemaking. The Agency bdieves that the primary O; standard, as
published in the preamble to the find rule, is based on the best available science and protects of
public hedth with an adequate margin of safety.

Specific Comment (UARG, 1V-D-2253): Commenter supports 0.09 ppm only if stlandard
must be revised to an 8-hour averaging period, because it would be the only level of the options
in proposal that would be equivaent to the current standard.

Response: The Agency’s decision, as published in the preamble to the find rule, isthat the O,
primary standard should be set with an 8-hour averaging period and at 0.08 ppm, alevel at
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which numerous controlled-exposure human studies have reported hedlth effects such aslung
function decrements, respiratory symptoms, and indicators of inflammation. The decison to set
the 8-hour primary standard level at 0.08 ppm is based upon the review of scientific literature
contained in the O; Criteria Document and O; Staff Paper and the extensve scientific review of
that information by CASAC and the public.

Form of 8-hour sandard

A number of comments were received on the form of the stlandard in general, and on a number

of specific issuesincluding: the use of a concentration-based form, consderations with regard to the
dability of dternative forms, spatid averaging across monitors, and consderations with the use of a
too-close-to-cal concept for determining compliance with the standard. These comments are included
in section 111.A.2(c) and e sewhere in the Summary of Comments document. Responses to these
commentsin generd are discussed in section 11.B.3 of the preamble to the findl rule; the more specific
issues are discussed further below.

Concentration-based vs. exceedance-based forms

Comment: Ford Motor Company (Ford, O, IV-D-5323) is concerned about the conversion
from the exceedance form to the concentration-based form. Ford believes that the
corresponding concentration-based form for three allowed exceedances per year should be the
annud fourth-highest value, averaged over three years. Smilarly, Ford said that the current
one-exceedance form has aways been trandated into requiring the annua second highest vaue
not to exceed the level of the standard, or the fourth highest vaue in three years not to exceed
the levd of the sandard. With the above conventiond definition, Ford believes that the
proposed form of the annud third-highest vaue is not consstent with the intended choice of
three alowed exceedances per year.

Response: The preamble to the find rule described the Adminigtrator’ srationde for sdecting a
concentration-based form for the O; NAAQS, and clearly stated that the decision was not
made by merdly “converting the exceedance form.” The commenter has ignored the differences
between exceedance-based standards that place a“cap” on the total number of exceedancesin
athree year period, and the average ‘nth max’ form that does not limit the number of
exceedancesin asingle year. An average 2nd max concentration design vaue is not the same
asthe 4th highest day. For example, with the current one-exceedance per year standard, once
four exceedances are recorded, even in the first year of three, the Sandard is not met,
regardless of the number of exceedancesin succeeding years. EPA performed analyses of air
quality relationships for both concentration-based and exceedance-based forms which were
cited in the proposa notice (EPA, 1996). While athree exceedance per year sandard limits
the total number of exceedancesin a 3-year period to 9 exceedances, based on air quaity data,
5 percent of Stesjudt attaining an average annua 3rd highest concentration standard had 7 or
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more exceedances of 0.08 ppm, compared to 6 exceedances for the three exceedances form.
The worst ste for the concentration-based form had 12 exceedancesin the worst year of 3
years, whereas the worst Site attaining a 3 exceedances per year standard recorded 8
exceedances in the worst year of three,

Sahility consderations

This section addresses comments included in section [11.A.2(c) of the Summary of Comments

and dsawhere on stability consderations for the form of the standard. Numerous commenters
expressed support for the concentration-based form because they stated that it would be more robust
than the exceedance-based form of the current standard. Ford Motor Company (Ford, 1V-D-5323)
expressed concerns about the stability of the proposed form of the new concentration-based standard
and provided supplementa data analyses with their comments.  Other commenters that expressed
concerns about stability either cited the Ford comments or made generd statements.

Comment: Ford noted that meteorology fluctuates from year to year and so doesthe O,
concentration, being substantialy influenced by meteorology. In the absence of adatitica
attainment te<t, to avoid flip-flops and secure along-term attainment status, Ford believes that
an aeamust effectively lower the design vaue wel below the levd of the standard to make
room for this fluctuation. The long-term mean of the design value below which no violation of a
given standard will occur can be determined from the data. For the form of the proposed
standard, Ford estimated the “ effective’ design vaue at 78 ppb for the proposed
concentration-based standard. Ford aso provided a chart listed as Figure 1, “Number of
counties not meeting the different forms of the O, air quality standard” (Ford, 1V-D-5323)
which Ford said showed smilar year-to-year changes in the number of areas failing to meet
dternative standards.

Response: Clearly, the proposed concentration-based annua average 3rd highest
concentration form is more stable than the current one exceedance per year form. EPA’s
annua Trends Reports have long documented the grester year to year variability in the number
of exceedances of the standard level than in peak concentrations. Further, the andysis
provided by Ford shows that the long-term mean design value for the current 1-hour standard
of 0.12 ppm is 108 ppb, while the long-term design valueis 78 ppb for the 0.08 ppm standard
given the standard rounding conventions. Thus, to ensure long-term compliance with the
standard, the long-term design value for the current 1-hour standard must be at least 12 ppb
lower than the levd of the 1-hour standard, while it need be only 2 ppb lower for the average
annua 3rd maximum concentration-based 8-hour standard. EPA expects smilar results for the
find average annud 4th maximum 8-hour concentration-based sandard. Findly, Ford s Figure
1, “Number of counties not meeting the different forms of the O, air quality sandard” (Ford,
IV-D-5323) clearly showsthat there are smdller year to year differences for the proposed 8-
hour concentration-based form than for the current 1-hour exceedance-based O; standard.
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ii. Spatial Averaging

This section responds to comments regarding the use of spatialy-averaged air quaity data
versus the use of data from the highest monitor in the area to judge compliance with the standard.
These comments are primarily contained in sections 1.B.8. and 111.A.2(c)3 of the Summary of
Comments, but may bein other sections aswell.

Comment: Commenters from business and industry associations frequently supported the use
of spatialy-averaged data, as did a smdl number of States, principaly because it would
provide amore sable air qudity indicator. Two industry commenters, the American
Automobile Manufacturers Association, and the American Petroleum Ingtitute, provided highly
gpecific comments that included the following representative arguments regarding the
advantages of spatia averaging, 1) it would better represent population exposure and risk, 2) it
would be consstent with the use of risk assessment as a policy toal, 3) it would produce a
more representative measure of overal air quality, and 4) it was proposed in the rulemaking for
PM. In sharp contragt, environmental associations, public hedth professonds, most States,
and many individuas voiced strong  concerns that the use of spatialy-averaged data would
routindy dlow individuas who live or work in an area with conagtently higher O; levelsto be
exposed to concentrations of concern. Many commenters raised the issue of environmental
equity, expressng the view that areas with congstently higher O; concentrations typically are
composed predominately of individuas of lower socioeconomic status, or are composed of a
predominately minority populaion. Some commenters raised concerns with about the
complexity and burdens associated with redesigning existing monitoring networks.

Response: The issues raised with respect to the use of spatidly-averaged air quality datato
judge compliance with the standard are addressed within the preamble to the find rule,
prinicipaly in Section 11.B.

iv. Too-close-to-call concept

This section addresses comments included in section 111.A.2.d(4) and esewherein the
Summary of Comments that raise issues concerning the use of datisticd attainment to determine
compliance with the standard. Specific supporting information was submitted by two commenters,
Ford Motor Company (Ford, 1V-D-5327) and the American Automobile Manufacturers Association
(AAMA, IV-D-2243). The Vermont Air Pollution Control Divison (VT, IV-D-9696) offered generd
support for a“too-close-to-cal” concept or some other measure to minimize “flip-flops.”

(@D} Comment: The commenters stated that it is absolutely necessary that a statistical attainment test
be used to determine compliance; such agtatistical test will generate a“too-close-to-cal”
interva that will change according to fluctuations in measured ambient O, concentrations.
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Response: EPA does not believe that it is gppropriate to implement a “too-close-to-cal”
category as part of the O; NAAQS. Asnoted in the preamble to the find rule and e'sewherein
this response to comments document, the new concentration-based form of the O; NAAQS is
more stable than the current one exceedance per year stlandard. However, EPA isexploring
thisissue and other implementation issues with its State partners and other stakeholders as part
of the Federd Advisory Committee Act (FACA) process addressing implementation issues for
the new standard.

While the use of a confidence interva gpproach can reduce the misclassfication rate (i.e., cases
where truly attainment areas are classified as nonattainment, and vice versa), it can dso dday
the implementation of needed controls, or conversdly, the redesignation of an areafrom
nonattainment to attainment.

Comment: Commenters said that currently, areas that may otherwise be in atainment often get
pushed into nonattainment due to one hot year, snce O, concentretions fluctuate from year to
year due to meteorology.

Response: Numerous comments were received strongly supporting the change from an
exceedance-based to a concentration-based form for the standard. One of the reasons most
often cited was that the concentration-based standard, the 3-year averages of the annua 3rd-
highest-concentration form (or higher nth max forms such as the 4th or 5th max), is more stable
than the current one exceedance per year form. EPA’s annua Trends Reports have long
documented the greater year to year variability in the number of exceedances of the standard
level than in peak concentrations. The number of exceedances of the level of the sandard is
more sengitive to year-to-year changes in meteorology than are peak concentrations. Figure 1,
“Number of counties not meeting the different forms of the O; ar qudity standard” (Ford, 1V-
D-5323) shows smaller year to year differences for the proposed concentration-based form
versus the current 1-hour exceedance-based form. The exceedance-based form limits the total
number of exceedances that can occur during the entire 3-year compliance period. Thus, a
sngle hot summer could cause an area to change from attainment to nonattainment with the
exceedance-based form. However, with the concentration-based form, there is no cap on peak
concentrations and asingle year doesn’'t automaticaly place an areainto noncompliance snce
other lower years are averaged in with the peak year.

Comment: Ford, and others, said that to avoid atainment flip-flops al areas must have an
effective design value that is much lower than the level of the standard.

Response: The andysis provided by Ford (Ford, IV-D-5323) shows that the long-term mean
design vaue needed to ensure continuous attainment for the current 1-hour standard of 0.12
ppm is 108 ppb, while the long-term design valueis 78 ppb for the 0.08 ppm standard given
the standard rounding conventions. Thus, to ensure long-term compliance with the standard,
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the long-term design value for the current 1-hour standard must be at least 12 ppb lower than
the leve of the 1-hour stlandard, and only 2 ppb lower than the levd of the standard for the
average annua 3rd max concentration-based standard. EPA expects smilar results for the 4th
max concentration-based form.

Comment: Ford recommends the use of a T-test to create a satistical attainment test that
provides for a“too-close-to-call’ category.

Response: Various datistical methods, including a T-test, could be devised to include a“too-
close-to-cal” category. For the current exceedance-based form of the 1-hour standard, for
example, EPA could designate an exceedance rate above 1 so that sites with an expected
exceedance rate between 1 and that value would be regarded as too-close-to-cal, and sites
above that rate would be designated as nonattainment. For concentration-based standards, the
design vaue could be used to define a“too-close-to-cal” category based on a confidence
interval. A T-test isnot the only Satigtica gpproach available, and its assumptions would have
to be assessed for such small sample size (i.e.,, 3 annual peaks). Other statistical approaches
include nonparametric methods, and parametric approaches, such as the California Air
Resources Board current gpproach which involvesfitting a tail-exponentia digtribution. Before
adatigica confidence interval approach could be considered, one issue that would need to be
addressed isthe issue of how to handle missing or incomplete data. Minimum data
completeness requirements might be needed to limit the problem that if thereisalot of missng
data, then the confidence intervals would be wider and the “too-close-to-cal” category would
be more likdly.

Revisonsto Appendix H

Asexplained in the Preamble to the Find Rule, because the revocation of the current 1-hour

gtandard will become effective a alater date, EPA has decided to retain the existing Appendix H inits
current form. A new Appendix | gppliesto the new 8-hour NAAQS. The discussion below
sometimes refers to the contents of the new Appendix | asrevisonsto Appendix H, so asto highlight
how the new Appendix | differs from the current Appendix H.

Data completeness and missing data adjustment

This section addresses comments included in section [11.A.2.d (1) and elsewherein the

Summary of Comments that raise issues concerning the data compl eteness requirements and missing
data adjustment procedures of the proposed revisions to Appendix H as included in the new Appendix
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Comment: Severd commenters from the environmental community suggested thet the
gtandard created an incentive for monitoring agencies to “throw out valid data showing
exceedances.”

Response:  EPA disagrees with the contention that the changes reflected in new Appendix |
cregte an incentive for throwing out vaid data. Part 58 to 40 CFR contains specific
requirements for monitor siting and quality assurance procedures that are followed by the state
and loca agencies who operate the individuad monitoring networks throughout this nation. One
of those requirements is the annua certification by the senior air pollution officid of the
operating agency that the data were collected in a manner that conformed to the gpplicable
quality assurance, air monitoring methodology, and probe siting criteria of Part 58.

Comment: Numerous commenters, including most sates, supported dropping the current
approach of adjusting the exceedance rate for missng data and replacing that approach by
raising the data compl eteness requirements.

Response:  As noted above, Section 11.B.3 of the preamble to the find rule contains an
extensve discussion of the rationde for changing the form of the standard from an exceedance-
based standard to a concentration-based standard and those issues are not addressed here.
For the concentration-based standard, there is no numerica adjustment to the average fourth-
highest concentration to account for missing data. Inits place, the new Appendix | states that
for a dte to demongtrate attainment with the stlandards, the site must average 90 percent data
completeness for the 3-year compliance period, with no single year having less than 75 percent.

Comment: The Northeast States for Coordinated Air Use Management (NESCAUM)
commented that EPA should exercise caution when relying on automated proceduresin EPA’s
Aerometric Information Retrievd System (AIRS) to compute whether the data completeness
requirement has been met at a monitoring site (NESCAUM, 1V-D-2169) .

Response:  EPA has continued to work with the data reporting agencies, both the state and
local agencies, to ensure that the O; season is updated correctly in AIRS.

Comment: EPA received a comment from Governor James Hunt of North Carolina (NC, 1V-
D-7003) that the State believed that the 90 percent data compl eteness requirement was too
gringent. NC dtated that they believed that a minimum requirement of 75 percent data

compl eteness was more reasonable.

Response:  EPA edtablished the minimum data compl eteness requirement, average data
completeness of 90 percent with no single year less than 75 percent, after reviewing historica
data completeness for monitoring sites reporting ambient data to EPA’s Aerometric Information
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Reporting System (AIRS). During 1993-95, sites that operated continuoudy during that 3-year
period averaged greater than 90 percent data completeness for a daily maximum 8-hour
average standard. The results by category averaged across al states were 97% data
completeness for Stes designated as National Air Monitoring Stations (NAMS), 96% for Stes
designated as State and Loca Air Monitoring Stations (SLAMS), 92% for Special Purpose
Monitoring Stes (SPMs) and 95% for privately operated Stes. The specific resultsfor Sitesin
North Carolinawere 98 percent data completeness for NAMS, 95 percent for SLAMS and
89 percent for SPMs. These results demondtrate that the minimum data completeness
requirementsin the new Appendix | are reasonable.

Comment: Severd States expressed concern that they would be pendized for hours missing
due to routine cdibration procedures.

Response: EPA bdievesthat individud hours that are lost when cdibrating the insrument will
not negatively impact the data completeness caculation for two reasons. Firdt, data
completeness is computed on the basis of the number of days with valid 8-hour dailly maxima,
not hours. Second, a single missing hour will not cause an 8-hour period to be counted as
missing.

Comment: Two commenters Sated that servicing and quaity assurance checks of monitors
should occur outside of the typical peak O, period of 9:00 am to 9:00 pm. Missing an hour or
more out of this peak diurnal period should be counted as 1 of the 36 days per year that EPA
dlowsfor monitoring equipment mafunction.

Response: The number of days to meet the completeness requirement under the proposed rule
isnot 90 % of the daysin ayear (365 days). To demondirate attainment, 90 % of daysin the
04 season within athree year period are to be vaid, with at least 75 % of the daysin the O
Season per year. However a nonattainment designation under the proposed rule may aso use
data from incomplete years and days if the concentrations exceed the leve of the standard.

The quality assurance guidelines are intended to make sure that servicing and cdibration
activities do not impact the daily maximum concentrations. If other data are missing at random,
and if the peak is sufficiently sharp, then the missng hours would be more likely to increase the
daily maximum 8-hour average concentration than to decrease the daily maximum, because the
missing hours are less likely to occur at the peak hours. If there is concern about the possibility
of peak hours being deliberately excluded by some counties, then one can examine the data for
patterns in the missng hours. Note however that if a county redly wanted to fix the datato
avoid a nonattainment designation, then a more rigorous compl eteness requirement could just as
eadly be circumvented by reducing the measured pesk concentrations. The deliberate remova
or reduction of measured concentrations is prohibited by the monitoring regulations set forth in
40 CFR Part 58.
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Condderation of meteorological conditions to identify missing days assumed to be less than the

leve of the sandard

This section addresses comments summarized in section 111.A.2.d.1 and other sections of the

Summary of Comments on the use of data on meteorologica conditions to identify missing days when
meteorologica conditions are not conducive to peak O; formation. In the proposd, the EPA
specificaly requested comment on the gppropriateness of using data on meteorological conditions, as
well as on other information that would permit better definition of those necessary conditions likely to
result in peak 8-hour O; concentrations in the ranges of concern.

Comment: Most commenters expressing an opinion supported the use of meteorologica data,
aswell as ambient data from nearby monitoring Sites to establish that missng hours could be
assumed less than the leved of the sandard. Commenters stated that days assumed less than the
levd of the standard should be counted as non-missing when computing whether the data
compl eteness requirements have been met at the Ste.

Response: As noted in the Preamble to the Fina Rule, EPA took these comments into account
and decided to include procedures in the new Appendix | to count missing days assumed less
than the stlandard when computing data completeness. EPA will develop guidance on
methodol ogies necessary for usng meteorologica data and ambient measurements to make
such determinations.

Consderation of stratospheric O, intrusion

This section addresses comments included in section 111.2.d(2) and €l sewhere in the Summary

of Comments that raised issues on whether peak O, concentrations resulting from stratospheric O,
intruson should be excluded when judging compliance with the standard.

Comment: Several commenters stated that stratospheric O, intrusion could lead to high pesk
concentrations a a monitoring site which would cause an area to be declared in nonattainment
for the standard.

Response: EPA addressed this concern in the preamble to thefind rule. Documented events
of stratospheric O intruson may be flagged as uncontrollable naturd events and excluded from
compliance ca culations following procedures specified in the new Appendix | to Part 50.

Data handling and rounding conventions

This section addresses comments included in section [11.A.d(2) on data handling and rounding

issues, in section [11.A.d(3) on quality assurance issues, and e sewhere in the Summary of Comments
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which raise issues on data handling conventions, rounding conventions and qudity assurance
procedures.
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Comment: Severd comments were received, including a comment from the NESCAUM
states (NESCAUM, 1V-D-2169), that supported substituting values, such as background,
zexo, etc., for missing datain those 8-hour periods that recorded less than 6 hours of data
The NESCAUM states were concerned that sites not be rewarded for missing data. 1n the
proposa notice, EPA specified that 8-hour periods with less than 6 hours of datawould be
treated as missing.

Response:  EPA responded to these comments in the preamble to the find rule by modifying
the data handling procedures in the new Appendix | for 8-hour periods with lessthan 6 vaid
hours. In the new Appendix |, eight-hour periods with three or more missing hours are not
ignored if, after subgtituting one-haf of the minimum detectable vaue for that instrument, the
resulting 8-hour average concentration is greater than the level of the standard.

Comment: Several commenters recommended changes to the computation procedures for
daily maximum 8-hour average concentrations to limit possible double counting of 8-hour
exceedances. Ford Motor Company (Ford, 1V-D-5323) commented that the running 8-hour
average concentration should be assigned to the “mid-point” of the 8-hour period to minimize
overlap of hours across days.

Response: EPA believesthat the change from an exceedance-based standard to the
concentration-based form should minimize this concern since exceedances are not counted.
EPA examined typicd diurnd patternsin hourly O, concentrations and discussed these results
on pages A-6 through A-8 of the Ozone Staff Paper (EPA, 1996). It should be noted that
thereisno “mid-point” hour for an 8-hour average. The average concentration would have to
be assigned to ether the 4th or 5th hour of the 8-hour period. In response to these specific
comments, EPA conducted an analysis of the frequency of occurrence of the start-hour for the
annud 4th highest daily maximum 8-hour O, concentration. Based on al O; Sites reporting
datato AIRS for 1993, 98 percent of the annud 4th highest 8-hour daily maximum
concentrations have dl 8 hours within the calendar day. Based on these results, and for the
reasons stated in the preamble to the find rule, EPA has not changed the compuitation of the 8-
hour average daily maximum concentration and of the annud 4th highest 8-hour average daily
maximum concentration.

Comment: The standard should be stated to three decimd digits.

Response:  For the reasons cited in the preamble to the find rule, EPA has retained the
proposed two decima rounding conventions in the new Appendix |.
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The following specific comments on rounding, instrument precison and accuracy and data
handling procedures were characterized in comments and anayses submitted by Ms. Antoinette Stein
(Stein, 1V-D-2342) and cited in comments by the American Lung Association (ALA, 1V-D-2339) and
others.

4 Comment: Eight hour averaging sgnificantly improves the measurement precison and supports
dating the levd of the standard to three decima digits.

Response: An andysis conducted for EPA by Systems Applications, Internationa described in
"Determination of areasonable systematic error estimate for O; monitors' (SAl, 1997)
edimated the imprecision in an 8-hour O; measurement due to insrumentd variation. This
error isin two parts, systematic and random error. Systematic errors cannot be reduced by
averaging and includes errors due to drift, detector non-linearity, precison error, insrument
cdibration error, NIST standard calibration error, and cross section uncertainty, in the case of
UV O; measuring ingruments. Random errors are due to random fluctuations in the measured
sggnd drength, and can be reduced by internd or externa averaging. Internad averaging is
performed automaticaly by instruments, which use averages over a user-specified time frame to
compute the reported hourly concentration. Externa averaging computes eight hour averages
from the reported hourly averages. The SAl andyss estimated that the imprecision of an eight
hour average due to systematic errors is about 4 ppb, which can be interpreted as the standard
deviation of the errors from a collection of monitors, or from the same monitor evaluated at
random times.

As discussed above, and elsawhere in an analysis prepared for EPA (SAl, 1997), averaging
can at best reduce the effects of random errors but cannot reduce the effects of systematic
errors. For example, if theingrumenta drift and non-linearity at the beginning of an eight hour
period are such that the O; concentrations are underestimated by 5 ppb, then the same will
essentialy be true throughout the eight hour period so that the eight hour average will dso be
underestimated by 5 ppb. (This smplified argument ignores the fact that measurement precison
varies with the measured concentration and ignores changes in systematic errors over a short

time span.)

Another issue not previoudy discussed is that the Stein cal culations assume that the random
erorsin each of the assumed 480 one minute measurements are statistically independent, which
may well not be avalid assumption. In principle, one should expect the consecutive
measurement errors to be correlated, athough the size of that correlation will be very hard to
edimate in any given Stuation.

) Comment: The hedlth effects evidence from the chamber studies considered in setting the
proposed standard has at least 3 decima places of precision and accuracy, and since today's
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monitoring instruments have precision of 0.001 ppm, the standard should aso be expressed to
three decimd places.

Response: Fird, thereisamagor question about whether or not chamber studies like the
Folinsbee, Hortsman, and McDonnell studies represent the red world Situation better than the
epidemiologica studies that the Administrator also considered. In achamber study, the O,
concentration is carefully controlled, and so the fluctuations in the concentration over space and
time are probably much less than in the redl world. For example, the Folinsbee study was
designed to keep O; fixed a 0.12 ppm for 6.6 hours. Second, CASAC reviewed the health
effects data and recommended a range of levels expressed to two decima places rather than
three. CASAC assessed dl the hedlth effects evidence, including not only the rdatively tightly
controlled chamber studies, but dso numerous epidemiologica studies discussed in the Criteria
Document. It seems clear from their recommendations that the committee would not agree with
Stein's assartion that the clinical evidence shows an O, effect to three decima places of
precision and accuracy.

(To clarify the next points, "worse" precison or accuracy than 0.001 ppm means that the results
are not as accurate, e.g. the precision and accuracy might be to two decimal places rather than
three. If the precision and accuracy isworse, then the measured precision and accuracy vaue
(e.g. gandard deviation of the measurement error) will be numericaly higher.)

Third, it should be noted that the precision and accuracy of the O; concentrationsin the
chamber studies may have been overdated by Stein, and were worse than in Steins report.
For example, the Folinsbee article states that the O, levels averaged 0.120 + 0.002 but two
minute averages ranged from 0.092 to 0.141. Itisnot clear from the text whether the 0.002 is
the standard deviation of the data or the standard error of the mean, athough the wide range
suggests that the reported va ue represents the standard deviation of the mean, so that the O
concentration precison (as defined by the sandard deviation of the data) was actualy much
worse than 3 decimd placesfor this study. Furthermore, even if the measured O,
concentrations were reported to 3 decima places, anayses have suggested that those reported
values could have had systemétic errors on the order of 4 ppb.

Comment: A commenter said that the paper by Curran and Suggs (1979) showed peak
datistics were overestimated due to imprecison in the data. Based on new smulations
conducted by the commenter, with different assumptions from Curran and Suggs, the
commenter believes that the rounding convention may not prevent misclassfications of
nonattainment, and can result in misclassficaions as attainment. The commenter suggests that
the Curran and Suggs results motivated the selection of the rounding convention.

Response: The comments on the Curran and Suggs paper are interesting, but this paper did
not play any role in the Adminigtrator’ s decison on setting the level of the sandard and the
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rounding convention. (See response to specific comment 5 on p. 41 of this response-to-
comment document.) However, given the obvious effort expended in commenting on the
paper, EPA will respond to the mgjor technical comments. The paper by Curran and Suggs
(1979) showed that peak gatistics would be overestimated (on average) due to measurement
imprecison, and that the effect of the 20 % measurement imprecison in the Quality Assurance
Guidelines could be counteracted by the bias of the rounding convention (for the current O
standard).

One genera point that is not discussed by commentersis that the proposed standard is based
on the third highest daily maximum eight hour average, and the fourth highest in thefind rule,
rather than the peek. All of the smulations are for the pesk vaue. The Curran and Suggs
effect on the third highest, and the fourth highest, value will be smdler.

Comment: At a precison less than (i.e. more accurate than) 20 %, the rounding convention
will lead to misclassfication of an areaasin atainment a some vaues above the sandard.

Response: This smplidtic, intuitive argument does not define the statistical issues associated
with atainment misclassification, and ignores the variahility in the O; data and in the Curran and
Suggs overestimation. Any attempt to properly define these terms and determine whether the
rounding convention has caused a misclassification soon leads to complexities.

Congder the Stein example of a4 % precision, corresponding to an average overestimation of
about 1 % for the maximum concentration, and the current 0.12 standard. Suppose a
measured vaue is 0.122 ppm. Although this value is above 0.120, the monitor could easily be
in attainment (with no misclassification) according to the current Appendix H rules, partly
because the rounding conventionsin Appendix H define attainment in terms of the expected
exceedances of 0.125 ppm (> 0.122), and partly because the expected exceedances per year
might easily be lessthan or equa to one. To avoid acircular discusson, the "true’ attainment
designation could be defined by whether or not the underlying expected vaue of the maximum
value, as measured by a perfect instrument, exceeds 0.120, and the observed attainment
designation could be redefined by whether or not the observed maximum exceeds 0.125 (hence
dlowing for rounding). Asargued by Stein, if the observed maximum is 0.122 ppm, thisis
consstent with having 0.121 ppm as the value that would have been measured by a perfect
monitor, due to the Curran and Suggs effect. However, the measured vaue from this
hypothetica instrument could be lower or higher than this number. Classcd datigtica
arguments cannot properly be applied in this case to evauate the probability of a
misclassification based on the observed vaue, since the true value is a fixed, but unknown,
parameter of the distribution.

Absent any information on prior probabilities, it is more correct to use the classcd Satidtica
paradigm and argue the other way round, starting with the assumed parameter vaues. If the
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expected maximum measured by a perfect instrument is just above 0.12, but below 0.124, then
an indrument with 4 % precison will on average have an expected maximum beow 0.125, and
the observed maximum has a certain probability of aso being below 0.125, corresponding to a
misclassification of attainment (relative to the underlying, unknown "true" desgnation). Inthis
sense, the rounding convention increases the probability of misclassification of atainment and
the Curran and Suggs effect decreases the misclassification probability. However, since
maximum O, concentration digtributions have a heavy tail, the variahility in the observed
maximum about its mean will likely be greater than the 0.005 rounding convention. In such a
case the misclassification probability will be high, regardless of the rounding convention and/or
the Curran and Suggs effect.

Comment: The Curran and Suggs argument ignores Ste to Ste variability in the form and
parameters of the underlying O, didtribution.

Response: The size of the Curran and Suggs effect (i.e. overestimation of pesk vaues dueto
measurement imprecison) will indeed depend upon the underlying didtribution. The tendency of
measurement imprecision to increase peak values follows regardless of the underlying
digtribution if it is assumed that the measurement errors are relative, rather than absolute.

Under that assumption, the instrumenta precison is, on average, a percentage of the measured
vaue, and 0 has alarger impact on the higher vaues.

Stein made a criticad error in the choice of dternative distributions to be evauated. Sincethe
Curran and Suggs effect is extremey unlikely to change the attainment classfication for Stes
that are not borderline (the impact on the peak statistics will be small compared to the
difference between the design value and the standard), the analysis should only be carried out
for distributions where the desgn vaueis close to the sandard, e.g., the 364/365 quantile
equals 0.12 for the current standard, or equals 0.08 for the proposed standard.

Comment: The Curran and Suggs argument ignores year to year varigbility in the
overestimation and therefore overstates the impact on misclassification rates.

Response: The year to year variability isindeed an important congderation when evauating the
impact on misclassification rates. Stein appears to have incorrectly evauated the effect on the
misclassfication rates by not excluding smulated years that are not borderline. Suppose the
overal digribution has adesign vaue at or just above the level of the current 0.12 standard. If
asdmulated year has adesign vaue sufficiently above or below 0.12, then the measurement
imprecison for that design vaue is unlikely to change the designation. If the underlying design
vaueisequd to or lessthan 0.12, but the smulated year has adesign vaue well above 0.125,
then the year will be misclassified regardless of the rounding convention. In many casesthe
rounding and measurement imprecison effects will not affect the classfication, but those cases
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should be excluded when comparing the impacts of the rounding convention and the Curran
and Suggs effect.

Comment: The discusson of the air quaity design vaue should not be “nested” in the
discussion of rounding. Nonattainment classifications should be included in Part 51, since the
public has been informed that the andard is under revison, not the design vaue.

Response: The commenter has faled to recognize the distinction between the “ definition” of the
design vaue, which isafunction of the form of the standard, and nonattainment classifications
based on the’ leve” of the desgn vaue which are specified in the Clean Air Act Amendments
of 1990. Theair quality design value a amonitoring Site is defined as that concentration that
when reduced to the level of the standard ensures that the Site meets the standard. Thus,
whenever the form of the air quality standard is changed, then the definition of the design value
must dso change.

In specific response to this comment, in the find rule EPA moved the design vaue discusson to
a separate section, Section 3 of the new Appendix I. For a concentration-based standard, the
ar qudity desgn vaue is smply the standard-related compliance test satistic, because when
the concentration equalsthe level of the standard the sandard is attained. Thus, for the primary
and secondary O; sandards, the 3-year average of the annud fourth-highest daily maximum 8-
hour average O, concentration is both the attainment test statistic and the air quaity design
vaue a amonitoring Ste.

Uncertainty in data (QA procedures

Comment: The EPA should review and update 40 CFR, Part 53, Subpart B which deals with
the testing and performance characteristics of automated measurement methods. More
specificdly, EPA should tighten the requirements for noise, lower detectable limit, interference
equivaent, zero drift, gpan drift, lag time, rise time, fal time and precison for automated O,
andyzers.

Response: While at thistime EPA is not aware of strong evidence that the performance
specifications for reference and equivaent monitoring methods for O, are serioudy deficient,
updating of these specifications to better reflect current method capabilities may be appropriate.
Congderable study of the specifications would be required to determine the need and extent of
any appropriate changes. Any changes in the performance specificationsidentified in this
process would of course need to be proposed for public comment.

3-Year Compliance Period
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This section addresses comments included in section 111.A.2.¢.2 and other sections of the

Summary of Comments that raised issues on use of a 3-year compliance period for judging attainment
with the standard.
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Comment: EPA received comments from more than 40 individuas and organizations
supporting the use of a 3-year period for judging compliance with the sandard. A few
additional comments were received supporting the use of 5-year averaging for judging
compliance with the sandard. The primary rationde given for supporting multi-year averaging
was that it would be more stable and it would be less likely that rare meteorologica events
would cause an areato flip in and out of nonattainment status. Severd comments were dso
received opposing multi-year averaging for judging compliance with the sandard. The
commenters expressed environmenta justice and health concerns.

Response: EPA bdlievesthat use of a 3-year averaging period for judging compliance with the
standard provides the proper balance between the need for adequate health protection and the
desire to provide a stable compliance target. EPA based this decision on the results of the
exposure and risk assessments and with the support of CASAC. A longer compliance period,
athough increasing tempora stability, will a the same time not respond as quickly to red
changes in the underlying air qudity satus of the area. A longer compliance period dso means
alonger lag before an area can change from nonattainment to attainment status.

Comment: Severd commenters representing state and locd ar pollution control agencies
dtated that the proposed compliance form is not areal ambient air quality data point associated
with an air pollution episode, but a derived vaue and, as such, isimpractica to recregte for air

quality modding purposes.

Response: Unlike the current 1-hour expected exceedance form which is a derived vaue, the
design vaue for the 8-hour concentration-based standard is based on three actua air quadity
data vaues, which come from a specific air quality episodein each of thethreeyears. Yes, the
actua design vaue is an average, but one can smply modd the three individuad episodes that
compose the 3-year average concentration.

Comment: One commenter stated that the sanction for not having complete dataat a
monitoring Ste should not be a determination that the Site is in nonattainment of the standard.

Response: The requirement in the proposed revisons to Appendix H to not ignore yearsfailing
to meet the minimum data compl eteness requirement of 75 percent data capture if the annua
3rd maximum concentration is greeter than the leve of the sandard is not a* sanction” for years
with less than complete data. Given the 4th maximum form of the new concentration-based
gtandard, the 4th maximum concentration can only increase with additiona data, never
decrease. Additiona datawill only cause the degree of noncomplianceto increase. Thus, in
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the new Appendix |, EPA has decided not to ignore 3-year periods which fail to meet the
gandard, even if they have less than complete monitoring data

3. Specific scientific/technical comments
a. Health effects evidence

This section addresses comments included in Sections 111.A.3.a. and [11.A.3.c. and elsewhere
in the Summary of Comments concerning the health effects evidence which EPA consdered in making
the decision on the proposed primary O, standard.

Comments on hedlth effects evidence used as the scientific basis for the proposed primary O,
gtandard fall into two generd categories. Thosein thefirst group, for avariety of reasons (e.g., large
number of scientific studies demongrating effects a lower O; levels, severity of effects associated with
O; exposures, concern for sengtive populations), contended that the scientific evidence is compelling in
demondrating the need for setting a primary O; standard which is more protective than the slandard
proposed. Commentersin this group assert that the assessment of scientific information contained in
the Criteria Document and new information published snce completion of the air quality criteriareview
support replacement of the current 1-hour standard set at 0.12 ppm with an 8-hour standard in the
lower range of 0.07 to 0.08 ppm (i.e., the lower end of the range under consideration). In contrast,
those in the second group assert that the scientific evidence upon which the proposed standard is based
is flawed, contains numerous errors, and is far too unreliable to be used for setting a new standard as
stringent as that proposed by EPA. Commenters in this group encouraged EPA ether to reaffirm the
current 1-hour O, standard or, if EPA does replace the 1-hour with an 8-hour standard, to set a
standard level and form equivaent in stringency to the 1-hour standard of 0.12 ppm.

Section I1.A. of the preamble to the find rule provides an overview of the hedlth effects
information used by the Administrator to inform judgments about the extent to which exposure to
ambient O, resultsin adverse hedlth effects for exposed individuas. The discussion of scientific
information contained in this section of the preamble, together with Chapter 9 of the Criteria Document
and Chapter V of the Staff Paper, uses an integrative approach to address the entire body of hedth
effects evidence, congdering limitations and uncertainties in the evidence and the diversity of views
relaive to interpretation of scientific evidence. Asdiscussed in the proposa notice and in the preamble
to thefind rule, EPA recognizes the contrasting views on the issues raised and is aware of the
limitations that must be considered in interpreting the scientific evidence. Presented below is a summary
of dgnificant comments recelved and responses to various specific issues on each of the different types
of hedth effects sudies consdered in the air qudity criteriareview. Thisisintended to expand upon the
discusson contained in the preamble to the find rule.

i. Contralled human exposure studies
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This section addresses comments included in Sections I11.A.3.a(1), IV.A.3.c(1), and

IV.A.3.c(2) and e sewhere in the Summary of Comments concerning the hedth effects evidence from
chamber studies which was considered as part of the basis for the decision on the proposed primary O
standard.

A number of issues were raised by commenters primarily dealing with el ements of the sudy

designsthat may have introduced significant uncertainty in the results or may have produced responses
that are elther over- or under-estimated relative to those likely to occur under ambient exposure
conditions, as discussed below. In addition, a number of issues were raised about how these studies
were used in EPA’s exposure and risk assessments, and these issues are addressed in Sections
11.A.3.d and 11.A.3.e of this document.

@
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Comment: EPA hasignored negative or non-sgnificant scientific information in considering the
body of controlled human exposure sudies, thereby emphasizing only those results which justify
or support the proposal for a more stringent standard.

Response: EPA has reviewed the peer-reviewed scientific information from controlled human
exposure studies on O;, regardless of the Satistical outcome, that was available for inclusonin
the ar quality criteria. Description of individud studies and discussion of the resultsis

presented in the text and tables of the Criteria Document. Emphasis has been placed on the
relevant newer literature in Section 7.2 of the Criteria Document; however, the older literature
issummarized in tables, and specific key studies that were the basis for the current O; NAAQS
are discussed briefly. More extensive discussion of the older literature is presented in the
previous 1986 Criteria Document (U.S. EPA, 1986). These discussionsin the 1986 Criteria
Document, including the selection of key studies (e.g., McDonnell et d., 1983; Aval et d.,
1984; Kulle et d, 1985), were thoroughly reviewed by the public and the CASAC.

Comment: EPA ingppropriatdly relied heavily on studies conducted by EPA researchersin
Chape Hill that were possibly biased by the location of the studies and the presence of
contaminants in the sudy chambersin Chapd Hill due to the method used for artificidly
generating O;. Lung function decrements observed in these chamber studies are subgtantialy
higher, with lower effect thresholds, than those reported by other investigators.

Response: EPA believesthat differencesin reponses observed in various controlled human
exposure studies are gppropriately explained by factors other than the potential comtaminants
from the method used to artificidly generate O; in the Chapd Hill sudies. For example, the
large intersubject variahility in response to O,, with at least a 10-fold difference between the
most and least respongve individuas, would far outweigh other potentid differences associated
with the types and low concentration levels of the contaminants, or artifacts, from the O,
generation method used. Controlled human studies from aress like Los Angeles, with higher
average ambient O, levels, so suggest a seasond variability in response that may be attributed
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to increased exposures during the summer months. Historically, studies with subjects drawn
from the population of Los Angeles have reported a reduced response to Os;, possibly dueto
prior atenuation of response, compared to nonresidents.

Based on public and CASAC review of these studies, as characterized and evaduated in the
Criteria Document, it is clear that the chamber studies conducted by EPA are comparable to
those conducted by other clinical research labs and that the extremely low concentrations of
contaminants which have been found in the EPA chambers are well below the levels which
might reasonably be anticipated to have any substantid impact on lung function of individuas
tested.

More specificdly, the importance of other respiratory irritants in relation to controlled O,
exposures has been of interest since the late 1970's when investigators at the Rancho Los
Amigos Laboratory in Cdifornia darted a series of studies comparing the responses of human
subjects exposed to ambient ar and to filtered ambient air containing UV-generated O;. These
gudies are briefly summarized in Section 7.3.1 of the 1996 Criteria Document and are
discussed in more detail in Section 11.2.1 of the 1986 Criteria Document. UV ozonation of
filtered ambient air can produce eevated hydroxyl radicds, leading to increased carbonyl
concentrations (e.g., ddehydes and ketones). Despite the potentid for these artificidly-induced
chamber irritants, the exposures to undtered ambient air containing O, produced the same
response in healthy adult subjects as the controlled-exposures to UV-generated O,.

EPA has been aware of the potentid for “artifacts’ in the O; exposure chambers used for
controlled human studies where charcod -filtered ambient air has been used asthe air stream
source for production of O; by mercury vapor lamps. Ozonation of resdud VOCsin this
filtered ambient air can produce a net increase in total NMOCs and carbonyls in the exposure
chamber, when compared to outside air samples. The hydrocarbon and carbonyl
measurements in the EPA exposure facility were made over a 9-year period as part of aquality
assurance check. Increased levels of carbonylsin the chambers measured by a DNPH-coated
dlicage cartridge/HPL C method range from 10 to 50 ppb as a function of O, concentrations
from 120 to 500 ppb. There has been no further attempt to speciate the carbonyls, making any
possible toxicologica evauation highly speculative.

Interpretation of the carbonyl measurements is complicated by the potentia for both pogtive
and negative measurement errors. In genera, however, the DNPH/HPL C methods for
carbonyl identification would most likely yield the highest peaks for ddehydes and ketonesin
the presence of O;. The most common adehydes found in ambient air, formadehyde and
acetaldehyde, occur at average concentrations of 10 to 20 ppb and 1 to 2 ppb, respectively. If
adehydes are the predominant contaminant in the chamber, then potentia human effects are
linked to (1) the type of adehyde (e.g., formaldehyde, acetaldehyde) based on the carbon
chain length, and (2) known (or anticipated) hedth effects associated with the ddehyde. The
only adehyde with a sufficient data base to judge potentid effects is formadehyde.
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EPA has reviewed the available published scientific literature on ddehydes and found that no
sgnificant effects of formadehyde were reported in humans at concentrations lower than 50
ppb. Objective measures (e.g., optica chronaxy, EEG) were reported at levels >50 ppb
without symptoms, but more often at levels $1500 ppb (1.5 ppm). The principle effect of low
concentrations of formadehyde observed in humans isirritation of the eyes and mucous
membranes, none of these effects, however, were observed in the chamber studieswith O,.
Also, no measurable pulmonary function effects have been demondtrated in controlled studies of
human subjects at rest at formal dehyde concentrations ranging from 0.5 to 3.0 ppm. The
irritant properties of formaldehyde may be accentuated when mixed with other gases, however,
there are no known lung irritant studies in humans of interaction between O, and formadehyde
at the chamber concentrations identified.

Comment: Many of the controlled human studies may present erroneous findings of Satigtica
ggnificance due to usng Os-free air as the control against which Os-related responses were
compared instead of using an ambient background leve of O, as the control.

Response: Congstent with the purpose of characterizing hedlth effectsrelated to O,, exposure
to O5-free air has been used for controlled-exposure conditions in dmost every human-
exposure chamber study of O, hedlth effects. It is necessary to remove other contaminants
from the air and to control other environmenta factors (e.g., temperature, humidity) in order to
assess the hedlth impact on subjects of varying O; concentrations and exercise levels of
subjects. Studies which investigated the health impact of controlled exposuresto O; were
considered acceptable for inclusion in the O, Criteria Document and O, Staff Paper. Based on
conclusons drawn by EPA during the public review of these documents by the CASAC, the
use of O5-free ar asthe control does not invaidate the usefulness of these studies as part of the
scientific bags for the O; primary standards.

Comment: Conditions within the exposure chambers were not representative of ambient
exposures. Heat and humidity were kept unchanged throughout controlled-exposure studies
and maintained at relatively moderate levels, unlike conditions commonly found in the ambient
ar. Some commenters suggested that this may have resulted in over-estimating the responses
which would be likely to occur under ambient conditions, while other suggested that the results
may have under-estimated responses.

Response: Mogt of the controlled-exposure chamber studies considered relevant during review
of the O; primary standard were not designed to address the effects of heat and humidity, or
other environmentd variables. Because high heat and humidity can exacerbate respiratory
dysfunction, environmenta conditions such as these are often kept at moderate levels during
controlled Oz-exposure studiesin order to eiminate them as experimenta variables. However,
as discussed in Section 7.4.1.2 of the Criteria Document, severa studies have incorporated
concurrent heat exposure with the experimental design and have determined that combined O,
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and heat exposure issmilar to O, exposures aone for effects on lung function. Environmenta
conditions typicaly encountered in the summertime when ambient O; levels are highest may
possibly add to respiratory demands which could contribute to dightly greater functional and
respiratory symptom effects than would be expected under the conditions maintained in many
controlled-exposure chamber studies. It islikely that on days when heat and humidity are very
high, some individuals may be expected to reduce the intengity of outdoor activity, thereby
reducing exposures that would result in adverse hedlth effects. However, in contragt, in the
summer when O; levels are high, there dso tend to be more people outdoors, particularly
children who are out of school, than during other seasons of the year (McCurdy, 1994), which
increases the potential for adverse hedth effects. See Sections 11.A.3.d for further discussion of
congderation of meteorologica variablesin the O; exposure analyses.

Summer camp and other fidd studies

This section addresses comments included in section [11.A.3.a(2), sections 111.A.3.c(1) and

[11.A.3c(2), and elsawhere in the Summary of Comments concerning the health effects evidence from
summer camp and other field studies which was considered as part of the basis for the decison on the

proposed primary O; standard.

@

Comment: The multi-week, summer camp studies of children demonstrate alarge (seven

fold) spread of sengtivities, suggesting confounding by other pollutants or variables. Some
commenters suggest that these variables may result in unacceptabl e incons stencies which make
the data from summer camp studies uninterpretable, while other commenters point to the fact
that the results of the summer camp and field studies are very consstent among locations aong
the east and west coast.

Response: The conclusions drawn in the Criteria Document, following review by the public and
CASAC, arethat quditatively the types of responsesin summer camp and field sudies are
amilar and quantitatively the ranges of responses are comparable. When results from the Six
available summer camp studies of children and adolescents were pooled for presentation in the
Criteria Document (see the discussion in Section 7.4 of the Criteria Document), a dope of -0.5
mL/ppb (range -0.19 to -1.29 mL/pph) was observed for changes in lung function associated
with O; exposure. The lowest individua, study-specific dope was not sgnificant and the
highest dope was much larger than the rest, possibly due to greater subject activity levels or
confounding by other environmenta agents (e.g., acid aerosols, airborne dlergens). Despite the
camp-to-camp variability, the Criteria Document, as reviewed by CASAC, concluded that
results are congstent across the six studiesin six different geographical locations by three
different investigative groups. Although direct comparisons cannot be made because of
differences in experimenta design and anaytica approach, the range of responsein lung
function was comparable to the range of response seen in the controlled, chamber studies at
low O; concentrations, as discussed in Section 7.4 of the Criteria Document.
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EPA encouraged the authors responsible for pooling the summer camp studiesin the Criteria
Document to submit their analysis to a peer-reviewed journd for publication. The final paper
(Kinney et d., 1996), which was based on the analys's presented in the Criteria Document and
reviewed by the CASAC, was published after completion of the Criteria Document. Inthe
published version, the authors looked at potentia factors across sudies that might have been
respongble for variations in the individud, study-specific, lung function dopes. Lack of
sufficient datamade it hard to determine the influence of variationsin activity levels or
confounding by other pallutants and environmentd factors. Inclusion of variables accounting for
tempord trends in lung function reduced, but did not diminate, the relationship of lung function
with O,.

Soecific Comment (Dunn-Edwards Corporation, 1V-D-2252): The commenter observes
that O; has astronger effect in New Jersey than in Southern California, and suggests that either
other pollutants are causing the reactions seen in New Jersey or that thereis an adaptive
mechaniam.

Response: EPA does not agree that there is a generd difference between studies conducted on
the East and West coasts. The recent summer camp studies are summarized in the Criteria
Document (pp. 7-96 to 7-104), and results for one lung function parameter, FEV,, are
summarized in Table 7-16. The average decrease in FEV, per ppb O; was -0.50 + 0.16, and
the FEV, changes found in the two Cdlifornia studies were -0.32 + 0.13 and -0.84 + 0.20.
From the two studies conducted in New Jersey, the FEV; changes were -0.50 + 0.16 and -
1.29 + 0.27. Asobserved by EPA in the Criteria Document, one New Jersey study (Spektor
et d., 1991; Spektor and Lippman, 1991) yielded alarger dope than the other sudiesand a
number of possible explanations (greater subject activity levels or confounding by other
environmenta agents such as acid aerosols or arborne alergens) were considered. The
authors of this study found no correlation between the regression residua s and temperature-
humidity index or acid aerosol concentrations, indicating that there was no remaining effect of
these variables with lung function after accounting for O,, but multiple pollutant modes were not
used in the study. The authors of the San Bernadino study (Higgins et d., 1990; Grosset d.,
1991) note that most subjects resded in the Los Angeles basin, and were likely to have been
exposed to high O, levels prior to attendance at camp. However, the changein FEV, found in
this study (-0.84 + 0.20) was actudly larger than in most other Sudies. While there are some
differences in results between the studies, EPA believes that the consstency of findings from
one study to another are evidence that O; exposure can result in decreased lung function.

Foecific Comment (Air Quality Standards Coalition, 1V-D-2580): The results of camp
dudiesin New Jersey, New York and Cdiforniafalled to address confounding factors that
could sgnificantly dter conclusons drawn from them. The commenters cite, specificaly,
wegther factors, pollens and organic compounds and other pollutants.
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Response: EPA bdievesthat it is unlikely that the congstent findings of reduced lung function in
the summer camp studies are due to confounding by some other factor in each of the studies.
Some, but not dl, of the summer camp studies evaluated the effects of other pollutants as well
as O;. Intwo New Jersey studies (Spektor et a., 1988; Spektor et d., 1991) datawere
obtained for acid aerosol, PM, temperature and humidity, and no associations were found with
acid aerosols or PM. In the San Bernadino study (Higgins et d., 1990), levels of nitrogen
dioxide and sulfur dioxide were very low, often a the limit of detection, and when O;, PM,
temperature and rdative humidity were combined in amode, the PM effect was not sgnificant
while the O; effect remained significant and the coefficient increased somewhat in magnitude.
Conversdly, Raizenne et d. (1987) found significant associations between FVC and sulfates,
PM,, s and temperature. Asoutlined in more detail in the responses regarding hospitdization
dudies, the key issue in attempting to distinguish the adverse hedth effects of one pollutant from
potentia effects of other pollutantsin ambient air is to compare sudies conducted in different
locations with varying meteorology, climate or pollution sources. In so doing, it is clear that
studies conducted in New Jersey, Ontario and California show some consstent adverse effects
of O; on lung function in children.

Comment: Traning effects have been observed in summer camp studies and may influence
the results of those studies by making it appear that effects are greater than they would be
otherwise.

Response: EPA haslooked at training effects in individua-level epidemiology studies, and
concluded that there may be potentid effects of time trends resulting in overestimating lung
function effects by looking at early results. In the available sudies reviewed by EPA, as
discussed in Section 7.4.1.2 of the Criteria Document, average measures of lung function (e.g.,
FEV,) have been observed to first decline and then stabilize over time. However, time trends
will result in confounding of O; effects only if, by chance, the trend correl ates with temporal
vaiationsin O; concentration. Such chance corrdations would be more important for studies
where dl subjects begin the sudy smultaneoudy, and with little follow-up measurement, and
lessimportant for sudies that focus on daily changesin lung function. The summer camp
studies consdered as part of the basis for the primary standard focus on daily changesin lung
function and the subjects do not begin the sudy at the sametime. In the published analyss of
gx summer camp studies, Kinney et d. (1996) [see comment (1) earlier in the section] found
that the pooled dope of FEV1 on O; was reduced in magnitude, but remained Satigticaly
sgnificant, when time trends due to training effects were considered. Therefore, the role of
training effects is not consdered a sgnificant problem for the summer camp studies.

Comment: Children do not report respiratory symptoms as do adults when they are exposed
to O; in controlled laboratory studies; therefore, children may not experience respiratory
symptoms due to O; exposure.
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Response:  Despite smilaritiesin lung function decrements, children and adolescents exposed
to O; do not appear to report the respiratory symptoms reported by adults (e.g., cough, PDI,
SB). Thereasonsfor this observed difference are not clear, but relaively few controlled
laboratory studies have been performed with children and adolescents to adequately address
this question (as discussed in Sections 7.2.1.3 & 7.3.1 of the Criteria Document). In these
sudies, symptom questionnaires were administered before, during, and following exposure;
however, there were no significant differencesin symptom scores between O; exposures and
controls. The researchersinvolved in studies of children and adolescents speculate that young
people may be inherently less able than adults to detect the irritating effects of O, on the
respiratory tract. Alternate explanations are that children and adolescents ether did not
adequately comprehend the symptom questionnaire, or they experienced symptoms but were
reluctant to report them.

Comment: Associations between ambient O, levels and acute respiratory signs and
symptoms have been shown in children and adults spending time outdoors (e.g., summer
camps, hiking, cycling, jogging). Some commenters suggest that uncontrolled varigblesin
outdoor studies may contribute to acute respiratory symptoms and lung function changes, while
others note that the magnitude of the lung function change is comparable to that found in the
controlled-exposure chamber studies.

Response: EPA believes that the associations found in the summer camp and fidd studies are
supported by the chamber studies. Adult asthmatics and nonasthmatics not only have
quaitatively smilar responses among these field studies but they also report effects comparable
to results reported in chamber studies. Acute respiratory symptoms, however, have not been
reported in children in these fidd studies.

In both chamber and field studies, the lung function responses of hedlthy children to acute O
exposure are Smilar to those seen in adults. Lung function decrements of children and
adolescents exposed to O; at summer camps are quditatively smilar to those found in
individuas exposed to O, under controlled experimenta conditions. Although direct
quantitative comparisons cannot be made because of differencesin experimenta design and
anaytica approach, the range of response is comparable. A more detailed discussion of these
comparisons isfound in Section 9.3.1.2 of the Criteria Document.

In asthmatic children, results of exercise and daily-life epidemiology studies are consistent with
the camp studies and support a consistent relationship between ambient O,/oxidant exposure
and acute respiratory morbidity in the population. Temperature, particles, agrodlergens, and
asthma severity or medication status, however, may aso contribute as independent or
modifying factors in these sudies.

Hospital admissions and other epidemiologica studies
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This section addresses comments included in sections [11.A.3.a(3) and 111.A.3.¢(3) and

elsawhere in the Summary of Comments concerning the hedth effects evidence from hospitd
admissions and other epidemiologica studies which were considered as part of the basis for the
decison on the proposed primary O; standard.

@

Comment: The hospitd admissions data are serioudy flawed and do not establish alink
between O; and increased admissions. For example, the New Y ork study fails to account for
the effects of the many other pollutants which exist, especidly sulfates and other particles,
thereby overestimating personal exposure in an area that does not attain the current standard.
Other commenters, however, contend that as levels of O; increase, so do hospital admissions,
emergency department visits, and other measures of morbidity in individuas with existing
respiratory disease. These commenters believe the newly published studies indicate that the
frequency of asthma emergency department visits increases 20 to 30%, even at O,
concentrations below the level of the current standard. 1n addition, they aso tate that hospital
admissions and vists, by themsdaves, undercount by amost an order of magnitude the hedlth
impact of agiven O; episode because they do not account for those individuals suffering from
agthma attacks who seek help from their private physicians or do not otherwise document their
uffering.

Response: EPA has indicated that the strongest and most congistent evidence of O effectsin
the population is provided by the multiple epidemiologic, time-series studies that have been
conducted over the last decade on summertime daily hospital admissions for respiratory causes
in various geographica locations in eastern North America (eg., Birmingham, Buffdo, Detrait,
Minnegpolis - St. Paul, Montred, New Y ork City, southern Ontario including Toronto).
Collectively, these studies consstently have shown that O air pollution is associated with a
amdl, but gatisticaly sgnificant, increased incidence of admissons. The association has been
shown to remain significant even after controlling for the possible confounding effects of
temperature and humidity, aswell as when congdering only days having 1-hour average
maximum O, concentrations below 0.12 ppm (the current standard). The scientific basis and
rationae for this conclusion is discussed more completely in Sections 7.4.1.3 and 9.3.2 of the
Criteria Document. EPA agrees with those commenters who noted that estimates of excess
hospital admissions attributable to O, do not indude those individuas suffering from asthma
attacks who seek help from private physicians or fail to seek medica assstance.

EPA continues to believe that there is a substantive and convincing body of evidence,
particularly among the studies of hospitdization or emergency room admissons for respiratory
causes, that O; a levels found in many communities is causng adverse hedth effects.

EPA does not agree that the hospita admisson epidemiologica sudiesincluded inthe air
qudity criteriareview fal to control for such factors as seasondity or the presence of
confounders. Many of the time series sudies control for extraneous cyclesin the datathat are
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unrelated to air pollution through the use of non-parametric smoothing for long-term trends,
parametric models for time trends, seasond adjustments by Fourier series, sratification by
season, or dummy variables for year, season, day-of-week or holidays. Some examples of
trends that are common and require control in many epidemiologic studies of hospitdl
admissions are the increase in hospitalization for respiratory causesthat often occursin winter,
and a day-of-week effect where admissions are higher on Monday and lower on Saturday or
Sunday. Other environmenta variables that change on atime scade smilar to the time scae for
ar pollution changes, such as wesather variables, are adjusted by non-parametric smoothing,
parametric models or dummy varigbles. Typica weather varigblesthat are used in air pollution
epidemiology are temperature and humidity. In some studies, information is available on
individua characteristics such as age, race, gender, location of residence, etc., and these may
be used as dratifying factors or added as indicator variables to the models.

Collinearity between air pollutants can make it difficult to determine whether there are

rel ationships between individud air pollutants and hedlth effects. As described in the Criteria
Document, some researchers have used multiple pollutant models to investigate the impact of
including additiond air pollutants on an association seen with O;, and many sudies have
indicated that O, associaions remain sgnificant in multi-pollutant modds (i.e. Thurson et d.,
1994; Burnett et d., 1994). However, even where the effects of individua pollutants cannot be
digtinguished, EPA notes that the relationships found for O, have been consstent from one
location to another.

The hospital admission sudies included in the Criteria Document have, in generd, incorporated
moddlling strategies to address seasondity or other trends in the data, and to address
confounding variables, as needed. EPA was aware of these issues and, in evauating the
epidemiologica studies, noted the presence of methodologica deficiencies of this nature, and
did not include in the find review of the literature any studies that were deemed to have serious
methodologicd flaws.

EPA observesthat, after controlling for confounders, seasondity and other factors, the hospita
admission studies nearly aways found significant relationships between O, and adverse
respiratory effects. The most convincing evidence for the presence of an association between
O3 and respiratory hedth effectsisthat different sudies with different modd-building Srategies
have found smdl but quantitatively Smilar increases in adverse hedlth effects with increased O,
concentration. While it may be difficult to distinguish the effects of O, from one or more other
pollutants in certain locations, depending on loca geography, meteorology, climate and types of
pollution sources, it is much more difficult to believe thet there are some hypothetical, but as of
yet unidentified or substantiated, confounder that can account for the O; associations in each
sudy. For example, in this scenario, comments might argue that the apparent O; effect is
actualy due to confounding by PM in one location, but in ancther location the dleged
confounder might be NO.. If levels of dl other pollutants were low, the confounders might be
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temperature or humidity or pollen count. It isunredidtic for such adiverse array of aleged
confoundersto result in O; effects of gpproximately the same magnitude in each of these
locations.

Foecific Comment (Chemical Manufacturers Association, 1V-D-2249): Commenter cites
gpecific concerns with the use of the study by Thurston et d. (1992). Specificdly, the
commenter argues. (1) that the study did not obtain persona exposure data; (2) had

incons stencies between urban aress; (3) did not control for seasonal confounders; (4) did not
consder other confounders. The other confounders of concern include pollutants (acid
aerosols and sulfates) and lifestyle factors (smoking, indoor ar quaity, occupationa exposure
to respiratory factors, genetic digposition, pulmonary function and pre-existing disease).

Response: EPA does not agree with the commenter’ s criticism of thisstudy. Asdiscussed in
the following response, EPA does not agree that data from persona monitors is necessary to
adequatdly describe community O, exposures. With regard to the comment that the differences
between communities regarding asthma admissions were not explained, EPA notesthat the
authors describe analyses using data on socioeconomic and other factors that were intended to
addressthisissue. An additiona concern raised by the commenter is potential confounding by
indoor environmenta factors, and EPA notes that these factors cannot be considered to be
confounders of ardationship between O; and hospitdization; thisissueis further discussed in
the following response.

With regard to adjustment for seasondity and confounders, EPA believes that Thurston and
colleagues did appropriately consder these issues. Seasondity was addressed by restricting
the analysis to data collected during June through August. The data were prefiltered to adjust
for long-wave autocorrelation, day-to-day variations during the summers, and day-of-week
patterns in hospitaization. The prefiltering included sine and cosine terms for a one-year cycle
and dummy variablesto control for day-of-week effects. Maximum daily temperature was
included in the models, and each of the three pollutants (O, acid aerosol, sulfates) was added
individualy. The authors state that multiple pollutant models were not used because the three
pollutants were highly intercorrelated. The authors found significant associations between
respiratory hospital admissions and each of the three pollutants. As observed in the Criteria
Document, adjustments for day-of-week and long-wave cycles improved the pollution
correlations with admissions.

The commenter notes that Thurston et d. (1992) did not address the issue of multi-pollutant
effects; as observed previoudy, the authors chose not to use multi-pollutant models due to
intercorreation between the pollutants. Interestingly, in asmilar sudy in Toronto (Thurston et
d., 1994), additiona anadysis was done for two-pollutant models. In this sudy, the effect
estimate for the rdationship between O; and hospitdization was rdatively unchanged by the
addition of another pollutant (particulate matter or aPM component), and the magnitude of the
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effect (21% increase in respiratory admissions as a mean effect) was smilar to those found for
the New Y ork communitiesin the earlier sudy.

The commenter aso raises the issue of addressing lifestyle factors or occupational exposures as
confounders. Asfor indoor environmenta exposures, it is unlikely that lifestyle factors or
occupationa exposures can be true confoundersin atime series analysis of the relationship
between O; and hospitdization. Thurston and colleagues obtained city-specific information
regarding socioeconomic status, but this datais o of little relevance to astudy of daily
changes in hedth with daily changesin pollution level. Occupationa exposures, as wel, may
dter an individud’ s hedth status or susceptibility to air pollution effects, but they would be
unlikely to confound a day-to-day relationship between O, and risk of hospitaization.

Foecific Comment (UARG, 1V-D-2253): Commenter observes that “At least one study that
did address seasond cycles, however, reported no sgnificant association between emergency
disease hospita admissions and O; when temperature was used in the equation.”

Response: Apparently the commenters refer to the sudy conducted in Montrea by Delfino and
colleagues (1994), in which a positive association was found between admissons and O;
concentrations when andlyzing data from July-August, but the association logt statistical
sgnificance with the addition of temperature to the modd. EPA describes the results of this
study in further detail in the Criteria Document (p. 7-132). EPA notes that the O,
concentrations used in this study were quite low, with a seasona mean of 82.5 ug/m? (42 ppb)
for data collected during the months of July and August, 1984-1988 (1-hour maximum O
concentration); the 90th percentile O, concentration was only 129.1 ug/n?® (66 ppb). EPA
believes that these findings support the decision to set a more stringent O; standard.  This study
finds evidence for a pogitive association with hospitdization with O, but the relaionship is not
sgnificant a these low levels, which are well below the EPA’ s proposed standard of 80 ppb.

Foecific Comment (UARG, 1V-D-253, Roth Associates, Inc.): Roth Associates, Inc. present
critiques of ten epidemiologica studies (Schwartz, 1994 -Birmingham; Schwartz, 1994 -
Detroit; Burnett et a., 1994; Burnett et a., 1992; Ponka, 1991; Cody et d., 1992; Weisd et
a., 1994; White et d., 1994; Thurston et al., 1992; Thurston et d., 1994; Xu et d., 1994),
which were included in the air qudity criteriareviews for either O, or particulate matter.

Response: EPA has reviewed Roth's critiques and finds little new information; some of the
observations about potentia flawsin the studies were so observed by EPA in the Criteria
Document or by the origina authors. Many criticisms are vague, unsupported statements such
as the following regarding Thurston et d. (1992): “The 1989 data did not support the vaidity of
the pollutant regression results.” No support for this statement, or otherslikeit, is offered.
More importantly, what isimportant is the overdl weight of evidence on adverse hedlth effect
associations with O exposure. Every individua study will have strong and weak points, and
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smply highlighting potential wesknessesin the sudiesis of little vdue. EPA remains convinced
that the overdl body of scientific evidence clearly indicates that adverse hedlth effects are
occurring a O, levels below the current NAAQS.

) Comment: Some commenters contend that as levels of O; increase, S0 do hospital admissions,
emergency department vidts, and other measures of morbidity in individuas with existing
respiratory disease. These commenters argue that newly published studiesindicate that the
frequency of asthma emergency department vigits increases 20 to 30%, even a O,
concentrations below the leve of the current standard. For example, the American Lung
Association (1V-D-2339) urges the EPA to set a more stringent standard for O, citing as
evidence of increases in hospitdization with O; exposure a number of studiesincluded in the
Criteria Document aong with some new studies (Delfino et d., 1997; Stieb et d., 1997).

Response: 1n accordance with EPA’ s long-standing interpretation of the Act, the Administrator
bases her NAAQS decisions on studies and related information included in the pertinent air
qudity criteriaand available for CASAC review.®> Thus, the Administrator has not considered
the findings of more recent sudiesin her fina decison on the O, standards. Nevertheless, the
Adminigtrator has conducted a provisona examination of more recent studies raised by
commenters to assess their generd consistency with the much larger body of literature
evauated in the Criteria Document and Staff Paper.®

Assuming the results of the new papers cited by the commenters were sustained following a full
review in the criteriaand CASAC process, they would generdly support EPA’s conclusion that

>Since the 1970 amendments, the EPA hasiinterpreted the Act as requiring that NAAQS
decisions be based on scientific studies that have been assessed in air qudity criteria Seeeg., 36 FR
8186 (April 30, 1971) (EPA based origind NAAQS for six pollutants on scientific studies discussed in
the air quality criteriaand limited congderation of comments to those concerning vdidity of scientific
basis); 38 FR 25678, 25679-80 (September 14, 1973) (EPA revised air quadity criteriafor sulfur
oxides to provide basis for reevauation of secondary NAAQS). Thislong-standing interpretation was
strengthened by new legidative requirements enacted in 1977 (section 109(d)(2) of the Clean Air Act;
section 8(c) of the Environmental Research, Development, and Demongtration Authorization Act of
1978) for CASAC review of ar qudity criteriaand resffirmed in EPA’s decison not to revise the O,
standardsin 1993. 58 FR 13008, 13013-14 (Mar. 9, 1993).

®As discussed in EPA’s 1993 decision not to revise the NAAQS for O,, new studies may
sometimes be of such significance that it is gppropriate to delay a decision on revison of NAAQS and
to supplement the pertinent air quality criteria so the new studies can be taken into account. 58 FR at
13014. In the present case, EPA’s provisiona examination of recent studies suggests that reopening
the ar qudity criteriareview is not warranted. Accordingly, EPA believes that the appropriate course
of action isto consder the newly published studies during the next periodic review cycle.
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increased hospital admissions are associated with O; levels below the current 1-hour standard.
In Delfino et d. (1997), the maximum O, concentrations (1-hour maximum) for 1992 and 1993
were, respectively, 79 and 67 ppb in Montreal, Quebec. Emergency room visits for respiratory
illness were reported to be sgnificantly associated with O, concentration in elderly patients
(>64 years of age), with an estimated increase of gpproximately 20% in admissons for a mean
increase in O; (31 ppb for 8-hour, and 36 ppb increase in 1-hour O; concentration) using 1993
data. Smilarly, Stieb et a. (1997) reported a maximum O, concentration of 160 ppb in Saint
John, New Brunswick, Canada, and reported that emergency department vidts for asthma
were predicted to increase by 33% when the 1-hour maximum concentration of O, exceeded
75 ppb. Thus, Stieb et a. (1997) is generdly supportive of the standard that is adopted today
while Ddfino et d. (1997) appear to have found effects of O, at lower levels.

Soecific Comment (Electric Power Research Institute, 1V-D-2330): The commenter
submitted a preliminary report from astudy of the relationship between emergency room visits
for athmawith ambient ar pollutant concentrations. The commenter observed that, though
positive associations are found for both O; and PM,,, both associations |ose statistica
sgnificance when multi-pollutants modds are consdered; the commenter sates that thisislikely
due to collinearity between pollutants.

Response: As gated in the preceding response, EPA has not considered studies that have not
been through the extensive review process entailed in preparing the air quality criteria. Further,
the report submitted by the commenter has not been published as a peer-reviewed journd
aticle. However, EPA notes that the study’ s findings are generdly consistent with those
presented in the Criteria Document and Staff Peper. As presented in the report, the likelihood
of presenting to the emergency room for asthmais significantly increased with a 20 ppb
increasein O; (OR 1.045, 95% Cl 1.016-1.076) and the magnitude of the association is
increased when spatial autocorrelation of exposure is accomodated through a kriging process.
The authors aso report an association of borderline significance when comparing admissions at
O; exposure levels of 70-79 ppb with those at levels below 50 ppb. The association between
O, and emergency room admissions becomes nonggnificant in amode with PM;, (OR 1.025,
95% Cl 0.983-1.069) which may be due, as the authors State, to the high degree of correlation
that was found for the two pollutants. The authors discuss some additiond anayses that are
being conducted with the data from this study, and EPA encourages the authors to submit the
final results for publication for use in future evauations of the O, standard. As stated in the
response to the generad comment on confounding and related issuesin epidemiologica studies,
EPA believes that comparing results from studies conducted in locations with differing climates
and pollution sourcesis an appropriate means of distinguishing the effects of one pollutant from
another. The studies outlined in the Criteria Document indicate that the effects seen for O; are
consstent from one study to another, and the EPA remains convinced that hedlth effects occur
at O; concentrations below the current 1-hour standard of 120 ppb.



()

(8)

43

Comment: Severa commenters state that hospital admissons and visits, by themsdlves,
undercount by dmost an order of magnitude the hedth impact of a given O; episode because
they do not account for those individuas suffering from asthma attacks who seek help from their
private physicians or do not otherwise document their suffering.

Response: EPA recognizes that the different health endpoints used in epidemiologicd studies --
mortdity, hospitdization, outpatient visits, reduced lung function, increased symptoms, lost
workdays, etc. -- mark varying levels of severity of adverse hedth effects. The *pyramid of
effects’ is characterized by increasing numbers of individuas being affected as the relative
Severity decreases from mortdity down to smdl changesin lung function. EPA considered
each type of hedlth effect in making its decision on the proposed levd of the O, standard, as
described in the Staff Paper (pp. 149-154 and p. 166) and proposa notice. While
hogpitdization studies are a key component of the basis for the O, standard, the final decison
on thelevel of the andard, as published in the preamble to the find decision, was determined
using aweight-of-evidence gpproach and considered dl of the scientific evidence as outlined in
the air qudity criteria

Comment: Some commenters contend that asthma admissions are correlated with ambient O,
because some of the same meteorologica conditions that cause high O, leves (eg., high
temperature and humidity) also cause increased exposures indoors to environmental agents that
trigger asthma attacks (e.g., dust mites, cockroaches, molds and mildew, pet dander, tobacco
smoke) as aresult of mitigating behavior of individuas avoiding outdoor exposures. These
commenters contend that the increase in incidence of asthma may in fact be caused by factors
other than ambient O, levels. Others have suggested that exposure to eevated ambient O,
levels may exacerbate asthma attacks which are induced by these other environmental agents
and result in increased rates of hospital admissions and emergency room visits.

Response: Although it istrue that meteorologica conditions which produce high O; levels can
aso cause individual indoor exposures to increase with resultant increased exposures to other
environmental agents that trigger asthma attacks, the time individuals spend outdoors when
ambient O, leves are devated can increase the likelihood that those asthma attacks will occur
and that they will be more severe. Thisisin part because some O; exposures induce or add to
an (exiging) inflammatory response which can predigoose some sengtive individuas to be more
susceptible to asthma attacks and other respiratory problems. Because there is a condstent
association between ambient O, levels and increased hospita admissions, even in cities such as
Vancouver where the temperature and humidity are typicaly moderate, the scientific evidence
supports the conclusion that the association reflects an O, response rather than aresponse to
increased indoor exposures.

To be atrue confounder, afactor must be related both to the exposure and to the hedlth effect
under sudy. In time series sudies, researchers examine changes over time of the hedlth satus
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of apopulation in response to changes over timein the air pollution exposure of that population.
Indoor exposures to environmenta agents such as dust mites, cockroaches, molds and mildew,
pet dander and tobacco smoke cannot be considered to be confoundersin an Os/hedth effect
association unless there is some evidence that there are daily changesin the indoor exposure
that are linked to daily changesin O; concentration. For example, while the presence of
tobacco smoke in the home may be associated with respiratory hedth problems, it has never
been found that exposure to tobacco smoke in the home increases or decreases
correspondingly with changes in ambient O; concentration. Therefore, EPA cannot agree that
indoor environmenta exposures are confounding the relationship seen between respiratory
admissions and ambient O concentration.

In addition, commenters raise the question over whether individuals may have increased
exposure to indoor environmental factors during the time periods when temperature and
humidity are high, which is dso when O, concentrations are likely to be greatest. The
commenters present no scientific evidence to support this claim, and there are a number of
reasons to discredit this hypothess. Whileit istrue that individuas may spend more time
indoors during the warmer season, it is aso true that people are likely to spend more time
indoors during the coldest months, when O; concentrations are expected to be low. In most
parts of the U.S,, air conditioners are used during the warm season, while heeting systems
would be used in the cooler months. During both of these periods, exposure to indoor
pollutants might be higher than periods of mild temperatures when people may have windows
open and spend more time outdoors. The abundance of dust mites and molds or mildewsin
residences has been found to be higher in communities with a more humid climate, but the
adverse effects found with O, exposure have been consistent from one location to another,
despite climatic, geographic or meteorologic differences among the communities. The use of ar
conditioning in warmer climates may aso reduce indoor exposures to dust mites, molds and
mildews, by reducing levels of indoor humidity. EPA does not agree that indoor environmenta
factors can be credited as the true causative agent behind the associations found between
hospitaization and ambient O, concentrations. In fact, EPA believesthat it is more likely that
indoor exposures to environmenta agents might mask an association with ambient pollutants
than that they are producing afase signd that appears to be an O, association.

Foecific Comment (American Lung Association, 1V-D-2339): The commenter asserts that
exposure to eevated ambient O; levels may exacerbate asthma attacks which are induced by
other environmenta agents and result in increased rates of hospital admissions and emergency
room vists and cites studies that show increased dlergic responses in asthmatic subjects after
exposure to O, than after exposureto air.

Response: EPA agreesthat there is evidence for heightened responses to dlergens following
O3 exposure. As described in the Criteria Document, Staff Paper and proposal, O; exposure
has been found to result in inflammatory changes in the lung. Some researchers have found
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increased bronchia responsiveness to dlergen with O, exposure (for example, Molfino et d.,
1991), but some researchers have failed to find increased responses to nasa chalenge with
antigen following exposure to O, (for example, Bascom et d., 1994). The O, exposure levels
in the studies mentioned here, and in Smilar studies, are generdly above 120 ppb for 1 hour or
more. EPA bdievesthat the O; standard being established today is appropriate for the
protection of public hedlth regarding this potentia O; hedlth effect.

Comment: Some commenters suggest that because estimates of exposure to O; are not based
on persona monitoring data but rather rely on centralized O; monitors to estimate individud O,
exposures, thereis great uncertainty regarding the role that O, playsin contributing to increased
hospita admissions for respiratory causes. Others point out that associations between ambient
O; concentrations and increased hospital admissons for respiratory causes are consstently
found in numerous studies despite the uncertainties associated with personal exposures.

Response: The EPA recognizes thet there is uncertainty regarding persona exposure in any
epidemiologica study which must be taken into account before drawing conclusons. The
hospital admissions and exposure data upon which estimates of increased hospital admissions
and emergency room vidits are based have been published in peer-review journds and
reviewed by the CASAC. The associations reported between ambient O, concentrations and
increased hospital admissions and emergency room vists for respiratory causesis consstently
datidicdly sgnificant despite numerous potentia confounding factors.

EPA does not agree that the use of data from central monitoring stations to determine O
exposure levelsisinappropriate. EPA has concluded that O concentrations from ambient
monitoring stations are appropriately used to describe community O, exposures. The key
question is not whether the centra monitoring Ste measurements contain asigna reflecting
actua exposure to O, from dl sources a the individud level. Rather, the ultimate question is
whether the centrd monitoring Ste measurements contain a Sgnd reflecting average population
exposure to ambient O,, including both exposure to ambient O, while outdoors and to O that
hasfiltered indoors. Particularly for a pollutant such as O;, which is primarily generated
outdoors and levels are often greetly diminished insde buildings, it islikdly that the O,
concentration measured at a central monitoring Ste is agood indicator of community exposures
to Os.

Comment: Thelow O concentrations associated with hospita admissions would be extremely
unlikely to send anyone to the emergency room, based on the scientific evidence available from
controlled human exposure and field studies.

Response:  Controlled human studies on subjects with mild asthma have not generdly shown an
enhanced responsiveness to O, exposure reative to hedthy individuds, as measured by
changesin lung function. However, most asthmatic individuas have lower basdine lung function
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than individuds without asthma. This means that for a given decrease in lung function the
impact will be greater for those with mild asthma and even more substantia for those with
moderate or severe ashma. Chapter 9 of the Criteria Document and Section V.F. of the Staff
Paper discuss adverse respiratory effects of O; exposure for those with preexisting respiratory
disease and provides atable of individual responses to short-term O, exposures ranging from
functional and symptomeatic responses to interference with norma activity and seeking medical
trestment. This table shows that increasing lung function decrements and increasing
symptomatic responses to O, exposure will result in greater interference with normad activity
and increasesin medica trestment sought by individuas with preexisting respiratory disease.
These interferences potentidly can become sufficiently severe to cause disruption or cessation
of activity for the affected individuas.

Hospital admissions often are aresult of many different physiologica and symptomatic
responses which don't necessarily corrdate well with lung function decrements. The
differences in results reported in epidemiologic studies reporting asthma and hospital admissions
and controlled-exposure chamber studies might be explained if the increased summertime
hospital asthma admissions primarily involved people with moderate or severe asthma. Clinica
studies generdly included only mild asthmeatics because of concern for subject safety; however,
in one study, moderate asthmatics had a more severe lung function and symptomatic response
to O than hedthy individuds. Even if the lung function decrements induced in ashmatics by O,
are Smilar to those experienced by hedthy subjects, they neverthel ess represent a further
decline in lung volumes and flows that are dready diminished in asthmatics.

Ozone may dso exacerbate asthma attacks by increasing response to dlergens. Controlled
human studies have indicated that alergic asthmatics have a stronger than usud reaction to
inhaled dlergens after they were previoudy exposed to O;. One possible explanation isthat O,
may cause agregter inflammatory response in asthmatics, who typicaly have an ongoing lung
inflammation.

Thus, in summary, based on the scientific evidence gathered on moderate or severe asthmatics,
it is clear that O; can induce responses which may result in some asthmatic individuas seeking
treatment at emergency rooms and/or being hospitalized.

Specific Comment (Private Citizen, 1V-D-8890): This comment included a portion of a
report prepared by Haluk Ozkaynak et d. (1996), which is cited by the commenter, and
observes that there is an inverse relationship between hospita admissions and O; concentration.

Response: Smply plotting the tempora digtribution of a hedlth effect and a pollutant may not
indicate the presence of atrue reaionship. The graph submitted by the commenter indicates
that hospital admissons for respiratory causes are highest in the winter months, and lowest in
the summer months. Thisis awel-known phenomenon. During the winter months, thereisa
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marked increase in respiratory disease admissions due to infectious diseases, and it isimportant
to control for thisincrease when evauating relationships with pollutants. Epidemiologicd
studies are designed to control for long-term trends, seasond trends, influenza epidemics, day-
of-week differences, and other such factors, as needed in the individua study. The commenter
did not submit the full report from which this graph was drawn, so EPA cannot offer a specific
response on the statistical modd that was used by Ozkaynak et a. (1996), which is not
included in the air quality criteriareview. However, in the sudies evaluated in developing the
Criteria Document, careful attention was paid to the modelling strategy, and studies were not
used in the decison making processif there were serious inadequacies in such factors as
controlling for other causative factors or confounders.

Studies of inflammation, host defense mechanisms, and chronic respiratory damage

This section addresses comments included in section [11.A.3.¢(4) and elsewhere in the

Summary of Comments concerning hedlth effects evidence from studies of inflammeation, host defense
mechanisms, and chronic respiratory damage which was consdered as part of the basis for the decision
on the proposed primary O, standard.

Comment: A number of commenters have asserted that the linkages between repested
inflammation and chronic lung damage are highly speculative and too uncertain to consder asa
basisfor the standard. These commenters contend that insufficient work has been conducted to
extrgpolate from the effects reported in anima toxicology studies to the potentid hedlth effects
which may or may not occur in humans. In sharp contrast, other commenters have asserted
that anima studies are consstent with the observationsin humans; thet, in fact, inflammation of
the respiratory tract after O exposure occursin al species that have been studied. These
commenters suggest that, despite amilarities with human exposure to O,, the Administrator has
ignored or assigned minima weight to the anima sudies. They fed that the potentia for chronic
lung disease with protracted exposure to O, is acompelling reason for the most protective
standard option.

Response: The effect of long-term O, exposure in humans remains akey scientific and
regulatory issue. Epidemiologic studiesthat are primarily cross-sectiond in nature (i.e., asnap
shot in time) have not provided compelling evidence that hedlth effects are occurring in
populations exposed to O, for long periods of time. However, controlled studies in which
laboratory animals have been exposed to O; for up to two years (i.e., the lifetime of rodents)
provide awarning that long-term O; exposure may have some lasting effects. For example,
there is generd agreement that the main effect of these exposures on laboratory animasisa
dructurd dteration in the centriacinar region of the lung in which airway epithelium of the
conducting airways extends into the gas exchange region. Thisis accompanied by a
(smoldering) inflammeatory lesion characterized by infiltration of mononuclear cdls and
remodding of epithdia and underlying connective tissue. These effects are reminiscent of the
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earliest lesonsfound in respiratory bronchiolitisin laboratory animas, some of which may
progressto fibrotic lung disease.

The collective data on long-term O; exposure garnered from anima toxicologic and human
population studies have some ambiguities. What is clear isthat the digtribution of the O, lesons
isroughly similar across species, is, in part, concentration dependent and mogt likely exposure-
pattern dependent; and, under certain conditions, hasirreversble structura attributes. Whet is
unclear is whether ambient exposure scenarios encountered by humans result in smilar lesons
and whether there are resultant functiona or impaired health outcomes. These data do not
drive EPA to conclude that these effects would occur &t levels associated with attainment of the
8-hour standard proposed; however, they ill provide reason for concern for public hedth
which EPA bdieves should be consdered in the final decison on the sandard. Asexplained in
the preamble to the fina rule, EPA has concluded that the standard promulgated does provide
an adequate margin of safety conddering the potentid for Os-induced long-term adverse hedlth
effectsin humans.

V. Mortdity sudies

This section addresses comments included in section 111.A.3.c(5) and dsewhere in the
Summary of Comments concerning the hedlth effects evidence from studies of mortdity effects, which
evidence was not considered as part of the basis for the decision on the proposed primary O, standard.
Based on the fact that many of the studies published to date regarding associations between ambient O
levels and mortdity were not published in time for incluson in the ar qudlity criteriareview, premature
mortality associated with O; was not given substantial consideration during this review of the O,
primary NAAQS. Because some of the new studies were considered in the Regulatory Impact
Andyss, some commenters may have believed mistakenly that they were conddered in review of the
NAAQS. Only asmal number of studies on premature mortality associated with O; wereincluded in
the air qudity criteriaand consdered by EPA in developing the proposd, and EPA did not give
sgnificant weight to that mortality evidence.

Comment: A number of commenters referenced newly published community population sudies
that report an association between daily human mortality and ambient O; concentrations. Many
such commenters assert that, unlike previous studies, the new ones account for potential
confounding factors, indicate the need for anew O; standard st at the lowest level under
consderation, and require EPA to substantialy fund new research to establish this association.
Other commenters assert, however, that the newer studies add more confusion to thisissue
because each study used a different modd for examination of the O, mortdity relationship and
this relationship varied among different modds used and the number and type of copollutants
included, and, thus that these studies can’t be used in any decision on the O; primary standard.
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Response: Many of the early time-series epidemiology studies looking for associations
between O; or oxidant exposure and daily human mortdity have been difficult to interpret
because of methodologicd or datistica wesknesses, including the failure to account for other
pollutant and environmenta effects. One of the two most useful studies on O;-mortality
reviewed in the Criteria Document found asmdl but datidticaly sgnificant association in Los
Angeles where pegk 1-hour maximum O; concentrations reached concentrations greater than
0.2 ppm during the study period (Kinney and Ozkaynak, 1991). The second study in regions
with lower (#0.15 ppm) maximum 1-hour O, concentrations (. Louis, MO, and Kingston-
Harriman, TN) did not detect a sgnificant O; association with mortality (Dockery et d., 1992).

Since publication of the Criteria Document, Kinney et a. (1995) published the results of PM-
asociated dally mortdity in anewly devel oped data set from Los Angeles County for the
period 1985-1990. Thisanaysiswas included prepublication in the Criteria Document and
reviewed by the CASAC. Kinney et d. (1995) reported ardative risk of 1.05 associated with
a100 ug/m? increase in PM,; however, more importantly, the multivariate andysis of mortdlity
data that included both PM;, and O; resulted in ardative risk of 1.00, suggesting that the O,
effect on mortdity, if any, iswesker than that of PM . Other studies on Os-associated daily
mortdity have been published recently showing the importance of not only using appropriate
controls for seasond, day-of-week, and heet (e.g., temperature-humidity) influences, problems
that plagued the early studies, but also being able to account for the effects of other pollutants,
epecidly particulate matter, and exploring the potentid associations of mortdity with prior
pollutant exposure (i.e., lagged data). 1n one recent review of these newer time-series studies,
Thurston (1997) concludes that when appropriately analyzed, asmal, but satisticaly
ggnificant, effect of O, (on the order of arelative risk of 1.06 per 100 ppb increasein the 1-
hour daily maximum concentration) can be found on the incidence of acute total human
mortality. EPA cannot consder the new studies since they were not included in the criteria
review (see response to comment (5) in section 11.A.3.aiii of thisdocument). Based ona
preliminary review, however, EPA beieves that they may provide increased support for the
epidemiologica observation that O, exposures may be associated with increased mortaity and
should be considered in the next review of the O, primary standard.

VA Rd ationship between increasing asthma incidence rates and decreasing O, trends

This section addresses comments included in sections 111.A.1, 111.A.3.a, II1.A.3.c., and
elsawhere in the Summary of Comments regarding studies of asthma incidence..

Comment: Asthmaincidencein the U.S. has been increasing in recent years despite the fact
that O; levels have been decreasing. Thiswould be inconsgtent if O; is a cause of asthma

Response: It isnot believed, based on current evidence, that ambient O, exposure causes
aghma Thereis evidence, however, that ar pollutants, including Os;, areinvolved in
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exacerbating asthma. Therefore, EPA has consderable interest in asthmaas a public hedth and
as an environmental health issue.

Controlled human exposure studies on asthmatics indicate that although symptom and volume-
related responses to O; are smilar to those of nonasthmeatics, airway resistance increases
relatively more, from an dready higher basdline, in asthmatics exposed to O;. Thereisno
evidence a thistime that O, causes a persstent increase in airway responsveness, but thereis
evidence that O; exposure accentuates the airway response to dlergens that cause asshma
symptoms and functiona exacerbations. Additiona symptom responses have aso been
reported in asthmatics exposed to O;. In contrast to nonasthmeatics, wheezing, atypical
symptom in asthma, is prevaent in O, chamber studies in addition to the cough, chest tightness,
and shortness of breath that are reported by subjects without asthma. Epidemiological research
described in the Criteria Document aso has provided evidence that chronic O, exposure
contributes to an increase in 10-year cumulative incidence of asthma and an increase in asthma
severity. The sudies on alarge population of Seventh Day Adventistsin Cdifornia have
provided the most refined measures of chronic O; exposure to date. Overdl, the aggregate
population time series studies considered in Chapter 7 of the Criteria Document provide the
strongest evidence that ambient exposures to O; can cause significant exacerbations of
preexisting respiratory disease, resulting in increased hospitd visits and admissions, in the
generd public, a concentrations below 0.12 ppm for short-term exposures.

b. Definition of sengtive populations

This section addresses comments included in Section 111.A.3.b and elsewhere in the Summary
of Comments concerning the definition of sengtive populations used in developing abasis for the
decison on the proposed primary O; standard.

In the proposal notice, EPA stated that groups at increased risk of experiencing hedlth effects
from O, exposure include active children and outdoor workers who regularly engage in outdoor
activities that involve heavy levels of exertion during short-term periods of eevated ambient O; levelsor
moderate levels of exertion during prolonged periods of elevated ambient O; levels. Also, individuas
characterized as having preexisting respiratory disease (e.g., asthma or chronic obstructive lung disease)
may be at increased risk. Further, it isrecognized that some individuas are unusudly responsive to O,
rdive to other individuads with smilar levels of activity or with amilar hedth status and may experience
much greater functiona and symptomeatic effects from exposure to O, than the average individud.

@ Soecific Comment (Nucor Corp., IV-D-2231): EPA isfocusng on sengtive individuas, not
sengtive populations.

Response: EPA disagrees. EPA’s exposure and risk assessments are tools designed to look at
the exposure and risk to two population groups--outdoor children and outdoor workers.
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2 Soecific Comment (American Lung Association, 1V-D-2339): The proposa quotes the
CAA asrequiring the Adminigtrator to set a primary standard at aleve “requisite to protect the
public hedth” not only of the generd public but aso of sensitive groups within the population
(e.g., aghmatics). The Adminigtrator’ s decision excludes from risk caculation those with
asthma, who account for roughly 10% of the population, and the “responders,” who account
for 5to 30 % of the population. Exclusion of these two groups from consideration in setting
gtandard is unwarranted and incons stent with requirements of law.

Response: EPA acknowledges that primary standards must be set at alevel which protects
public hedlth of sengtive groups as well asthat of the generd populaion. The exposure and
hedlth risk assessments conducted by EPA offer anaytica evidence that groups at higher risk to
O; exposure and thus more likely to be adversdy affected will be afforded protection by the
standard published in the preamble to the fina rule. The standard selected fell within the range
of the options presented in the Staff Paper and discussed with CASAC. The CASAC, by
consensus, concluded that the Staff Paper provides an adequate scientific basis for making
regulatory decisons concerning aprimary O; standard and supported selection of a standard
within the range of options as being appropriate.

C. Adversity of effects

As discussed in the preamble to the find rule, EPA’s condderation of O, hedlth effects
information necessarily included judgments with respect to when physiologica effects become so
sgnificant that they should be regarded as adverse to the hedth of individuas experiencing the effects.
The proposa notice summarized the criteria and reasoning for EPA’ s judgments on this issue, upon
which the CASAC pand expressed a consensus view that these "criteria for the determination of an
adverse physiologica response was reasonable’ (Wolff, 1995b). The criteriatake into account the
degree of severity of the effects; the likelihood that the effects would interfere with normal activity for
individuas with impaired respiratory sysems or active hedthy individuds;, the likelihood that the effects
would result in additiona or more frequent use of medication, medica trestment, or emergency room
vigtsfor individuals with impaired respiratory systems, and the implications of single or repested
occurrences of the effectsin an individud.

Some commenters raised concerns regarding the criteria used by EPA to make determinations
as to when effects become adverse, citing CASAC' s closure letter (Wolff, 1995b) stating thet “there
was cons derable concern that the criteriafor grading physiological and dlinica responsesto O; was
confusing if not mideading.” These concerns were discussed at length during a public CASAC meeting,
resulting in very specific agreements asto how to revise the draft criteria so as to be consistent with
CASAC s advice (Transcript of CASAC meeting, September 19-20, 1995, pp. 242-248). Having
reached such specific agreements, CASAC advised that further review of the final version of these
criteria, subsequently incorporated in both the final Criteria Document and Staff Paper, was

unnecesary.
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Other commenters have questioned whether judgments made in this review are consstent with
those made in the last review with regard to when physiologica and clinical effects become adverse to
individuas experiencing such effects. Specificdly, the commenters focused on the judgment stated in
the 1993 find decision notice (58 FR 13008, March 9, 1993) that “lesser effects associated with [1- to
3-hour] exposure to O, in the range of 0.12 ppm to 0.15 ppm observed in the controlled human studies
did not congtitute adverse effects for purposes of section 109 of the Act.” The “lesser effects’ referred
to in that notice involved responses of a maximum decrease in lung function [as measured by forced
expiratory volumein 1 second (FEV,)] of from 9% to 16% for the most sengitive individuals exposed in
this range, with few, if any, symptoms. The EPA notes that this judgment is, in fact, consstent with
judgments presented in the 1996 proposd notice, which identify moderate and large lung function
decrements (as reflected in EPA’ s risk assessment by FEV; decreases of >15% and >20%,
respectively, with the most sengtive individuas experiencing FEV, decreases as large as 40% to 50%
at 6- to 8-hour exposuresin the range of 0.08 ppm to 0.10 ppm in controlled human studies), and
moderate to severe symptoms as being adverse.

@ Specific comment (General Motors Corporation, 1V-D-2694): EPA has presented no
credible evidence of adverse hedlth effects produced by O, below the present 0.12 ppm 1-
hour sandard level. Misapplication by EPA of the American Thoracic Society guidelines has
led to ingppropriate conclusions regarding what condtitutes an adverse hedlth effect. Not all
physiologica changes are necessarily adverse.

Response: EPA agreesthat not al physiological changes are adverse. The EPA staff provided
adetailed discussion and tables of what condtitutes an adverse hedlth effect induced by O
exposure in the O; Staff Paper. This was presented for review to CASAC panel members,
who concluded that “. . . the Agency’s criteriafor the determination of an adverse physiologica
response was reasonable (Wolff, 1995).” The Adminigtrator took this information into account
in drawing conclusions regarding what congtitutes an adverse hedlth effect for purposes of
setting the primary O; standard.  See section |1 of the preamble to the find rule.

2 Specific Comment (American Lung Association, 1V-D-2339): Satidicdly sgnificant,
progressive decrementsin FEV; have been demondrated in hedthy young men exposed for
6.6 hoursto as little as 0.08 ppm O; during exercise. Average lung function and other
decrements understate the true magnitude of hedth injuries. Other sudies of school children,
hikers and cydigts show lung function changes to be sgnificantly associated with ambient O
levels. These lung function decrements are adverse and should be considered in setting primary
O, standard.

Response: Theinformation cited by the commenter was included in the criteria and taken into
condderation in setting the primary O, standard. EPA recognizes that effects have been
reported at the level and averaging time of exposure of the primary standard published in the
preamble to the fina rule. However, hedth effects of the magnitude reported at that level
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would occur in mogt individuas without adversdy affecting them. More generdly, in the
absence of adiscernible threshold for hedth effects, it is not possible to diminate dl risks of
such effectsfor dl individuas, and the Adminigtrator’ stask isto select a sandard level which,
in her judgment, will reduce risks sufficiently to protect public hedth with an adequate margin of
safety. Seethe preambleto thefind rule.

d. Exposure analyses

i. Comments about general methodology

This section addresses comments included in section I11.A.3.d.(1) and elsewherein the
Summary of Comments that raise genera methodol ogy issues concerning the exposure andyses.
Comments on the exposure analyses can generdly be divided into two groups. One group of
commenters clamed that: 1) the modd overestimates the exertion level that can be achieved by most
children and outdoor workers and the fraction of time that these groups spend in moderate or heavy
exertion, 2) the model overestimates outdoor ambient exposures because fixed-site monitors
overestimate outdoor persona exposures, and 3) the air qudity adjustment procedures used to smulate
attainment of the standards are ingppropriate or highly uncertain. The second group of commenters
expressed concern that the exposure mode may be significantly underestimating exposures for children
and outdoor workers who repeatedly exercise due to limitations in the available human activity pattern
data.

As discussed in the proposa notice, EPA recognizes that the exposure model necessarily
contains many sources of uncertainty, athough every effort has been made to account for such
uncertainties to the extent possible. EPA notes here that most of the issues and concerns raised by
commenters concerning the methods used in the exposure andyses are essentidly restatements of
concerns raised during the development and review of these quantitative assessments as part of the
preparation and review of the Staff Paper. EPA presented and the CASAC reviewed in detail the
approaches used to assess exposure and the presentation of the exposure results summarized in the
Staff Paper. As stated in the proposal notice, EPA believes and CASAC concurred, that the models
selected to estimate exposure are gppropriate and that the methods used to conduct the exposure
analyses represent the state of the art. EPA does not believe that the exposure andyses are
fundamentaly biased in one direction or the other as daimed in some of the comments.

Presented below isa Summary of Comments received and responses to various specific
issues related to the exposure andlyses considered in devel oping the proposed rule. Thissectionis
intended to expand upon the discussion of the exposure anayses contained in the Preamble to the fina
rule.

Specific Comment (Asphdt Indtitute, IV-D-2282): EPA rdied on estimates derived from
exposure models that have not been properly vaidated.
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Response: It should be recognized that predictive exposure modd s that smulate attainment of
dternative sandards can never be fully “vdidated” because they are predictions or amulations
of a condition that will occur in the future based on the best information available currently.
Rather, one can evaluate models to see how they perform under basdine or “asis’ conditions.
However, even these eva uations depend on the availability of persona exposure databases for
O3 which are extremdly limited. Section 7 in Johnson et d. (1996d), which isavalablein the
docket, discussesinitid efforts to validate the pNEM/O3 model using the only data set available
a the time that included persond exposure monitoring for O,

Air quality adjustment procedures

This section addresses comments on the air quality adjustment procedures used in exposure

andysesthat are primarily summarized in section 111.A.3.d.(2)(a) of the Summary of Comments.

@

Comment: EPA should revise rollback method because the Weibull approach over predicts
median vaues by typicaly 50% (cites Johnson, 1995 evauation letter report) and it is highly
unlikely that the same generd shape and timing of O, concentration and frequency at agiven
monitoring Site would be maintained as assumed in modd.

Response: The exposure model incorporates and is sendtive to andytica procedures used to
smulate spatid and tempora distributions of O, concentrations that would occur as a result of
an areajud ataning any of the dternative standards addressed in the exposure assessment.
These air quality adjustment procedures are based on generdized modelsintended to reflect the
patterns of changes in digtributions of O; concentrations that have historicaly been observed in
areas implementing control programs designed to attain the O; NAAQS. The EPA recognizes
that future changesin air qudity didtributions are area-specific, and will be affected by whatever
gpecific control srategies are implemented in the future to attain the revised NAAQS. Thus,
generalized models are expected to be more uncertain for any given area than when exposure
results are aggregated across many aress (as was done across the nine urban areas analyzed in
EPA’ s exposure assessment).

The origind adjustment procedure was developed and tested with afocus on the tail of the 1-hr
and 8-hr ar quality digributions. Therefore, there is more uncertainty about how well the
adjustment procedure characterizes the 1-hr and 8-hr daily maximum vaues that are in the
middle of the ditribution. The exposure andysis cited in the 1996 OAQPS Staff Paper was
based on using two types of AQAPs: for six of the nine areas the gpproach involved fitting
parameters of the Weibull distribution and for the other three areas that were close to attaining
the dternative standards under congderation the gpproach involved a proportiond adjustment.
A limited evduation of the adjustment procedure (Johnson, 1995) suggests that the Weibull
gpproach provided reasonable estimates of the upper 10% of the digtribution of hourly O
vaues, the region that determines the O; exposures of most concern in pPNEM/O; analyses,
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based on an empirical andyss of Six of the nine urban areas included in the exposure andysis.
The results dso showed that the Welbull AQAP may sgnificantly over-estimate O,
concentrations in the lower portions of the distribution. For this reason, EPA used the
proportional AQAP in dl nine urban areas in carrying out the supplementa exposure and hedth
risk analyses (Johnson et d., 1997; Whitfield, 1997a), which were made available in the docket
during the comment period (see 62 FR 77431, February 20, 1997). In response to comments,
EPA adso has carried out a sengtivity study for six of the nine urban areas to examine the
sengtivity of the exposure and risk estimates to dternative AQAFP's, including the proportiond,
Weibull, and quadratic approaches (Johnson, 1997; Whitfield, 1997b). The quadratic
approach, like the Weibull approach, reduces the pesk or upper end of the air quality
digtribution by a grester amount than the lower and middle portions of the distribution.

EPA recognizes that additional research is required to better characterize how the spatiad and
tempord pattern of O, ar qudity distributions will change as afunction of control Srategies
adopted to attain the O; NAAQS in the future. See response to specific comment by CMA
below (11.A.3.d.ii.(6)) for more concerning thisissue.

Comment: The unexpected result that Denver and Miami have maximum O; levels higher than
current levels upon ataining aternative standards raises concerns about the air quaity
adjustment procedure.

Response: For purposes of evaluating the hedlth protection associated with possble dternative
primary standards, EPA believesit is appropriate to estimate the exposure and hedlth risks that
would occur if an areawas just attaining each dternative sandard. In some cases, such asfor
Miami and Denver, thisinvolves adjusting the air qudity from current levels upward o that they
just atain agiven sandard. The exposure and risk estimates obtained are not predictions of
what will occur in any given year, but rather what level of exposure and risk would occur if an
areajud attained a given slandard. EPA prepares a separate regulatory impact andysis which
dedswith projections of future air quality under aternative standards and control strategies. As
gated in the O; Staff Paper (p.88), “For the O; exposure analyses conducted to support the
decisons on the NAAQS, it is sufficient to smulate the just-attaining Stuation without being
concerned about how, when, or even if that Stuation will occur.”

Specific Comment (Krupnick, 1V-D-2100): The effects of mgor assumptions were not tested
through sengtivity analyss, EPA should have examined 2 bounding assumptions for air qudity
adjusment: proportiond and “clipping” off of the high end of the digtribution since actud
exposure reduction probably lies between these two assumptions.

Response: A recent letter report by Johnson (1997a), which was conducted in response to
comments and has been placed in the rulemaking docket, provides a comparison of exposure
estimates obtained from three different air quality adjustment procedures (i.e., proportiond,
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Weibull, and quadratic). This report indicates that the Weibull and quadratic approaches
reduce the high end of the distribution more than the lower and middle parts of the O
distribution, while the proportiona approach reduces al parts of the distribution by the same
percentage. For purpaoses of this rulemaking, EPA isrelying on those exposure estimates which
use the AQAPs which were placed in the docket prior to the close of the comment period
(including Weibull and proportiona andyses).

EPA has examined how ar qudity has historicaly improved over the last 25 years. Based on
this review, somewhat larger reductionsin the high end of the O, distribution compared to the
middle or lower end of the O; ar qudity distribution typicaly have occurred. However, EPA
finds no evidence based on how O; levels have historicaly been reduced to support the
proposition that only the high end of the distribution would be * clipped off” in the future.

Specific Comment (Krupnick, 1V-D-2100): It appears that the city-wide air quaity
adjustment method used in the supplemental exposure and risk anadyses (i.e., the proportiond
procedure) didn’t assume a background of 0.04 ppm and allowed rollbacks to bring
concentration reductions below “background” levels.

Response:  The assumption that there is alower bound to the O, concentrations that may be
measured in an urban area (the “background” concentration) appliesto peak O,
concentrations, not to the entire distribution of O; concentrations. One-hour O; concentrations
below 0.04 ppm are routindly measured a monitoring Sites under basdine (“asis’) conditions.
Application of the proportiona adjustment procedure to the one-hour data reported by a
particular monitor will increase the number of one-hour values below 0.04 ppm, but the pesk
one-hour value will typicdly remain far above 0.04 ppm.

Soecific Comment (Krupnick, 1V-D-2100): Suggest sengtivity anayses should be done with
background subtracted out of entire distribution, then caculating adjustment based on residua
values so that no credit taken for reductions that are unlikely to occur.

Response: Asindicated above, a background concentration serves as the lower limit for the
pesk vauein the distribution of one-hour concentrations, not al values. Note that subtraction
of 0.04 ppm from each one-hour vaue in digtribution will produce negetive vaues when the
one-hour vaueislessthan 0.04 ppm.

Specific Comment (CMA, App. A, Gradient, 1V-D-2249): Achievement of any of the
proposed O, sandards in a current non-attainment area would undoubtably shift both the
location and timing of the maximum O, concentrations in an urban areg, and it is highly unlikely
that the same generd shgpe and timing of the O, concentration frequency a any given
monitoring location would be maintained, as assumed in the pNEM/O; methodol ogy.
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Response:  In evauating dternative forms of the NAAQS for O;, EPA uses pNEM/O; to
estimate the number of people exposed to O, in selected urban areas. In atypical pPNEM/O4
andyss, ten or more fixed-site monitors are sdlected to provide ambient O, concentrations
across an urban area. The data reported by these monitors for a particular year are consdered
to represent "asis’ or basdine conditions. An air quality adjustment procedure (AQAP) is
applied to the basdline data to produce O; data representative of "attainment” conditions -- the
conditions expected when the urban area just attains a specified O; NAAQS. Reviewers have
suggested that this procedure may not adequatdly account for the change in the O; production
rate which occurs as an area movesinto attainment. A change in the O; production rate could
result in pesk O, levels occurring in a geographic area and/or at atime of day that differs from
that predicted by the AQAP.

Asthe mgority of urban areas to which the AQAP has been applied have never achieved the
specified attainment conditions, researchers have found it difficult to vaidate the AQAP used in
PNEM/O; directly. EPA conducted alimited evauation of the air quaity changes resulting
from the AQAP in the exposure modd using the Regiond Oxidant Model (ROM). ROM isthe
only avallable tool that estimates O, concentrations over a significant portion of the O, season
that explicitly takes into account spatial and tempord patterns in meteorology and O,
precursors. EPA has placed areport (Johnson and Weaver, 1996), Comparison of Tempora
and Spetia Patternsin Ambient Ozone Concentrations Estimated by pNEM/O; and the
Regiona Oxidant Model (ROM), in the rulemaking docket that provides a detailed description
of this assessment.

Johnson and Weaver (1996) presents the results of statistical analyses in which researchers
examined tempora and spatid patterns in estimates of O, concentrations obtained from the
AQAP and from ROM. Shiftsin peak O; leveswith respect to time of day and geographic
location were quantified for each of six urban areas (Chicago, Houston, New Y ork,

Philadel phia, St. Louis, and Washington, DC) which have been used in past pNEM/O;
exposure analyses. In each case, the shift observed in the estimates obtained from the
PNEM/O; air qudity adjustment procedure was compared to the corresponding shift in
estimates obtained from ROM.

The andlyses of tempord shifts support the following two generd conclusions:

C PNEM/O; and ROM produce similar diurnd patterns for basdine and attainment
conditions, and

C the peak in the diurnd pattern of O; concentrations (1 hour or 8 hour) under attainment
conditions tends to occur dightly earlier (one hour or less) than the peek for basdine
conditions, regardless of mode!.
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In summary, pPNEM/O; and ROM produce comparable results with respect to temporad shift.

The analyses of spatid shifts support the following generd conclusions:

C Consdered separately, the ROM and pNEM/O; procedures each produced high
basdine-to-attainment correlations for site rankings for most cities.  The basdine-to-
attainment change in rankings produced by ROM for New Y ork and Philadelphiawas
not observed in the pPNEM/O; results.  The cause of the ranking change in these two
citieswith respect to ROM is not known.

C When matched for basdline and attainment conditions, correlations between pNEM/O4
and ROM sgite rankings were generdly low. However, when city-wide patternsin O,
levels were represented by O;-weighted centroids, the locations of the pNEM/O; and
ROM centroids were gpproximately the same when matched for baseline and
attainment conditions.

Overdl, the results suggest that the pNEM/O5; and ROM modeing approaches will produce
sgnificant differences in the rankings of individua dtes but Smilar large-scde, city-wide
patterns.

The conclusions presented above with respect to tempora and spatia shifts presume that the
PNEM/O; and ROM data sets are generally comparable. Although an attempt was made to
select modded days which exhibited high O, levels across most of the six urban aress, the
resulting pPNEM/O; and ROM data sets represented different calendar years (1987 versus
1990/91) and, thus may have been affected by differing meteorological conditions. In addition,
the ROM attainment data were based on a particular emission control scenario selected by
EPA as gppropriate for the andysis. Use of another, equaly plausible, control scenario to
achieve attainment conditions may produce different patternsin the ROM O; estimates. Since
the exact mix of control measures to attain a new 8-hour O; standard is not known at thistime,
there is uncertainty about whether the spatid pattern of O; concentrations will shift in the future.

The results of this limited evauation usng the ROM do not suggest that the tempora and spatid
patterns of O; will change significantly upon atainment of dternaive sandards. Given the
relatively smdl differencesin tempord and spatid patterns observed in the evauation, EPA
continues to believe that the approach taken in adjugting air quality within the exposure model
was appropriate.

Soecific Comment (CMA, App. A, Gradient, 1V-D-2249):  For some of the regulatory
standard scenarios adjusted maximum O, levels for Miami and Denver were actudly higher
than monitored vaues in the base year (in site of the fact that O; concentrations in these cities
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are currently below some of the proposed standards). Thus, the pPNEM/O5; model predicts that
O; exposures for some regulatory scenarios would be higher than the actud current exposures
in Miami and Denver (p. 74).

Response:  In the pNEM/O; andyses developed for the review of the standard, andysts have
assumed that O; levelsin acity will move up or down from the base year to exactly meet the
stated attainment conditions. In cases where O, levels are currently below the specified
gandard (e.g., Miami and Denver), this assumption accounts for the possibility that future
growth in emissons may increase O, levels to the point where the city just attains the sandard.

Activity patterns and exertion levels

This section addresses comments primarily contained in section 111.A.3.d.(1)b) of the Summary

of Comments that raise issues related to how human activity patterns were used in the exposure
anayses.

@

)

Comment: The activity pattern data used in the exposure andyses are inadequate and/or are
not representative of patterns for children and outdoor workers nationwide.

Response:  For both the outdoor children and outdoor worker versions of pPNEM/O;, EPA
included dl of the available, peer-reviewed human activity pattern data that was suitable for
esimating exposures. The studies included were summarized in the OAQPS Staff Paper and in
the exposure analysis technicd reports (Johnson et d., 1996a,b). In the proposal, EPA
acknowledged that there are uncertainties in the exposure anays's, however, the analysswas
used following review by CASAC and with the support of CASAC.

Comment: EPA exposure andyses overestimate exposure because: (1) activity pattern used
in chamber sudiesis not representative of daily activity patterns of sengitive populations
targeted.

Response:  The controlled 6.6-hr human dinicad studiesinvolved 50 minutes of exercise and 10
minutes of rest for each of 3 consecutive hours, then a 45 minute lunch bresk and then another
3 hours of 50 minutes exercise and 10 minutes rest each hour. For the exposure andysis and
risk assessment of outdoor children and outdoor workers, EPA has estimated 8-hr exposures
under moderate exertion for the range of equivaent ventilation rate (EVR) observed in the
clinical studies over the 6.6 hr period (i.e., 90% of the subjectsin the clinica studies had an
average 6.6 hr EVR in the range 13-27 |/min-n¥). EPA recognizesthat activity paternsin the
redl world generdly do not follow the smple pattern employed in the clinical studies.
Nevertheless, the devated ventilation (i.e., breathing) rates achieved by the experimenta
protocol are not atypica for some children actively engaged in outdoor play (e.g., running,
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sports, etc.) or some outdoor workers engaged in physical labor (e.g., congtruction work,
loading/unloading vehicles, etc.). Ventilation rateis akey factor that determines the durations
and concentrations of O exposure that will be effective in causng human hedlth effects. Smply
put, the higher the ventilation rate, the shorter the duration and the lower the concentration of
O that will cause lung function decrements and/or respiratory symptoms. On balance, EPA
believes that the exposure estimates used in the exposure analysis are appropriate.

Comment: Exposure model failsto consder therole of temperature and humidity, that may
dramaticaly reduce a person’s outdoor activities and exertion leve.

Response:  See response to the specific comment below by CMA.

Soecific Comment (CMA, App. A, Gradient, 1V-D-2249): In the presence of high relative
humidity under ambient summertime conditions, the generd population would probably
decrease their exercise level and/or spend more time indoors in order to decrease their
discomfort. Both of these changes in activity patterns would decrease the exposure to O; for a
given ambient air concentration. In generd, pPNEM/O; fails to congider the role of increased
temperature and humidity that may dramaticaly reduce a person’s outdoor activities and
exertion levd (p. 78).

Response: As the outdoor children report (Johnson et a., 1996a) clearly indicates, the
PNEM/O; model estimates activity location (indoors/outdoors) and breething rate category
(dow, medium, fast) directly from human diary data which have been matched to the modeled
day by demographic group, season, day of the week, and temperature range. Astemperature
isexplicitly considered in matching activity datato modeled days, the resulting activity patterns
for high-temperature days should be reasonably representative of peopl€' s activities on high
temperature days. If humidity is high on a high-temperature day, the commenter is correct in
sating that the procedure may over-estimate the occurrence of strenuous outdoor activities.
However, the procedure may under-estimate the occurrence of strenuous outdoor activities
when temperature is high but humidity islow. These potentid biases would appear to balance
with respect to their effect on the estimated exposures for an entire O, season, asthe
commenter sates that “humidity ... haslittle effect on O; formation” (i.e., high O; does not tend
to occur more frequently when humidity is high).

The commenter Sates that the agorithm that determines window status (open or closed) is not
defined. This statement isincorrect, as there is a detailed description of this algorithm on pages
47 through 50 of the outdoor children report [Johnson et d. (19963)].

Comment: Use of human activity diary subjects mostly from Cdiforniaand Cincinnati in
EPA’ s exposure andyses may not be representative of other locationsin U.S.
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Response: Addressed by response bel ow to specific comment by CMA.

Soecific Comment (CMA, App. A, Gradient, 1V-D-2249):  Human activity diary subjects
are modtly from Cdiforniaand Cincinnati and may not be representative of other locationsin
U.S. (p. 99). The proportions of time that individuas from different areas spend in different
microenvironments and their levels of exertion may differ sgnificantly. Johnson et d. (1993)
edimated that adult subjectsin Los Angeles and Cincinnati engaged in more activities per hour
than subjects in Denver and Washington. Beside temperature, time/activity patterns are likely
to be affected by avariety of loca factors, including topography, land-use, traffic patterns, mass
trandt systems, and recreationa opportunities.

Response: The pNEM/O4 andysis of outdoor children included data from seven diary sudies
and included every usable diary record then available. The procedure which pNEM/O; usesto
congtruct activity patterns attempts to adjust for the effects of demographic group, temperature,
season, and day of the week on activity patterns. The commenter is correct in stating that the
procedure does not explicitly account for loca factors (topography, land-use, etc.). However,
the differences in activities per hour among adult subjectsin Los Angeles and Cincinnati and
adult subjects in Denver and Washington may be due to the fact that the Denver and
Washington, D.C. diary studies were conducted only during the winter, while the Cincinnati
sudy included diary dataonly for March and August. Individuds are likely to engage in more
activities per hour during periods when the weather is more conducive to outdoor activities.
McCurdy (1994) has shown in hisreview of activity diary datafor children, that moretimeis
spent outdoors during the summer season than in the winter. Johnson et d. (1993) aso suggest
that the cited differencesin activities per hour may be the result of differencesin study protocols
(eg., different diary formats) rather than differences in the location of the study subjects. While
admittedly not perfect, the diary data used were the best available and EPA bdlieves that the
uncertainties balance sufficiently to make reliance on the data gppropriate.

Comment: Use of small number of days (<3) to construct entire O; season may not be
representative. Some commenters expressed concern that approach used may underestimate
exposures for children attending residentid summer camps because this type of activity pattern
was not included in database. Other commenters expressed concern that gpproach used
would result in overestimating exposures for outdoor children.

Response: The concern about possible underestimation of expasure for children atending
summer camps is addressed in the response below to a specific comment by CMA. The
concern that the exposure mode overestimates outdoor exposure for children is addressed
here. In the pPNEM/O3 andlysis of outdoor children, anaysts constructed a specid time/activity
database containing diary data obtained from a group of children identified as * outdoor
children.” Each member of this group reported from one to three days of diary data, dl of
which were used in congtructing the specia database. The criteria used to select the outdoor
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children group are spelled out on p. 82 and 85 of the Staff Paper. This procedure produced a
pool of 479 outdoor children with 792 person-days of activity data. When pNEM/O3
constructs exposure event sequences for outdoor children, the sequencing agorithm draws
from dl 792 days and, thus includes days with varying periods of outdoor activities. Of the 479
children selected 323 provided asingle day of data. As each of these days must have met the
gated requirements for inclusion, each was an “outdoor day.” The remaining 156 children
provided two or three days of data, of which at least one day was an outdoor day.
Consequently, aminimum of 60.5 percent (479/792) of the selected person-days were outdoor
days. If activity patterns were randomly constructed from the pool of 792 person-days, then a
minimum of 60.5 percent of the days in each activity pattern would be outdoor days. The
PNEM/O3 model constructs activity patterns by sequencing person-days according to
demographic group (6 to 13 years, 14 to 18 years), season (winter, summer), day type
(weekday, weekend), and range of daily maximum temperature (winter: < 55, 55+EF.;
summer: < 84, 84+EF.). To evauate the effects of the salection procedure, EPA’ s contractor,
IT-AQS, created two data files listing number of minutes spent outdoors by person-day. The
data set designated “ All” contained al person-days for children obtained from the diary studies,
dataset “OC” contained only the person-days that were selected for the outdoor children
andyss. Table 1 provides sdlected Satigtics (arithmetic mean, standard deviation, quartiles) for
the number of minutes spent outdoors per day broken down by data set, demographic group,
and season. Table 2 provides arithmetic means by data set for a more detailed breakdown of
the data by demographic group, season, day type, and temperature range. Table 2 dso liststhe
difference between means for each data subset. The differences range from 54 minutes (6 - 13
years, winter, weekday, 55+EF.) to 210 minutes (14 - 18 years, summer, weekend, < 84EF.).

A spread sheet program was set up which provides an estimate of the number of minutes over
the O; season that the pPNEM/O3 sequencer subroutine would assign a child to outdoor
locations. The program assumes that the mean vaue for outdoor time per day for each
combination of season, day type, and temperature range is equd to the gpplicable vaue ligted in
Table 2. It was assumed that the weekday/weekend split was 5/2 and that the two temperature
ranges occurred with equa frequency within each season. These assumptionsyielded the
following values for mean number of minutes spent outdoors per day based on an O season of

366 days.

Il oC Difference

Demographic group

Children 6 - 13 160 244 84
Children 14 -18 113 211 98
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Table 1. Descriptive Statistics by Demographic Group and Season for Time Spent Outdoors Based on
Data Setsfor All Children and for Outdoor Children Only.

Classfication variables Time spent outdoors per day, minutes

Data Number

Demographic | Season <t of days | Mean [ Sd. | 25" | 50" | 75"

group dev. pct. pct. pct.

6 - 13 years Winter All 638 165 190 54 122 209

oC 340 256 220 142 202 295

Summer All 443 242 196 95 205 335

oC 234 352 204 266 325 451

14 - 18 years Winter All 407 101 126 16 60 140

oC 172 182 156 84 152 239

Summer All 183 170 169 29 122 242

oC 64 324 185 216 313 449

aAll: dl children, OC: outdoor children
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Table 2. Means by Four Classfication Variables for Time Spent Outdoors Based on Data Sets for All
Children and for Outdoor Children Only.

Classification variables

Time spent outdoors per day, minutes

Number of
Demograph Season Day type® Temp. days: all/lOC Mean for all Mean for Difference =
ic group range, EF. children outdoor children OC -all
6-13 Winter WD <55 88/38 102 170 68
55+ 289/174 140 194 54
All 377/1212 131 190 59
WE <55 47/13 81 145 64
55+ 214/115 245 392 147
All 261/128 215 367 152
All All 638/340 165 256 91
Summer WD <84 196/112 249 347 98
84+ 130/62 242 373 131
All 326/174 246 356 110
WE <84 44/24 247 351 104
84+ 73/36 219 333 114
All 117/60 230 340 110
All All 443/234 242 352 110
All All All 1081/574 197 295 98
14 -18 Winter WD <55 111/37 76 166 90
55+ 158/61 99 181 82
All 269/98 90 176 86
WE <55 32/14 86 143 57
55+ 106/60 135 200 65
All 138/74 124 189 65
All All 407/172 101 182 81
14 -18 Summer WD <84 84/27 168 320 152
(cont.)
85+ 37/12 159 305 146
All 121/39 166 315 149
WE <84 25/8 188 398 210
85+ 37/17 172 309 137
All 62/25 179 338 159
All All 183/64 170 324 154
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Classification variables

Time spent outdoors per day, minutes

Number of
Demograph Season Day type® Temp. days: all/lOC Mean for all Mean for Difference =
ic group range, EF. children outdoor children ocC -all
All All All 590/236 123 220 97
All All All All 1671/810 171 273 102

aWD: weekday, WE: weekend.




(8)

66

Note that the results labeled “dl” are expected when the sequencer uses dl available diary data
for children, whereas the “OC” results represent results expected when the specid outdoor
children dataset isused. The following results were obtained using an O season of 210 days
(seven months).

Demographic group All OC Difference
Children 6 - 13 181 272 91
Children 14 -18 127 239 112

Depending on the demographic group and the assumed O, season, the differences range from
84 to 112 minutes.

McCurdy (1994) (included as Appendix A of this response-to-comments document)
summarizes time spent by children in the outdoor microenvironment based on data from 10
human activity surveys. From Table 2 of this memo, the mean hours/day spent in the outdoor
microenvironment during the July-September or “non-school” days ranged from 1.1 to 4.7
hours/day for children in seven different gudies. Four of the seven studies had mean times of at
least 4.0 hours/day outdoors. Given that the pNEM/O; outdoor children estimates are only
applied to 47 percent of preteens and 31 percent of teenagers, EPA believesthat the estimates
of time spent outdoors for outdoor children resulting from the modeling approach are
reasonable and, in fact, may underestimate exposure, as discussed in the next response.
Furthermore, the gpproach is responsive to CASA C recommendations made at public
meetings held on September 19-20, 1995 that EPA attempt to estimate exposures for children
whose repetitive day-to-day activities were likely to place them outdoors more often than the
average child..

Soecific Comment (CMA, App. A, Gradient, IV-D-2249):  The procedure used to construct
each activity pattern may not account for the day-to-day repetition of activities common to
individua children. Consequently, pNEM/O; may tend to under-estimate the number of
people, particularly outdoor children, who experience multiple occurrences of exposure while
engaged in moderate or heavy exertion. For example, the outdoor children analys's does not
adequatdly reflect exposures for children attending residential summer camp because this type
of activity pattern is not included in human activity paitern data base used in the outdoor
children exposure analysis (p. 99).

Response: The commenter is correct in stating that the procedure used to congtruct activity
patterns for outdoor children may under-estimate the effects of repetitive activities and this
caveat has been noted in the OAQPS Staff Paper discussion of the exposure anadlysis and in the
exposure technical reports. The statement that the outdoor children database does not include
summer camp patternsisincorrect. Severa of the Los Angeles subjects attended summer
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camp on daysincluded in the outdoor children database. However, whether or not the activity
data base used for the exposure andysis includes the same proportion of “summer camp”
activity patterns as exigs in the nine cities included in the andysisis unknown. EPA has
attempted to obtain information on atendance at summer resdentia and non-resdentia camps,
but has not found any nationd or regiond data base with thistype of information. While there
are limits to the data available to EPA, the Agency believes that, on baance, the exposure
andyses are avauabletool. (See preamble for further discussion.)

Edimation of ventilation rates

This section addresses comments primarily contained in section 111.A.3.d.(1)c) of the Summary

of Comments that raise questions as to how equivaent ventilation (EVR) rates were estimated in the
exposure analyses.

@

Comment: EVR edtimates used in pNEM are too high and should be revised based on new
fiddd sudies. Additiona concerns raised suggesting EVR estimates used in pNEM aretoo high
indude:

-- Exposure modd inappropriately assumes that 100% of people are “motivated exercisers’
thus only fraction of projected risk likely to occur; cites USHHS (1996) to support comment
that less than half of population fit or willing to maintain relatively high breething rates, even if
motivated;

-- EVR estimates used by EPA don't correct for arm movement and increase in temperature;
and

-- Cdlibration of heart rate (HR) and ventilation rate (VR) cited in exposure anayses done
primarily with leg exercise, whereas most recregtiona exercise and occupationa endeavors
involve both arm and leg exercise; overestimation of VR by about 5-8% for lower ranges of
HR (Adamset d., 1995).

Response:  EPA does not agree that the EVR estimates used in pNEM are too high. EPA has
reviewed the literature addressing children’ s bresthing-rate capabilities and compared it with
PNEM/O; outputs (see McCurdy, 1997 included as Appendix B to this document). McCurdy
(1997), an andyss which was conducted in response to comments and is available in the
docket, describes an andysis that is based on vaues from the exercise physiology literature on
the digribution of maxima oxygen uptake in hedlthy boys and girls, combined with information
from the literature on the didtribution of height and body mass to generate distributions of
ventilation rates for children gpproximately 11 years old. These distributions were then
compared with actua pPNEM/O; results (see Table 2 of McCurdy (1997). While the
comparison only involves one run of the pNEM modd for one cohort, and is, thus a limited
comparison, the variability in pPNEM/O; is not large for ventilation estimates in any one urban
areafor agiven time period. The maximum possible ventilaion rate for normd girlsis 80 L/min
for a1-hr period and 40 L/min for an 8-hr period based on values obtained from the exercise
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physiology literature. For boys-- trained or not -- it is 95 L/min and 55 L/min, respectively.
The maximum ventilation rate modeled in pNEM (EVR * 1.23) isaround 58 L/min for 1-hr for
both the dl children and outdoor children pNEM runs examined, considerably lower than the
maximum ventilation rate estimates that are possble based on the exercise physiology literature.
Thus, thereis no problem with pPNEM/O5; modeing too high a maximum ventilation rete or
EVR, even if the EVR-limiting agorithm used in the modd istoo high for most children. This
point is reinforced by the second section of Table 2 of McCurdy (1997). The capability of the
6-13 year old group to exercise a the 1-hr motivated level of 59 I/min used in the pNEM work
isaround 12% for boys and 3% for girls. Inthe pNEM runs andyzed, however, thisleve is
reached only 1-hr per year, less than 1% of the total population-hours modeled. For 8-hrs, the
literature indicates that 8-13% boys can sustain a maximum ventilation rate of 31 I/min, as can
3% of girls. In the dl-children pNEM/O4 run analyzed, no one experiences a breathing rate
level of 31 I/min for 8-hrs. The outdoor children run was not andyzed because there was little
difference in the 1-hr maximum ventilation rate averages between the two groups.

Finaly, McCurdy (1997) provides a comparison to determine what percentage of children 6-
13 can exercise & the 1-hr, 20-37 I/min and 8-hr 16-33 |/min “moderate “ levelsused in
PNEM/O;. The literature indicates that almost al children (93-97%) can sustain the 1-hr, 20
I/min breething rate, whereas only about 7% of the children-hoursin pNEM are at that leve.
The corresponding vaues for the 1-hr, 37 |/min level is 39-68% of the population versus < 1%
of the pNEM population. Thereisless difference in the 8-hr estimates, but the pNEM runs are
gill agnificantly below those sustainable based on the exercise physiology literature.

In sum, there is no indication that the pPNEM/O3; modd produces extreme breathing-rate
estimates due to the motivated exerciser concept. In fact, PNEM modeled estimates are well
bel ow those based on measured breething rates studied in many laboratories over many years.

Comment: EPA’sexposure model tends to over predict occurrence of high EVR vaues
within each demographic group because EVR limit based on subset of specified cohort (e.g.,
11 year old males used for 6-13 group and 15 year old males used for 14-18 group).

Response: The Staff Paper (Section V.G.2, p.90) and outdoor children exposure report
(Johnson et d., 19963, p.27) acknowledge that the parameter values for certain physiologica
characterigtics used in the agorithm for determining the EVR upper limit are based on a subset
of the specified demographic group (e.g., maes aged 11 used for the 6-13 age group) and that
thiswill tend to over predict the occurrence of high EVR vaues within each demographic
group. However, the andysis done by McCurdy (1997), as discussed in the response to
comment 11.A.3.d.iv(1) above, suggests that any potentia bias introduced by the upper limit
EVR agpproach used in pNEM isminimal. The pNEM modeled estimates are well below those
based on measured breathing rates studied in many |aboratories over many years. Also, while
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the EVR limit was caculated using the body surface area for maes aged 11 for the 6-13 age
group, the EVR vaues were sampled from distributions obtained directly from fidd sudiesin
which the body surface area varied with the subject.

Ambient concentrations vs. persond exposure levels

This section addresses comments primarily contained in section 111.A.3.d.(1)d) of the Summary

of Comments that raise questions as to how the exposure moded estimates exposures for outdoor
microenvironments based on fixed-site ambient concentrations, and how these estimates compare with
concentrations estimated using persond exposure monitors (PEMS).

@

)
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Comment: Personal exposure is substantially overestimated based on research (Johnson et d.,
1996¢) indicating actua exposure averaged only 50-60% of that predicted by EPA’s exposure
modd.

Response: Addressed by response below to specific comment by CMA.

Soecific Comment (CMA, App. A, Gradient, 1V-D-2249): The Johnson et a. (1996¢) study
contradicts the Contant et a. (1987) resultsin that the Johnson study reports PEM
concentrations subgtantidly lower than fixed-dte vduesin dl microenvironments. Thisis
particularly the case for indoors and in vehicle microenvironments, but also for outdoor
microenvironments. The mean Los Angeles PEM results indicate 40% reduction compared to
fixed-gte vaues.

Response:  In the API-sponsored study by Johnson et a. (1996c), there apparently was no
Sde-by-sde evauation of the performance of the PEM device with the fixed-gte monitor
devices. Therefore, it ispossble that the PEM devices may be biased low. Past research with
PEM devices has shown that orientation of PEMss often influences the magnitude of
concentrations observed. Until the potentia bias in the Johnson study’s Los Angeles PEM
measurements is resolved, EPA believesthat it is reasonable to assume that outdoor persond
exposures are approximately equd to fixed-site concentrations.

Comment: Use of only 1 study to relate persond outdoor exposure to fixed-site monitorsin
exposure anayses raises concerns about accuracy and reproducibility. A recent study by
Johnson (1996¢) contradicts Contant et a. (1987) results. The differencesin these 2 studies
may be due to effect of monitor inlet height (3-5 m) vs. PEM height of 1-2 m or due to
scavenging of loca sources by NOX near highway or power plant plumes.

Response: The Contant et d. (1987) study was the only applicable persona monitoring study
avalable at the time andysts developed the relationship between outdoor exposure and fixed-
ste O; measurements for pPNEM/O;, amode of which CASAC approved. See above
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response for concerns EPA has about the relevance and validity of the PEM results from the
Los Angdles study. See the response below to the specific comment by APl addressing
monitoring inlet height and scavenging by NOX.

Soecific Comment (AP, IV-D-2242): Current EPA ambient monitoring siting guidance may
also contribute to overestimates of persond O; exposure. Present guidelines direct that O,
monitor inlets beingalled 3 to 15 meters above grade. Recent studies of verticd O, gradients
indicate that O; concentrations frequently increase with height above ground (Trotter et .,
1996), due perhaps to O, surface deposition and emissions of O; scavengers such as isoprene
(e.g., human breath and vegetation) and NO (e.g., soil, human breath, and auto exhaust) near
the surface. Recently measured increments in O, level s between 2 and 10 meters averaged
13% (Wishith et d., 1996). The current pPNEM/O3; model does not correct for this effect and
so may overpredict O; exposure accordingly.

Response: EPA cannot consider the studies cited in this comment because they appeared in the
literature after completion of the criteriareview. (See response to comment (5) in section
[1.A.3.aiii of thisdocument.) Nevertheless, EPA has provisionaly examined the new studies
cited in this comment. In the Trotter study, researchers measured vertica profiles of O; inthe
eastern ridge-and-valley region of Tennessee. According to the study, the areais a“ region of
complex terrain conasting mostly of pardld ridges and valeys running from southwest to
northeast ... highly corrugated ... regiona surface cover is mostly deciduousforest.” The paper
provides verticd profiles for morning and evening time periods. The profiles extend from 0 to
700 meters with generdly poor spatia resolution in the range of interest (0 to 10 m). Although
most of the graphs show an increase in O; concentration with height, afew graphs (eg.,
Figures 2-C and 3-B) show O; levels decreasing with increasing height below about 20 m. In
generd, it isdifficult to relate the Trotter results for eastern Tennessee to the urban areas
anadyzed by pNEM/O; because of the differences in terrain and ground cover.

In the Wishith et d. (1996) study, researchers used an abandoned radio tower to measure O,
levelsat 2, 10, 20, 40, and 80 meters above agrassy field located 20 miles north of downtown
Cincinnai. O; measurements made during the study at a height of 10 meters over-predicted
the 2-meter concentrations by an average of 17.5 percent, based on the median ratio of 10 m
O3 t02m O; (1.175) caculated from six sets of measurements. This vaue is actualy higher
than the value (1.15) cited by the commenter. Wishith et a. (1996) note that the results may
not be generaly applicable, as the data were collected a a single location during a single day.

Johnson (1997b), in astudy prepared for the American Petroleum Indtitute and not cited in the
Criteria Document, has used the results of Wishith et d. (1996) to develop a procedure for
adjusting monitoring data to account for probe inlet height. When this procedure was gpplied
to fixed-gte monitoring data used in a pPNEM/O4 andys's of exposures of outdoor workersin
Los Angeles, the resulting exposure estimates for outdoor workersin Los Angeles showed
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relatively small decreases (0 to 2 percent) when compared to estimates obtained from
unadjusted data. The potentid bias suggested by the commenter does not appear to be large
enough to warrant further analysis a thistime.

Comment: The 5.6% average difference between PEM and fixed-site monitors in Contant et
a. (1987) may be due to differences in measurement technique (PEM used chemiluminescent
and fixed site used UV absorption).

Response:  Addressed by response below to specific comment by API (11.A.3.d.v.(6)).

Specific Comment (AP, 1V-D-2242): The 5.6% average difference between PEM and
fixed-gte monitorsin Contant et a. (1987) may be due to differences in measurement technique
(PEM used chemiluminescence and fixed-ste monitors used UV absorption). The PEMs used
by Contant aso exhibited pogtive basdine drift.

Response:  Difference in measurement technique is a possible explanation for the 5.6%
difference, although research by Leston and Ollison (1993), a study cited by the commenter,
suggests that a UV monitor would typicaly report higher concentrations than a
chemiluminescent monitor when both instruments are temperature controlled. Asthe PEM was
not temperature controlled, it is possible that basdline drift contributed to the 5.6% difference
between chemiluminescent PEM and UV fixed-gte monitor. If thisisthe case, theniitis
possible that the 1.056 multiplier should be replaced by afactor of 1.000. However, EPA
does not expect that this smdl difference would have a sgnificant impact on the exposure or
hedth risk estimates. Also, Sinceit is not certain that basdline drift contributed to the difference,
EPA believesit is reasonable to maintain the current gpproach of using the 1.056 multiplier in
the exposure andyses supporting the current review.

Comment: Failure to correct other modeling uncertainties and assumptions (e.g., reduction of
O3 in near roadway and in-vehicle microenvironments due to reaction of NO from car exhaust)
resultsin pPNEM modd overestimating exposures.

Response:  Addressed by response below to specific comment by AP (11.A.3.d.v.(8)).

Specific Comment (AP, IV-D-2242): Reductions of O, in near-road and in-vehicle
microenvironments from the reaction of O; with nitric oxide (NO) emitted by automobile
exhaugt are ignored in the current EPA exposure modd.

Response:  This comment is based on the fact that the agorithms which estimate O; exposures
in the near-road and in-vehicle microenvironments assume that outdoor O; concentrationsin
and near roadway's are approximately equal to O, concentrations measured outdoors by fixed-
ste monitors located away from roadways. 1n pNEM/O,, the outdoor O; concentration is
adjusted by a mass balance eguation to determine O, concentrationsin the “in-vehicle’
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microenvironment. No adjustment is gpplied to the outdoor concentration to determine O,
concentrations in the near-road microenvironment.

With respect to the in-vehicle microenvironment, the mass baance equation produces an
average value of about 0.352 (0.333 x 1.056) for the ratio of in-vehicle O; to O, at the nearest
fixed-gte monitor. This value can be compared to empirical data obtained from arecent field
study conducted in Cincinnati (Johnson et d., 1995) in which researchers measured O,
concentrations ingde vehicles under avariety of conditions. An andysis of these data by
(Johnson, 1997Db), was not included in the review of the air quality criteria, and therefore cannot
be relied on in this rulemaking (see response to comment (5) in section 11.A.3.aiii of this
document). Nevertheess, EPA has examined this study provisionaly to see what implicationsiit
might have on the issue raised. The Johnson (1997b) andysis produced distributions of values
for

IMRATIO = (in vehicle O;)/(nearest fixed-site Oy)

which varied with vehicle speed, ventilation conditions, traffic dengty, road type, and time of
day. Theandyss suggested that 0.180 was a reasonable average vaue for IMRATIO and that
0.378 was a reasonable upper bound representing “worst-case” conditions. The pNEM/O4
ratio of 0.352 is approximately double the empirically-derived average value of 0.18, but fals
below the suggested upper limit of 0.378. This conservatism in the pPNEM/O; dgorithmis
justified, however, as the Cincinnati results represent a single city and this study was not
included in the ar qudity criteriareview.

With respect to the near-road microenvironment, dgorithmsin pNEM/O; yidd an average
value of 1.056 for the ratio of O, concentration in this microenvironment to the O,
concentration at the nearest fixed-site monitor. Thisratio can aso be compared with recent
field datafrom Cincinnati summarized in Section 2 of areport by Johnson et d.. (1997b).
Again, this new report cannot be relied upon because it has not been through the extensive
review process entailed in preparing the air quality criteria. Nevertheless, a provisond look at
the study reved s that researchers measured O; at various distances from selected roadwaysin
Cincinnati. Based on measurements made during 1994 at a height of 2 meters, Johnson
proposed that 0.65 would be a reasonable estimate for the ratio of downwind O,
concentrations near aroadway to O, at adigtant location (e.g., afixed-ste monitor). Assuming
that 50 percent of the exposuresin the near-road microenvironment occur upwind where the
ratio is 1.00, the combined near-road ratio would be (0.5)(0.65 + 1.00) or 0.83. Thisratiois
about 20 percent less than the 1.056 ratio used in pNEM/Os.

This same report, Johnson (1997D), that was prepared for the American Petroleum Ingtitute
and submitted to EPA as part of API’s public comments, carried out sengtivity analyses of
PNEM/O; gpplied to outdoor workers under “asis’ air quality for Los Angdes. Inthis
sengtivity andysisthe 0.18 ratio was used for the in-vehicle microenvironment and a randomly
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selected vaue of 0.65 or 1.00 was used for the near-road microenvironment. Collectively,
these two alterations produced areduction in the O; exposures of interest of only 3to 7
percent (Johnson, 1997b). While none of these more recent studies may be considered in this
rulemaking, because they were published since completion of the CASAC and public review of
the ar qudlity criteria, it isinteresting to note that should they merit indusion in afuture criteria
review, they would suggest only ardatively smdl change in EPA’s estimated O, exposures
(i.e, only a3 to 7 percent reduction).

Indoor exposures

This section addresses comments primarily contained in section I11.A.3.d.(1)f) of the Summary

of Comments that raise questions as to how the exposure modd estimates exposures for indoor and
indde vehicle microenvironments.

@
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Soecific Comment (CMA, App. A, Gradient, IV-D-2249): The air exchange rate for motor
vehiclesis a point estimate based on data for asingle vehicle.

Response:  This comment is true and has been included in the discussion of cavests and
uncertainties related to the O, exposure andysis in both the OAQPS Staff Paper and technical
support documents describing the exposure modd and results. Thiswasthe only vaue
available a the time of the outdoor children and outdoor worker exposure analyses. As EPA
updates the exposure modd for future standards reviews, it will review the scientific literature
again to determine if additiona information is available that is relevant to this component of the
modd.

Specific Comment (CMA, App. A, Gradient, 1VV-D-2249): Uncertainties about O; indoor
levels should not have a significant impact on exposure estimates & moderate and high exertion
where exposure levels exceed 0.08 ppm because indoor levels are unlikely to reach 0.08 ppm.

Response:  This statement is probably true for one-hour exposures above 0.08 ppm. Eight-
hour exposures above 0.08 ppm which combine indoor and outdoor exposures may be
affected by uncertainties concerning indoor levels of O;. The EPA took account of the
uncertaintiesin proposing the 8-hour 0.08 ppm standard.

Characterization of uncertainties

This section addresses comments primarily contained in section [11.A.3.d.(1)e) of the

Summary of Comments raising questions as to how the exposure model characterizes uncertainties.
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Comment: EPA has not included al sgnificant uncertaintiesin its exposure modd and, thus,
large uncertainties remain. Given the large uncertainties in exposure estimates, EPA should not
revise the standard.

Response: EPA has attempted to include in its exposure modd dl significant uncertaintiesin
esimating O; exposures using the techniques of Monte Carlo smulation to represent variability
and uncertainty. Furthermore, EPA has presented the range of uncertainty in the estimates
contained in the Staff Paper and in the technical support documents. 1n addition, EPA has
described quditatively in the Staff Paper and in the technica support documents the limitations,
uncertainties, and cavests that were not addressed quantitatively. The approach to
characterizing uncertainty, the format of the results, and the various quditative limitations and
discussion of uncertainties that are not quantified were dl presented to the CASAC at public
CASAC mestingsin March 1994, March 1995, and as part of the Staff Paper review in
September 1995. Inits closure letter (Wolff, 1995), the CASAC concurred with EPA “that
the models selected to estimate exposure and risk are appropriate models.” The CASAC aso
dated that “because of the myriad of assumptions that are made to estimate population
exposure and risk, large uncertainties exist in these estimates.” Despite these “large
uncertainties’, CASAC dso dated in its closure letter that “EPA’ s risk assessments must play
acentrd rolein identifying an appropriate level.” As noted above, EPA has conggtently
acknowledged the various uncertainties, both those which it quantitatively addressed aswell as
others that were addressed qudlitatively, in itstechnical support documents, the Staff Paper, the
proposa notice, and in the Preamble to the final rule. EPA does not agree with those
commenters who suggest that because there are significant uncertainties, EPA should not
congder the results of these andysesin itsfind decison. In accordance with CASAC's
advice, EPA has carefully considered the exposure and hedlth risk assessments, along with their
associated uncertainties, in reaching its proposed and fina decision.

Specific Comment (AP, IV-D-2242): APl modification of model, in coordination with
OAQPS staff (Johnson, 1997b) indicates exposures may be overestimated several-fold.

Response: The Johnson (1997b) analysis submitted to EPA by API relies on new research,
has not been published in the peer-reviewed literature, and has not been considered or
reviewed by the CASAC. Accordingly, EPA cannot consder this research in thisNAAQS
review. (Seeresponse to specific comment 5 on p. 41 of this response-to-comment
document.) Nevertheess, EPA has made a provisona examination of the study here. In
Johnson (1997b) a number of the dgorithmsin pNEM/O; were atered to test the effect of
using dternative assumptions in the modd. The purpose of the study was to determine how
sensitive the exposure modd estimates were to the various inputs to the model, not to determine
which aternative assumptions or inputs were appropriate. The implication that OAQPS staff
agreed to any specific modifications to update the exposure modd used in the current O,
NAAQS review is not correct. The resulting specid versons of pPNEM/O; were used by
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Johnson (1997b) to estimate exposures of outdoor workers, rather than outdoor children,
under “asis’ ar qudity for Los Angeles. When applied to motivated exercisers, a modified
verson which combined the dternative assumptions produced 1-hour exposures 20-30%
below those obtained from the standard (unaltered) version of pPNEM/O4 and 8-hour
exposures 60% below the standard verson. The commenter asserts that application of the
modified versons would produce comparable results for outdoor children. Although this
assartion is unsupported, it islikely that the modified versons of pNEM/O5 would produce
some degree of reduction in the exposure estimates of outdoor children. However, in EPA’s
judgment the proposed aterations do not represent a balanced, comprehensive assessment of
potentid changes that will improve the modd.

Specific Comment (Krupnick, 1V-D-2100): The term “aggregate” still needs to be defined.
The commenter dso questions use of only 10 runsin model smulations for exposure anayss.

Response: Theterm “aggregate’ in the context of the exposure andysis results refers to the sum
of the exposure estimates for the 9 urban study areasincluded in the andysis. Consistent with
previous exposure andysis work for the carbon monoxide NAAQS review, EPA has used 10
runs (redizations) for each air quaity scenario for each version (i.e., outdoor worker, outdoor
children, generd population) of pPNEM/O;. While it would be desirable to have alarge number
of runs, resource and time limitations preclude running the exposure model for hundreds of runs.
Based on an andysis described in McCurdy (1993) which examined sets of 10-run results
versus a 108-run result, EPA believes that the results from only 10 runs of the model
adequately predict the mean and variance observed in 100 or more runs of pPNEM/O;. EPA
does recognize that increasing the number of runs would increase the range of possble
outcomes for exposure estimates. EPA reviewed the gpproach of using 10 runsfor each air
quality scenario with the CASAC and there were no significant objections raised by the
CASAC.

Supplementa exposure analyses

This section addresses comments primarily contained in section 111.A.3.d. of the Summary of

Comments raising issues about the supplementd exposure andysis (Johnson et d., 1997a) placed in the
rulemaking docket in February 1997.

Comment: The supplementd analysis shows a higher percentage of outdoor children exposed
to levels a or above 0.08 ppm under moderate exertion upon attainment of the proposed 8-hr
standard than under the current 1-hr standard.

Response: The commenter refers to the results for Houston and Los Angeles, two of the nine
urban areas studied. EPA bdlieves that these results for each area can not be distinguished
within the sengitivity of the dternative air qudity adjustment procedures used in theinitid and
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supplementd analyses. Further, EPA notes that these two areas, Houston and Los Angeles,
are two of only sx areas nationwide with peak 1- to 8-hour design vaue ratios grester than
1.5. Thus, these two areas have much higher ratios of peak 1-hour to 8-hour O
concentrations than the vast mgjority of areasin which O; is monitored, and it istherefore
reasonable to expect that generdized air quaity adjustment procedures would be particularly
uncertain for such aress.

e. Health risk assessments

This section addresses comments included in section 111.A.3.e. and elsewhere in the Summary
of Comments concerning the health risk assessments which were considered in the decision on the

proposed primary O; standard.

Comments on the exposure and hedlth risk assessments congdered as part of the basis for the
proposed primary O, sandard fal into two genera categories. Those in thefirst group, for avariety of
reasons (e.g., methodological problems that underestimate exposures, limiting the andysesto only a
subset of adverse hedth effects rather than estimating the full range of effects that have been attributed
to O, and focusing only on nine urban areas rather than projecting risk reductions for dternative
standards on a nationd basis), contend that EPA has understated the aggregate lung function and
respiratory symptoms and hospital admission risks associated with the proposed 8-hour standard.  In
contrast, those in the second group assert that the aggregate lung function and respiratory symptoms
and hospital admisson risk estimates are overstated for avariety of reasons including: methodol ogical
problems in the exposure model resulting in overestimates of exposure, the failure to take into account
attenuation of hedth effects for lung function and respiratory symptom responses, ingppropriate
selection of studies used to devel op concentrati on-response relationships, inappropriate extrapolation
of concentration-response relationships to a background level of 0.04 ppm, and the use of a
background O; level that istoo low.

Section 11.A.3. of the Preamble to the fina rule provides an overview of the exposure and risk
assessment information used by the Administrator to inform judgments about exposure and health risk
estimates associated with attainment of aternative standards. EPA notes here that most of the issues
and concerns raised by commenters concerning the hedlth effects evidence and the methods used in the
exposure and risk assessments are essentialy restatements of concerns raised during the review of the
Criteria Document and the development and review of these quantitative assessments as part of the
preparation and review of the Staff Paper. EPA presented and the CASAC reviewed in detail the
approaches used to assess exposure and hedlth risk, the studies and health effect categories selected
for which concentration-response functions were estimated, and the presentation of the exposure and
risk results summarized in the Staff Paper. As stated in the proposal notice, EPA bdieves and CASAC
concurred, that the general models selected to estimate exposure and risk are appropriate and that the
methods used to conduct the exposure and risk assessments represent the state of the art. EPA does
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not believe that the exposure or risk assessments are fundamentally biased in one direction or the other
as clamed in some of the comments.

The Adminigrator and CASAC have recognized, however, that there are many uncertainties
inherent in such assessments and that the resulting ranges of quantitative risk estimates do not reflect all
of the uncertainties associated with the numerous assumptions inherent in such anayses (Wolff, 1995b).
In the proposa notice EPA summarized some of the most important caveats and limitations concerning
both the exposure analyses and the risk assessments for lung function changes, respiratory symptoms,
and hospita admissons. A more complete discussion of assumptions and uncertaintiesis contained in
the Staff Paper and technica support documents (Johnson et d., 1996 ab; Whitfield et ., 1996;
Richmond, 1997). Presented below isasummary of comments received and responses to various
specific issues related to the hedth risk assessments consdered in thefind rule. Thisisintended to
expand upon the discussion contained in the preamble to the fina rule.

i. Use of exposure edimates in 9-city risk assessment

This section addresses comments primarily contained in section 111.A.3.e.(1)a) of the Summary
of Comments that question the use of the exposure estimates in the hedlth risk andyses.

Comment: The exposure andysis overestimates how many children are outdoors and how
many are a moderate exertion and, therefore, the risk assessment overestimates how many
children would experience lung function and respiratory symptoms.

Response: EPA does not agree that the exposure model overestimates how many children are
outdoors or how many are at moderate exertion. See responses to comments abovein
Sections 11.A.3.d.iii(7) and 11.A.3.d.iv(1).

ii. Sdection of sudies used in risk assessment

This section addresses comments primarily contained in section 111.A.3.e.(1)d) of the Summary
of Comments that raise questions regarding the sdection of studies used in the risk assessment.

@ Comment: EPA’srisk assessment relies heavily on studies conducted in EPA’s chamber
facilities and results from other studies (e.g., Horvath et d. and Linn et &.) show less response
for lung function and symptoms. Commenters questioned why Linn et d. (1986) was excluded
for 1-hr risks and why Linn et a.(1984) was excluded for 8-hr risks. Commenters also stated
that greater response observed in EPA’s chamber studies may have been due to artifactsin
these chambers.

Response:  EPA acknowledged in the Staff Paper (Section V.H.2, p.111) that the magnitude
of the O; responsesin hedthy subjects used for risk assessment was somewhat lower in some
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of the studies, especidly the Linn et d. (1994) and Horvath et a. (1991) studies conducted in
Cdifornia, when compared to the studies completed by the EPA in North Carolina. The
differences, however, are more likely due to subject response variability caused by differences
in experimenta design (e.g., subject number, exercise level and duration), subject age (e.g.,
greater number of older subjects), pre-study O, exposure history, or heretofore unexplained
biologicd variability (e.g., genetic differences). The magnitude of the O, responses in subjects
with asthma was more comparable across studies.

The rationale for selection of studies was stated in the Staff Paper (Section V.H.2., p.111):
“These additiond studies [including Linn et d., 1994 and Horvath et d, 1991] were not
included in developing the estimated exposure-response rel ationships because they each
involved asingle exposure level and differences in study protocols precluded pooling the data
from these studies with the Chapd Hill sudies. The magnitude of the responses was somewhat
lower in some of these studies, pecificdly the Linn et d. (1994) and Horvath et d. (1991),
compared to the three Chapel Hill studies used in the risk assessment. However, this may have
been due to use of alower ventilation rate and attenuation due to previous exposure in Los
Angeesfor the Linn et d. (1994) study and the use of older, less sensitive subjects in the case
of the Horvath et d. (1991) study. The responses of asthmaticsin the Linn et a. (1994) and
the Horstman et d. (1995) studiesis more comparable to the level of responses seenin the
three Chapd Hill sudies used in the risk assessment.”

See dso response to comment 11.A.3.ai(2) and 11.A.3.ai(3) concerning contention that
artifacts may be responsible for large response in chamber studies included in EPA’srisk
assessment.

Comment: Studies used in EPA’ srisk assessment to estimate lung function and respiratory
symptom responses fail to account for attenuation of response upon repested exposures and
consecutive day episodes result in less response than do single exposures. Therefore, response
isoverestimated in EPA’ s risk assessment.

Response: As explained in the Staff Paper (Section V.H.6., p.132) in adiscussion of
assumptions and limitations associated with the risk assessment, “For the acute hedth
endpoints, the risk assessment assumes that the O,-induced response in any particular hour is
not affected by previous O; exposure history. The extent of attenuation and/or enhancement of
Os-induced responses due to previous O; exposures cannot be addressed quantitatively and
must be regarded as an additiond uncertainty in interpreting risk estimates.” For the lung
function and respiratory symptom effects associated with 1-hr exposures, studies have shown
an enhanced response on the second day of exposureto O;. Generdly, attenuation of
response for 1-3 hour exposures is not observed until after 2 days of exposure to elevated O,
levels. Therefore, repeated days of exposure may lead to either increased or decreased
response depending on the level and duration of O, exposures. Further, as stated in the
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Criteria Document (Section 7.2.4.2) based on both animal studies and a recent controlled
human exposure study it appears that certain biochemica changes and markers such as LDH
and dagtase “never show attenuation indicating that tissue damage may continue to occur during
repested exposure.” On baance, EPA does not bdieve that the risk assessment is biased so
as to overestimate response.

Comment: Other studies (citesKulle et a., 1985; Aval et d., 1984, and McDonnell et d.,
1983 results) report lower response rates (often zero) at lower concentrations and higher
ventilation rates than studies used in the risk assessment for moderate or severe pain on deep
inspiration (PDI) (Sedl et a., 1993)

Response: EPA has presented risk estimates for heavy exertion based on concentration-
response relationships devel oped using data from McDonnell et d. (1983) in the Staff Paper
(see Section V.H.4.) and specificaly notesin afootnote on p.122 of the Staff Paper that
additiond risk estimates for heavy exertion based on other studies (e.g., Kulle et d., 1985;
Avol et d., 1984) are presented in technica support documents (Whitfield et d., 1996). Thus,
EPA has andlyzed risk from the various studies with sufficient information to estimate
concentration-response relationships under conditions of heavy exertion. The differencesin
response rates between these studies are mogt likely due to subject response variability caused
by differences in experimenta design (e.g., subject number, exercise level and duration) and
pre-study O, exposure history, or heretofore unexplained biologica variability (e.g., genetic
differences). Thetechnical support documents also compared Avol’s and Kulle' s studiesto
that of Sed et d. (1993), which was used in the risk assessment for moderate or severe PDI.
Based on Table 11 (p.30 of Whitfield et a., 1996), the response rate for moderate or severe
pain on deep inspiration, corrected for exercise effect in clean air, islower a 3 of the 4
concentrations tested (e.g., at 0.12 ppm 2/60 = 0.033 response rate for the Sed et al., 1993
study) under moderate exertion compared to 1.94/21 = 0.092 for the McDonndll et d. (1983)
under heavy exertion. At the remaining concentration level, the response rates were very smilar
comparing these same two studies. Thus, the assertion by the commenters that the response
ratesfor Sed et d. (1993) were higher than other sudiesinvolving heavy exertion isnot truein
al cases.

Comment: EPA’srisk assessment only captures the “tip of the iceberg” in terms of effects
included in the assessment. The risk assessment fails to estimate risks for increased medication
usage, asthma attacks, emergency room vidts, doctors visits, increased inflammation, increased
infections, etc.

Response: EPA has consgtently stated in the Staff Paper, technical support documents, and in
the proposal notice that the risk assessment addresses only those hedlth effects for which
dudies were available that dlow for a determination of how the percentages of individuas likely
to experience such effects vary as afunction of the O3 concentrations to which they are
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exposed. The proposal notice (61 FR 65729) discusses EPA’ s concern about other hedlth
effects (e.g., nonspecific bronchia responsveness, inflammation of the lungs) not addressed
explicitly in the risk assessment. See aso the responses to comments Sections 11.A.3.aliv and
11.A.3.c.iv, and Section 11.B.1. of the Preamble to the find rule.

Concentration-response relationships for lung function and respiratory symptoms

This section addresses comments primarily contained in section 111.A.3.e.(1)c) of the Summary

of Comments that rai se issues concerning estimating concentration-response relaionships for lung
function and respiratory symptom effects associated with O; exposures.
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Comment: Contaminantsin the controlled exposure chambers conducted in Chapd Hill may
be responsible for some of the effects incorporated into the concentration-response functions
for Os.

Response: See response to comment in Sections 11.A.3.ai(2) and 11.A.3.ai(3).

Comment: EPA’srisk assessment has not factored in adaptation and should include
concentration-response relationships from studies showing adaptation. EPA should conduct
sengtivity andysis with and without adaptation factored in for Los Angeles.

Response:  See response to comment about attenuation in previous section. Also, thereis
insufficient concentration-response data from studies showing attenuation to conduct arisk
assessment. Every study examining the issue of attenuation has been conducted at asingle O,
exposure levd.

Comment: EPA’srisk assessment ingppropriately uses concentration-response relationships
from dinicd studies involving adults to estimate symptom responses in children (6-18) even
though symptoms were not observed in sudiesinvolving children.

Response: Despite amilaritiesin lung function decrements, children and adolescents exposed
to O; do not report the respiratory symptoms reported by adults (e.g., cough, pain on deep
ingpiration, shortness of breath). The reasons for this observed difference are not clear, but
relaively few controlled laboratory studies have been performed with children and adolescents
to adequately address this question (as discussed in Sections 7.2.1.3 & 7.3.1 of the Criteria
Document). In these studies, symptom questionnaires were administered before, during, and
following exposure; however, there were no sgnificant differences in symptom scores between
O3 exposures and controls. The researchersinvolved in studies of children and adolescents
speculate that young people may be inherently less able than adults to detect the irritating effects
of O; on the respiratory tract. Alternative explanations are that children and adolescents elther
did not adequately comprehend the symptom questionnaire, or they experienced symptoms but
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were reluctant to report them. EPA acknowledged in the Criteria Document, the Staff Paper
(Section V.H.6., p.132), and in the risk assessment technica support document (Whitfield et
d., 1996) that controlled human exposure and field epidemiology studiesin children have
reported pulmonary function, but not symptomatic, effects for O; exposures. Asstated in
Chapter V of the Staff Paper, “ Therefore, the headcount symptomatic effects estimates which
rely on population exposures that include children may overstate symptom headcount risk
edimates. Pulmonary function risk estimates are not affected, and the lack of gpparent
symptoms does not mean that biologica processes associated with O; symptoms in adults are
not aso present in children.” Furthermore, EPA has presented the gpproach of using adult
studies to estimate symptoms for children to the CASAC and there were no objections from
the CASAC to this approach as long as appropriate caveats were included. As noted above,
these cavests have been included in both the Staff Paper and technica support document.

Comment: Thereisno scientific basis for extrgpolating exposure-response relationships below
0.08 ppm to a background level of 0.04 ppm. There may be a threshold since other studies not
used by EPA in the risk assessment report lower response rates or zero response at lower
concentrations.

Response:  The approach used in the risk assessment of extrapolating concentration-response
relationships down to background was presented to the CASAC at severd meetingsin March
1994 and March 1995. CASAC members generaly endorsed the approach used in the risk
assessment and encouraged EPA to use alinear relationship down to a background level of
0.04 ppm, unless there was sufficient data to justify another choice. Furthermore, the CASAC
addressed the issue of whether biologica thresholds were likely to exist in its closure | etter on
the Staff Paper (Woalff, 1995h), “The Pand fdt that the weight of the hedlth effects evidence
indicates that there is no threshold concentration for the onset of biological responses dueto
exposure to O, above background concentrations. Based on information now available, it
appears that O; may dicit a continuum of biologica responses down to background
concentrations.”

Soecific Comment (Gradient for CMA, 1V-D-2249): Based on review of 9 hedlth endpoints
in Whitfield et d. (1995), the population response rate gpproaches 0 a 0.08 ppm for 8-hr
exposures for virtudly dl cases and this suggests a threshold exists below which thereisno
effect.

Response:  The statement that “the popul ation response rates approach 0 at 0.08 ppm for 8-hr
exposures for virtudly all cases’ isnot accurate. In fact, for three (moderate-to-severe cough
after 1-hr exposures at heavy exertion; FEV,; decrements $15% and $20 after 8-hr exposures
at moderate exertion) of the four endpoints that are the subject of most of the detailed analyses,
the median response rates at 0.08 ppm are 10%, 18%, and 10%, respectively, and the 0.05-
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fractile response rates are 2%, 10%, and 4%, respectively. In addition, the response rates at
0.07 ppm are only dightly less than these vaues.

Specific comment (Gradient for CMA, 1V-D-2249):  EPA should have used logistic
regression to estimate concentration-response rel ationships and uncertainties in these
relaionships. Also, the commenter questions the choice for the number of subjects (N) that is
used to calculate uncertainties at concentrations for which there is no experimental data.

Response: EPA questions the gppropriateness of using logistic regression to modd the
controlled human exposure data that form the bagis of the risk andysis. Logidtic regressoniis
designed to predict a quantitative variable from a number of binary variables, each of whichis
scored O or 1, which clearly is a different set of conditions. For example, socia scientists use
logigtic regression to predict the number of socia services an elderly couple uses based on race
(African-American or Caucasian), gender of the care giver (male or femae), status of the care
giver (hedlthy or not), etc. The approach used in the risk assessment has been described
severa timesto CASAC and CASAC has accepted the approach as reasonable. The
approach used in the risk assessment requires one regression to devel op an exposure-response
relationship and results in rdationships that are smilar to those involving a regresson for eech
fractile (21 in our case). The advantage of the current approach is that it avoids numerous
logica inconggtencies (viz, fractile relationships that intersect), which would require extensve
andys “intervention” to resolve. The current gpproach is consstent with CASAC's
encouragement to choose modding methods that minimize the need for andys intervention.

The question about the proper value of N (number of subjects) that should be used at locations
(i.e,, ppm levels) for which there are no experimentd datais a good one. The risk assessment
generdly used the vaue of N at the lowest O; leve for which there were data (i.e., 0.08 ppm)
to caculate uncertainty a O, levels < 0.08 ppm. To use asubgtantidly smaller vaue of N &,
say, 0.07 ppm would result in alogica inconsistency that higher response rates are more likely
at 0.07 ppm than a 0.08 ppm. Besides, since EPA is only interested in Os-induced responses,
the response rates mugt, by definition, be O at for O ppm (or, in some cases, considerably higher
than O ppm). Furthermore, dl fractiles must show O response at 0 ppm, and possibly at an O,
level > 0 ppm.

Comment: Exposure scenarios used in the clinical studies which are the bass for
concentration-response relationships in the risk assessment are unredistic because human
exposure is interrupted by different activity levels, movement, and time spent indoors, aswell as
by changesin seasons and westher conditions.

Response:  EPA recognizes that activity patternsin the real world generdly do not follow the
ample pattern employed in the dinicd sudies. However, thereislittle data allowing an
assessment of how different activity patterns that result in the same average EVR over a6-8 hr



(8)

©)

83

period would affect exposure-response relationships. As discussed in Section 7.2.1.1 of the
Criteria Document, McKittrick and Adams (1994) has reported that O-induced lung function
responses were very similar for subjects either exposed continuoudly exercising for 1-hr or
exposed for 2-hr with intermittent exercise, where the equivaent dose was delivered during the
two different types of exposures. This suggedts that the details of the pattern of human activity
may not be a sgnificant factor in influencing the nature and magnitude of the exposure-response
relationships for lung function and respiratory symptom responses. No evidenceis offered in
the comments about the extent to which other factors, such as temperature or humidity, or
whether an individud is exposed to O; indoors or outside, influence the nature or magnitude of
the exposure-response relationships for lung function or respiratory symptoms.

Specific Comment (Gradient for CMA, 1V-D-2249): To the extent that high humidity results
in decreased activity level from that observed in chamber studies, then exposure-response will
be overestimated and headcount risk will be overestimated.

Response: See response to comment 11.A.3.d.iii(4).

Specific Comment (AP, V-D-2242): Approximation using single breathing rate to estimate
risk for arange of rates “ grosdy overestimates projected risks’, since modded EVR
distributions are strongly peaked at low EVR levels and response rates are decreased at lower
ventilation rates.

Response: EPA has examined thisissue (see McDonnell, 1997 included as Appendix D to this
document) and does not agree that the approach used in the risk assessment grosdy
overestimatesrisk. The risk assessment matched the concentration-response relaionship
estimated from the controlled chamber studies with population exposures for the range of
exertion observed in the chamber studies. For example, for the 8-hr hedlth risk assessment the
range (based on being within 2 standard deviations of the mean) of EVRs observed in the
subjects who participated in the study was 13-27 liters per minute per meter squared (I/min-
n¥). The concentration-response relationship for the combined 8-hr data set was matched with
exposure estimates for outdoor children engaged in moderate exertion (i.e., having an EVR in
the range of 13-27 I/min-n7) over an 8-hr period. EPA recognizes that the characteristics of
the O, concentration-response relationship are a function of EVR and that application of a
concentration-response relationship caculated for a particular EVR will overestimate response
for individuas with alower EVR and underestimate response for individuas with a higher EVR.
The rdlevant question is how strongly related is the concentration-response curve to EVR under
these conditions. The APl comments present data at one concentration (0.12 pp) from two of
the three published 6.6 hour studies that EPA used to develop risk estimates for 8-hr
exposures. While the data presented by APl show arelationship between FEV; response at
EVR a this angle concentration, the trend is not Satigticdly sgnificant. Furthermore, if one
examines the data for al concentrations from al three studies upon which EPA’s 8-hr risk
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assessment is based, one finds that the picture is not so clear. Based on this more complete
data s, there is anonggnificant positive trend between FEV, response and EVR at 0.12 ppm.
At 0.10 ppm, thereisamargindly significant postive trend, but a 0.08 ppm, thereisadightly
negative (dmost zero) and nonsignificant relationship between FEV; response and EVR. These
seemingly contradictory results are afunction of two things. Firg, thereis alarge amount of
individud variability in response to O, and any Sngle andyss based upon ardatively smal
number of observationsislikely to give results which are not very precise. Second, the effect
of EVR upon the concentration-response relationship may get smadler at lower O
concentrations. These consderations suggest that it is inappropriate to select asmall amount of
data at the highest O; concentration tested and to use only these data as the basis for predicting
risk & much lower concentrations. In light of the essentialy nonexistent relationship between
FEV; response and EVR a 0.08 ppm in these particular data, it appears that the APl anadysis
sgnificantly overstates the magnitude of any error which might be introduced by the approach
used in EPA’srisk assessment. EPA continues to believe that the approach used in the risk
assessment is gppropriate and does not introduce any sgnificant bias in the risk estimates.

Soecific Comment (CMA, 1V-D2249): EPA should consider using separate exposure-
response for sedentary people and one for those who regularly exercise.

Response: EPA’srisk assessments focused on estimating risk for sendtive and at risk
population groups, such as outdoor children and outdoor workers, at moderate or heavy
exertion levels. This approach accords with the Clean Air Act’sdirective to set the NAAQS at
alevd that protects public hedth with an ample margin of safety. A separate anadlysis using
exposure-response relationship for sedentary people is not needed because these individuas
would be expected to be at less risk for O;-induced hedlth effects, given their sedentary habits,
than the population groups included in the risk assessments.

Hospitd admission risk methodology issues

Comment: EPA’srisk assessment improperly assumes alinear concentration-response
relationship and extrapolates down to background level of 0.04 ppm without any scientific
basis.

Response: Thereis clear evidence from hospitd admission studies that effects may continue
down to background. Thiswas discussed with the CASAC pane members who agreed that it
is reasonable to assume that there is an association between O; and hospital admissonsin the
range of concentrations down to background for purposes of estimating O;-induced effects
based on the hospital admission sudies. Although associations between ambient O; levdsand
hospita admissions are more uncertain at lower ambient levels, there is a consstency between
studies which supports the association at dl levels studied.
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Comment: EPA’srisk assessment inappropriately extrapolates the results from Thurston et d.
(1992) which was based on 90 days in the year of highest O; levelsin adecade to afull 214
day O; season. Also, the risk assessment focuses only on data from 1988, avery high O, year,
while Thurston et d. (1992) found less of aresponse for the summer of 1989.

Response: Thurston et al. (1992) presents data for both 1988 and 1989 but the authors
focused their analyses on the summer of 1988 in the Buffao and NY C metropolitan areas
where the cross-correlaions indicated that the pollution associations are mostly clearly
discernable. The following paragraph from p.446 of the paper contrasts the 1988 and 1989
data for those two cities.

“Comparisons of the presented 1988 Buffao and NY C results with analogous 1989 summer
resultsis aso informative. It was expected from the cross-correlations results that the 1989
pollutant regression coefficients would be less sgnificant, though the coefficient vaues should be
gmilar to the 1988 reaults. In fact, though not dways significant, the 1989 summer pollutant
coefficients (not presented) were dl positive (as was the case for the 1988 coefficients).
Moreover, the 1989 pollutant coefficientsin these cities were not atigticdly different from the
1988 vauesfor 10 of the 12 regressons consdered in Table 6. Thus, while the mean effects
and RR edtimates are usualy lower (due to generdly lower pollution during the summer of
1989), the 1989 regression coefficients did support the vaidity of the pollutant regresson
coefficients, mean effects, and RR estimates reported here for the summer of 1988.”

Asindicated by Thurston et d., the 1989 data generdly support the relationships observed in
the 1988 data. Since the risk assessment is gpplying the coefficient which is expressed as an
increase in hospitd admissions per change in the hourly daly maximum O, concentration on a
dally bad's and comhining this rdaionship with daily maximum O; levels, there is no problem or
bias introduced in the risk assessment when the analysisis extended to the entire O; season.
The Thurgton et d. study smply provides the relationship between O; levels and increased
hospitd admissions. EPA bdlievesit is reasonable to gpply this same relationship to other days
in the O; season, beyond the 90 days included in the study, since there is no reason to believe
that these same effects would not occur on other days when O, concentrations were elevated.
EPA acknowledges that there is some additiond uncertainty introduced when one gpplies these
relationships to the remainder of the O, season because of possible differences in exposure
patterns and differencesin other factors (e.g., pollen levels) that dso contribute to hospita
admissons.

Specific comment: (Gradient for CMA, 1V-D-2249): EPA should have used logigtic
regression gpproach to estimate concentration-response relationships rather than linear
relationship.
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Response: CASAC reviewed the modeling approach employed in the hospital admissions risk
assessment at meetings in March 1994 and March 1995 and expressed generd support for the
techniques used.

V. Cdculation of excessrisk rdlative to background O- levds

This section addresses comments primarily contained in section 111.A.3.e.(1)b) of the Summary
of Comments that raise questions about the numerical vaue assumed to represent background O,
concentrations used in the risk assessment, and the approach used in the risk assessment to estimate
risks in excess of background levels of O.

Comment: Use of 0.04 ppm for estimated background level in EPA’ s risk assessment istoo
low. If the assumed background level were higher, then risk estimates in excess of background
would be lower than estimated by EPA. Anadysis of data from remote areas suggests
background may be as high as 0.06-0.08 ppm.

Response: The numerica estimates of “natura” background levels of O; were carefully
assessed during the development of the proposal. At the 1995 CASAC meseting, Dr. George
Wolff, CASAC chairman, stated that “the background ... averages about 0.04 [ppm] ...
anything above 0.04 is assumed that would be due to anthropogenic additionsto it that are not
part of background” (9/19/95 transcript, 308:19-25, 309:1-8) While background
concentrations of O; can be as high as 0.05 ppm, unless O, concentrations are affected by
anthropogenic VOC and/or NOx emissions, 8-hr O, background concentrations will typicaly
be much lower than 0.05 ppm. A reasonable estimate of the 8-hr dailly maximum O,
background during the summer season is 0.03-0.05 ppm. Summertime maximum O,
concentrations of less than 0.03 ppm have been observed due to precipitation scavenging.

It istrue that a remote or rurd stes O; concentrations can exceed 0.07 ppm. However, the
Staff Pgper makes it clear that the component consisting of background O; is only afraction of
rurd O; concentrations, which are clearly increased by human activities throughout the U.S.
The magnitude of the natural background component of O, concentrations at remote or rura
gtes cannot be precisaly determined because of the role of long-range transport of
anthropogenic precursors and /or O,

For the purposes of estimating risk in excess of background, the rlevant statistic iswhat is the
typica contribution to observed O; levels due to background since risk estimates are cal culated
for each day of the O; season, not just the peak or maximum level days. The range of 0.03-
0.05 ppmis given in the Criteria Document for the typical summertime contribution due to
background. The CASAC supported EPA’s decision to use 0.04 ppm as a central estimate of
background for the purposes of calculating risk in excess of background over an entire O,
season. As discussed further in Section 11.A.3.£.(2) of this document, the decision to use 0.04
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ppm as acentrd estimate for typica daily maximum 8-hour O; background also is supported
by EPA’sandyss of ar quality datafor 11 remote rurd dtes. Thisar qudity analyss indicates
that the annua (O season) 50th percentile daily maximum 8-hour O, concentration averaged
across dl deven steswas 0.038 ppm (38 ppb) and the mgority of the median values were
below 0.04 ppm (40 ppb).

Characterization of uncertainties

This section addresses comments primarily contained in section 111.A.3.e.(1)e) of the Summary

of Comments that raise issues about how uncertainties were caculated and presented in the hedlth risk
assessment.  The EPA believes, and CASAC concurred, that the moddls selected to estimate
exposure and risk were gppropriate and that the methods used to conduct the hedlth risk assessment
for adverse lung function and respiratory symptom responses represent the stete of the art.
Nevertheess, the Adminigtrator and CASAC recognized that there are many uncertainties inherent in
such andyses, and that not al uncertainties inherent in such anayses could be quantified and reflected in
ranges of risk estimates (Wolff, 1995b), as discussed in the proposa notice and the referenced
technica support documents.
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Comment: The confidence intervas used for exposure-response relationships presented in
EPA’srisk assessment are narrower because of methods used and EPA should have used an
dternative gpproach (involving logigtic regression), which results in same centra tendency
estimate but wider confidence intervasin the vicinity of 0.07 ppm. Commenter suggests that
“correct” treatment would result in response rates above 0.08 ppm that are more certain and
response rates below 0.08 ppm would be highly uncertain.

Response:  See response to specific comment by CMA/Gradient above (11.A.3.e.iv.(6))

Comment: Ranges presented in risk assessment don't represent dl of the uncertainties and the
uncertainties are much larger than stated in EPA’ s risk assessment.

Response: EPA has repeatedly stated in the Staff Paper, proposal notice, and in the technical
support documents that not all uncertainties are captured in the risk assessment. For example,
Section V.H.6 (pp. 129-133) of the Staff paper discusses a number of factors and limitations
that contribute to additiona uncertainty about the risk estimates. EPA acknowledges that al
uncertainties are not included, but there is nothing provided by the commenter to demondrate
that the uncertainties are much larger than stated by EPA.

Specific Comment (Krupnick, 1V-D-2100): The“datidticdly sgnificant” differencesin hedth
protection afforded by lowering the primary standard stem only from EPA’s own result-
oriented gatistical andysis, which EPA improperly performed with different assumptions to
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decrease variability in random number sequences used to address variability in such factors as
ar conditioning and activity patterns.

Response:  Although it istrue that the risk digtributions for the various air qudity scenarios,
when plotted as probability density functions, overlgp consderably (in part due to the genera
practice of showing 90% Cls), the mgority of the sets of 10 medians (and means) of the risk
digributions that are available for each air quaity scenario are datisticaly significantly different
(Kolomogorov-Smirnoff test). Most notably, those sets of medians associated with 8-hr, 0.08
ppm standards tend to be significantly different from those associated with the current 1-hr, 1
expected exceedance, 0.12 ppm standard. In the supplemental exposure and risk assessment
EPA chose to use acommon set of random number generator seeds for a set of 10 pNEM/O,
runsfor every ar quaity scenario to dlow a better comparison of the differencesin exposure
and risk protection afforded by aternative sandards. This gpproach alows one to examine the
impect that changesin air qudity will have on exposure and risk, rather than masking the
differences due to variability and random noise introduced by other factors (e.g., human activity
patterns, fraction of homes with air conditioning) that should not change as dternative air qudity
standards are analyzed.

Supplementd risk assessment

This section addresses comments primarily contained in section I11.A.3.e.(2) of the Summary of

Comments concerning the supplementa risk assessment (Richmond, 1997) as compared to the initial
assessments cited in the proposa notice.

@
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Comment: EPA’s supplementa risk assessment shows reduced risks providing even less
justification for amore stringent 8-hr standard.

Response: See Preamble to the find rule, Sections11.B.1, 11.B.2, and 11.B.3. for rationde asto
why EPA, after congdering the supplementa risk assessment, remains convinced that a more
stringent 8-hr standard than the current 1-hr standard is appropriate.

Comment: EPA’s supplemental risk assessment suggests that the proposed 8-hr standard will
provide less protection for Houston and Los Angeles than the current 1-hr standard.

Response: EPA bdlievesthat the results for each of these two areas can not be distinguished
within the sengitivity of the dternative air qudity adjusment procedures used in theinitia and
supplementa assessments.  EPA  has carried out a sengitivity study for six of the nine urban
areas to examine the sengtivity of the exposure and risk estimates to dternative AQAP'S,
including the proportiona, Weibull, and quadratic approaches (Johnson, 1997; Whitfield,
1997b). These andyses were carried out in response to comments, and while the Agency is
not relying on them in the find decision, they have been made available in the docket. The
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quadratic approach, like the Weibull approach, reduces the peak or upper end of the air quality
digtribution by a greater amount than the lower and middle portions of the ditribution. When
the Weibull or quadratic AQAP s are applied for the two areas, Houston and Los Angeles, the
proposed 8-hr standard provides greater protection than the current 1-hr standard. Only when
the proportiona AQAP is used do the estimates show less protection for Houston and Los
Angees than the current 1-hr standard. Further, EPA notes that these two areas, Houston and
Los Angdes, are two of only six areas nationwide with pesk 1- to 8-hour design vaue ratios
greater than 1.5. Thus, these two areas have much higher ratios of peak 1-hour to 8-hour O
concentrations than the vast mgjority of areasin which O, is monitored, and it isthus
reasonable to expect that results using generdized ar quality adjustment procedures would be
particularly uncertain for such aress.

Specific Comment (AAMA, 1V-D2243): EPA’ s risk assessment supplement has not been
evaluated by CASAC, therefore, EPA can't useit to support the O; standard.

Response: The exposure and risk assessment methods used by EPA were reviewed prior to
proposa at severa CASAC meetings. These include public meetings held in December 1994,
March 1995, July 1995, and September 1995. The supplementa assessment, placed in the
public docket in February 1997, generally applies the exposure and risk assessment methods
previoudy reviewed by CASAC to the proposed standard and other aternative standards for
which the Agency solicited public comment. There were some refinements to the methods
which are fully described in Richmond (1997) and the attachments to that memorandum. EPA
does not believe that the technica changes made to the methodology for the risk assessment
supplement were significant enough to warrant additional CASAC review.

Public hedth implications of risk assessments

This section addresses comments primarily contained in section 111.A.3.e(3) and esewherein

the Summary of Comments related to the public health implications of the risk assessments. EPA notes
that highly divergent judgments were expressed by different groups of commenters concerning the
public hedth implications of the risk assessments conducted as part of the O3 NAAQS review. A
large number of commenters who expressed the view that the differences in public hedlth protection
were not significant or important enough to warrant any standard more stringent than the current
standard used CASAC as the basisfor their position. Others cited small percentages of outdoor
children and other sengitive groups likely to be affected based on EPA’s assessment, or even smaller
percentages as modified by anayses conducted by the commenter to correct perceived errorsin the
andyses. In contrast, other commenters cited large total numbers of children likely to be affected, not
only for the subset of O,-related effects and the nine areas andyzed in EPA’ s assessments, but also for
abroader array of related effects projected nationaly.
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EPA clearly recognizes that for nonthreshold pollutants, such as O;, no standard can be risk-
free. The Adminigtrator’ stask isto select a standard leve that will reduce risks sufficiently to protect
public health with an adequate margin of safety, Since azero-risk sandard is neither possible nor
required by the Clean Air Act. Asthe CASAC recognized, “the sdlection of aspecificlevd ... isa
policy judgment” (Wolff, 1995b).

Section 11.B.2 of the Preamble to the find rule discusses the risks to public hedlth that can be
quantified as well as those for which quantitative risk information is more limited and focuses on
comparisons between the degree of hedlth protection likely to be afforded by the proposed 0.08 ppm,
8-hour standard and dternative 8-hour standard levels of 0.07 ppm and 0.09 ppm. Presented below is
asummary of comments received and responses to various specific issues reated to the public hedlth
implications of the hedth risk assessments considered in the proposd. The responses below expand as
appropriate upon the discussion contained in the Preamble to the find rule,

@ Comment: Risks attributable to O, are small compared to other factors which cause these
same effects. The estimated reduction in hospital admissions associated with the proposed 8-
hour proposed standard is very small.

Response: See Preambleto thefind rule (Section 11.B.2).

2 Comment: The broader array of O5-related effects (e.g., increased medication usage by
asthmatics, increased doctors vigts, increased infections, increased occurrences of
inflammation) are not included in the risk assessment, thus the health risks associated with the
proposed standard are greater than indicated by EPA’ s assessments.

Response: See response to comments in Section 11.A.3.c.iv. and the Preamble to the find rule
(Section11.B.1and 11.B.2).

3 Comment: The risk assessment was limited to 9 urban areas and, thus underestimates the
nationa risk reduction that would be associated with attainment of the proposed standard.

Response: EPA agrees that the risk estimates for the 9 urban areas underestimate the national
risk reduction associated with attainment of the proposed standard. While EPA did not
conduct anationa risk assessment, the Preamble to the find rule notes that nationaly
goproximately 46 million more people, including approximately 13 million more children and 3
million more asthmatics live in areas that would not attain the proposed 0.08 ppm, 8-hr
standard compared to a0.09 ppm standard. EPA recognizes that while it does not have
specific risk estimates for dl of these areas, this broader population would breathe cleaner air
asadirect result of control measures designed to bring areas into attainment with an 8-hour
standard of 0.08 ppm.
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Comment: Therisk assessment does't fairly characterize equivaency of standards because it
islimited to 9 urban areas. Based on air qudity information a 0.08, average 5th maximum, 8-hr
standard would provide greater hedlth protection than the current 1-hr standard, even though
the risk assessment suggest that the 0.08 ppm/avg 5th is roughly equivalent to the current
standard.

Response: EPA agrees that the risk assessment does not address equivalency of standardson a
nationa basis, but rather only for the aggregate risk estimates reflecting the nine urban areas
examined.

Soecific Comment (Krupnick, 1V-D-2100): EPA should have compared multiple policy
options usng “change in risk from basdine (attainment of current standard)” which should be
shown as *best estimate, with error bars representing clearly defined measure of confidencein
the point etimate ...”

Response: Recent andyses (Whitfield, 1997a), available in the docket, have presented a

comparison of policy optionsin the format suggested. Tabulated results present:

. Median risk estimates for the current standard and three 8-hr, 0.08 ppm standards of
the rf" highest average daily maximum form (for n=3, 5, and 7).

. Centra 90% credible intervals (Cls) about the median values.

. Reductions from the current standard (i.e., the current standard is, as Krupnick
suggests, a“basding’ againgt which the other options are compared).

. The 90% Cls address the “ best estimate with error bars” and the “confidence intervals’
that Krupnick suggests should be provided. (Note: Our results usudly include a
representation of the uncertainty about estimates. See, for example, figures of risk
resultsin Whitfield et a. [1996]. Rarely does EPA give point estimates without an
indication of uncertainty about the estimate.)

. Resultsin Whitfidd et d. (1996) include a table and a figure that show the most detailed
level of risk results that are available. Because the amount of risk resultsis very large, it
isnot practical to document al results at such aleve of detail. Instead, “ representative
risk digtributions’ and “Tukey box plots’ were congtructed to capture the essence of
the detailed results, which include 10 risk distributions based on 10 pNEM/O; runs
available for each air qudity scenario that was investigated. Each risk distribution
incorporates uncertainties about human activity, O, concentrations in various
microenvironments, exertion level, and population response to specific O; exposures
during pedific time intervals.

Characterization of background O concentrations

This section responds to comments regarding the relationship between the primary O; standard

and background O; concentrations. These comments are primarily contained in Sections 111.A.1,
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1.A.2.b, 111.LA.3 and l11.A.3.e(1)b) of the Summary of Comments, but may be in other sections as
well. The rationde for the decison on the levd of the standard, in Section 11.B.2 of the preamble to the
find rule, contains a discussion of background O, concentrations. The responses to other specific
comments regarding stratospheric O intruson and revisons to Appendix H (now designated as
Appendix I) arein Section I11.A.2.d of this document, and comments regarding the choice of a
background O leve for determining excessrisk are in Section 111.A.3.e of this document. Attainagbility
of therevised O; NAAQS is addressed el sewhere in this document in section IV.A. L.

Comments regarding EPA’ s estimation of background O, concentrations were received
primarily from commenters representing business and industry associations, but dso some State and
local agencies. Severa industry commenters expressed the view that EPA mischaracterized aspects of
background O concentrations and ignored high O, concentrations recorded at remote or rural Sites.
Many industry commenters and afew State and loca agencies commented that the proposed standard
would be difficult to atain due to high background O; concentrations. Some State and local agencies
expressed concern about attaining the standard based on high upwind O, concentrations, without

specifying the origin of the Os.

@ Comment: A representative comment from the General Motors Corporation (1V-D-2694)
noted that EPA’ s definition of background O, in the Staff Paper isincorrect for two reasons.
Firgt, the Staff Paper defines background O, as the absence of biogenic aswell as
anthropogenic emissions, which clearly underestimates the true background. Second, the
definition aso refers to the absence of emissionsin North America, rather than the U.S,, and to
the extent that Canadian and Mexican emissions influence ambient O, concentrationsin the
U.S,, thiswill underestimate U.S. background O.

Response: The EPA recognizes that an inadvertent error was made in the definition of O
background as stated in the Staff Paper. The correct definition is. “Background O; is defined
as the O, concentrations that would be observed in the U.S. in the absence of anthropogenic
emissions of VOCs and NOx in North America”” The EPA intends to make available, after the
publication of the fina rule, a corrigendato the Staff Paper that will incorporate this change.

Part of this background is due to long-range transport of anthropogenic or biogenic emissons
from outside North America, over which the U.S. government can have no control. In
response to the commenter’ s second reason, EPA notes that CASAC agreed with the
exclusion of anthropogenic emissonsin North America because the U.S. government has
influence over the emissons at our borders that affect ambient concentrations of O; and/or O
precursors entering the U.S. from Canada and Mexico.

2 Comment: The American Petroleum Ingtitute (1V-D-2242), along with others, asserted that
the Staff Paper estimate of the 8-hr maximum daily background O, concentration (30-50 ppb)
istoo low. More specificalyl, some commenters asserted that the level of the proposed
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standard (80 ppb) approaches peak 8-hr concentrations observed in clean sitesin the U.S. and
other areasin the world. These pesk levels can be higher than 60 ppb in the summertime. The
commenter stated that regional background in and around nonattainment areas can be close to
80 ppb. To support thisrange of background O; concentrations, the American Petroleum
Indtitute cited three different references. 1) a 1996 presentation indicated that the percent of 8-
hr daily maximum concentrations greater than or equa to 40 ppb for 3 clean Stesis generdly
greater than 50%, and that the 3rd highest 8-hr daily maximum concentrations averaged over 3
years (1993-1995) for six clean Sitesin the U.S. had vaues which ranged from 45-61 ppb; 2)
apaper by Altshuller and Lefohn (1996), using hourly data from remote Stesin the western
U.S. and Canada, reported that current background levels at inland sites were in the range of
50-98 ppb for the April through October period, with coastal sites ranging from 44-80 ppb;
and 3) in testimony submitted to CASAC, Lefohn (1994) presented a table summarizing the
top 10 8-hr daily maximum values for clean Stes described in the Criteria Document, which
resulted in arange of 55-69 ppb. The commenters asserted that these levels of background O,
suggest that in some areas very substantia anthropogenic emissions reductions will be needed
to attain and maintain the proposed standard, and in other areas the proposed standard will be
unattainable.

Response: In the genera response to the commenter, EPA notes that background
concentrations of O; originate from 3 sources: stratospheric O, which is trangported down to
the troposphere, caled stratospheric intrusion, O; formed from the photochemicaly-initiated
oxidation of biogenic and geogenic methane and carbon monoxide, and the photochemicdly-
initiated oxidation of biogenic VOCs. The magnitude of this naturd part cannot be precisaly
determined for two reasons. Firdt, the part due to anthropogenic precursor emissions in other
non-North American parts of the Northern Hemisphere is not known. Second, NO, plays an
important role in the oxidation of naturadly generated methane, carbon monoxide and biogenic
VOCs, and it is not possible to determine the amounts of O, that would have been formed just
dueto naturd NO, emissons. However, some estimates can be made. On the basis of O,
data from isolated monitoring Sites, a reasonable estimate of the O; background concentration
near sealevel inthe U.S. for an annua average is 0.020-0.035 ppm (20-35 ppb). This
includes a0.010 to 0.015 ppm (10-15 ppb) contribution (averaged over time) from
gratospheric intrusionsinto the troposphere and a 0.01 ppm (1 ppb) contribution from
photochemically-initiated oxidation of methane and carbon monoxide. The remainder is dueto
the photochemically-initiated oxidation of biogenic VOCs and long-range transport. Based on
diurnd profiles presented for O; a rura stesin Kelly et d. (1982, 1984), it is reasonable to
edimate that the 8-hr daily maximum O; during the summer isin the range of 0.03 to 0.05 ppm
(30-50 ppb). (Staff Paper, p.20-21; Wolff letter, dated April 11, 1995, Docket No. NCEA-
CD-92-0746, I1AF-025). The numerical estimate of background levels of O; was carefully
assessed during the development of the proposa. At the 1995 CASAC meeting, Dr. George
Wolff gated that “the background.....averages about 0.04 [ppm].....anything above 0.04 is
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assumed that it would be due to anthropogenic additionsto it that are not part of background”
(Transcript of September 19, 1995 mesting, 308:19-25, 309:1-8).

Background O concentrations will vary by geographic location, dtitude and season.
Monitoring data from rurd or remote Sites is often used to characterize O, background. Rura
dtes are closer to urban areas and therefore well within the distance that anthropogenically
produced precursors and/or O; can be transported. Concentrations at remote Sites are less
likely to be impacted by anthropogenicaly produced precursors and/or O;. Ozone
concentrations measured at remote or rurd Stes generdly consst of localy produced or
transported background O, combined with O; produced e sewhere from anthropogenic
sources and trangported into the area, and/or O produced within the area from unreacted
precursors transported into the area. Also, O; precursors from anthropogenic and natura
sources can interact within rurd areas to form localy-produced O;. Unless O; concentrations
are affected by anthropogenic VOCs and/or NO, emissions, 8-hr O, background
concentrations will typicaly be much lower than 0.05 ppm (50 ppb). It istruethat a remote or
rural stes peak O; concentrations can exceed 0.06 ppm (60 ppb), asillustrated in the table
below. The Staff Paper makesit clear that the component consisting of natura background O,
isonly afraction of rurd O; concentrations, which are clearly increased by human activity
throughout the U.S. The magnitude of the natura background component of O, concentrations
a remote or rurd gtes cannot be precisely determined because of the role of long-range
transport of anthropogenic precursors and/or O,

In response to the comments made based on the first reference cited in the comment, the table
below ligts the median and annud fourth highest 8-hour daily maximum O, concentrations for
the three most recent years of data available for the Sites listed in references 1 and 2, except
Cudter Nationa Forest. Custer National Forest was omitted because monitoring data were
available only for the years 1978 to 1983. The compliance test statistic for the 8-hour standard
isthe average fourth highest daily maximum 8-hour average O, concentration. Thisaverageis
computed for the three most recent, consecutive caendar years of monitoring data. For the
eleven Stesin the table below, the annud 4th highest 8-hour dailly maximum O; concentration
ranges from alow of 0.042 ppm (42 ppb) at Olympic NP, WA to a high of 0.075 ppm (75
ppb) a QuachitaNF, AR. The annud 4th highest 8-hour daily maximum O; concentration
averaged across al eeven sitesis 0.054 ppm (54 ppb). Approximately 75% of the annud 4th
highest vaues are less than 0.06 ppm (60 ppb). The annua 50th percentile 8-hour daily
maximum O, concentration varies from alow of 0.023 ppm (23 ppb) at Olympic NP, WA to a
high of 0.054 ppm (54 ppb) a Arches NP, UT. The annud 50th percentile daily maximum
8-hour O; concentration averaged across al eeven sitesis 0.038 ppm (38 ppb). The mgority
of the median vaues are below 0.04 ppm (40 ppb). These data do not suggest that
background concentrations of O, will cause an areato fail to meet the standard.
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In response to the points made by the commenters based on the second reference cited in the
comment, EPA recognizesthat a rural or elevated remote sites 1-hour O, concentrations have
been reported that exceed 0.070 ppm (70 ppb) on peak days within the O; season. Most of
the highest reported values were associated with forest fires, while other values may result from
occasiond atmaospheric conditions that are conducive to intrusion of stratospheric O, into the
troposphere. In the paper by Altshuller and Lefohn (1996), dmogt dl of the high hourly O
concentrations (17 out of 20 hours) were associated with the massive fires during 1988 at

Y dlowstone National Park. High concentrations from events such as these are not
representative of background levels. Even considering these peak concentrations at selected
remote Stes, the 3-year average of the 4th highest maximum O; concentrations at these Sites
was well below the proposed standard level of 0.08 ppm as seen in the table below. However,
in recognition of the occurrence of such uncontrollable natura events that can contribute to
aypicdly high O, concentrations, EPA has decided to include provisons in the new Appendix |
to Part 50 to exclude peak O, concentrations that are associated with either stratospheric O,
intruson or other natura events, such asforest fires. See the preamble to the fina rule and
elsawhere in this document for further discusson of this point.

Further, with the exception of the 5 years of monitoring data from Denali Nationa Park, which
contained the lowest measured O, concentrations of any Stelisted on Table 2 of Altshuller and
Lefohn (1996), the ambient O; monitoring data listed on Table 2 are whally captured in Table
4-6 (page 4-30) of the Criteria Document. Clearly, these ambient concentrations were part of
the discussion of O; background in the Criteria Document, and taken into account in the
estimate of O, background in the Staff Paper, which was subsequently endorsed by CASAC.

In response to the range of the ten highest 8-hr daily maximum values presented in the third
reference cited in the comment, this comment contained in Lefohn (1994), does not contradict
the rationale presented above. Further, these comments were made to CASAC, and were
taken into account in the development of the estimate of background in the Staff Paper which
was subsequently endorsed by CASAC.
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Digribution of Median and Annua Fourth Highest 8-Hour Daily Maximum Ozone Concentrations at
“Background” Sitesin the United States.

4th Highest 50th Percentile
8-hr Daily Max 8-hr Daily Max
Monitoring Site L ocation Y ear Concentration (ppm) Concentration (ppm)
Denali NP, AK 1993 0.048 0.032
1994 0.049 0.031
1995 0.054 0.039
QuachitaNF, AR 1993 0.061 0.036
1994 0.063 0.039
1995 0.075 0.043
Redwood NP, CA 1992 0.045 0.028
1993 0.043 0.029
1994 0.046 0.030
Point Reyes NP, CA 1990 0.055 0.031
1991 0.052 0.033
1992 0.052 0.032
Glacier NP, MT 1993 0.045 0.030
1994 0.055 0.041
1995 0.045 0.034
San DunesNM, CO 1989 0.057 0.046
1990 0.061 0.047
1991 0.063 0.048
Theod. Roos. NP, ND 1993 0.056 0.038
1994 0.058 0.045
1995 0.058 0.044
Badlands NP, SD 1990 0.055 0.040
1991 0.056 0.043
1992 0.053 0.038
ArchesNP, UT 1988 0.063 0.050
1989 0.062 0.054
1990 0.044 0.033
Olympic NP, WA 1993 0.042 0.023
1994 0.042 0.026
1995 0.049 0.035
Y ellowstone NP, WY 1992 0.064 0.042
1993 0.054 0.044
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1994 0.062 0.049

0. Communication of public health information

The EPA received alarge number of comments from awide variety of commenters strongly
endorsing the usefulness of both an expanded health advisory system and the forecasting of 8-hour O,
concentrations. These comments are primarily found in Section 111.A.3.g of the comment summary
document, and have been discussed extensively in Section 11.C of the preamble to thefind rule. The
EPA expects to propose revisions to the Pollutant Standard Index (40 CFR 58.50) and significant harm
level program (40 CFR 51.16), most likely in conjunction with Phase |1 of the Integrated
Implementation Strategy for the revised O; and PM NAAQS, and will take dl of these commentsinto
account when developing this proposd.

B. Secondary O; Standard
1 General comments on proposed alter native secondary standards

A number of comments on the proposed secondary O; standard are very generd in nature,
basicaly expressing either 1) support for one of the two aternative proposed revisions to the secondary
gtandard on which comment was solicited in the proposa notice, or 2) expressng opposition to any
revisonsto the current 1-hour standard. Many of these commenters Smply expressed their views
without stating any retionale, while others stated generd reasons for their views but without reference to
the factual evidence or rationale presented in the proposal notice as a basis for the Agency’ s proposed
decison. These comments are mainly summarized in section [11.B.1. through 111.B.1.b. (2) of the
Summary of Comments document. A few comments, however, are summarized in sections
111.B.1.d.(2), 111.B.1.d.(2), I11.B.3., 111.B.3.b.- c., and 111.B.3.(3) of the Summary of Comments
document.

In addition to the responses below, the preamble to the find rule in its entirety presentsthe
Agency’ s response to these generd views. More specificaly, section [11. of the preamble to the final
rule responds to views that are related to 1) the nature of O3 related welfare effects, 2) the strength of
and uncertainties associated with the scientific evidence of these effects, 3) the gppropriate and/or likely
degree of public welfare protection to be afforded by the current secondary O3 NAAQS and
dterndtives, and 4) the nature of the advice from CASAC with regard to the adequacy of the scientific
evidence available for making a decison on the secondary standard. Section IV .A. of the preambleto
the find rule responds to views that are based on reasons beyond the scope of those that the
Adminigrator can condder in revising the sandard, including those related to the costs of implementing
arevised sandard. Sections 1V and VI of the preamble to the fina rule respond to views related to
datutory interpretations and procedura issues.
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Comment: The secondary should be equd to the primary. Primary will adequately address
non-hedlth effects.

Response: EPA recognizes that the degree of public welfare protection provided by any
gandard isafunction of the form, level, and averaging time.  The Adminigrator’ s selection of a
primary 8-hour, 0.08 ppm standard, using the form of the 4th highest dailly maximum vaue
averaged over three years, will provide asignificant level of additiona protection from the
effects of O, on vegetation and the Administrator has decided to set the secondary standard
identical to the primary standard in dl respects (see Section I11. of the preamble to the find rule
for adiscusson of the Adminigtrator’ srationale). However, EPA does not agree that a
primary standard would aways adequately address welfare effects of concern.

Comment: Secondary should be set equal to an 8-hour, 0.09 ppm primary standard.
Response: See response to comment (1) under this section.

Comment: Secondary should be set equal to an 8-hour, 0.07 ppm primary standard.
Response: See response to comment (1) under this section.

Comment: This commenter recommended withdrawing the secondary standard proposdl.
Responses CASAC Pand members al agreed that “damage is occurring to vegetation and
natura resources at concentrations below the present 1-hour national ambient air quality
standard (NAAQS) of 0.12 ppm, ...” and that “a secondary NAAQS, more stringent than the
present primary standard, was necessary to protect vegetation from ozone...” Taking no action
to mitigate these effects would not fulfill the requirements of the CAA that a secondary standard
shdl be st at alevd that “is requidte to protect the public welfare from any known or
anticipated adverse effects associated with the presence of such air pollutant in the ambient air.”

Comment: The secondary standard should not be more stringent than the current primary.
There should be no backdiding but there is no need for more protection.

Response: See the response to comment (4) above.

Comment: A number of commenters state that the scientific basis for arevised, more stringent
secondary standard isinsufficient.

Response: EPA disagrees that the science is insufficient to support adecision to revise the
secondary standard. EPA refers the commenter to the discussonsin section 111. of the
preamble to the find rule, aswell as chapter V. in the Criteria Document, chapter VII. in the
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Staff Paper and section 1V. of the proposal notice, which set forth the scientific basisfor EPA’s
decisons to propose and finalize amore stringent secondary standard.

Comment: One commenter (Private Citizen, 1V-D-9611) stated that four mgor gaps exist in
the “biologicaly rdevant database’: 1) limited information on the effects of O; on endangered
and threatened species; 2) limited information on the effects of chronic O, exposure on
productivity; 3) limited ability to evauate actud O, uptake rates; and 4) difficulty in comparing
of data sets because of lack of an accepted standard methodology or protocol. Similarly,
another commenter (Dupont SHE Excellence Center, 1V-D-11389) makes the observation that
the inability to determine the amount of O, entering the leaves complicates the assessment of
plant response to Os.

Response: EPA agreesthat additional research in each of these areasis appropriate, and
identified these limitations in the data throughout its discussions in the Criteria Document and
Staff Paper. EPA refers the commenter to section VIIL.F.2. of the Staff Paper for discussion of
what is known about O; effects on endangered plant species. While the available information
has limitations, the Adminigtrator has decided there is sufficient information to merit the
establishment of amore stringent secondary standard (see section 1. of the preamble to the
find rule).

Comment: Secondary standards should be generdly less burdensome than primary standards,
gnce protection of vighility and materia/vegetation damage should not be elevated to the same
level as protection of human hedlth. Additiondly, EPA should only recommend use of a
secondary standard, not force states to use it where welfare benefits are questionable.

Response: The commenter has faled to offer any statutory bassfor its views, and EPA finds no
support in the Clean Air Act for such views.

Specific comments on proposed seasonal standard

EPA received a number of comments either in support of or in opposition to the seasona

secondary aternative. These comments are mainly found in sections 111.B.1.b.(3), 111.B.1.c., and
111.B.2. (dl subsections) of the Summary of Comments document. However, afew comments are dso
found in sections 111.B.1.- 111.B.1.b.(2), I11.B.3.c,, 111.B.3.d.(2), and I11.B.3.e(2). TheAgency’'s
reasons for not adopting a seasona standard at thistime are found in section 1. of the preamble to the
find rule. A few comments discussed issues that played akey role in the Adminigtrator’ srationae for
her decision not to adopt a seasonal secondary standard. These comments will be responded to in
more detail below, to the extent they are not addressed in the preamble to the final rule. Other
commenters raised issues regarding the specific form and level of a seasond standard.
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Comment (Private Citizen, 1V-D-11008): One commenter recommended a different air
quality index for the secondary standard. He states that an Integrated Ozone Index (101) isa
vaid indicator for ecologica effects and crop losses asit closely relatesto biologica and air
quality aspects of O; exposure. Further, it is more robust than the current form of the NAAQS
gnceit islessinfluenced by meteorologica conditions.

Response: EPA was unaware of the existence of thisindex and would want to review it closely
and consult with CASAC to determine its appropriateness for condderation asaform for a
seasona secondary O, nationa ambient air quality standard.

Comment: Severd commenters sated that a seasond secondary would be ingppropriate a this
time due to the fact that there is no agreement in the scientific community over the biologicaly
relevant dose (e.g., questions remain as to whether peaks or mid-range concentrations are
more important). Additiondly, other commenters pointed out thet there is “disagreement
among CASAC s plant experts whether the SUMO06 formulais the best for acumulative
standard to protect vegetation from Os.”

Response: The Adminigtrator cited these uncertainties as one of the key factorsin her decision
to make the secondary identical to the primary standard at this time (see section [11.B. in the
preamble to the fina rule).

Comment: Severd commenters stated that either the SUMO6 has no biologica bass, or the
threshold level of 0.06 ppm has no biologicd basis.

Response: See section VII.E. of the Staff Paper and section 1V.B. of the proposal notice for
EPA’s discussion of the biologicd threshold issue and the characteristics of abiologicaly-
relevant index.

Comment: Severd commenters made the statement that SUMO6 is unnecessarily complicated
and difficult to explain to the public.

Response: EPA disagrees. Summing the hourly O, concentrations above 0.06 ppm for each 12
hour period per day (8 am to 8 pm), for the 3 highest consecutive months during the O,
season, is not adifficult concept. Thetotd of this summation would then be compared to the
levd of the standard (e.g., 25 ppm-hrs.).

Comment: One commenter (AP, 1V-D-2233) asked what is the scientific justification for using
acumulative 12 hrs, while the actua day length during summer monthsis grester than that vaue
at mogt sites and times, and concentrations above 0.06 ppm sometimes occur at night? A
second commenter (Private Citizen, 1V-D-9611) recommended using the diurnd window of 7
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am to 7 pm because according to the commenter the proposed 8 am to 8 pm biases toward the
later hours, particularly during the late summer.

Response: EPA’ srationae for seecting the 12 hour period (8am to 8pm) is described in the
Staff Paper, section VII.E.1., and section 1V.B in the proposa notice. In light of the
Adminigrator’ s decision not to set a seasond secondary standard at thistime, EPA did not
explore the merits of the commenter’s concerns.

Comment (Cowling, VI-D-8824): One commenter submitted a comment in support of the
seasond form of the secondary standard because it would provide an additional measure of
protection for ecosystems and crops. In support of his comment, he attached an article which
he co-authored with Walter Heck, titled “ The Need for a Long-Term Cumulative Secondary
Standard- An Ecological Perspective’, published in EM, 1997. This article presented the
outcome of aworkshop sponsored by the Southern Oxidants Study (SOS) and held in Raleigh,
NC, atended by sixteen scientists.

Response: See the discussion of the article and workshop in section 111.B. in the preamble to
thefind rule. See dso the response to comment (7) below.

Comment: Numerous commenters recommended EPA set a seasond secondary standard in
the form of SUMO6 at aleve or range of levels below the 25 ppm-hr level proposed by EPA
in the proposa notice. Most of these commenters cited the conclusions from the SOS
workshop (see comment 6). Those comments congistently expressed concern that the SUM06
level proposed (25 ppm-hr) would not provide adequate protection to vegetation for avariety
of O; effects.

Response: As explained in more detail in the preamble to the find rule, the Adminigtrator has
decided that it is not appropriate to move forward with a seasonal secondary standard at this
time. In coming to this decison, the Administrator specificaly considered the significant welfare
benefits that are expected to be afforded by the new 8-hour primary standard with respect to
increased protection of public welfare, as wdl as the vaue of obtaining additiond information to
better characterize O;-related effects on vegetation under field conditions. The uncertainties
described in the preamble to the find rule regarding the incrementa benefits of a seasond
secondary standard apply to a seasona standard in the 8-20 ppm-hr. range as well asthe
proposed seasond standard level of 25 ppm-hrs. Also, see response to comment (6).

Comment: Severa commenters sated that EPA should select a SUMOG6 leve higher than the
proposed 25 ppm-hr level.  The recommended levels included 30 ppm-hrs and 38 ppm-hrs.
Additiondly, one commenter Sated that the 10% yield loss leve isingppropriate due to
uncertaintiesin the NCLAN analyses. Therefore, the 20% effects level should be used.
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Response: See response to comment (7) above.

Further, the uncertainties described in the preamble to the fina rule regarding the benefits of a
Separate seasond secondary standard in lieu of a secondary standard identical to the primary
standard apply to a seasond standard in the 30-38 ppm-hr. range recommended by
commenters, aswell as at the 25 ppm-hr level proposed.

Also, EPA notesthat it evauated the degree of protection afforded by different levels of a
seasond secondary within the range of 25-38 ppm-hrs. for avariety of O, effects on vegetation
as discussed in the Staff Paper, not just crop yield loss.

Comment: Some commenters recommended some combination of a cumulative, seasond form
with a second component that would take into account either high nighttime vaues due to
transport (e.g., asupplemental 24-hr secondary standard) or the number of hours above 0.10
ppm. Severa commenters pointed out that NCLAN exposures which produced crop yield
losses contained numerous concentrations above 0.10 ppm and asserted that unless the peaks
are included in the proposed seasona form, sites with high SUMO6's but few or no peaks
above 0.10 ppm could be overestimating vegetation impacts.

Response: Because of alack of information on vegetation response to O; a night it is not yet
known whether thereis a need for a separate standard to protect againgt nighttime exposures.
Further, as discussed in section VII.E.1. of the Staff Paper and section 1V.B. in the proposa
notice, the timing of the exposure may be just as important as the concentration level. Because
of the uncertainties that till remain with respect to O; exposure dynamics and the differentia
effect of various concentration levels on plants at different pointsin time, additiona research
would need to be done to ascertain the relevance of these different options.  EPA isfully aware
of the uncertainties associated with the NCLAN exposure regimes and discussesthemin
Section VI11.D.2. of the Staff Paper and sections 1V.A.2 and |V .B. of the proposal notice.

Comment: Severd comments were received that discussed comparisons between the different
cumulative indices evduated in the Staff Paper. One commenter (AAMA, VI-D-2243) states
that EPA does not adequatdly characterize distributions of O; concentrations for any of the
metrics being consdered for the secondary standard and how they will vary seasondly, and
recommends using the AOT06 index form because it isless confounded by background than
the SUM06. Another commenter (AP, 1V-D-2233), stated that, contrary to what the Staff
Paper concludes, the W126 index is not more influenced by background than the SUM06
index.

Response: EPA refers the commenters to pg. 226 to 227 and Appendix F of the Staff Paper
which address how the three different exposure indices (AOT06, W126, and SUMO6)
differentidly weight peak, mid-range and low O; concentrations for various ambient air quaity
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scenarios from several NCLAN studies and air quality distributions produced from AIRS
database for avariety of selected monitored locations. Thisinformation can be used to
determine the reative impact on air qudity distributions that each metric would haveif it were
the form of the standard or how changing air quaity distributions would be reflected by each
metric.

(11) Comment (UARG, I1V-D-2253): Much of the data EPA isusing to justify setting a seasond
standard is based on O, levels which will not occur once the current primary ambient sandards
are attained. The proposa notice has not demonstrated that after the current primary is
attained, O; will have an adverse impact on the public welfare. Since EPA associates damage
with O; concentrations exceeding 0.10 ppm, it must show that there are Sgnificant areas for
which a0.12 ppm standard would not be controlling but that numerous concentrations above
0.10 ppm would occur. Using data from 64 rura monitoring stations (SON network) only a
few dtes have these characteristics. Therefore, data is inadequate to demondtrate that damage
is occurring.

Response: EPA refers the commenter to sections VI11.C. of the Staff Paper and IV.D inthe
proposal notice where EPA discusses the adverse effects of O; on vegetation at various
concentration ranges. The Adminigtrator judges effects occurring a concentrations below 0.10
ppm as adverse, and both EPA and CASAC agree that “a secondary NAAQS, more stringent
than the present primary standard, is necessary to protect vegetation from ozone.”

(120 Comment: Two commenters stated that the proposed secondary standard isthreetimes as
stringent as the proposed (0.08 ppm) primary standard and should be reconsidered.

Response: EPA proposed two options for the secondary standard.  One option wasto set the
secondary equal to the proposed primary. The dternative option was to set a seasona
sandard at 25 ppm-hrs usng a SUMO6 index. The Agency does not understand the basis for
commenter’s opinion that either of the proposed secondary standards would be three times
more stringent than the proposed primary standard. Obvioudy, a secondary standard identica
to the primary standard would be equally as stringent as the primary standard. With respect to
the proposed seasond standard, the Administrator at no time indicated such alarge difference
in stringency between the two proposed secondary standards.  See dso section IV.C.3. of the
proposa notice and section 111 of the preamble to the fina rule, in which the Administrator
explains the potentia for incrementa benefits from the seasond standard aternative compared
to a secondary standard set identical to the primary standard.

3. Specific scientific/technical comments

This section includes comments that cover abroad range of technical issues, including those that
ded with the completeness, accuracy, representativeness, and limitations to interpretation or
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extrapolation of either the underlying scientific database or the results of anayses conducted by EPA.
Because the commentsiin this section are found in numerous sections within the Summary of Comments
document, the appropriate sections in the Summary of Comments document in which these comments
are found will be identified separately for each subheading below.

a. Strength of effects evidence

i. Limited air quaity monitoring data

Comments concerning the impact of limited rurd ar quaity monitoring data are scattered
throughout the Summary of Comments document, specificaly in sections1il.B.1.a, I11.B.2.a(1),
[11.B.3.b, 111.B.3.c., and 111.B.4.

@ Comment: Many commenters stated that very little monitoring datais avallable in rural areasto
support the proposed decision on the secondary O, standard.

Response: The proposed decision on the secondary O; standard involves two separate
questions. The firg question is whether the current stlandard protects public welfare againgt
known or anticipated adverse effects. When the answer to the first question is no, the second
guestion iswhat standard would protect public welfare againgt such effects. In answering the
first question, EPA reviewed the science contained in the criteria describing the effects of O; on
vegetation and the levels of exposure a which such effects occur. Thisinformation clearly
demondtrated that a standard set at 0.12 ppm, 1-hour does not protect vegetation from acute
foliar injury responses, crop yield loss and reduced biomass production associated with O,
concentrations less than 0.12 but greater than or equa to 0.10 ppm nor chronic stress to
vegetation resulting in reduced plant growth and yidld, shifts in competitive advantages in mixed
populations, decreased vigor leading to diminished resistance to pests, pathogens, injury from
other environmenta stresses, and foliar injury in some sendtive species associated with O,
concentrations within the range of 0.05 to 0.09 ppm (see section VI11.C. of the Staff Paper,
section 1V.D. of the proposal notice, and section I11.A. in the preamble to the find rule for a
discussion of these conclusons). Additiondly, these effects have been documented at severd
ambient air sites. Thus, EPA found and CASAC concurred, that the current secondary
standard did not adequately protect vegetation. However, in order to answer the second
question of what standard would adequatdly protect the public welfare againgt these adverse
effects, EPA needed to be able to characterize O; air qudity in rurd and remote Stes.
Because of the limitations on the monitoring data available in rurd areas, EPA conducted a
nationd andyss usng a geographic information sysems (GIS). The large and unquantifiable
uncertainties in the GIS exposure and risk estimates, as discussed in the Criteria Document,
Staff Paper, the proposal notice, and by CASAC, affected EPA’ s decision at proposa and in
the final rule regarding what level of revised standard would protect public welfare. As
explained more fully in section |11 of the preamble to the find rule, EPA decided not to move
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forward with a seasonal secondary standard in part due to the limits of the rurd air qudity data.
Also, the Adminigtrator reaffirmed her commitment, described in the proposa notice, to pursue
expansion of the exiging rura monitoring network.

Comment (West Virginia Manufacturers Association, 1V-D-2222): One commenter Sates
that there is no evidence to support a secondary standard because dl the monitoring dataiis
from non-attainment aress.

Response: There is monitoring data from O, atainment aress, including Stes located in Class|
areas, and EPA has considered that data (see chapter 5, section 5.7 in the Criteria Document
and section VII.F. in the Staff Paper). One exampleisastudy by Neufeld, et d., 1992 which
measured O, concentrations at three sites for the years 1987 through 1990 in the Great Smoky
Mountains National Park.

Comment: EPA should postpone its decison until it has sufficient monitored data. There are
not an adequate number of O; monitors or monitoring datain National Forests or in the typicdl
agricultura crop growing areas to make a sound scientific judgment on the impacts of changing
the standard.

Response: See response to comment (1) above.

Comment: Because of serious deficiencies in monitoring Site distribution, accurate assessment
of O; damageto cropsis not possible.

Response: EPA agrees that without additional monitors in areas of agricultura importance,
projected yidd lossin crops from O; cannot be verified with precison. Seedso section 1. in
the preamble to the find rule.

Agricultura crop sudies

The mgority of comments addressing different technica aspects of the NCLAN crop studies

are summarized in sections 111.B.3.d.(1- 4) of the Summary of Comments document. Other comments
related to this topic are scattered among sections 111.B.3.b., 111.B.3.b.(1), 111.B.3.c., and I11.B.3.d. of
the Summary of Comments document.

@

Comment: [Note: Many commenters raised issues related to open top chambers (OTC). The
more detailed comments have been blended together into one comment and EPA’ s response is
intended to address both the more generd and specific comments] Commenters asserted that
OTC microclimate conditions (temperature, radiation and moisture) can differ subgtantialy from
ambient conditions, magnifying some effects and mitigating others. The design and execution of
OTC overestimate O, effects on plant yield, and/or do not have a consistent effect on yield
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response, thus making extrapolation to the real world problematic. The effect of some other
parameters (e.g., pathogens) were not measured. It istherefore not clear whether the reported
crop effects are attributable to O, or to one of the other parameters. Commenters asserted that
these factors were not considered in proposing a secondary standard.

Response: Both the Criteria Document (Section 5.2.1.1.) and Staff Paper (Section V11.D.2)
discuss the implications of the chamber effects. Both documents conclude after reviewing a
number of studies that conducted exhaustive comparisons between plants grown in carbon-
filtered chambers, non-filtered chambers and ambient air plots, that the only consistently
different variable between ambient air plots and non-filtered chambers was plant height.
Studies that were performed to specificaly examine the relationship between chambers and O,
effects found no evidence of alarge effect of chambers on plant reponseto O;. The plant
experts on CASAC had different views on the importance of the chamber effect. The CASAC
closure letter states “two of the plant experts said that the open-top chamber experiments by
their very design and execution produced results that overestimated the effects of O, on plant
yidd. The other two experts agreed that the open-top chambers do ater the environment in
the chamber with respect to ambient field conditions but did not agree with there being a
pogitive bias” Because the Sgnificance of the chamber effects has not yet been firmly
edtablished, EPA has continued to include caveats with any discussion of OTC data recognizing
the existence of some uncertainties associated with the chamber effect. However, in EPA’S
judgement, based on the studies discussed in the Criteria Document and Staff Paper, these
uncertainties are not of such great degree as to wesaken the findings of NCLAN in any
sgnificant way. Indeed, the CASAC went on to recognize that “research has not yet provided
methods that are clearly better than open-top chambers for establishing O; dose-response
relaionships for awide variety of crops.” Thus, EPA congdersthe use of OTC data
appropriate as a bass for standard setting.

Comment: NCLAN uses comparisons of crop yields grown using charcod filtered air (25
ppb), which is*cleaner” than typica background O levels, with crop yiedsin the fidld exposed
to ambient air. Asaresult, NCLAN overdtates the effects of anthropogenic O;. EPA should
reanalyze NCLAN using a basdline of at least 0.04 ppm to be consstent with human hedlth
basdine.

Response: The NCLAN studies were conducted at a variety of Stes representing avariety of
different ambient O; air quality profiles. The charcod-filtered (CF) chambers represented the
study’ s control and were not intended to represent background O, levels a each Site.
Exposure levels in the chambers were described as using the 7-hour seasona mean. A
seasona mean value is not very descriptive because it does not reved hourly or daily
fluctuations and can, therefore, not be interpreted to mean aflat, hourly exposure level of 25
ppb, as the commenter hasdone. The charcod filtered chambers reached O, concentrations
that were 20 to 50% of ambient O, inside the chambers, which included O; influx through the
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open top (Heck, et d., 1982). Some of the 7-hour seasonal meansin the CF chambers for
different crop studies (table 111., Heck, et d., 1982) fal between 0.03 to 0.05 ppm, which is
stated in the Staff Paper and closed on by CASAC as the appropriate range for background
summertime 8-hr daily seasond average. A composite response function was developed by
EPA’ s Office of Research and Development for dl crop species which was able to handle the
range of valuesin the (CF) controls. It isthis composte function that was used to develop
predictions of 10, 20,0r 30% yield loss for different percentages of the NCLAN cropsasa
whole a different ambient O, concentrations (see chapter 5, section 5.6 of the Criteria
Document). Thus, the basdline O, concentrations were not consistently below acceptable
vaues for background and as areault, yied loss estimates are not universdly overstated. Until
additiona monitoring is conducted in agriculturd areasto better characterize existing O; leves
and trangport, EPA does not agree that a different baseline should be selected and NCLAN
reanalyzed on that bass. The EPA has discussed this source of uncertainty in the Staff Paper in
section VII1.D.2. and in the proposal notice under section IV.A.2.  Based on the variahility in
CF concentrations described by Heck, et d. (1982), EPA fedsthat a 7-hr seasonal mean
(CF) vadue of 25 ppb is reasonably representative of the average (CF) 7-hr. seasonal means
seeninthe NCLAN studies.

Comment: Some commenters asserted that NCLAN results were biased by atypical O; ar
qudity (e.g., contained numerous high pegks), and that O, exposure regimes do not take into
account that plants can recover from episodic exposures.

Response: EPA recognized that O; exposures used in NCLAN contained more peak
concentrations than would be found in ambient air and has discussed this source of uncertainty
in the Staff Paper in section V11.D.2 and in the proposa notice under section IV.A.2. The
NCLAN studies were not designed to evduate the potentia for recovery from O; episodes
since these were annud, not perennid, crops that were being studied to determine the
cumulative effects of exposure to O, over the entire growing season.

Comment: NCLAN plants may have actually been affected by exposures occurring after 12 hr.
exposure period, thus overestimating the impact of 25 ppm-hrs during a 12 hr. period.

Response: EPA bdievesthe potentid for sgnificant effects of O; on NCLAN crop yields after
the 12 hr. daylight period is very low, and refers the commenter to the discussons of thisissue
in section VII.E. of the Staff Paper.

Comment (UARG, IV-D-2253): One commenter in particular raised severd different points
related to the satistical anayses of the NCLAN database. These comments are asfollows: 1)
Ozone exposures are not normdly distributed and therefore, it is not statistically appropriate to
use arithmetic means. 2) The Welbull modd used to characterize exposure-response functions
may not be agppropriate becauseit: @) has no biologica or mechanitic basis, b) is ecologicaly
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unredligtic; ¢) can only identify states not rates of change; d) NCLAN data are so few and
widespread that mgor regions of change in yield response exist between data points, €) the
Weibull performed differently at different sites and years; ) the Weibull cannot show yield
gimulation at low O; exposures, g) the Weibull model has not been vaidated. 3) Statistical
andysisof NCLAN datafail to establish a quantitative linkage between crop effectsand O,.
EPA should have done further tests to show that the Satistical andysis was physiologicaly
vaid. 4) NCLAN' s results are unreliable because they are based on very few data points and
as aresult downplay interspecies, cultivar and annuad variability. NCLAN cannot be used to
forecast crop response under complex red world stuations when other factors are varying.

Response:
1) Andyses using the arithmetic mean are not invaid. The assumptions of least squares were
evaluated and justified for each NCLAN study (Lesser, et al., 1990).

2.aC) NCLAN specificaly sdected the Weibull mode to represent the O, dose-crop yield
response relationship snceit was biologicdly redigtic. Also, EPA notes that other researchers
have used the Weibull modd in modeling toxic effects in aguatic ecosystems (Christensen and
Nyholm, 1984) and modeling plant disease progression (Pennypacker et d., 1980).

2.d) The plot of response means against the dose-metric shows a continuous response curve
which waswell captured by ether a polynomid or the Weibull modd. The NCLAN studies
were designed so that O treatments were alocated across arange of continuous responsein
order to approximate the response curve with a statistical model. No evidence of a
discontinuous response appeared in the NCLAN data. Lack-of-fit tests to assess
appropriateness to the Weibull mode were made to each of the NCLAN studies.

2.6) The Weibull model was expected to perform differently at various Stes and years. This
was one of the reasons the Weibull modd was adopted since it was flexible enough to
accommodate the various types of response found across the Sites and species. It was
desirable to have a common modd that could be used to characterize dl dose-response data
sets.

2f) NCLAN scientists recognized that the Welbull modd cannot show yield stimulation at low
O; exposures. However, other mathematical models, such as the quadratic model, tend to
predict higher false peaks of yield performance at low doses of O;. Many species showed a
plateau-like response, which could be better modeled by the Weibull, rather than the quadratic
mode. Sinceonly afew studiesin the NCLAN program did show adight yield increase at low
O; exposures, which may be due to just random variation, overdl the Welbull moded tended to
reflect a better goodness of fit than the polynomia models (Rawlings et ., 1988).
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2.9) Rawlings and Cure (1985) and Rawlings et d. (1988) investigated linear and nonlinear
models to determine the mogt flexible and appropriate empirical mode to represent the dose-
regponse functions. Their conclusions were that the Weibull mode was the most ussful model
for characterizing the effects of O; on crop yidd. Other investigators from other disciplines,
phytopathology and civil engineering, have adopted the Weibull modd to mode biologica
response (see response to 2(a-c)).

3) The NCLAN data clearly show a quantitative relationship between crop yiedd and O;. This
can be seen in scatterplots of yield and O; inthe NCLAN data. Regression anaysis describes
datistica relationships between varidbles. Assumptions of the satistical andyses were checked
and judtified for each analysis (Lesser et d., 1990). Estimates of standard error provided with
each Welbull modd provide estimates of variability associated with the fitted moddl.

4) The statistica analysis based on the regression results make it possible to draw inferences
about the mean response for any vaue of O; within the observationa range studied. NCLAN
results are reliable for those species, cultivars, and other factors which may dter plant response
to O, such as sulfur dioxide or moisture stress, that were studied with the NCLAN program
(Lesser et d., 1990). Variablesthat were not included are not important unlessthey are
known to affect plant response to O; Since yield estimates are on ardative bass.

Comment (American Farm Bureau Federation, 1V-D-2588): One commenter stated that
before any new rules come out, EPA should wait to consider the results of research on
agriculture s contribution to ambient air qudity currently being conducted a Texas A&M and
the Universty of Cdiforniaat Davis.

Response: EPA has dready completed the criteria review which establishes the scientific base
for the current NAAQS review. See response to comment (5) in section 11.A.3.alii of this
document. Any studies published after that date, assuming their results are accepted following
afull review in the criteriaand CASAC process, will become part of the criteriaused to
support the next NAAQS review.

Comment: NCLAN data do not cover enough species and do not define physiologica
processes well enough to support a secondary.

Response: Fifteen species (corn, soybean, whest, dfdfa, clover, fescue, tobacco, sorghum,
cotton, barley, peanuts, dry beans, potato, |ettuce and turnip) and 38 cultivars were studied
under NCLAN and they represented greater than 85% of the U.S. agricultura acreage planted
at that time. However, inits development of recommendations on a secondary standard, EPA
did not limit the species considered to those included in the NCLAN studies. EPA dso
consdered information from 11 different tree seedlings in the Hogsett, et d., 1995 sudies, as
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well asinformation on numerous other species (see Table VI1-3 in the Staff Paper and dl of
Chapter 5 in the Criteria Document). Plants representing a variety of growth strategies and
physiologica processes are included in the studies included in the Criteria Document and Staff
Paper. While EPA recognizes that the information evaluated represents only asmall fraction of
al the plant species found in the United States, EPA bdlieves, and CASAC concurred, thet the
large database that exists on O effects on vegetation covers enough species and physiological
processes to serve asthe basis for determining that adverse effects are occurring to vegetation
a leves of O; found in the ambient air and further, that a more stringent secondary sandard is
needed to provide adequate protection to public welfare.

Comment: EPA’ s discussion of vegetation |oss does not describe what percentage of crops
were studied, what kinds of crops were studied, €tc.

Response: See response to previous comment, section VI1.D.2 in the Staff Paper, and section
IV.C. in the proposal notice.

Comment: The commenter questions whether EPA hasfairly characterized the current or
continuing vegetative damage paterns snce it isusng older sudies asitsbass. Specificdly, it
points to studies and data analyses conducted in the West for the years 1980 through 1988 and
from 1988 to 1992, and questions the legitimacy of drawing pardles between “such older
scientific efforts and the present Situation, as well as, the gpplicability of sudiesin the West and
other geographicaly limited areas to the entire nation....”  Additiondly, the commenter points to
the decision in the recent NO2 review where “ given the multiple causes and regiond character
of these problems, the Administrator aso concludes that adoption of a nationaly-uniform
secondary standard would not be an effective approach to addressing them.” (61 FR 52855)
and questions why EPA has taken a different gpproach in the current O, review.

Response: EPA disagrees with the commenter’ s view that the Sudies serving as abasisfor this
review are out of date. The commenter failed to identify any newer sudiesthat it would
recommend for consideration. With respect to the commenter’ s concern that regiond findings
in the scientific literature are being ingppropriately interpreted to apply to the entire U.S., EPA
refers the commenter to comment (2) under section 11.B.3.aliv. below. Findly, EPA notesthat
a single excerpted sentence from the 1996 NO, NAAQS review, 61 FR 52852 (October 4,
1996), cannot fairly characterize the basis for the Adminigirator’ s decison on the NO,
NAAQS. That NAAQS rulemaking should be viewed in its entirety, as should this rulemaking
regarding O;. Seeresponseto 111.B.7(3) in this document. When viewed from the proper
perspective, EPA believesthat both the NO, decison in 1996 and the O, decision today are

appropriate.

Tree seedling studies
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All comments under this section are found in section 111.B.3.d.(4) of the Summary of Comments

document.

@

@)

Comment: Seedling studies by Hogsett, et a. (1995) report aten-fold range in seedling
sengtivitiesto O;. Any attempt to extract a secondary ambient standard from thiswide
variation would be at best, subjective. EPA should reconsider these data to determine the
vaidity of the sengtivity estimatesin view of the following sources of uncertainty: a)
extrgpolating from OTC to red world; b) using alow charcod filtered basdine concentration
overestimates the effect of anthropogenic O, on tree growth in the ambient air; ¢) extrapolating
from seedlings to mature trees is not possible; d) extragpolating from study concentrations to
other ambient concentrations is not appropriate since the shape of the exposure-response
relationship between experimenta and control O; concentrationsis not known.

Response:  Many studies have documented a wide range of sengtivity within tree species (eg.,
white pine) and among tree species. A finding of ahigh or low degree of variaghility isnot in
and of itsdf elther good or bad. If it can be supported by sound science, it is useful in informing
the Adminidirator’ s judgement on the nature of the entities sheistrying to protect. Thus, EPA
disagrees that the proposa of a secondary standard that would be protective of tree seedlingsis
made subjective due to the finding of ahigh degree of variability in the seedling studies.
Secondly, with respect to the sources of uncertainty identified in the comment above, the
uncertainties associated with the experimenta protocols used in the Hogsett et d., 1995 study
have been acknowledged and addressed in numerous places in the Staff Paper and proposd
notice. (See aso the response to comments under section 3.a.ii. on uncertainties associated
with OTC and NCLAN methodologies above). Further, EPA did not extrapolate from
seedlings to mature trees. All discussion or depictions of seedling data have been heavily
caveated so that there could be no misinterpretation of this point. (See section VII.F.2 in the
Staff Paper and section 1V.A.3. in the proposal notice.)

Comment (UARG, 1V-D-2253): The commenter stated that Pye (1988) reviewed data from
25 experiments and discovered that the problems associated with each study precluded the
development of definitive relationships between O; and tree growth, tree height, or
photosynthess. There are ill large uncertainties in going from seedling to mature tree and
meature tree to stand level competition.

Response: EPA agrees that the studies reviewed by Pye, 1988, had limitations. Mogt of these
studies were included in the 1986 Criteria Document and served as the basis for the
recommendations put forth in the 1989 Staff Paper. In spite of the studies shortcomings, Pye
(1988), gatesin his concluding paragraph that “ seedling experiments have provided convincing
evidence of short-term effects of O; on growth.” Fortunately, as aresult Pye sreview, many
of the studies on trees and tree seedlings published since Pye, 1988, have addressed some of
the limitations which he pointed out. For example, Pye recommends that in place of the more
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commonly used exposure methods of the day, open top chambers (OTC) should be used
because they “currently provide the most redlistic data on yield response.” Further, Pye points
out that the most common exposure satigtic of the day, the daily 7-hr mean, averaged over the
growing season, obscured the smaler tempora and spatia patterns of O; exposures.
According to Pye, “idedly, exposure-response studies should include trestments representing
four or more concentrations of O that gpan the range of control scenarios under policy
congderation, alowing nonlinear regression andyss of impacts”  Additiona suggestions by
Pye for improving the predictive power of seeding studies were to look a below ground
impacts and impacts over multiple rather than sngleyears. At the time of Pye, 1988, very little
research had examined the question of whether O; damage would be greater under variable or
constant O; exposures, given the same seasond mean.  All of the concernsidentified in Pye,
1988, with respect to tree seedling studies have been addressed by more recent tree seedling
gudies, including Hogsett, et d., 1995. Since most of these studies were included in the 1996
Criteria Document and Staff Paper and formed part of the basis for the proposa of anew
secondary standard, EPA refers the commenter to the discussions in these two documents that
describe these new studies.

In spite of the advances in seedling research methodologies, EPA aso agrees that there are il
large uncertainties in extrgpolating from seedlings to mature trees and from trees to stands.

Pye, 1988, recognized the role that modeling will have to play in order to be able to
extrapolate from seedlings to trees to stands. Since that time, severd new models (e.g.,
TREGRO and ZELIG) have been developed. TREGRO models whole tree or seedling growth
and smulates multi year O, effects while providing abass for incorporating environmental and
szelage influence (eg., water availability) on growth response.  ZELIG models the competition
for resources that occurs between four individuas of the same or different speciesin a stand.
Such modding studies are expected to lead to a better understanding of O, effects on mature
trees and forestsin the future.

V. Natural forests and ecosystems
Comments under this section are summarized in sections111.B.3. and I11.B.3.b.(4) in the
Summary of Comments document.

One commenter (UARG, 1V-D-2253) provided a series of comments on the data regarding

non-commercia forest systems and the usefulness of this database as support for a seasona secondary
dandard. These comments were discussed in greater detall in Attachment 6 which accompanied the
UARG comment.

@

Comment: Itisnot possibleto predict the forest response to O, concentrations occurring
after attainment of the current primary standard because the mgjority of non-commerciad forest
data occurs at concentrations above or well above ambient concentrations that will occur after
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attainment of the current primary standard. Therefore, the non-commercia forest datais
irrdlevant to the standard-setting process.

Response: Contrary to the commenter’ s assertions, visible foliar injury and growth effects have
been documented for severa tree species (black cherry, red oak, red maple, yellow poplar,
aspen, and paper birch) at O; levels that never exceeded 0.08 ppm (Table 5-27 in the Criteria
Document). Therefore, EPA disagrees that the non-commercia forest dataisirrdevant to this
rulemeking.

Comment: The San Bernardino exposures are unrepresentative of other parts of the country
and the origina study did not consider the complex interactions of other environmentd factors.

Response: EPA agrees that the San Bernardino ecosystem is unique and that subsequent
research has and is uncovering additiond layers of complexity in the pollutant/plant response
equation. However, the uniqueness of San Bernardino does not nullify its usefulness as evidence
of forest-scale damage at high O; levels. Every ecosystem, whether in the East or West, hasa
unique set of characteristics, species, and complex environmental stressors and no one system
can represent them dl. By comparing and contrasting different syslems, much can be learned.
EPA recognizes that the origina study on the San Bernardino forests did not include certain
other environmentd factors (e.g., nitrogen deposition) that have since been shown to have
played arole in the decline of the ponderosa and Jeffrey pinein the San Bernardino forests.
Again, however, the importance of these new findings does not change the fact that O; was and
continues to be a significant stressor to this system. By learning more about the interactions of
O3 with other stressors, we will be able to better characterize future risks to other forested
gysems. Section 5.7.4.2 in the Criteria Document and section VI1.D.4. of the Staff Paper
discussin greater depth the differences between the forests of the West and the East.

Comment (UARG, IV-D-2253): Dendrochronologica and dendroecologica studies (eg.,
tree ring andysis) for ponderosa, Jeffrey, and white pine did not employ standard
dendroecologica techniques and thus cannot be used to develop reliable exposure response
relationships. Thus, it is difficult to determine if any observed decreasing trend in radiad growth
isred or an artifact of the averaging process.  Studies that hypothesize an O; effect on tree
growth must be reconciled with the Hornbeck et a. (1988) study which shows increasing
growth dongsde increasang O; exposures .

Response: The commenter isincorrect in its statement that “ Dendrochronological and
dendroecologica studies (eg., treering andyss) for ponderosa, Jeffrey, and white pine did not
employ standard dendroecologica techniques” Many of the studies referred to by the
commenter (e.g., Peterson et al., 1987; Peterson and Arbaugh, 1988, 1992; Peterson et dl.,
1991) used these techniques, (e.g., cross-dating, variancefilters, etc.), and took into account
variables such as age, Sze, precipitation, and temperature. EPA refers the commenter to the
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“Sampling and Statistica Analyss’ sections of each of these papers.  EPA isaware of the
numerous environmenta factors that can affect plant response and discusses them in great detail
in both the Criteria Document (section 5. 4) and in the Staff Paper (section VII.C.). EPA is
aso aware of the limitations associated with findings of O, effects on mature trees growing in
the field and has included cavests when discussing the findings of these sudiesin both the
Criteria Document (section 5.7) and the Staff Paper (section VI11.D). In contrast, the study
identified by the commenter (Hornbeck et a., 1988) does not employ these same techniques,
does not provide any quantitative data about levels of exposure to specific air pollutants (e.g.,
O3), and does not distinguish air pollution effects from the other factors that have potentialy
influenced tree growth. Instead, Hornbeck, et a., 1988 compared regional growth rates for
10 speciesin the Northeast for the period 1950 to 1980 to determine whether any of these
species were showing trends of decreased growth in order to identify which if any of these
gpecies should receive priority in future research on forest health. Thus, Hornbeck et ., 1988
cannot serve as avalid basis of comparison or rebutta of other O, forest effects research.

Comment: Thereis no documentation to support the suggestion that O; was responsible for the
dieback of high eevation forests, especialy with respect to red spruce forests.

Response: EPA has not made such aclam. In eastern forests, however, red spruce and
Fraser fir are often found growing together. The Criteria Document does discuss severd
gudies (e.g., Hain and Arthur, 1985; Angaet d., 1992) which focus on the death of Fraser fir
on Mt. Mitchell, suggesting that gaseous air pollutants, particularly O;, and cloud water
deposition of acidic substances are among possible stresses that have increased host
susceptibility to attack by the balsam wooly adelgid insect. Since the Criteria Document has
described the antagonistic and synergigtic relationship between obligate and facultative
pathogens, respectively, and O; injured plants and studies where insect larva seemed to prefer
O, injured leaves over non-injured leaves in some species, EPA believes this theory may be
plausble. EPA refers the commenter to sections VI1.D.4. and VII.F.2. in the Staff Paper and
sections1V.A 4. and IV.C.2. of the proposa notice where EPA discusses the issue of forest
dieback. Inthese sections, EPA smply points out that an interaction between O; and
vegetation and insect attack did occur in the San Bernardino forest and could possibly occur
again somewhere dse. Thus, EPA has not overstated the possible risks of dieback to high
elevation forest species.

Comment (Serra Club, Virginia Chapter, Air Quality Chair, 1V-D-10663): The commenter
sent information on the effects of O; and acid ion deposition on the decline and increased
mortality of oaks and hickoriesin the eastern U.S. This materid is currently being prepared for
submission to a peer-reviewed journd.

Response: See response to comment (1) under section 11.B.3.a.ii.3. of this document.
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Comment: Three commenters provided information in support of findings that O, damage is
occurring to vegetation at levels present in the ambient air. One commenter stated that
controlled field studies indicate symptoms (e.g., premature leaf drop, declining vigor and higher
rates of mortality) in Northeast high elevation forests. A second commenter presents evidence
from Great Smoky Mountains Nationa Park regarding visible foliar injury to black cherry a O,
levels ranging from 14.2 -17.6 ppm-hrs. The third commenter stated that adverse effects have
been observed in Vermont at levels half the level of the proposed SUM06 standard.

Response: None of these commenters provided any references to published literature as
documentation of thesefindings. To the extent thisinformation is dready published in the peer-
reviewed literature that was incorporated in the criteria, it has been considered as part of this
review. See aso responseto (5).

I nter pretation of vegetation effects evidence

Comments relating to this section have aready been addressed in sections11.B.3.a (i.-iv).

Exposure analyses

Comments addressed in this section are summarized in the Summary of Comments document

primarily in sections 111.B.3.d.(2), 111.B.3.d.(2), 111.B.3.d.(4), and 111.B.3.e.(1). Additiona comments
arefound in sections 111.B.3,, and 111.B.1.a

@

Generd Methodologies

Comment: Exposure estimates were based on an empirica modd not subject to peer-review
or any performance evaluation. The system for extrapolating results for the entire US is based
on an unpublished internd EPA memorandum which contains insufficient details to adequately
evauate its appropriateness. Computations for effects of background conditions are
insupportable.

Response: As stated in the proposal notice, section 1V.C.1., “adescription of the GIS and air
quality adjustment methodologies used, as well as the associated uncertainties, are discussed in
the Staff Paper and related technica support documents (Horst and Duff, 1995a,b,; Lee and
Hogsett, 1996; Rodecap et d., 1995).” EPA refers commenters to these technical documents
in the docket which support these andyses. While EPA did not publish its memorandum, it did
submit the GIS methodology to CASAC for review. Inits discussons of uncertainties,
described in the proposa, the CASAC panel members expressed concerns about the use of
the GIS methodology to project nationa O, air quality and exposures of O, senditive species.
Though EPA and CASAC recognized that the uncertainties in the exposure and risk estimates
derived from the GIS methodology are large and unquantifiable, as noted in the Staff Paper and
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proposal notice, they aso recognized that the method provides useful information thet is
appropriate to consder in comparing the relative protection afforded by aternative standards.
Thus, EPA fedsthat the peer-review and documentation of this methodology is sufficient for the
purposes of this standard review.

Comment: The GISisoverly smpligtic in dedling with O; formation (e.g., uses NOy to
subgtitute for O, rather than joint NOy /VOC; uses a universa decay curve which might not be
relevant in dl cases; combines dl meteorologic information together in away that does't dlow
for condderation of the joint probability of the various factors occurring a the same time).

Response: The nature of amodd isthat it Implifies complex systems. EPA is aware of the
amplifying assumptions that were used to estimate O; exposure potentials across the U.S.
These assumptions were thoroughly documented in (Horst and Duff, 1995a,b, Lee and
Hogsett, 1996; Rodecap et d., 1995). Furthermore, given the very limited rura O; monitoring
network, large uncertaintieswould exist in any prediction of rurd air qudity usng any different
interpolation technique. EPA chose to use a Gl S-based approach which predicts O,
exposures base on factors known to influence O, ar quality assmilated on a 10-km grid, rather
than assuming a smoothly changing surface between monitored Sites as traditiond interpolation
techniques do (e.g., krieging). Thus, EPA fedsthat the results of the Gl S-based risk
assessment were useful in informing the Adminigirator about relative risks to vegetation under
different sandard dternatives, while acknowledging thet the results are limited by substantia
uncertainties.

Comment (Dupont SHE Excellence Center, 1V-D-11389): One commenter stated that gaps
in the understanding of measurement methodologies calls into question the regulatory relevance
of the vegetation evidence,

Response: EPA recognizes and has discussed the uncertainties associated with the
methodologies used in both the OTC’ s and the GIS (see sections 1.B.3.a.ii. and 11.B.3.c.i.,
respectively, of this document). However, EPA and CASAC did not fed that these
uncertainties were great enough to negate the overwhelming evidence of the phytotoxic effects
of O; on vegetation. Thus, CASAC concluded in its closure letter to the Adminigtrator (Wolff,
1996) that “...damage is occurring to vegetation and natural resources at concentrations below
the present 1-hour national ambient air quaity standard (NAAQS) of 0.12 ppm.... Further, it
was agreed that a secondary NAAQS, more stringent than the present primary standard, was
necessary to protect vegetation from ozone.”

Characterization of uncertainties

The comments and responses that address uncertainties in the exposure anayses are included

under sections 11.B.3.c.i. and I1.B.3.d.i. - ii.
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Risk assessments

Comments under this section are found in the Summary to Comments document sections

111.B.3,, 111.B.3.e, and 111.B.4. Comments under this section are associated with the completeness of
the risk assessment and EPA’s ability to vaidate its results.

@

@)

@

Genagrd Methodologies

Comment: EPA’srisk assessment methodology uses quadratic rollback on wind and emission
datathat has not been vaidated for this purpose and which does not take into account episodic
variations in background levels which can mask the effect of emissions reductions on
vegetation.

Response: The rollback methodology was not used directly on wind and emisson data. The
wind and emission data was used to develop the O; potentid exposure surface (PES). The
rollback procedure was used on the actual monitoring Stesdata. Then, this rolled back monitor
data was used with the PES to estimate concentrations in non-monitored areas. The quadratic
rollback equation was designed to have proportionaly greater rollback of higher concentrations
such that concentrations below 0.045 ppm are largely unaffected. The quadratic equation did
not greetly affect concentrations below 0.06 ppm because these concentrations do not
contribute to the SUMO06 index.

Comment: EPA’srisk assessment is completely inaccurate.

Response: EPA recognizes thet there are large uncertainties associated with the risk
assessment. These uncertainties have been discussed in numerous places, including the Staff
Paper and proposal notice. However, consistent with advice from CASAC, the Administrator
concludes that the risk assessment is il useful in providing informeation on the relaive impacts
across the range of standard options considered.

Characterization of uncertainties

Comment (AAMA, 1V-D-2243): One commenter Sated that major discrepanciesfound in a
comparison of Figure 1V-5 Staff Paper with Figure 11 of the June 29, 1995 Agency memo
suggests that thereis a reason to be concerned about the GIS methodol ogy.

Response: Figure 1V-5 of the Staff Paper isaset of histograms showing an example of O,
hourly frequency digtributions at four different Stes. Each histogram represents the maximum 3
months of O; during the O, season selected from the highest year for each site within the 3 year
period (1991-1993). Since the highest O; year for one city may be different from that for
another city, each city may depict adifferent year’ sair qudity. This Figure was developed to
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show the variability between sitesin the number of hours which have O; concentrationsin a
given concentration category and how the way these concentrations are distributed affects the
relaive vaues of each of three different indices (AOT, W126, and SUMO06). Figure 11 inthe
Agency memo (aso known as “Methodology for Cdculating Inputs for Ozone Secondary
Benefits Analysis Report dated June 29, 1995") isamap of asingleyear’s PES (potentia
exposure surface). The memo dates that “the PES values are unitless quditative vaues that
depict the estimated relative potentid for O, exposure a each 10 km cell....” In other words,
these quditative values have not yet been related to any concrete numbers which could then be
used for comparison. Since the histograms for the cities come from more than one year, and
the PES was developed for ayear different from any of the histograms, there can be no
comparison of the two figures. However, as stated in section VII.F.2. of the Staff Paper,
EPA did conduct avisual comparison of the map of 1990 estimated Max. 3 months 12-hr,
SUMO06 exposures (Figure VI11-10 in Staff Paper) predicted using GISto the 1990 map of
monitored SUMO6 values greater than 25 ppm-hrs by county (Figure IV-4 in Staff Paper) and
found that the areas of predicted violations in the GIS map corresponded well to the areas of
measured concentrations.

Comment: EPA’srisk assessment cannot be validated due to limited monitoring data and
therefore cannot be used to judtify the expense of acomprehengve air quality management

program.

Response: EPA’s risk assessment is included as part of the informational base used by the
Adminigtrator to inform her decison on the appropriate form and level of a secondary standard
necessary to protect the public welfare from the adverse effects of O; present in the ambient
ar. Thus, therisk assessment is only intended for use in the decision-making process on the
form and leve of the standard and does not bear the burden of having to justify any form of air
qudity management program. See the response to comment (1) under section I1.B.3.ai. and
comment (2) under 11.B.3.c.i. in this response to comments document.

Comment: EPA ignores important welfare effects that will be negatively impacted by O..
Response: Because the commenter failed to identify the type of welfare effects which it thinks
EPA ignored, EPA cannot respond with any specificity. See proposa notice at 65735 for an
explanation why EPA’sreview of the secondary standard focused on the O effects on
vegetation.

Benefits assessments

The mgority of comments on the benefits assessment are found in sections 111.B.3f. (All

subsections except 111.B.3.£.(3)) of the Summary of Comments document. A few other comments are
found in sections 111.B.3,, 111.B.3.b.(1) and 111.B.3.d.(4) of the Summary of Comments document.
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Comments regarding cost considerations are addressed in Section 1V.A. of the preamble to the

O; NAAQSTind rule and will not be addressed specificdly in this document.  Comments regarding the
Regulatory Impact Analysis (RIA) are addressed both in section 1V.A and in section VI of the
preamble to the O; NAAQSTind rule.

@

@)
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Comment (Sinclair Oil Corporation, 1VV-D-7011): Agricultural benefits clamed by EPA not
ubstantiated by USDA.

Response: The economic modes used to estimate agricultura benefits utilize USDA-published
datafor yield per acre, acres harvested, production costs, and modd farms. In addition, the
economic anaysisis based on field leve research regarding O; concentrations and yield effects.
This research was carried out at severd land grant univerdties by USDA and univerdty
researchers.

Comment (American Farm Bureau Federation, 1V-D-2588; George Mason University, 1V-D-
2227; American Iron and Sted Indtitute, 1V-D-2579; AP, 1V-D-2233): EPA’s concern of
“0zone-caused crop damage ... isunfounded”. Cites CASAC finding that “absol ute vaues of
the numbersin Tables VII-5aVII-7 are highly uncertain estimates of crop lossesand area
result of a propagation of uncertainties. They are rough estimates...”; Cites CASAC finding
that EPA’s crop loss estimates are uncertain. Economic models add layers of uncertainty.

Response: All CASAC Pand members agreed that damage is occurring to vegetation and
natural resources at concentrations below the present 0.12 ppm, 1-hr NAAQS. The CASAC
experts further agreed that vegetation appears to be more senstive to O; than humans and that
a secondary NAAQS more stringent than the present NAAQS is necessary. In the proposal
and supporting documents, EPA acknowledges the uncertainties of the economic anayss and
presents the results as rough approximations that provide useful indghts for comparing the
relative benefits of dternative regulatory scenarios. Also, EPA acknowledges the uncertainties
of the economic models which were available and used for the andysis. EPA notes, however,
that these economic models have gppeared in the peer-reviewed literature and were reviewed
by CASAC.

Comment (AAMA, IV-D-2243): EPA must know what O; exposures are in rura areas
before it can draw any conclusions regarding benefits of a separate seasond secondary. Not
consdering costs could lead to theillogica result of $1B in cogt to avoid $1M in crop losses.

Response: EPA acknowledges the uncertainties in the aerometric projections of rurd air qudity
to estimate crop yield benefits. However, dl CASAC Pand members agreed that damage is
occurring to vegetation and natural resources at concentrations below the present 0.12 ppm, 1-
hr NAAQS. The CASAC experts further agreed that vegetation appears to be more sensitive
to O, than humans and that a secondary NAAQS more stringent than the present NAAQS is
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necessary. If adricter standard will protect vegetation (which includes crops), then redization
of economic benefits can be expected. Although there are insufficient O, rurd monitorsto
dlow afirm and faithful exposure assessment where damage is observed, some next-best
estimate is gppropriate to assess the acknowledged plant damage. See the discussion in section
IV.A. of the preamble to the fina rule for adiscussion on cost consderations. See dso
previous response.

Comment (CMA, 1V-D-2249): Given the current limited understanding and uncertainties, it is
extremely important that any proposed secondary standard be based on a proven net benefit to
the environment.

Response: Seethe discussion in section 1V.A. of the preamble to the find rule and in section
[11 of this Response To Comment document regarding cost considerations.

Comment (UARG, 1V-D-2253): The commenter noted that the U.S. has a crop surplus, and,
thus O; reductions and any associated yield increases would reduce producers overhead of
current production levels (increased yidd results in fewer acres planted and cost savings); this
would be an avoidance of adverse effects on public welfare and remediable under Section
109(b)(2). The commenter questioned whether “overhead” adverse effect should be mitigated
with improved ambient air quality.

The commenter further asserted that the Staff Paper does not establish that an incrementd
secondary standard for O; would produce economic benefits from crop yield improvements,
and ligted the following concerns.

- Economic andyses must account for rel ationships between crop yied

Economic analyses based on rejected W126 index

Economic benefits based on NCLAN

Economic analysis depends on maps on Appendix E

- Incrementa andlysis vanishingly small compared to agricultura industry total

- Benefits don't outweigh costs, costs and number of new N/A areas would be high

In addition, the commenter asserted the same concerns with regard to effects on foredts.

Response: Theissue of potentid crop surplusis addressed in the structure of the underlying
economic model and the staff paper andysisitself. From alegd and peer reviewed perspective
of theoretica and applied welfare economics, the subject analysisis gppropriaie. The
uncertainties regarding the data inputs and models are addressed in the andyss. Seeaso
discussion of cost consderationsin section 1V.A of the preamble to the fina rule.  Economic
benefits were not assessed for commercid or non-commercid forests so the commenter’s
reference to forests does not apply to commenter’ s concerns about crops.
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Comment (Sierra Club National Committee, IV-D-2067; AAMA, 1V-D-2243): The first
commenter said that economic assessment of crop loss across U.S. for corn, soybean, cotton,
whesat and peanuts were valued at anet loss of $5.2B (1987 $) if O; concentrations are
reduced to 0.08 ppm per 8-hr period. Bringing O; down to 0.025 ppm for the season would
boost whesat production by 8%, soybean by 17%, corn by 3%, and peanut by 30%. This
assessment in 1987 dollars must be updated to show the true depth of the destruction of crops
by O;. The other commenter said that NCLAN 0.025 ppm background istoo low and
overestimates crop damage and benefits of contral.

Response: Thefirst commenter asserts aloss estimate which isincongstent with that contained
in the Staff Paper. The commenter argues for estimating the total crop loss damagesto O; by
taking observed, modeled, and ca culated concentrations down to a specified level of 0.025
ppm for naturaly occurring O; (background). Chapter 1V of the Staff Paper Satesthat it is
reasonable to estimate O; background levelsin the range of 0.03 to 0.05 ppm and for this
reason, the Staff Paper also states that crop yield losses based on a background level
concentration of 0.025 ppm will result in adirectiond overestimation of the benefits.

Comment (UARG, 1V-D-2253): From attachment 5: Overal concluson of this section is that
EPA does not have a sound scientific basis for concluding that reductionsin O, exposure will
have a Sgnificant effect on agricultura economics.

Response: All CASAC Pand members agreed that damage is occurring to vegetation and
natural resources at concentrations below the present 0.12 ppm, 1hr NAAQS. The CASAC
experts further agreed that vegetation appears to be more senstive to O; than humans and that
a secondary NAAQS more stringent than the present primary is necessary. If adtricter
gtandard will protect vegetation (which includes crops), then redization of some economic
benefits can be expected. Therefore, the commenter’ s conclusion that estimated economic
effects are not Sgnificant from a scientific perspective is not supported by empirica analyss nor
the view of CASAC experts.

Comment (American Iron and Sted Indtitute, IV-D-2579): Tenuous benefits cannot be
judtified by the codts of attainment of a new standard.

Response: Seethe discussion in section IV.A. of the preamble to the find rule and section 111 of
this Response To Comment document regarding cost considerations.

Comment (UARG, IV-D-2253): EPA’ s recommendation that the nonquantifiable information
be weighed in consdering to what extent the secondary should be precautionary in nature is
incongstent with the CAA provision that EPA take into account only those adverse effects
which are “known or anticipated” and “demonstrable or predictable’. Thus EPA may not rey
upon the non-quantifiable plant data cited in fina SP.
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Response: See response to comment [11.B.5. of this response to comment document. EPA
disagrees with the commenter’ s contention that quditetive dataisto play no role in determining
an appropriate leve for asecondary standard. Under the Clean Air Act, EPA isto consder dl
relevant information, both quantitative and quditative, in the air quality criteria. See sections
108(8)(2) and 109(b)(2). Also, non-quantifiable plant data is not necessarily un-demonstrable
or unpredictable. Research efforts conducted over a number of years provide conclusive
evidence that O; causes injury to forest trees (O5 causes discernable effects on photosynthesis
and other physiologica processes that directly impact on tree growth).

Monitoring | ssues

Comments on monitoring are found mainly in sections 111.B.2.a. and 111.B.4 of the Summary of

Comments document. One other comment is found in section 111.B.2.b.(2) of the Summary of
Comments document. Comments on monitoring fal under two categories: 1) The need for an
expanded rura monitoring network and 2) the appropriateness of spatia averaging for a seasona
secondary standard.

Expansion of monitoring network

Comment: Severd comments were received on the gppropriate spatia scae for an expanded
rurd monitoring network.

Response: EPA gppreciates dl comments recelved pertaining to the appropriate spatia scae
for an expanded rural monitoring network and will take them into account as it moves toward
meeting the Administrator’ s god, as described in the proposa notice and preamble to the final
rule, to develop a monitoring network that will provide better coverage in rurd areas of
agricultura or ecologicd importance

Condderation of spatid averaging

Comment: Severd comments were received ether in favor of or opposed to spatid averaging
for a seasonal secondary standard.

Response: EPA’ s response to these comments is found in section 111.C. of the preamble to the
find rule

RESPONSE TO COMMENTSON LEGAL, ADMINISTRATIVE, AND
PROCEDURAL ISSUESRELATED TO THE REVIEW OF THE O; NAAQS
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A. Introduction

These responses address comments summarized in section IV and e sewhere in the Summary
of Comments. Because of the emphasis public commenters placed on certain issues, EPA responded
directly to themin sections 1V and VI of the preamble to thefina rule. Section 1V of the preamble
addresses the following lega and procedura issues: (1) whether EPA must give consideration to costs
and amilar factorsin setting NAAQS; (2) whether EPA erred in its selection of amethodology for
determining the level of aNAAQS that protects public hedth with an adequate margin of safety; (3)
whether EPA committed a procedura error by not extending the comment period; and (4) whether the
1990 amendments to the Act preclude EPA from revising the O; NAAQS to establish a new 8-hour
gtandard. Section VII of the preamble addresses issues raised in public comments with respect to
EPA’s obligations under the Regulatory Flexibility Act, as amended by the Smdl Business Regulatory
Enforcement Fairness Act (SBREFA), and the Unfunded Mandates Reform Act.

Asdiscussed in section VII.B of the preamble, EPA convened outreach meetings modeled on
the SBREFA pand processto solicit and convey smal entities concerns with the proposed NAAQS.
Summaries of comments received a these meetings and written comments submitted in connection with
them, together with EPA’ s responses, have been prepared and entered separately into the docket.
Similarly, as discussed in Section VI1.D, a summary of the key issues raised at outreach meetings with
State and locd government officials and EPA’s evauation of those issues has been prepared and
entered separately into the docket.

Given the extensive response to public comments on legd and procedurd issuesin the
preamble to the fina rule, the following responses serve to augment those discussions or to address
other comments not discussed in the preamble. Therefore, responses to comments presented in the
preamble, the separate responses to issues raised in outreach meetings, and the responses to comments
discussed below collectively congtitute EPA’ s response to comments on legal and procedurd issues.

B. General Issues
1. Cost Condderations

This section addresses comments that EPA erred in not considering costs or other societal
impectsin establishing NAAQS, particularly for non-threshold pollutants or in light of uncertain hedth
effects information. Some commenters aso maintained that costs should be considered in setting
secondary NAAQS.

Q) Comment: EPA isnot precluded from consdering costs, among other things, the  judicd
decisons relied upon by EPA as precluding consideration of such factorsrest on faulty
andydsthat predates and cannot survive scrutiny under Chevron, U.SA.v.  Naturd
Resources Defense Coundil, 467 U.S. 837 (1984) (AP, 1V-D-2233; GM, 1V-D- 2694,
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ATA, IV-D-2245; UARG, IV-D-2253; AlSI, 1V-D-2242 in comment on the PM
proposal).

Response: Post- Chevron decisions have confirmed that costs and similar factors may not be
consdered in setting NAAQS. See section [V.A of the preamble to thefind rule.

Comment: Section 109 of the Act does not preclude consideration of cost/benefit andysis
when read in pari materia with sections 108(a) and 302(h) (GM, 1V-D-2694).

Response: See section IV A of the preambleto thefind rule. Readi ng secti on
109(b) together with sections 108(a) and 302(h) does not
alter the conclusion that consideration of costs and
simlar factors is precluded in setting NAAQS. Section
109(b) provides that NAAQS are to be based on air quality
criteria issued under section 108(a)(2). As the
comment er indicates, section 108(a)(2) provides that
information on welfare effects, as well as health
effects, is to be included in the air quality criteria.
That i nformation, however, does not include costs and
simlar factors resulting fromefforts to attain or

mai ntain the NAAQS. Although section 302(h) defines

“wel fare” as including “effects on econom c values,” this
phrase refers to the econom c costs of pollution, not to
the costs of controlling pollution. Lead Industries
Ass’'n v. EPA, 647 F.2d 1130, 1148 n.36 (D.C. Cir. 1980).
Cf. Natural Resources Defense Council v. Adm nistrator
902 F.2d 962, 972-73 (D.C. Cir. 1990).

Comment: Section 109(d)(2)(c)(iv) requires EPA to congder the advice of itsindependent
science advisors on any “adverse public hedth, welfare, socia, economic, or energy effects’
that might arise from implementing revised standards when establishing them (UARG, 1V-D-
2253).

Response: See section 1V.A of the preamble to the find rule.

Comment: If Congressintended to forbid consideration of costs and benefits under section
109, it would have enacted a preclusive section 302 definition of “hedlth effect” or “margin of
safety” amilar to the section 302(h) definition of welfare effect (GM, 1V-D-2694).

Response: Such a definition was unnecessary in view of other
i ndicia of congressional intent discussed in section IV.A
of the preanble to the final rule. See, e.g., Natural
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Resources Defense Council v. EPA, 824 F.2d 1146, 1157-59
(D.C. Cir. 1987).

Comment: Sdection of aleve for the O; NAAQS isapolicy decision that must reflect codts,
particularly when thereis no “bright ling’ between severa adternatives under consideration
(AAMA, 1V-D-2243).

Response: See sections1V.A and IV .B of the preambleto the find rule.

Comment: The Act prohibits consideration of non-hedth mattersin setting standards; the place
to consder codisisin the development and adoption of State implementation plans (ALA, IV-
D-2339; NESCAUM, 1V-D-2169).

Response: EPA agrees.

Comment: I n sel ecti ng anong alternative secondary standards
t hat provide a safe environment, the purposes of the Act
(section 101(b)(1)) require EPA to conduct a holistic
inquiry into all effects on the public welfare to ensure
that its standard-setting will actually advance the
public welfare. |In doing so, EPA nust take into account
adverse social and econom c effects that m ght result
frominplenmenting a secondary standard, as evidenced by
the requirenment (section 109(d)(2)(c)(iv)) that CASAC
advi se EPA on such effects. EPA s |egal analysis

m sapplies Lead Industries since that case only addressed
primary standards (| anguage regardi ng secondary standards
is only dicta), and EPA ignores the Vinyl Chloride and
NRDC cases, which call for a bifurcated assessnent of
risk in cases such as this. Once a safe level is
establ i shed, the determ nation of how far bel ow t hat

| evel a standard should be set is a policy choice,
calling for a conprehensive assessnent of all effects on
public welfare as descri bed above, regardl ess of whether
EPA is setting an anple margin of safety under § 112,
setting an adequate margin of safety for a primary
standard, or determ ning a denonstrated | evel of adverse
effects on public welfare for a secondary standard (UARG,
| V- D- 2253) .

Response: The comment is flawed in several respects.
First, it appears to assunme that proposal of alternative
st andards anounts to a finding that any of the
alternatives would provide adequate protection of public
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wel fare under section 109(b). This is incorrect;
proposal of alternative standards (primary or secondary)
reflects the Adm nistrator’s awareness that there nay be
a range of views on the scientific informati on on which
NAAQS are to be based, as well as on how the information
shoul d be used in nmaking the policy judgnents required
for the final choice of a standard. Only the

Adm ni strator’s final decision on a standard, taking into
account public comments on the proposal, can be said to
represent her determ nation of what standard neets the
statutory criteria.

Second, the purposes of the Act are stated in general
ternms and are, at best, only a general guide to decisions
under specific sections of the Act. To the extent they
appear to conflict with nore specific decision criteria
stated in the statutory provision at issue, the nore
specific criteria are controlling. Under the decision
criteria stated in section 109(b), consideration of costs
and simlar factors is precluded in setting NAAQS, and
CASAC s responsibility to advise EPA on adverse effects
that m ght result frominplenmentation of standards does
not alter that conclusion. See section IV.A of the
preanble to the final rule.

Finally, although the statenents of that principle in
Lead I ndustries and other judicial decisions are
technically dicta as to secondary standards, the
commenter presents no persuasive reason, based on indicia
of congressional intent, the pertinent caselaw, or even
policy considerations, for concluding that costs and
simlar factors may be considered in setting secondary
NAAQS t hough not in setting primry NAAQS. The
comenter also m stakes the neaning of the Vinyl Chloride
and NRDC deci sions, which do not call for bifurcated
assessnents of risks in NAAQS decisions. See sections
|V.A and IV.B of the preanble to the final rule.

2. Margin of Safety

This section addresses comments on the approach used by the Adminigtrator in specifying an
O, gandard that protects public hedth with an adequate margin of safety.

Comment: In setting a NAAQS with an adequate margin of safety, EPA must define what
condtitutes “ acceptable risk” for present and future rulemakings. In reaching such a
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determination, EPA must consder among other factors the results of cost-benefit andyses, the
acceptability of risk judged in a“red world” context, and any adverse public hedth effects that
might result from implementation of dternative sandards. In other words, EPA must adopt a
specific gpproach for specifying a standard that protects public hedth with an adequate margin
of safety, and that approach must consider costs and other societd impacts. (UARG, 1V-D-
2253; GM, 1V-D-2694; ATA, IV-D-2245).

Response: See sections 1V.A and IV.B of the preambleto the find rule.
3. Comment Period
This section addresses comments on the adequacy of the public comment period.

Comment: A large number of commenters requested an extension of the public comment
period for periods of time ranging from 60 daysup to 1 year. These commentersin seeking an
extenson cited among other things the complexity of the issues involved, the fact four other
notices (NPRM for the PM NAAQS, NPRM for reference and equivaent methods and PM,, 5
monitoring requirements, ANPRM on implementation of O; and PM NAAQS, and anotice
seeking comment on the Interim Implementation Policy for O; and PM) wereissued at the
sametime, and that it was not necessary for the O; NAAQS review to be on the same
schedule as the PM NAAQS review because it was not under court order. One commenter
(API, 1V-D-2233) sought an extension because the availability of certain O; exposure/risk
analyses was not announced in the Federal Register until February 20, 1997. This same
commenter also sought an extension because of the dday in placing the transcripts from the
public hearings into the dockets (AP, 1V-D-8155).

Response: See section 1V.C of the preamble to thefind rule. Also, the Act specifiesno
minimum time period from docketing hearing transcripts to the close of the comment period.
See 42 USC § 7607(d). Inany event, EPA notes that the extension of the comment period
provided ample opportunity for the review of public hearing transcripts Since the transcripts
for the Chicago and Salt Lake hearings were docketed on February 6, 1997, and the
transcripts for the Boston and Durham hearings were docketed on February 13, 1997, giving
the public approximately 30 days to review them before the close of the comment period on
March 12, 1997.

4, 1990 Act Amendments
This section addresses comments that the 1990 amendments to the Act that specified

comprehensive control strategy requirements for O, prohibit EPA from revising the 1-hour primary
gandard or from smultaneoudy implementing the present sandard and a new 8-hour standard.
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Comment: The 1990 amendments that enacted the provisions of subpart 2 of part D of title | of
the Act preclude EPA from revising the existing 1-hour standard for O,. Alternatively, EPA
cannot implement arevised sandard so long as the exigting 1-hour standard remains in effect
(GM, IV-D-2694; UARG, IV-D-2253; API, IV-D-2233).

Response: See section IV.D of the preamble to the find rule.
Linkage of O; and PM Reviews
This section addresses comments that the O; and PM NAAQS reviews should be decoupl ed.

Comment: EPA falled to adequatdly explain the basis for linking the O; and PM NAAQS
reviews (GM, 1V-D-2222; CSMA, 1V-D-2530; Kalamazoo, Michigan Chamber of
Commerce, 1V-D-2186; GM, IV-D-2694).

Response: The June 12, 1996 advance notice of proposed rulemaking (61 FR 29719) aswell
asthe O; proposa notice (61 FR 65718) explained in some detail the EPA’s reasons, both in
terms of common linkages with regard to observed hedth effects and common linkagesin the
formation of O; and fine particlesin the aamosphere, for conducting the reviews of O, and PM
NAAQS on the same schedule. The EPA bdievesthat explanations in these two notices are
adequate.

Comment: The O; and PM reviews should be decoupled to provide adequate time for public
comment on the O; proposa (UARG, 1V-D-2253; AP, IV-D-2233).

Response: See section 1V.C of the preamble to the find rule.

Comment: EPA linked the O; and PM NAAQS in order to hide the negative economic
impacts of the O proposa behind the more positive economic impacts associated with the
proposed PM NAAQS; linking the two proposas will not reduce regulatory burdens (Sterling
Chemicals, 1V-D-2038; ESI, 1V-D-2187).

Response: Asdiscussed in section IV.A of the preamble to the find rule, EPA is precluded
from considering costs or economic impacts in setting NAAQS.

Consideration of Dishenefits

Comment: One commenter argued that reductions in tropospheric O; associated with the
proposed standards would result in adverse effects from increased UV, radiaion such as skin
cancer, cataracts, and immunaosuppression. Commenter notes that a class of compounds cdled
chloroflourocarbons (CFCs) can deplete O, particularly in the stratosphere, and as aresult
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EPA has adopted regulations to phase-out CFC's and led international efforts to freeze and
phase-out the use of O; -depleting CFC’'s. Commenter claims the disbenefits associated with
reducing tropospheric O; levels to comply with the current O; NAAQS or attain the proposed
gtandard may be smilar in magnitude to the respiratory-related health benefits associated with
such an O; reduction. Finaly, commenter asserts that EPA was arbitrary and capricious in not
consdering dishenefits associated with decreases in tropospheric O; as aresult of UV,
radiation during the Criteria Document and Staff Paper reviews and during the development of
the proposed standards (GM, 1V-D-2684). This same commenter submitted smilar comments
inregard to the PM NAAQS proposal.

Response: EPA gtrongly disagrees with this commenter’ s suggestion that such “ disbenefits’ of
tighter standards can and should be considered in reviewing and revising NAAQS, because it
isinconggent with the Clean Air Act and ill advised from an environmenta management policy
perspective. Furthermore, the evidence the commenter submits to support these clamsis
based on unfounded and erroneous assumptions that greetly overstate the potentia effects and
relies on very uncertain gpproaches. Each of EPA’sreasons is discussed more fully below.

The clear intent of Congress in enacting the NAAQS provisons of the Clean Air Act prohibits
EPA from consdering in this rulemaking any hedth “disbenfits’ that may result from the
implementation of a new, more stringent NAAQS. Where the intent of Congress on a specific
issueis clear, as determined by traditiona tools of statutory congtruction, it must be given effect
by the implementing agency and the courts. Chevron, U.SA. v. Natural Resources Defense
Council, 467 U.S. 837, 842-45 (1984). As described below, Congress clearly intended to
limit EPA’s consderation in developing criteriaand in setting NAAQS to the adverse hedlth
effects caused by the presence in the ambient air of the pollutant in question. Accordingly, EPA
isnot congdering in this rulemaking the dleged hedth “dishenefits’ from implementation which
have been raised by commenters, and EPA did not include them in the discussion of the air
qudity criteria

The NAAQS provisions of the Act are st forth in sections 108 and 109 and were first enacted
in 1970. Inthat year, Congress set up athree-step process for the development of NAAQS --
firs, EPA must prepare alist of air pollutants meeting certain requirements, second, EPA must
develop criteriafor the listed pollutants; and third, EPA must establish NAAQS for the
pollutants based on the criteria. See 42 U.S.C. sections 7408, 7409. At each step, thereis
evidence that Congress intended the Agency to consider only the adverse health effects caused
by the presence in the ambient air of the pollutant at issue.

Astheinitid step, Congress directed EPA in 1970 to ligt “each air pollutant - (A) whichin his
judgment has an adverse effect on public hedth or welfare; (B) the presence of which in the
ambient air results from numerous or diverse mobile or sationary sources, and (C) for which . .
. he plansto issue air qudlity criteria. . ..” 42 U.S.C. section 7408(8)(1). In paragraph (A),
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Congress expressy focused the entire NAAQS process on pollutants that have an adverse or
harmful effect on public hedth.

In the second step, EPA must develop air qudlity criteriafor each listed pollutant.  Section
108(a)(2) states that the “ criteriafor an air pollutant shal accurately reflect the latest scientific
knowledge useful in indicating the kind and extent of al identifiable effects on public hedth or
welfare which may be expected from the presence of such pollutant in the ambient air.” Reed
out of context, the phrase “dl identifiable effects’ might be deemed sufficiently broad to
encompass any hedlth effect, whether postive or negative. But the phrase can clearly be read
as meaning only harmful effects, and it isonly part of alarger body of satutory language that
evidences Congress' intent with respect to the NAAQS. Other language in sections 108 and
109 indicates that Congress had harmful effects of a pollutant in mind when it directed EPA to
examine “dl identifigble effects” Indeed, the immediately following sentence in section
108(8)(2) specifies three factors that the Agency must include in the criteria, and two of those
three factors expresdy direct EPA to focus on “adverse” effects to hedth and/or welfare.’
Similarly, the listing processin section 108(a)(1)(A) in 1970 required the Adminigirator to list
for criteriaand NAAQS development each air pollutant “which in his judgment has an adverse
effect on public hedth or welfare. . . .”® Together, these Statutory excerpts (with the provisions
of section 109, discussed below) evidence Congress clear intent for EPA to focus on the
harmful effects of a pollutant in developing the air qudlity criteria

Als0, the express language of section 108(a)(2) limits the scope of causdity which it is
gppropriate for EPA to condder. The language directs EPA to focus on “ effects that may be
expected from the presence of the pollutant in the ambient air.” Thislanguage pardldsthat in
the listing process, which directs EPA to list pollutants “the presence of which in the ambient

"Thethree factors are: “A) those variable factors (including atmospheric conditions) which of
themsdlves or in combination with other factors may dter the effects on public heath or welfare of such
ar pollutant; (B) the types of air pollutants which, when present in the atmosphere, may interact with
such pollutant to produce an adverse effect on public hedth or welfare; and (C) any known or
anticipated adverse effects on welfare.” 42 U.S.C. 7408(a)(2)(A)-(C).

81n 1977, Congress amended the language in subsection 108(a)(1)(A). Asrevised, the
subsection directs the Adminigtrator to list each ar pollutant “(A) emissons of which, in his judgment,
cause or contribute to air pollution which may reasonably be anticipated to endanger public hedlth or
welfare....” The legidative history shows that Congress insarted this revised language into the Clean Air
Act in saverd sectionsto clarify that proof of actua harm was not necessary under section 108 or the
other revised provisons of the Act, and to create a uniform test for regulation to protect public hedlth
and welfare. See, eg., H.R. Rep. 95-294, at 43-51 (1977). The statutory language (“ endanger”) and
the legidative history make it clear that Congress remained focused on the adverse effects of pollution.
Seeid.



131

ar’ results from numerous or diverse mobile or stationary sources (section 108(2)(1)(B)). In
both provisons, Congress limited the causdity consideration to the effects caused by the
emitted pollutant’ s presence in the ambient air. There is no language to support the idea that
Congress intended to focus on the indirect effects of implementation efforts to reduce pollution
following the establishment of aNAAQS. Indeed, such consderations would be premature at
this point in the process, when the Agency isfocusing on the criteria that will form the basis for
setting the NAAQS.

In the third and fina step, section 109 directs EPA to set the NAAQS based on the air quality
criteria issued under subsection 108(a)(2). 42 U.S.C. 7409(b)(1)-(2). The caselaw on
consdering cost in NAAQS reviews confirms that Congress limited the Agency’ s consideration
to the factors specified in section 108(8)(2). See section IV A of the preamble to the final rule.
Further, the 1970 Senate report evinces Congress intent to focus on adverse hedth effects
when setting primary standards. The report emphasizes that the Agency should protect the
hedlth of particularly sengtive citizens such as asthmatics, and declares that a NAAQS will be
aufficient to protect the hedlth of sengtive individuds “whenever there is an absence of adverse
effect on the health of” an appropriate sample of such persons. S. Rep. No. 91-1196, at 10
(1970) (emphasis added).

Thus, it is dear from the language and legidative history of the 1970 amendments done thet
Congress intended to limit EPA’ s focus to the adverse effects of a pollutant’s presence in the
ambient air.  The repested referencesto “adverse’ effects, and Congress' focus on the effects
caused by an emitted pollutant’ s presence in the ambient air, indicate that Congress did not
want EPA to weigh the potentia hedlth “dishenefits’ of pollution control againgt the adverse
hedlth effects from a pollutant’ s presence in the ambient air.

The 1977 and 1990 amendments to the Clean Air Act offer additiona evidence confirming this
conclusion.® In 1977 Congress made some significant changes to sections 108 and 109 but did
not change its substantive instructions for setting NAAQS by amending subsections 108(3)(2)
or 109(b). In new subsection 109(d), Congress directed EPA to review existing NAAQS
periodicaly and established CASAC as a specid advisory committee to advise the
Adminigrator in such reviews. Congress expresdy directed that both EPA’s decisions and
CASAC'srecommendations on revisons of existing NAAQS be made in accordance with
existing section 108 and subsection 109(b). 42 U.S.C. 7409(d)(1), (2)(A)-(B). Asaseparate
task, Congress directed CASAC to offer advice to the Administrator in severa aress, including

® Evenif doubt were to remain about Congress intent after review of the 1970, 1977, and
1990 amendments, EPA’ s longstanding interpretation of the statutory language is clearly reasonable, for
the reasons discussed above. Moreover, EPA’ s interpretation is supported by the policy reasons set
forth later in this response.
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any “adverse public hedlth . . . effects which may result from various Srategies for atanment
and maintenance of such nationa ambient air quality sandards.” 42 U.S.C. 7409(d)(2)(C).
This language specificaly addresses the potentia for health “ disbenefits” from implementation.

It shows that Congress was aware of the potentia for such effects, yet declined to include them
among the section 108 factors to be considered in setting aNAAQS. Instead, Congress
directed CASAC to offer advice on the potentid hedth effects of implementation separatey
from its involvement in the establishment and revison of the NAAQS. The legidative history
confirms that such advice was intended for the benefit of the States and Congress who might
wish to use it in developing implementation strategies or in fashioning future legidation. See
H.R. Rep. No. 95-294, at 183 (1977).%°

In 1990, Congress again anended the Clean Air Act subgtantidly without changing the basis
for setting NAAQS. At the same time, Congress expresdy addressed the issues of
stratospheric O; depletion and globa warming that are the proximate causes of the hedth
effects raised by commenters.  Congress enacted Title VI (sections 601-618) to address
stratospheric O, depletion'! and directed EPA in section 602(€) to consider the global warming
potentia of potential substitutes for stratospheric O, depleting substances. These provisions
demondtrate that Congress was aware of the potential environmenta hazards of stratospheric
O, depletion and globa warming but chose to address them separately from the process for
setting and revisng NAAQS. At the same time, other amendments show that Congress was
aware EPA might revise the then existing NAAQS. For example, section 172(a)(1) expresdy
contemplates that EPA may reviseaNAAQS in effect at the time of enactment of the 1990
Amendments.

The D.C. Circuit’' s decison in the PM1o case further supports the conclusion that Congress did
not intend EPA to consder theimplications for globa warming and UV, exposure from
implementing Strategies to reduce O; and PM in accordance with the new NAAQS. In that
litigation, AlSl argued that EPA should have congdered the potential human hedlth effects of
unemployment that might result from implementing the PM1o NAAQS. EPA had interpreted
the gatute as prohibiting the agency from considering such potentid hedth effects of
implementation in setting or revisng aNAAQS. The court upheld EPA’ s conclusion, quoting
subsection 108(a)(2) and dating that “it is only health effects relating to pollutantsin the air
that EPA may consder.” Natura Resources Defense Council v. Adminigrator (*PMo”), 902
F.2d 962, 972-73 (D.C. Cir. 1990) (emphasisin origind).

10" |n 1977, Congress also added provisions to address stratospheric O depletion and the
increase in UVb radiation exposure that it causes. P.L. 95-95, sections 150-159 (1977).

11 Title VI replaced the provisions regarding stratospheric O, depletion enacted in 1977. P.L.
101-549, section 601 (1990).
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As pertinent here, the potentia hedlth effects of UV, radiation or globa warming, like the
potentid hedth effects of unemployment, would not result from ar pollution but from the
implementation of pollution contral.  Like the potentid hedlth effects of unemployment, the
potentid hedlth effects of both globd warming and UV, increases would not be caused by the
presence of the gpplicable pollutant in the ambient air. In each case, thereis an independent,
intervening cause (unemployment, stratospheric O; depletion, atmaospheric increasesin
greenhouse gases) of the potentia harmful effect. In each case, the argument for considering
the potentid effect is that implementing a new, tighter sandard would “causs” an increase in the
effect, but in each case the effect is actudly aresult of the intervening cause.  In other words,
without these intervening causes, there would be no hedth “disbenefit” to implementing the new
NAAQS. Inadl three circumstances, the fact that the potentid * disbenefit” would result from
implementing the new NAAQS, rather than from the presence of the rdlevant pollutant in the
ar, meansthat EPA is prohibited from congidering such effects.

The scenarios suggested by the commenter do differ from the unemployment concerns
presented in the PMao litigation in one respect, and that difference argues yet more strongly
againgt EPA’ s consderation of such concerns. Inthe PMao litigation, AlS dleged that
pollution control efforts would cause unemployment, which in turn would cause the harm to
public hedth. In contrast, there is no causa connection whatsoever between O, or PM
reduction and either the buildup of greenhouse gases or stratospheric O; depletion. Both of the
environmental hazards cited by the commenter (and the hedlth effects they potentidly cause)
would occur whether or not efforts were made to control PM or tropospheric O;. All thet this
commenter alegesisthat PM and tropospheric O; mitigate the harm to public hedlth caused by
the independent environmenta hazards known as globa warming and stratospheric O
depletion. Nothing in the Satute or its legidative history suggests that Congress intended EPA to
st aless protective NAAQS because the pollutant of concern might mitigate the harmful heglth
effects of awholly independent, environmental hazard. Indeed, as discussed above, the 1977
amendments and their legidative history indicate, to the contrary, that Congress did not intend
EPA to st less protective NAAQS even if CASAC advised that implementation of NAAQS
might cause adverse public hedth effects. Further, Congress' directive to protect particularly
sengitive populations such as asthmatics would be vitiated if EPA had to set aless protective
NAAQS to account for the NAAQS pollutant’s potentiad to mitigate a different type of harm
caused by an independent environmenta problem that may affect other members of the public.

Even if the law had been written in such away as to permit congderation of these hypothesized
disbenefits and if, as the commenter has not shown, the available science permitted some
quantification of such effects, EPA believesthat it would be bad public policy to place any
weight on thisissue in reaching adecision on the O; standards. EPA does not bdieveitis
gppropriate or, as noted above, condstent with the intent of the framers of the Clean Air Act to
congder increasing, or leaving at arbitrarily high levels, air pollutants that have direct effects on
public hedth in certain sengitive populations in order to mitigate the effects of another pollution-



134

induced problem, in this case increased UV, or globd warming. Thiswould mean baancing
the risks of adverse effects of breathing O; in, for example, children that have asthma or other
respiratory problems, with an attempt to intermittently reduce the risk of UV, penetration that
has been increased by CFC and other anthropogenic pollutants. Such a policy would ignore
critical issues of equity and the digtribution of relaiverisks.

The commenter’ s own citations provide little confidence in the caculations made to date with
respect to thisissue. The draft and final EPA documents commenters cited by the commenter
were produced at atime when the criteriareview process was in its early stages. EPA
conducted an analysis and review of the extent to which the kinds of incrementa O, reductions
anticipated for a possible 8-hour standard might produce such an effect. The review of the
draft estimates concluded “(1) the numbers resulting from these cdculations are quite smdl and
(2) the limitations of the accuracy and reliability of the input to the calculations produces
numbers that cannot be defended, whether large or small.”  (Childs, 1994).

Furthermore, commenters have pointed to no convincing basis for concluding that any such
effects as have been cdculated would be significant, especidly in comparison to the mgor risk
reductions that will accompany the regulations of CFCs and other O; depleting substances.
Commenters submitted a number of documents, including EPA assessments and one
publication (Lutter et d., 1996) that al based estimated disbenefits on an average changein O,
acrossthe year of 10 ppb. Neither these documents nor commenters provide any support for
the claim that the proposed or find O; standards would result in along-term spatid and
seasond average change of this magnitude; by contrast, many commenters note the difficulty in
achieving a 10 ppb O, reduction even for the 3rd highest maximum 8-hour concentration in a
year, much less the long-term seasond or annua average. Theimportance of the naturaly
occurring stratospheric O, layer in protecting againgt the effects of ultraviolet radiation (UV,) is
well documented. On average, about 95% of the “total column”O 4 protection comes from the
sratosphere, leaving only about 5% for the sum of uncontrollable background and O; from
U.S. anthropogenic sources. By contrast, even the 10 ppb reduction in average tropospheric
O, that is erroneoudy assumed, in the documents cited by the commenter, to be the result of
the proposed O, standards would account for atotal column O, reduction of only 0.3 to 0.6
percent. Therefore, asmdl reduction in stratospheric O; (e.g., from chlorofluorocarbons)
represents a much more significant issue than would alarge change in tropospheric O;.
Accordingly, the primary remedy for thisissue must necessarily be regulaion of CFCs and
other O; depleting substances, as provided for in both the Clean Air Act and the Montredl
Protocol.

Moreover, there are anumber of problems with the example estimates, particularly as they
relate to implementation of the proposed 8-hour O; standard. While the focus of the proposed
O5; NAAQS isto reduce the distribution of episodic 8-hour pesk valuesin areas that do not
meet the sandard, any relevant effects of O; on UV, are not related to single 8 hour periods,
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but to population-wide exposures for al days of asummer or year. As noted above, both
submissions by other commenters and EPA’s air qudity and modeling experience show that
drategies to reduce peak periods will not be as effective in reducing O; on the far more
numerous non-episode days. Although EPA has not relied on the Ozone Regulatory Impacts
Anaysis (RIA) in this standard decision, it is gppropriate to note that based on the earlier RIA
projections of long-term reductions that might occur with the proposed O; standard, the
assumption of areduction of average O, levels aslarge as 10 ppb appears to overstate what
might be expected by more than afactor of 3.

Furthermore, the increase in skin cancer effects calculated by Lutter et d. represents the
ingantaneous steady state increase in annua incidence assuming that the affected populationsin
the U.S. are exposed to reduced O; levds (and thus higher UV levels) over their entire lifetime,
As areault, these estimates do not incorporate any assumptions about delays between
increased exposure to UV and the onset of skin cancer (i.e., the latency period). As aresult,
the dready inflated disbenefits for the year 2010 caculated by Lutter et d. (1996) must be
reduced even further, and by a substantial amount.*?

For reasons detailed above, EPA rgects the recommendations of this commenter on legd,
policy, and technical grounds. Most importantly EPA reects the notion that air quality
gtandards should be based on aprinciple of mitigating problems caused by anthropogenic
emissons such as CFCs by increasing -- or leaving at arbitrarily high values -- the levels of air
quaity standards for other pollutants, whose presence in the ar directly harms public hedth and
welfare,

7. Miscellaneous Comments
This section addresses various comments not addressed above.
@ Comment: EPA ered by not releasing guidance on control techniques smultaneoudy with the

revised air qudity criteriaas required by § 108(b)(1) (AAMA, IV-D-2243; NMA, IV-D-
2247; Exxon, 1V-D-2596; NAIMA, IV-D-2151).

12The results of recent high-dose animal toxicology studies suggest more research is needed into
the direct effects of tropospheric O; on the skin before reaching any conclusions suggesting even very
smdl disbenefits of reducing tropospheric O;. Testsby Thide et d. (1997) suggest that chronic O can
deplete Vitamin E in the skin, and this could make the skin more susceptible to the effects of UV,,.
Therefore, reducing ground level O; exposure might serve to reduce skin problems. Even avery small
O, effect in this regard could completdly offset or counter the small UV, blocking effect.
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Response: Any such error would not affect the vaidity of the NAAQS themsdves, which areto
be based on air qudity criteria containing the kinds of information specified in section

108(a)(2). Inany event, section 108(b)(1) relates only to theinitid issuance of criteriafor a
newly listed air pollutant. Where, as here, the Agency reissues such criteriafor aNAAQS
pollutant, the controlling provison is section 108(c). Section 103(c) sates. “The Administrator
shdl from time to time review, and, as appropriate, modify, and reissue any criteriaor
information on control techniques issued pursuant to this section.” 42 U.S.C. 7408(c)
(emphasis added). As the tatutory language makes clear, whether and when the modification
or reissuance of a control techniques document is appropriate isleft to the Adminigtrator’s
discretion. In thisingance, EPA has made control technology information available by
publishing Control Technique Guiddines for Volatile Organic Compounds as wdl asissuing
guidance on Reasonable Available Control Technology and Reasonable Available Control
Measures. Periodicdly, as new technologies and related information becomes available, EPA
updates this control technology information by ether revisng existing guidance or by issuing
new guidance documents and makes them available through traditiona mechanisms, such as
Nationa Technicd Information Service, aswell as through EPA’s home page on the Internet.
Asaresult, the States and others have more timely access to the latest information on control
techniques than could be accomplished by compiling a single comprehensive control techniques
document.

Comment: EPA did not provide sufficient natice for the public hearings, and holding
amultaneous hearings at four different locations and limiting the time for presentations to five
minutes precluded effective participation. Some commenters sought additiond hearingsin the
Southeast and the Southwest. (ATA, IV-D-2245; ARA, IV-D-7986; TTL, Inc., IV-D-7988;
API, IV-D-2233).

Response: When announcing the proposed decisions on November 27, 1996, EPA made
widely available copies of the proposal notice that clearly indicated that the date and location of
the public hearing would be announced in a separate notice. Because of the strong public
interest expressed, EPA decided to hold separate hearings at four locations to give interested
parties more opportunity to participate. The EPA announced the dates, times, and |ocations of
the hearings as soon as the necessary arrangements had been made - 3 weeksin advance.
Because of the unusudly large number of individuas who wanted to participate, it was
necessary to limit ora presentations to five minutes. Under the circumstances, it was not
feasible to hold public hearings in every region of the country and furthermore by holding four
public hearings, EPA has more than satisfied the requirements of the Act to provide opportunity
for ora comments. In addition to the public hearings, EPA dso solicited comment by voice
mail, email, fax, and written comments.

Comment: The EPA mug explain the O; proposd’ s departure from prior decisons to reaffirm
NAAQS for sulfur oxides and nitrogen dioxide, which were based on scientific evidence no
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more solid than the highly uncertain evidence on which EPA proposes arevised O, standard
(GM, 1V-D-2694).

Response: The basis and rationde for EPA’s decisons that revisons to sulfur oxides (SO,) and
nitrogen dioxide (NO,) NAAQS were not gppropriate were discussed in detail in the
preambles to those rules (see 61 FR 25566, May 22, 1996; 61 FR 52852, October 8, 1996).
Section |1 of the O proposal notice (61 FR 65719, December 13, 1996) discussesin detail
the basis and rationde for EPA’ s proposed decision to revise the O; standards. In EPA’s
periodic reviews of NAAQS, such factors as the nature and severity of the hedlth effects
involved, the Sze of sengtive population(s) a risk, the types of hedth information available, and
the kind and degree of uncertainties that must be addressed vary from one pollutant to another.
As areault, the decison whether and, if o, how the NAAQS for a given pollutant should be
revised is necessarily specific to that pollutant and to the state of scientific knowledge available
to the Adminigrator at the time of her decison. Thus, each standard review must be based on
careful assessment of the avalable information in the air quality criteriafor the pollutant in
question. In the present case, EPA believesthat the basis and rationde for the Adminigtrator’s
decision to revise the O; NAAQS are fully explained in the preamble to the find rule and
supporting documents, and that the decision is amply supported by the record.

Comment. The EPA’streatment of O, background concentrationsis unlawful because: 1)
EPA failed to consder the impact of background concentrations on the atainability of
aternative proposed standards, 2) EPA’s proposal assumes, unreasonably, that Congress has
delegated to the Agency find authority to decide whether to close down much of the economy
or one or more industries of some, many, or dl parts of the nation; and 3) EPA’s proposa
neglects to andyze the digparate regiona impacts of moving from the existing 1-hr, 0.120 ppm
standard to the proposed 8-hr, 0.08 ppm standard, and that this omission is especidly
egregious given that maintaining equitable burdens between regionsis a highly relevant factor
(GM, 1V-D-2694).

Response: See responses in section [1.A.3.f.ii above. Further, the costs and attainability of
NAAQS are not to be consdered in setting them. See section IV.A. of the preamble to the
find rule

Comment: EPA cannot rely upon the non-quantitative plant data cited in the staff paper in
considering to what extent the secondary standard should be precautionary in nature (UARG,
IV-D-2253).

Response: While quditative data aone cannot be used as the sole basis for setting a separate
secondary standard, EPA disagrees with the contention that more qualitative dataisto play no
rolein determining an gppropriate level for a secondary standard. Under the Act, EPA isto
condder dl relevant information, both quantitative and quditative, in the air qudity criteria In
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thisinstance, EPA concluded, based on its assessment of the air qudity criteria, that the
secondary standard should be set identicd to the find primary standard.

(6) Comment: EPA may only st a secondary standard if it is*gppropriate’ to do soin light of the
recommendations of its science advisors on the factors specified in section 109(d)(2)(c)(1V)
(UARG, IV-D-2253).

Response: CASAC' s respongbility to advise EPA on the factors specified in section
109(d)(2)(C)(iv) is separate from its respong bility to review and recommend revison of air
qudity criteriaand NAAQS, and the advice pertains to the implementation of NAAQS rather
than to setting them. See section IV A of the preamble to the find rule.

C. Regulatory and Environmental Impact Analyses
1. Compliance with E.O. 12866
This section addresses comments that EPA failed to comply with the provisions of E.O. 12866.

@ Comment: EPA erred by not complying with the requirement of E.O. 12866 to select among
regulatory dternatives that are most cost-effective and maximize net benefits. Further, EPA
has not examined dternative means to achieving its objectives that are more cogt-effective as it
did inthe SO, NAAQS decision (API, 1V-D-2233; State of N.C., 1V-D-7003; NMA, IV-D-
2247).

Response: For reasons discussed in section [V.A of the preamble to the find rule, the cited
requirements of E.O. 12866 is not applicable to NAAQS decisions. Moreover, the SO,
NAAQS decison is not anadogous to this rulemaking. In SO,, EPA determined, based on its
asessment of relevant scientific and technicd information, that revisonsto the SO, NAAQS
were not gppropriate for the reasons discussed in the preamble to the find rule (61 FR 25566;
May 22, 1996). Asinthiscase, EPA did not consider cost-effectiveness or the results of the
Regulatory Impact Anaysisin reaching its decison on the SO, NAAQS.

2. Regulatory Flexibility Act

This section addresses comments that EPA’ s fallure to prepare aregulatory flexibility andyss
and to convene a Small Business Advocacy Review Pand violates the Regulatory Hexibility Act as
amended by the Small Business Regulatory Enforcement Fairness Act.

@ Comment: EPA’s certification that the proposed revison to the O; NAAQS would not have a
ggnificant economic impact on asubgtantid number of smal entities and EPA’sfalure to
prepare aregulatory flexibility andyss or convene a Smal Business Advocacy Review Panel
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violated the intent and plain language of thelaw (NAM, IV-D- 2274; ATA, IV-D-
2245; NAHB,IV-D-2068).

Response: See section VII.B and section IV A of the preamble to the find rule.

Comment: It was also maintained: 1) that the NAAQS itsdf will have asgnificant impact on
amall business and that smal business will bear a disproportionate impact; 2) that EPA’s
position that it cannot prepare aregulatory flexibility andysisis basdess (citing PM RIA); 3)
that EPA’sinformal, ad hoc overtures to smal business are inadequate to satisfy SBREFA; and
4) had EPA complied with statutory requirements, dternatives with less burdensome impacts
on smdl businesswould have been identified (ATA, 1V-D-2245; NAM, IV-D-2274; IV-D-
2100; AAMA, IV-D-2243; AP, IV-D-2233; UARG, IV-D-2253).

Response: See section VI1.B and section IV.A of the preambleto thefind rules. Seedso
summary and response to comments for the small business meeting.

Comment: A commenter argued that the only possible and appropriate time for EPA to
comply with the RFA as amended by SBREFA is a the NAAQS revison stage since EPA
acknowledges that it will not perform an RFA analyss at the SIP gpproval stage and if it were
to do o, conducting 50 different RFAs would result in bureaucratic duplication and
inefficiency. The commenter argued that EPA cannot “segment” its andysisin order to
completely avoid RFA requirements (AAMA, IV-D-2243).

Response: See sections VII.B and IV A of the preamble to thefind rules. As noted therein,
the Clean Air Act requires EPA to set aNAAQS and calls on States to develop and submit
SIPswithin a specified period of time after EPA issuesthe sandard. Any “segmentation” that
occurs thus results from the structure and requirements of the Clean Air Act and not from any
EPA action or design. More importantly, the purpose of the RFA is to motivate federa
regulators to design federd regulationsin away thet fits the scae of the entities that will be
subject to those regulations. That purpose cannot be served in the case of the NAAQS, since
NAAQS smply define alevd of ar qudity to be achieved everywhere in the country primarily
through State regulation. Further, the RFA does not require or authorize EPA to disgpprove a
State' s implementation plan because of the Stat€' s choice of sources to regulate.
Fundamentaly, the congressiondly-designed mixture of Federd and State responsibilities for
achieving clean air makes the RFA ingpplicable to either setting or implementing the NAAQS,
except to the extent EPA promulgates federal regulations establishing control requirements that
will apply to small entities (e.g., reformulated gasoline standards).

Comment: A number of commenters argued that EPA’s claim that it cannot perform an RFA
andysisis basdess and cited avariety of figures from EPA’SRIA suggesting economic
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disruption or differential impact on small businesses (NAM, 1V-D-2274; APl IV-D-2233;
UARG, IV-D-2253; NMA, 1V-D-2247).

Response: See sections VII.B and 1V.A of the preamble to the final rules. Asexplained
therein, EPA has attempted in the RIA to provide some ingght into the potentia impact on small
entities of NAAQS implementation. In light of States role in implementing the NAAQS,
however, the RIA can assess only hypothetica State control strategies. As such, the RIA
cannot and does not take the place of an RFA andyss, which is supposed to identify the types
of small entities that will be subject to the federd rule being promulgated and ways of tailoring
the rule to sze of the smdl entities being regulated. The RIA’s smdl entity anayss, by
necessity, depends on hypothetical State control strategies that may not occur and that EPA is
not in apogtion to control.

Comment: Some commenters argued that EPA failed to identify less burdensome dternatives,
including setting a less stringent standard for O, due to alack of a“bright ling” and staggering
the timing of the O; and PM standards (ATA, 1V-D-2245).

Response: See sections VII1.B and 1V.A of the preamble to the find rules. Section 606 of the
RFA expresdy provides that the requirements for initia and fina regulatory flexibility anayses,
including the requirement to identify and consder less burdensome dternatives, “do not dter in
any manner standards otherwise gpplicable by law to agency action.” As explained previoudy,
the CAA provisions governing the NAAQS do not alow EPA to set aless stringent NAAQS
than protection of public heath with an adequate margin of safety requires. The fact thet there
isnot abright linein the hedth effects caused by O; does not mean that EPA may set the
NAAQS o that smdl entitieswill lesslikely be affected by itsimplementation. In setting the
NAAQS, the choice before EPA is ill to be made based on considerations of public health
protection done. Moreover, that choice entails not only the stringency of the standard but its
timing, snce the standard cannot serve its purpose of beginning the process of achieving hedthy
ar until it ispromulgated. Thus, it is not a permissible dternative under the CAA or the RFA
for EPA to stagger the timing of the O; and PM standards, in the face of scientific evidence
indicating that arevison is appropriate in the judgment of the Adminigrator.

Unfunded M andates Reform Act

This section addresses comments that EPA failed to comply with the requirements of the

Unfunded Mandates Reform Act (UMRA).

@

Comment: Commenters asserted that EPA erred because it failed to comply with the
requirements of UMRA. EPA is obligated to prepare a section 202 written statement, to
conduct outreach efforts with smal governments pursuant to a small government plan under
section 203, and to solicit and evauate input from State, loca, and tribal officias under section
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204. Findly, EPA’s present falure to comply with UMRA isincongstent with the SO, and
NO, NAAQS decisonsin which EPA did not disclam application of UMRA (NAM, IV-D-
2274; ATA, IV-D-2245; AAMA, 1V-D-2243; API, IV-D-2233; State of N.C., IV-D-7003).

Response: See section VII.D and section IV A of the preambleto thefind rule. See dso the
summary and responseto key issuesraised a outreach meetings with State and locdl officids.

MISPLACED COMMENTS
Comments on implementation-related issues
Attainability of gandards (e.g., transport issues, OTAG)

This section addresses comments included in section 111.A and esewhere in the Summary of

Comments which raise issues concerning atainability of the ambient O, standard. These issues were
rased by numerous industry associations and others.

@

)

3

Comment: One commenter maintained a revised standard would not be requisite to protect
public hedth if it could not be attained (UARG, IV-D-2253).

Response: Asdiscussed in section 1V.A of the preamble to the find rule, the costs and
technologicd feaghility of attaining ambient sandards are not to be consdered in setting them.

Comment: Theissue of regiond air pollution trangport must be addressed if the
proposed standard isto be attained (NESCAUM, 1V-D-2169; GM, IV-D-2694).

Response: Theissue of air pollution transport is an implementation issue thet is being addressed
as part of the process of developing new implementation programs and control strategies. See
also response to (1) above.

Comment: The proposed form of the standard will not respond to emissons reductionsin the
same manner that the present 1-hour standard does, more emissions reductions will be required
to reduce ambient levels to the lower concentrations - that is non peak concentrations will
make up the 8-hour average. EPA’s Regulatory Impact Andysis (RIA) documents show that
there are areas that could not find the emissions reductions necessary to achieve the proposed
sandard. The present control strategies “ shave peaks,” but will do little to reduce the lower
vaues which are gill above the standard. Using AIRS and NDDN data (1993-1995) for all
dgtesinthe U.S,, Lefohn (private communication) identified 169 areas that would violate the
81CB3 standard. Hefound that 63% of violating areas experience design vaue stes where 4
or more of the 8 hours, making up the 3rd highest 8-hr. daily maximum exceedance of 81 ppb
for a specific year, are less than 90 ppb. Attainment of an 80 ppb standard would require that
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those va ues between 81-90 ppb be reduced, which may be difficult given that regiond upwind
O; levelsare close to 80 ppb. The present approach to control strategy, focusing on 1-hr
concentrations above 100 ppb, does not appear to have the same effect on these lower
concentrations, and might not be better at reducing lower concentrations

Response: The preambleto the find rule presents the statutory requirements of the Clean Air
Act for establishing ambient air quaity standards and the Adminigtrator’ srationde for revisng
the O; NAAQS. Implementation issues are not afactor in establishing or revisng the NAAQS.
However, as discussed below, EPA believes the degree of the O, atainability problem is
overstated in the comments.

The commenter notes ambient measurements suggesting that the 0.08 ppm leve in the new
NAAQS is not far above basdline concentrationsin clean areas, which can be as high as .06
ppm. Results from amodeing study performed in the Chicago areaare dso cited to illustrate
the difficulty in meeting a NAAQS with a specified O, concentration of 0.08 ppm. While we
agree that .08 ppm is closer to natura background than .12 ppm, according to the most recent
Criteria Document an average 7-hour background concentration of O; isin the range of 25-45
ppb (p.3-6). The document goes on to note that only a portion of this background O is of
naturd origin. Thus, 8-hour O, concentrations as high as .06 ppm likely reflect some impact
from regiond trangport of O; produced in part from anthropogenic sources. The Chicago
andysswhich is cited reflects only how difficult it would be to meet an 8-hour NAAQS of .08
ppm in the absence of control measures to reduce regiona trangport coming into the Chicago
area. In addition, the study failsto congder the effect of havinga NAAQS which dlows as
many as 4 exceedances of .08 ppm at each monitoring Ste. Thus, it islikely that the study
overdaes the difficulty in meeting the NAAQS.

The comment that 169 “areas’ will fail to meet the proposed 8-hour standard was based on an
assumption that designations would be made using the same geographic coverage as the 1991
designations for the 1-hour standard and was based on data from 1993-1995. Moreover, it
was based on the assumption that no regiond reductions in emissions would be achieved in
order to reduce border conditions caused by upwind emissions. EPA has not yet determined
how area boundaries should be drawn for purposes of the revised O; sandard. In addition,
designations will be based on data from 1996-1998 or 1997-1999. Since areas are
implementing new controls with each passng year, it islogica to assume that data from 1993-
1995 would likely indicate more areas not attaining the revised standard than would data from a
later time period. Therefore, these conclusions are premature and speculative at best. More
importantly, EPA believes that aregiona NOX reduction strategy will be a critical component
of any drategy to attain the revised stlandard.

I mplementation | ssues
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A number of commenters submitted comments to Docket number A-95-58 regarding

implementation issues that are not rlevant to the O; NAAQS review. Therefore, they are not being
responded to in this document.

B.

(RIA).

@

Comments on Regulatory Impact Analyses

This section addresses comments concerning the adequacy of the Regulatory Impact Andysis

Comment: A number of commenters asserted that the draft RIA was inadequate because it
assessed the cost of only partid attainment of the dternative sandards andyzed. The RIA was
aso faulty because it failed to anadyze the proposed primary and secondary O, standards.
Further, the analysswas incomplete because it failed to analyze the full range of control
measures likely to be imposed on the transport industry, did not assess indirect impacts (e.g.,
increased fuel costs), and did not assess the cost of adminigrative burdens (ATA, 1V-D-2245;
NLSG, IV-D-1503; AAMA, IV-D-2243).

Response: Because the codts of implementation cannot be considered in setting or revising
ambient air quality standards (see section IV.A of the preamble to the find rule), the RIA was
not considered in EPA’ s decision on the standards. For the same reason, comments on the
RIA were not considered in the decison. Comments on the draft RIA were considered, as
gopropriate, in developing the find RIA.
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