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Responses to Significant Comments on the
1996 Proposed Rule on the
National Ambient Air Quality Standards
for Particulate Matter

l. INTRODUCTION

This document, together with the preamble to the final rule on the review of the national
ambient air quality standards (NAAQS) for particulate matter (PM) and several separate
documents referred to below, presents the responses of the Environmental Protection Agency
(EPA) to the more than 50,000 public comments received on the 1996 PM NAAQS proposal
notice. All significant issues raised in the public comments have been addressed.

As reflected 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 Significant Comments on the 1996 Particulate Matter NAAQS Proposal
-- Organized by Issue (henceforth the “Summary of Comments”).! Due to the large number of
comments that addressed similar issues, as well as the sheer volume of the comments received,
this response-to-comments document does not generally cross-reference each response to the
commenters who raised the particular issue involved, although commenters are identified in
some cases where they provided particularly detailed comments that were used to frame the
overall response on an issue.

This document refers as appropriate to various support documents, available in the
docket, that have been prepared to assist in presenting the more technical aspects of the
Agency’s responses. A complete list of references, including these support documents, is
presented at the end of this document. In addition, separate summary and response to public
comments documents have been prepared for issues raised in comments on the proposed new
reference method for measuring fine particles as PM, ;.2

The responses presented in this document, including its appendices, and in the separate
documents referred to above are intended to augment the often extensive responses to comments
that appear in the preamble to the final rule or to address comments not discussed in the
preamble. Although portions of the preamble are paraphrased in this and other documents where

'A second summary document, the Summary of Significant Comments on the 1996
Particulate Matter NAAQS Proposal - Organized by Commenter, has also been placed in the
docket to facilitate the review of comment summaries by commenter as well as by issue.

’The latter documents also includes responses to public comments on related proposals to
revise 40 CFR Parts 53 and 58.
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useful to add clarity to responses, the preamble itself remains the definitive statement of the
basic rationale for the revisions to the standards adopted in the final rule.

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
always 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 final rule, should be considered collectively as EPA’s response to all of the
comments submitted.

1. RESPONSES TO SIGNIFICANT COMMENTS ON PROPOSED PM
STANDARDS

A. Primary PM Standards
1. General comments on proposed primary standards

A large number of comments on the proposed primary standards for PM were very
general in nature, basically expressing one of two substantively different views: (1) support for
revisions to the primary standards by addition of new standards for PM, ; (either the proposed
standards or alternative standards more or less stringent than those proposed); or (2) opposition
to the addition of PM, ; standards, with or without any revisions to the current PM,, standards.
Many of these commenters simply expressed their views without stating any rationale, while
others gave general 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 decision.
Comments of this nature on the PM proposal notice are summarized in section II.A.1 of the
Summary of Comments, and those addressing both the PM and O, proposal notices are
summarized in section . A.

The preamble to the final rule in its entirety presents the Agency’s response to these
general views. More specifically, section II of the preamble responds to views that are health-
based, including those related to the following factors: 1) the strengths and limitations of the
scientific evidence on the effects of PM; 2) the need for and appropriateness of revising the
standards by adding primary standards for PM, s now, as opposed to waiting for additional
research and monitoring for PM, ; and 3) the advice of the Clean Air Scientific Advisory
Committee (CASAC) on the adequacy of the scientific evidence available for making a decision
on the standards and individual CASAC Panel members’ personal views on the standards.

*The terminology used in the preamble to the final rule as it appears in the Federal
Register refers to various named sections of the preamble as “units.” This response to comments
document refers to these units as “sections” of the preamble.
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Sections IV and VIII of the preamble respond to comments on certain legal and procedural
issues.

2. Specific comments on proposed primary PM, ; standards

A large number of comments addressed specific elements of the proposed primary PM,
standards, including the averaging time, level, and form of the standards, and the provisions
relating to interpretation of the standards as specified in a revised Appendix K in the proposal
and in Appendix N in the final rule. These comments are generally summarized in sections
II.A.2.a and b of the Summary of Comments, and responses to the key issues raised in these
comments are presented in sections II.C,D,E, and F and section V of the preamble to the final
rule. More specific responses to the full range of significant issues raised in these comments are
presented below.

a. Indicator for fine particles

A broad range of public comments were received in this area. A number of commenters
raised various issues with regard to EPA’s proposed general mass indicator for fine particles,
PM,;. Some commenters expressed the view that no fine particle mass indicator is warranted for
various reasons. Others provided comments as to how EPA should modify the proposed PM, s
indicator [and associated Federal Reference Method (FRM) monitor] to address various
concerns. EPA notes that it considered a variety of indicators (e.g., PM,,, PM, ., PM,, chemical
component) during the review, as discussed in the Staff Paper. The comments are summarized
primarily in section II.A.2.a.(1) of the Summary of Comments and significant comments are
highlighted in the preamble to the final rule. In addition to the responses contained in sections
II-B and II-C-1 of the preamble to the final rule, EPA provides the following responses to
specific issues.

1. Use of fine particle mass indicator

The following comments raise issues as to why a fine particle mass indicator is not
warranted:

(1) Comment: Many commenters expressed the view that a fine particle mass indicator in
general, or a PM, 5 indicator in particular, is not supported by the available scientific
evidence. These views are based on assertions that there are too few PM, < health effects
studies and/or that the available PM, s studies are too uncertain or flawed (e.g.,
confounded by other pollutants and/or weather, biased by measurement error, inadequate
to prove causality) to be used as a basis for setting fine particle standards.

Response: See sections I1.B and I1.C.2 of the preamble to the final rule, for a general
response to the overall adequacy of the scientific data base with regard to the need to
revise the PM standards, including a discussion of general and specific issues with
respect to the available epidemiological information on the effects of PM.
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As outlined in sections I1.B and II.C of the preamble to the final rule, the Staff Paper
concludes that continued use of PM,, as the sole indicator for the PM standards would
not provide the most effective and efficient protection from the health effects of PM
(U.S. EPA, 1996b, pp. VII-4-11). Based on the recent health effects evidence and the
fundamental physical and chemical differences between fine and coarse fraction particles,
the Criteria Document and Staff Paper conclude that fine and coarse fractions of PM,,,
should be considered separately (U.S. EPA, 1996a, p. 13-93; 1996b, p. VII-18). Taking
into account such information, CASAC found sufficient scientific and technical bases to
support establishment of separate standards relating to these two fractions of PM,,,.
Specifically, CASAC advised the Administrator that “there is a consensus that retaining
an annual PM,, NAAQS . . . is reasonable at this time” and that there is “also a consensus
that a new PM, s NAAQS be established” (Wolff, 1996b).

Beyond the general points about the basis for any revisions discussed in section II.A.1
above, these commenters argued either that the available epidemiological data did not
provide a basis for separating fine and coarse fraction particles, or that there were not
enough fine particle studies to support selecting standard levels. Most of these
commenters also expressed concerns that there were insufficient ambient fine particle
data by which to evaluate the relative protection afforded by new standards.

EPA notes that issues relating to the basis for separating PM,, fractions were addressed in
the Criteria Document and/or Staff Paper assessments, and these perspectives were also
available for CASAC consideration in developing its recommendations. As noted in the
Staff Paper, the main basis for separating the fine and coarse fractions of PM,, is that,
because they are fundamentally different PM components with significantly different
physico-chemical properties and origins (U.S. EPA 1996b, Section V.D), separate
standards would permit more effective and efficient regulation of PM. While the
difficulty of separating these classes of particles in the epidemiological studies is
recognized in the Staff Paper assessment, the preponderance of the available evidence
suggests that strategies to control fine particles will more effectively reduce population
exposure to substances associated with health effects in the recent epidemiological
studies. Although the number of studies using fine PM indicators is more limited than
for PM,,, there are more than 20 community studies showing significant associations for
a consistent set of mortality and morbidity effects. A substantial subset of these studies
(Tables V-12 to V-13; U.S. EPA, 1996b) provides a sufficient quantitative basis for
selecting standard levels, without the need to rely on estimates based on PM, /PM,,
ratios.

See also section II.A.4 and Appendices A, B and D below on interpretation of the
epidemiological studies and issues such as consistency, coherence, confounding and
measurement error.

Comment: Many commenters expressed the view that an indicator based on fine particle
mass is inappropriate because it does not differentiate specific causal agents within the
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mix of fine particle components. A number of commenters expressed concerns that
various portions of fine particles might not be responsible for any observed effects. As a
result, local and/or regional control strategies may be misdirected toward fine particle
components that are not related to health effects. In addition, a commenter (API, IV-D-
2250) asserted that the proposal notice understates the variety among the PM, s
constituents.

Response: See preamble to the final rule, sections II.B and I1.C.2.

Consistent with CASAC advice, this review considered the merits of alternative
indicators, including PM, ; mass as well as indicators based on specific components of
PM. The Criteria Document extensively evaluated health effects information on many
specific components, including sulfates, acids, nitrates, organics, and transition metals.
In addition, during the review EPA specifically highlighted the diversity within the fine
and coarse particle mix (e.g., see Table IV-2 in the Staff Paper). Based on this extensive
review, staff concluded, with CASAC concurrence, that a PM, 5 indicator was
appropriate. In so doing, staff also specifically considered the likely effect of the use of
such an indicator for control of PM components and key gas-phase precursors of PM.

As noted in the preamble to the final rule, EPA continues to conclude that it is
appropriate to control fine particles as a group, as opposed to singling out particular
components or classes of fine particles. The more qualitative scientific literature,
evaluated in Chapter 11 of the Criteria Document and summarized in Section V.C of the
Staff Paper, has reported various health effects associated with high concentrations of a
number of fine particle components (e.g., sulfates, nitrates, organics, transition metals),
alone or in some cases in combination with gases. Community epidemiological studies
have found significant associations between fine particles and/or PM,, and health effects
in various areas across the U.S. where such fine particle components correlate
significantly with particle mass. As noted in the Staff Paper, it is not currently possible
to rule out any one of these components as contributing to fine particle effects. Thus, the
Administrator finds that the present data more readily support a standard based on the
total mass of fine particles.

Information suggesting that observed PM-related health effects are related to specific
components of regional or local concern is not nearly as extensive as information
relating health effects to particle mass (U.S. EPA 1996a, chapters 12 and 13). In
addition, EPA is required to establish national standards, and states and local
governments are not precluded from establishing additional standards that may be
deemed appropriate to address concerns about particular classes of fine particles. In
specifying a precise size range for a fine particle standard, both the staff and CASAC
recommended PM, ; mass concentration as the indicator of fine particles (Wolff, 1996b).
As noted in the Staff Paper, PM, ; encompasses all of the potential agents of concern in
the fine fraction, including most of the particle number in the entire PM distribution as
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well as most sulfates, acids, fine particle metals, organics, ultrafine particles and most of
the aggregate surface area (U.S. EPA 1996b, p.VII-15).

The central question of which particulate components to regulate has been an issue since
the inception of the first PM standards. Other ambient pollutants (e.g., NO, or CO) are
uniquely defined as individual chemicals, whether or not they serve as proxies for a
larger class of substances (e.g., ozone as an index of photochemical oxidants).
Regulating PM in general, as opposed to multiple chemical components of PM, raises
questions as to whether particulate components of varying composition, size, and other
physicochemical properties are likely to produce identical effects.

Both EPA’s past and present regulatory experience with PM control programs and its
successive reviews of the standards have reaffirmed the wisdom of retaining standards
that control particles as a group, rather than eliminating such standards and waiting for
scientific research to develop information needed to identify more precise limits for the
literally thousands of particle components that may potentially be of concern. Each such
decision recognized the possibility that potentially less harmful particles might be
included in the mix that was regulated, but concluded that the need to provide protection
against serious health effects nonetheless required action under section 109 of the Act.
The success of this approach is evident in early U.S. control programs that dramatically
reduced “smoke” and “TSP” in major cities in the 1960's and 1970's and in the continued
improvement in air quality through the current PM standards. The major refinements
that have been recommended through the course of reviews of PM standards have been to
improve the focus of control efforts by defining scientifically based size classes (i.e.,
moving from TSP to PM,, and now, PM, ;) that will permit more effective and efficient
regulation of those fractions most likely to present significant risks to health and the
environment.

As discussed in the preamble to the final rule, the current review has examined the
available evidence to determine whether it would tend to support inclusion or exclusion
of any physical or chemical classes of PM, for example sulfates, nitrates, or ultra-fine
particles. That examination concludes that, while both fine and coarse particles can
produce health effects, the fine fraction appears to contain more of the reactive
substances potentially linked to the kinds of effects observed in the recent
epidemiological studies (U.S. EPA 1996b, Section V.F.). However, the available
scientific information does not rule out any one of these components as contributing to
fine particle effects. Indeed, it is reasonable to anticipate that no single component will
prove to be responsible for all of the effects of PM.

EPA recognizes that whether the standards are set for PM,, only or also for fine particles,
there are uncertainties with respect to the relative risk presented by various components
of PM. In this regard, the EPA is placing greater weight on the concern that by failing to
act now, the PM NAAQS would not control adequately those components of air pollution
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that are most responsible for serious effects, than on the possibility they might also
control some component that is not.

EPA also recognizes that different components may be of interest in different areas (e.g.,
woodsmoke, sulfates, etc). EPA notes that the epidemiological studies were conducted in
locations around the nation with different mixes of components but with reasonably
similar results in terms of responses. Consequently, EPA selected a mass-based fine
particle indicator. In attaining the PM, s standards, areas may choose to focus their
control strategies on these different components. However, EPA believes that the general
particle indicator remains an appropriate approach to protecting public health.

Comment: EPA should use PM,, as the indicator to control fine particle mass since PM,,
correlates as well with reported health effects as do various fine particle indicators,
including PM, ;, and /or because current PM,, control programs already function in some
areas to control fine particles.

Response: See preamble to the final rule, sections II.B and II.C.

Based on both the staff review (U.S. EPA, 1996b, p. VII-3) and the recommendations of
some commenters (e.g., California EPA, IV-D-2251), EPA has considered two
alternative approaches for providing additional health protection in revising the
standards: 1) adopt more protective PM,, standards and 2) develop separate standards for
the major components of PM,,, including PM, ;. Conceptually, the first approach would
give weight to the view that standards should be based on pollutant indicators for which
the most data have been collected, with less consideration of the evidence that suggests
that the current standards provide adequate protection against the effects of coarse
particles, and that tightening the current standards to control fine particles would place
unnecessary requirements on coarse particles. Because the PM,, network is in place, a
more health protective PM,, standard would also respond to commenters who have
expressed a desire for more immediate implementation of revised standards. The second
approach is based on the view that in the long run, more effective and efficient protection
can be provided by separately targeting appropriate levels of controls to fine and coarse
PM.

The Staff Paper examined this issue in detail (U.S. EPA 1996b, p. VII-3 to 11), and
concluded that the available information was sufficient to develop separate indicators for
fine and coarse fractions of PM,,, based on the recent health evidence, the fundamental
differences between fine and coarse fraction particles, and implementation experience
with PM,,. Further, the staff concluded that:

[Clonsideration of comparisons between fine and coarse fractions suggests
that fine fraction particles are a better surrogate for those particle
components linked to mortality and morbidity effects at levels below the
current standards. In contrast, coarse fraction particles are more likely
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linked with certain effects at levels above those allowed by the current
PM,, standards. In examining alternative approaches to increasing the
protection afforded by PM,, standards, the staff concludes that reducing
the levels of the current PM,, standards would not provide the most
effective and efficient protection from these health effects. [U.S. EPA
1996b; p. 7-45.]

As discussed in section II.C of the preamble to the final rule, EPA concludes that it is
more appropriate to provide additional protection against the risk posed by PM by adding
new standards for the fine fraction of PM,,, than by tightening the current PM,,
standards. Although fewer epidemiological studies have used PM, ; and other fine
particle indicators (e.g., sulfates, acids), there are nonetheless significant indications from
the scientific evidence drawn from the physicochemical studies of PM, air quality and
exposure information, toxicological studies, and respiratory tract deposition data that this
approach will provide the most effective and efficient protection of public health.

Comment: Some commenters argued that the results of a study by Schwartz et al. (1994),
which EPA used in support of a PM, 5 standard, more readily suggest that PM,, is a better
indicator of PM in health effects studies.

Response: Schwartz et al. (1994) analyzed symptom diary data from children in six cities
for associations with daily measurements of ambient air pollutants. In this report, results
were presented for associations between three symptom groups and air pollutants. The
findings for PM and PM components are presented in the table below.

SUMMARY OF RESULTS FROM SIX CITIES SYMPTOMS STUDY
(Schwartz et al., 1994)

Cough Lower respiratory | Upper respiratory
symptoms symptoms
OR (95% CI) OR (95% CI) OR (95% CI)

PM,, (30 pg/m’)

1.27 (1.06-1.52)

1.53 (1.20-1.95)

1.22 (0.98-1.52)

PM, ; (20 ug/m’)

1.19 (1.01-1.42)

1.44 (1.15-1.82)

1.22 (1.00-1.49)

Fine particle 1.23 (0.95-1.59) 1.82 (1.28-2.59) reported not
sulfur (5 pg/m?) significant
Nephelometry 1.21 (1.02-1.45) 1.36 (1.14-1.63) reported not
(1 km™) significant

Aerosol acidity
(25 nmol/m®)

1.06 (0.87-1.29)

1.05 (0.25-1.30)

1.06 (0.98-1.15)
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Commenters have focused on the following conclusion reached by the authors based on
these results: “There was no evidence that other measures of particulate pollution
including aerosol acidity were preferable to PM,, in predicting incidence of respiratory
symptoms.” (Schwartz et al., 1994) However, EPA notes the same could as easily be
said about PM, ;. The Staff Paper and Criteria Document note the difficulty in separating
the effects associated with these overlapping indicators of PM, particularly in comparing
fine particle components such as sulfates or acids with PM, , and PM, ; with PM,,. In
this study, PM, s apparently comprises about 2/3 of PM,, mass, which suggests that any
attempt to separate the two in this study is questionable, despite the authors’ conclusions
and commenters’ emphasis on this portion of the results. (These commenters in general
do not note that the PM,, concentrations associated with effects in this study are
generally well below those permitted by the current standards.)

In evaluating the usefulness of PM, 5 as an indicator, the Staff Paper focused not on
comparisons between PM,, and PM, ., but on comparing the relative effects associations
between fine and coarse fraction particles that, taken together, comprise PM,,. Although
the Schwartz et al. (1994) work did not report results separately for PM, s and PM,,, s, a
number of other studies, including the six city mortality study, did provide useful results
in this regard (U.S. EPA, 1996b; Section V.D). In essence, the staff assessment found
that fine particles or fine particle components are generally stronger predictors of adverse
health effects where such comparisons are possible. As summarized in the Staff Paper
(pp- V-58 to V-67), EPA believes that the decision to establish a PM,  standard is well
supported by the available science.

i1. Inclusion of Constituents in Measured PM, .

A number of commenters raised made alternative suggestions for how EPA should
modify the proposed PM, ; indicator (and associated FRM monitor) to better address the
collection of fine particle components of concern, with some recommending elimination of one
or more components, and others recommending more complete capture of nitrates and certain
other semi-volatile components in the FRM. Specific comments in this area are summarized
and responded to below. As a general response, however, EPA notes that the fundamental
approach to selecting a fine particle indicator was based on consistency with the monitoring used
in the underlying epidemiological studies. The specific philosophy and the approach used for
the FRM was reviewed by a CASAC Technical Subcommittee for Fine Particle Monitoring at a
public meeting held March 1, 1996, in Chapel Hill, NC. This CASAC subcommittee consisted
of monitoring and other experts who concurred with EPA’s proposed approach, recognizing the
inherent challenges of being consistent with the studies on which the levels of the standards are
based and the goal of fully characterizing the aerosol in many diverse settings across the country
using a consistent approach required by an equitable national standard (Price, 1996). The
subcommittee found that, “Under the circumstances, EPA has made an appropriate choice to
establish a good practice standard for filter sampling and analysis technology” (Price 1996).
Furthermore, the subcommittee endorsed EPA’s specific approach with respect to nitrates:
“Since the recent epidemiological studies have used a variety of methods with different
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performance characteristics, no one FRM can match them all; however, [EPA’s FRM approach]
matches most in the choice not to use a more complex design that includes denuding and backup
filtration to improve the sampling of the ambient particulate nitrate compounds” (Price 1996,
emphasis added).

(1)

Comment: If a fine particle standard is promulgated, the EPA should exclude nitrates in
the definition of PM, s, or EPA should allow States to set standards for PM excluding
nitrates, due to the lack of toxic effects from airborne nitrates. One commenter (Ohio
Edison, IV-D-2275) asserts that failure to exclude nitrates from the definition of
particulate matter would lead to conflict with a previous EPA decision to not revise the
current national ambient air quality standards for NO,. Another commenter (PG&E, IV-
D-2183) recommends that nitrates should be excluded from fine PM mass collected on
the basis of its assessment of a list of studies from available effects literature on
particulate and gas phase inorganic nitrates.

Response: As discussed in the preamble to the final rule, EPA continues to conclude that
it is appropriate to control fine particles as a group, as opposed to singling out particular
components or classes of fine particles. The more qualitative scientific literature,
evaluated in Chapter 11 of the Criteria Document and summarized in Section V.C of the
Staff Paper, has reported various health effects associated with high concentrations of a
number of fine particle components (e.g., sulfates, nitrates, organics, transition metals),
alone or in some cases in combination with gases. Community epidemiological studies
have found significant associations between fine particles or PM,, and health effects in
various areas across the U.S. where such fine particle components correlate significantly
with particle mass. As noted in section II.C of the preamble, it is not possible to rule out
any one of these components as contributing to fine particle effects.

With respect to the specific comment that the inclusion of nitrates would be at odds with
other NAAQS decisions, it is important to distinguish nitrate-bearing particles from NO,,
which is a gas, as well as from nitric acid when it occurs as a vapor. While commenters
are correct that particulate nitrates and nitric acid are generally formed from atmospheric
conversion of nitrogen oxides emissions, (just as sulfates are formed from atmospheric
transformations of sulfur oxides emissions), the recent reaffirmation of the NO, standards
was based principally on the effects of NO, itself, and not on the atmospheric
transformation products of NO,. NO, is already recognized as a precursor to ozone and
PM,, . Therefore, EPA does not consider the existence of a separate gaseous NO,
standard to be relevant to the inclusion of nitrate particles in the indicator for PM.
Whether or not there is a correlation between atmospheric levels of NO, and nitrate
particles, EPA believes that it is preferable to rely on health effects studies that used
exposures to nitrate- or nitric acid-bearing particles in order to draw any conclusions
regarding the health effects of particles with associated nitrates or nitric acid. Thus, EPA
does not agree with the premise that the studies of NO, exposure are directly relevant to a
discussion of toxic effects from exposure to nitrates or nitric acid. EPA sees no cause for
concern about a regulatory conflict between the NAAQS for PM and NO,. The primary
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PM NAAQS is based on studies of the health effects from exposure to PM, including
acid aerosols. This decision is independent of any decisions made regarding the NO,
NAAQS.

With regard to the claim that EPA did not consider certain studies, EPA disagrees.
Chapter 11 of the PM Criteria Document, which discusses controlled human and
toxicological studies of PM components, specifically cross references documents in
which the specific studies on the effects of nitrates have been reviewed, including the
1982 PM Criteria Document, the 1989 EPA Acid Aerosols Issues Paper, and the 1993
NO, Criteria Document (U.S. EPA, 1996a: p 11-5). The document notes that the more
limited recent information on nitrates is summarized in sections on multi-component
studies (such as that of Kleinman et al., 1995). The EPA staff considered the results of
relevant studies on nitrates in reaching conclusions on the appropriate indicator for fine
particles. Indeed, the studies examined by EPA also included nitrate studies that
commenters chose not to cite.

In examining the list of studies submitted for further consideration by PG&E (IV-D-
2183), EPA notes that two of the nine (Braun-Fahrlander et al., 1992, and Dockery et al.,
1992) did not use separate quantitative measurements of nitrates or nitric acid aerosols,
but rather relied on measurements of NO,. EPA did consider these studies with regard to
PM, but they are not considered to be directly relevant to a discussion of health effects
from nitrate-bearing particles. However, EPA notes that in the Braun-Farhlander et al.
(1992) study the annual average of NO, was associated with the duration of upper
respiratory symptoms.

Because relatively few epidemiological studies have included separate quantitative
measures of nitrate particles or nitric acids, the Criteria Document did not set apart a
discussion of nitrates or nitric acids from the overall review of health effects from acid
aerosol exposures. The commenter cites three epidemiologic studies (Ostro et al., 1991;
Burnett et al., 1989; Burnett et al., 1994) as finding no associations between nitrate levels
and asthma symptoms or lung function. EPA notes that commenters omitted other
studies cited in the Criteria Document that reported positive associations with nitrates.
Fine particulate nitrates were associated with increased symptoms and bronchodilator use
in Perry et al. (1982), and associations were found with aerosol nitrate and nitrous acid
by Hoek and Brunekreef (1994). In addition, several epidemiological studies reporting
statistically significant associations between PM exposures and serious health effects
(e.g., mortality) were conducted in areas in which nitrate levels are expected to be
relatively high (e.g., Los Angeles, Utah Valley). Nitrate particles are expected to be
present to some degree in most urban areas in the U.S. (See Criteria Document Chapter 6
and Figures 6-85a-c and Staff Paper Figure [V-3). Although nitrates were not measured
quantitatively, these epidemiological studies lend support to the inclusion of the fraction
of nitrate present in these types of studies. However, EPA emphasizes that, in reviewing
the available epidemiological data, no evidence has been found to give the agency cause
to distinguish this subset of particulate matter for the purposes of regulation.
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In addition to the epidemiological studies, the commenter (PG&E) also included several
toxicological and clinical studies of nitrate or nitric acid exposure. The toxicological
studies were available for previous reviews of air quality standards. In the PM Criteria
Document, almost all of the more recent clinical or toxicological studies on acid aerosols
that were available for review used sulfuric acids or sulfate particles. It is of note that a
pattern of positive and negative responses to nitrates mirrors the much more numerous
findings for sulfates. Human studies of nitric acid vapor exposure have generally not
found significant effects on spirometric measures of lung function. The PM Criteria
Document cites the toxicological studies listed by the commenter and recognizes that
health effects were found in studies that used high nitrate concentrations (p. 11-7), as
observed by the commenter. Commenters are incorrect, however, in stating that nitrates
have been shown to be uniformly less toxic than other PM components. Although
limited studies in humans (cited in both the Acid Aerosol Issue Paper and the NOx
Criteria Document) show minimal effects on spirometric measures of lung function and
respiratory symptoms, Kleinman et al. (1995) observed an increase in lung permeability
in relation to exposure to a high (350 pug/m®) concentration of particulate nitrate. These
observations indicate that nitrate cannot be ignored and treated as an “inert” particle.

Commenters also submitted two unpublished abstracts of studies that were not available
for inclusion in the Criteria Document. Disregarding the appropriateness of relying on
such more recent studies, the results of Balmes et al., who found no significant
incremental effects in particular endpoints after short-duration exposures of humans to
nitric acid vapor and nitrates, are consistent with previous controlled human exposures to
these materials. However, as is the case for similar findings for acid sulfates, such results
cannot be said to disprove any role of nitrates in the observed findings of epidemiologic
studies, which include different endpoints, far larger numbers of people, significantly
more sensitive populations, and considerably longer exposure durations than can be
achieved in controlled human studies. The unpublished results by Kleinman et al. in
animals apparently find effects of nitrates at levels as low as 100 pg/m’ and increased
potency with respect to other PM components at levels of 350 ug/m®. If the results of this
study were to be considered, assuming they were sustained following peer review,
publication, and inclusion in the next criteria review, they would serve to add markedly
to, not diminish, concerns about nitrates. In addition, commenters did not cite another
recent study of nitric acid vapor that was published after the NO, Criteria Document was
completed (Schlesenger et al., 1994). This study found that inhalation of nitric acid
vapor levels as low as 50 ug/m’ may adversely affect pulmonary health in animals by
altering the production of superoxides and the release of tumor necrosis factor by
alveolar macrophages. In essence, the mixed results of these recent findings, if fully
considered, would not support commenters’ recommendation to exclude nitrates.

Based on an examination of the information submitted by the commenter, as well as the
earlier staff integrated assessment of the available health effects information (largely the
same information), EPA maintains its conclusion that the available evidence is not
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sufficient to exclude nitrates or any other class of fine particles that are collected by PM
monitors comparable to those used in the recent epidemiological studies.

Comment: A number of commenters expressed the view that semivolatile components of
fine particles, such as nitrates and organics, should be more completely captured than is
done in the proposed Federal Reference Method Sampler. Other commenters suggested
that water should be excluded.

Response: As noted above, EPA believes the available evidence supports the inclusion of
nitrates and other semivolatile species, to the extent they were collected in the underlying
community epidemiological studies. EPA has developed its monitoring approach with
this objective in mind. While acknowledging the FRM may involve some loss of
semivolatile substances, EPA does not believe it would be appropriate to collect amounts
of such materials in significantly greater proportions than did the study monitors.
Specifically, as discussed above, the CASAC subcommittee acknowledged the complex
technical issue and endorsed EPA’s approach with respect to nitrates since it “matches
most in the choice not to use a more complex design that includes denuding and backup
filtration to improve the sampling of the ambient particulate nitrate compounds” (Price
1996, emphasis added).

In implementing the fine particulate indicator through a FRM, EPA notes that some
portion of semivolatile species is included; however, this may vary depending on local
conditions (e.g., ambient temperature changes during measurement period, general
atmospheric chemistry). EPA does note that the particle mix in certain areas (e.g.,
Western locations) will probably contain more semivolatile species such as nitrates and
organics than others (See Staff Paper Figure IV-3).

In developing the FRM, EPA worked to minimize semivolatile fraction losses and
rejected some existing candidate FRM technologies that offered other performance
advantages because of semivolatile species losses that are inconsistent with the
underlying health database. EPA also notes that other methods that would retain more of
the semivolatile material could also capture additional water, which is undesirable for
compliance with the primary standard. With respect to addressing this issue, Appendix
L specifies that handling of samples requires equilibration under defined conditions to
standardize water content in the measurements.

EPA encourages the measurement and speciation of all particulate matter, including the
semivolatile fraction, both for defining air quality and for conducting research relevant to
subsequent reviews. EPA also notes that full characterization of the chemistry of the
aerosol, including semivolatile species and water, is an important component of assessing
impact on visibility in the context of Regional Haze programs. Visibility programs have
a long-standing monitoring protocol (i.e., the IMPROVE network, which has been in
operation since 1987). See responses in Section II.B of this document for additional
information.
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Comment: Some commenters suggested that intrusion of any coarse particles derived
from naturally occurring crustal materials should be excluded because, according to the
commenters, these particles are not of health concern. Some of these commenters
supported exclusion of coarse particles from either PM,, or PM, ; standards. Some of
these commenters argue that PM, (particles with sizes less than a nominal 1 um) would
be a more appropriate indicator for fine particles. Some commenters expressed the view
that, if EPA adopts PM, 5 standards, the Agency should provide a method that would
result in better separation of fine and coarse fraction particles because there may be some
intrusion of coarse material into the PM, ; measurement.

Response: See preamble to the final rule, section II.B, for further discussion of relevant
health effects information.

EPA disagrees with the comment that crustal particles or “naturally occurring” particles
are not of health concern. The preamble to the final rule and the Staff Paper conclude
that coarse fraction particles are clearly linked with certain morbidity effects, and
CASAC clearly supported retention of a PM,, indicator to protect against the effects of
coarse fraction particles. The Criteria Document and Staff Paper conclude that
epidemiological information, together with dosimetry and toxicological information,
support the need for a particle indicator that addresses the health effects associated with
coarse fraction particles within PM,, (i.e., PM,,,5). As noted above, coarse fraction
particles can deposit in those sensitive regions of the lung of most concern. Although the
role of coarse fraction particles in much of the recent epidemiological results is unclear,
limited evidence from studies where coarse fraction particles are the dominant fraction of
PM,, suggests that significant short-term exposure effects related to coarse fraction
particles include aggravation of asthma and increased upper respiratory illness. In
addition, qualitative evidence suggests potential chronic effects associated with long-
term exposure to high concentrations of coarse fraction particles.

EPA agrees that it is appropriate to separate fine and coarse fraction particles for
regulatory purposes. As stated in the preamble to the final rule, EPA adopted the 2.5 pym
limit based on the potential for growth of true fine mode particles into that size, the
comparability with epidemiological studies and other monitoring, and the
recommendations of CASAC. In the Staff Paper, EPA notes that the PM, ; measurement
does have some potential for intrusion of the “tail” of the coarse mode (U.S. EPA 1996b,
P. VII-16 and Appendix A). Following the recommendations of CASAC, EPA has
selected a FRM with a sharp cut to minimize this potential intrusion of coarse mode
particles. While EPA notes that it does not anticipate such intrusions to be significant in
most situations, to the extent that problems in this regard occur in some locations, this
issue can and should be addressed on a case-by-case basis in the monitoring and
implementation programs (e.g., through a policy similar to the natural events policy). In
such situations, the programs will be guided by the fact that the PM,, standards are
intended to protect against the effects of coarse fraction PM, and that fine standards are



1il.

(1)

15

directed at smaller sizes. Therefore, consideration of the kinds of exclusions
recommended by commenters will be taken up in developing implementation guidance.

EPA notes that a PM, 5 indicator is more appropriate at this time than a PM, indicator.
PM, has not been used directly in health studies or widely used in the field, although in
most cases mass should be similar for cutpoints of 2.1 or 2.5 um. While PM, could
reduce intrusion of fugitive dust, it might also omit portions of hygroscopic acid sulfates
in high humidity episodes. In the Staff Paper, EPA notes that of some concern is the
theoretical possibility that different flow velocities for the smaller cut might increase the
loss of semivolatile materials relative to a larger cut (U.S. EPA 1996b, p. VII-16 and
Appendix A).

Consideration of alternative fine particle indicators

Comment: One commenter (CAAP, IV-D-8258) expressed the view that EPA should use
a particle number indicator rather than particle mass.

Response: Information suggesting that observed PM-related health effects are related to
particle number is not nearly as extensive as information relating health effects to particle
mass (U.S. EPA 1996a, chapters 12 and 13). Community epidemiological studies have
found significant associations between fine particle or PM,, mass and health effects in
various areas across the U.S. Consistent with the recommendation of 19 of 21 CASAC
panel members, EPA proposed to use a PM, ; mass concentration indicator. As noted in
the Staff Paper, PM, 5 encompasses all of the potential agents of concern in the fine
fraction, including most of the particle number in the entire PM distribution as well as
most sulfates, acids, fine particle metals, organics, ultrafine particles and most of the
aggregate surface area (U.S. EPA 1996b, p.VII-15).

The available information shows that particle number is dominated by directly emitted
“ultrafine” (<0.1 um) particles, which quickly aggregate into larger sizes, as well as
particles that form in the air from reaction of gases such as sulfur dioxide. A standard
based on numbers of particles would essentially focus exclusively on these ultrafine
particles. Both the Criteria Document and the Staff Paper examine the potential
contribution of directly emitted ultrafine particles to the observed effects of particulate
matter. The Criteria Document points out that such ultrafine aerosols (<0.1 um) are a
class of fine particles that have the potential to cause toxic injury to the respiratory tract
as seen in several animal studies (p. 13-76). The Staff Paper assessment includes the
following evaluation of potential risk:

Because of their short lifetime, it is unclear that unaggregated ultrafine
particles make up any significant fraction of the mass of fine particles or
of PM,,, other than in the vicinity of significant sources of ultrafine
particles. The relationship between ultrafine numbers (or mass) and the
mass of fine or thoracic [PM,,] particles found in typical community air
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pollution has not been established. Although the Criteria Document
provides little direct information, it might be expected that penetration and
persistence of unaggregated ultrafine particles to indoor environments
would be limited. For these reasons, it is questionable whether ultrafine
aerosols could be playing a major role in the reported epidemiologic
associations between the measured mass of fine or PM, particles and
health effects in sensitive populations [Staff Paper, p. V-72-73.]

In summary, given their much longer atmospheric lifetime and broader dispersion from
source regions, the larger fine particles appear to be of greater risk to public health.
Because of the potential toxicity of ultrafine particles and the opportunity for exposure
near combustion sources, however, they represent an area where additional research is
necessary. In any event, strategies that control fine particles will focus new attention on
both directly emitted and atmospherically formed ultrafine particles. EPA believes the
available information clearly supports selection of a mass-based indicator, as opposed to
a number-based particle standard.

Comment: One commenter (U. Of Rochester, IV-D-894) expressed concern that a
reduction in accumulation mode mass would lead to an increase in the number of
ultrafine particles (aerodynamic diameter <0.1 um). This would be undesirable if the
number of particles, rather than the mass of particles, were the crucial factor in causing
health effects.

Response: The suggestion that portions of fine particle mass are a “sink™ for ultrafine
particles is theoretically correct, but EPA’s examination of the issue, which is discussed
below, suggests that the practical implications may be quite limited. In essence, while
there are situations in which a reduction in “accumulation mode”* mass could lead to an
increased persistence of directly emitted ultrafine particles, there are significant limits on
how large an increase in ultrafine particle number would occur and how long such
increase in ultrafine particles would last. More importantly, strategies developed for
reducing accumulation mode mass will almost certainly involve a reduction in the rate of
formation of ultrafine particles. EPA anticipates that the reduction in formation of
ultrafine particles, as part of an overall PM control program, will cause a reduction in
ultrafine particle number even though the accumulation mode mass is reduced. These
points are developed more fully below.

As discussed in detail in the PM Criteria Document (U.S. EPA, 1996a; Chapters 3 and
6), ultrafine particles are condensed phase species with very low equilibrium vapor
pressure, formed by nucleation of gas phase species. In the atmosphere there are three

*Accumulation mode particles generally extend from about 0.1 to as large as 1 to 3 pm in

aerodynamic diameter. Ultrafine or nuclei-mode particles coagulate or grow by condensation
into the accumulation mode. The fine mode consists of both (U.S. EPA, 1996b; p. [V-2-IV-3).
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major classes of sources which yield particulate matter with equilibrium vapor pressures
low enough to form ultrafine particles:

(1) _Particles containing heavy metals. Ultrafine particles of metal oxides or other metal
compounds are generated when metallic impurities in coal or oil are vaporized during
combustion and the vapor undergoes nucleation. Metallic ultrafine particles are also
formed from metals in oil or fuel additives that are vaporized during combustion of
gasoline or diesel fuels.

(2) Elemental carbon or soot, C.. C, particles are formed primarily by condensation of
C, molecules generated during the combustion process. Because C, has a very low
equilibrium vapor pressure, ultrafine C, particles can nucleate even at high temperatures.
(3) Sulfates. Sulfuric acid (H,SO,), or its neutralization products with ammonia (NH;),
ammonium sulfate ((NH,),SO,) or ammonium acid sulfate (NH,HSO,), are generated in
the atmosphere by conversion of sulfur dioxide (SO,) to H,SO,. As H,SO, is formed, it
can either nucleate to form new ultrafine particles or it can condense on existing ultrafine
or accumulation mode particles.

The concentration of ultrafine particles would be expected to increase with a decrease in
accumulation mode mass, but to decrease with a decrease in the rate of generation of
H,SO,. The rate of generation of H,SO, depends on the concentration of SO, and OH,
which is generated primarily by the photolysis of O;. Thus, the reductions in SO, and O,
that will form a major basis for attaining PM, 5 and O, standards and implementation of
Title II and Title IV Clean Air Act programs should lead to a decrease in the rate of
generation of H,SO, and a decrease in the concentration of ultrafine particles.

The commenter advances a theoretical argument but does not provide any quantitative
assessment. In order to provide additional insight into the potential magnitude of the
possible changes in particle numbers, EPA used a readily available aerosol formation
model (Binkowski et al., 1996; Binkowski and Shankar, 1995) to illustrate the effects of
changing accumulation mode mass and ultrafine particle generation rates. This aerosol
dynamics model simulates the processes of nucleation, condensation, and coagulation of
particles. The rate of condensation depends on the surface area available for
condensation. The rate of coagulation depends on the number of particles and their sizes.
Two representative situations have been examined, as described below. Details of the
simulations are given in the accompanying Table.

The first simulation is similar to that posited by the commenter and addresses the first
two classes of ultrafine particles outlined above. In essence, a pulse of ultrafine particles
is added to an atmosphere with several different concentrations of accumulation mode
particles. Only coagulation is modeled. This simulates the injection of auto exhaust into
an air parcel moving across a busy street or highway or, with less precision, a plume of
ultrafine particles near a stationary combustion source moving into an air parcel. The
results of the simulations (cases 1-4 in the table) are shown in Figure 1. Simulations
were performed for the injection of pulses of 5 and 2.5 pg/m’ of ultrafine particles into an
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air parcel containing 50, 25, or 12.5 ug/m’® of accumulation mode particles. All
simulations show the rapid coagulation of ultrafine particles into the accumulation mode,
such that the majority of the pulse is gone in 20 to 40 minutes. The characteristic short
lifespan of ultrafine particles, as illustrated in Figure 1, is one of the reasons they do not
appear likely to be responsible for PM-mortality effects associations that have been
observed in epidemiological studies of sensitive populations that spend the majority of
the time indoors. (U.S. EPA, 1996; p. V-72 toV-73).

It is clear from the model results in Figure 1 that relatively large reductions in fine mass
(e.g., from 50 to 25 pg/m’; or from 25 to 12.5 pg/m*) lead to only a small slowing of the
disappearance of ultrafine pulses, and the increase at any time appears to be 10% or
smaller. Although more significant effects might occur at much higher fine particle
concentrations, given measured and estimated PM, ; air quality expected in U.S. cities, it
is unlikely that implementing annual standards in the range of 15 ug/m’ or 24-hour
standards in the range of 65 pg/m’ would produce fine mass changes as large as those
simulated. Thus, these simulations indicate that, even in the unlikely event that fine
particle strategies resulted in no reductions of directly emitted ultrafine particles, any
effect on resultant ultrafine exposures would be small. To the extent that reductions in
such ultrafine emissions do occur, the simulation results in Figure 1 (as illustrated in the
reduced ultrafine pulse cases) show that the benefits of reducing the formation of
ultrafine particles appear to be much greater than any effect of reduced accumulation
mode mass.

In the second simulation, the formation rate of H,SO, and the accumulation mode mass
are varied and the three processes of nucleation, condensation, and coagulation are
modeled (class 3 ultrafine particles as described above). This dynamic situation is more
complex, and strongly dependent on relative sources and concentrations of fine particles,
SO,, ozone, relative humidity, and other factors, including conditions that favor more
rapid transformation of SO, to sulfates. In this context, it is also important to note that
one of the major strategies for reducing fine particle mass includes reduction of SO,
emissions, which itself would tend to reduce the formation of ultrafine sulfate particles.
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DESCRIPTION OF ULTRAFINE PARTICLE NUMBER MODEL AND CASES

A. INITIAL VALUES FOR PULSE SIMULATIONS FOR FIGURE 1

Background Case 1 Case 2 Case 3 Case 4
Mass ultrafine, pg/m’ 0.25 0.25 0.25 0.25
Mass accumulation, pg/m’ 50 25 25 12.5
Number ultrafine, #/m? 3.91x10" 3.91x10" 3.91x10" 3.91x10"
Number accumulation, #/m’ 1.78x10" 8.90x10° 8.90x10° 4.45x10°
Ultrafine Pulse

Mass, pg/m’ 5 5 2.5 2.5
Number, #m’ 7.82x10" 7.82x10" 3.91x10" 3.91x10"

Note: All calculations done at one atmosphere, 295°K and 50% Relative Humidity. The
geometric standard deviations for the ultrafine and accumulations modes are held constant at 1.7
and 2.0, respectively. The initial geometric mean diameters for the ultrafine and accumulation
modes are 15 and 105 nanometers, respectively; however, these are allowed to vary with time.
The background is assumed to contain ultrafine and accumulation mode, and the added pulse is
assumed to be ultrafine mode. The aerosol dynamics model used is described in Binkowski and
Shankar (1995) as modified by Binkowski et al. (1996).

B. INITIAL VALUES IN DYNAMIC SIMULATIONS FOR FIGURE 2

Case 6 Case 7 Case 8
Initial Values: G@2) G@2) (2.5@2)
Production Rate of Sulfuric Acid (ug/m’s)  1.11x10™ 1.11x10* 5.57x107
SO, (ug/m?), ultrafine 0.25 0.25 0.25
SO, (ng/m?), accumulation 25.00 12.50 12.50
Number (#/m?), ultrafine 3.91x10" 3.91x10" 3.91x10"
Number (#/m?), accumulation 8.90x10° 4.45x10° 8.90x10°

Note: All environmental conditions as well as the initial diameters and geometric standard
deviations of modes as in A. above. The notation 5@2 denotes the SO, concentration in (5 ppb)
and the conversion rate to sulfuric acid ( 2% per hour). Model described in: Binkowski and
Shankar (1995) and Binkowski et al. (1996), as above.

INSERT FIGURES 1 AND 2 PAGE HERE
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Figure 2 shows the variation in number of ultrafine particles for realistic variations in
accumulation mode mass and H,SO, production rates. With an accumulation mode mass
of 25ug/m?, an H,SO, production rate of 2% h™', and 5 ppb of SO,, the model predicts a
slow increase in ultrafine particles with the concentrations raising from an initial value of
4 x 10" particles/m’® to 5.5 x 10'° after two hours (Case 6). If the accumulation mode
mass is reduced to 12.5 pg/m’, holding SO, concentration and oxidation rate constant, the
number of ultrafine particles increases, reaching a maximum of 6.7 x 10'* at 45 min but
then dropping to 4 x 10" at two hours (Case 7). This suggests a factor of two reduction
in non-sulfur related accumulation mode mass, unaccompanied by SO, reductions, could
lead to a moderate increase in ultrafine particle number followed by a decline. However,
if the fine mass reduction is at least partially attained by reducing SOx precursor
emissions (as simulated in case 8 by reducing SO, from 5 to 2.5 ppb), or reductions in
ozone and related precursors also occur, the formation rate of ultrafine sulfates slows
and the total number is more likely to decrease with time due to coagulation of the
ultrafine particles present in the assumed initial distribution. These simulations used a
relative humidity of 50%. At higher humidities, characteristic of summertime
photochemical episodes, the relative rate of ultrafine generation would be lower.

The following general conclusions can be drawn from an examination of the model
output. For the same ultrafine particle or precursor input, a reduction in accumulation
mode mass may lead to an increase in ultrafine particle number. However, at common
concentrations in U.S. cities, the increase in ultrafine particles is much less than
proportional to the decrease in accumulation mode mass. More importantly, reductions
in ultrafine particle or precursor input dramatically reduce the number of ultrafine
particles even when the accumulation mode mass is proportionally reduced.

Based on a consideration of the above factors, EPA concludes that a reduction in
accumulation mode mass is more likely to be accompanied by a reduction in the
generation rate of ultrafine particles so that the number of ultrafine particles will not
increase. Even if there were to be a small increase in ultrafine particle number this would
be offset by the public health benefits of a reduction in accumulation mode mass. The
reasons EPA believes that mass, which is the metric correlated with effects in the
epidemiological studies, is a more appropriate indicator than particle number, are
discussed above. As noted in the Staff Paper, EPA believes that preliminary studies of
the effects of ultrafine particles, including those of the commenter, suggest the potential
for enhanced toxicity of this size range, and that further research in this area is of some
importance. It is possible that freshly generated ultrafine particles relatively near
significant sources could present an additional risk to health, above those associated with
particle mass. It is also important to monitor particle number as well as mass to further
delineate the relative effectiveness of strategies for reducing both particle mass and
particle number.
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Consideration of separate/additional sulfate standard

Comment: Some commenters expressed the view that EPA should add a separate sulfate
standard instead of PM, ; standards. Additional commenters (e.g., Resources for the
Future, IV-D-2670; Colorado ALA and PIRG, IV-D-2095) expressed the view that EPA
should add an additional sulfate standard to augment the PM,  standards, while others
(Ohio Edison, IV-D-2275) commented that EPA should exclude sulfates.

Response: See preamble to the final rule, sections 1I-B and II-C-1.

In the Staff Paper EPA noted that the most substantial laboratory and epidemiological
data for any single class of fine particles exists for sulfates and associated acids (U.S.
EPA 1996b, VII-14). The data for acids, which are more difficult to measure, is less
consistent than for sulfates. Relatively strong correlations exist between acids, sulfate