S EPA 5

Particulate Matter Health Risk Assessment

for Selected Urban Areas



EPA 452/R-05-007A
December 2005

Particulate Matter Health Risk Assessment
For Selected Urban Areas

By:

Ellen Post
Kristina Watts
Ed Al-Hussainy
Emily Neubig
Abt Associates, Inc.
Bethesda, MD

Prepared for:
Nancy Riley, Project Officer
Harvey Richmond, Work Assignment Manager
Air Quality Strategies and Standards Division

Contract No. 68-D-03-002
Work Assignments 1-15 and 2-22

U.S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Air Quality Strategies and Standards Division

Health and Ecosystems Effects Group

Research Triangle Park, NC



DISCLAIMER

This report is being furnished to the U.S. Environmental Protection Agency (EPA) by
Abt Associates Inc. in partial fulfillment of Contract No. 68-D-03-002, Work Assignment Nos.
1-15 and 2-22. Some of the preliminary work for this report was completed under Contract No.
68-D-98-001, Work Assignments 1-36, 2-46, 3-51, and 4-65 and Contract No. 68-D-03-002,
Work Assignment No. 0-04. The opinions, findings, and conclusions expressed are those of the
authors and are not necessarily those of the EPA. Earlier drafts of this report were circulated for
review by the Clean Air Scientific Advisory Committee and the general public. All inquiries
concerning this report should be addressed to Mr. Harvey Richmond, U.S. EPA, Office of Air
Quality Planning and Standards, C539-01, Research Triangle Park, North Carolina 27711.

Any analyses, interpretations, or conclusions presented in this report based on
hospitalization and mortality data obtained from outside sources, are credited to the authors and
not the institutions providing the raw data. Furthermore, Abt Associates expressly understands
that the Michigan Health and Hospital Association has not performed an analysis of the
hospitalization data obtained or warranted the accuracy of this information and, therefore, it
cannot be held responsible in any manner for the outcome.



PREFACE TO DECEMBER 2005 EDITION

The purpose of this December 2005 revised edition is to include a number of technical
corrections to the June 2005 final report. An errata sheet that lists the revisions made to the June
2005 report is included after the List of Figures.
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ERRATA

Corrections made to the Exhibits:

The baseline incidence rate for (non-accidental) mortality in Philadelphia was removed from
Exhibit 5.3 (p. 56), because that health endpoint was not included for Philadelphia in the final
analysis.

In Exhibits 7.1 (p. 84) and D.12 (p. D-15), corrections were made to the results for short-term
exposure cardiovascular mortality (Mar (2003)) in Phoenix, AZ, using cutpoints of 10, 15, and
20 pg/m?.

The 14 pg/m?® annual and 65 pg/m? daily 98" percentile alternative set of standards was added to
Exhibits E.3, E.11, E.19, and E.27. [This alternative set of standards was relevant only in
Philadelphia.]

In Exhibit F.4, “Hospital Admissions” was changed to “Respiratory Symptoms”in the “Health
Effects” column.

In Exhibit E.3, corrections were made in the right-most column of results (for cutpoint = 20

ng/m?3), beginning with the 14 ug/m® annual standard and 65 pg/m?® 98™ percentile value daily
standard.

XX



PARTICULATE MATTER RISK ASSESSMENT FOR SELECTED URBAN AREAS
1. Introduction

As required by the Clean Air Act, the U.S. Environmental Protection Agency (EPA)
periodically reviews the national ambient air quality standards (NAAQS) for particulate matter
(PM). As a result of the last review of the PM NAAQS completed in 1997 (62 FR 38652, July
18, 1997), EPA added new standards for PM, ., referring to particles with a mean aerodynamic
diameter less than or equal to 2.5 pm, in order to address concerns about the fine fraction of
inhalable particles. The existing PM,, standards, referring to particles with a mean aerodynamic
diameter less than or equal to 10 um, were originally adopted in 1987. The U.S. Court of
Appeals for the District of Columbia Circuit found “ample support” for EPA’s decision to
regulate coarse particle pollution, but vacated the Agency’s 1997 revisions to the PM,, standards,
concluding in part that PM,, is a “poorly matched indicator for coarse particle pollution” because
it includes fine particles. (American Trucking Association v. EPA, 175 F. 3d 1027, 1053-55
(D.C. Cir. 1999). The 1987 PM,, standards remain in effect. The new primary (health-based)
PM, ; standards included: an annual standard of 15 ug/m?®, based on the 3-year average of annual
arithmetic mean PM, . concentrations from single or multiple community-oriented monitors; and
a 24-hour standard of 65 pg/m?, based on the 3-year average of the 98" percentile of 24-hour
PM, ¢ concentrations at each monitor in an area. These standards were based primarily on a large
body of epidemiological evidence relating ambient PM concentrations to various adverse health
effects.

As part of its last review, EPA’s Office of Air Quality Planning and Standards (OAQPS)
sponsored a risk assessment for two urban areas, Philadelphia County and Los Angeles County,
to assess the risks associated with then-current PM levels and the effects of alternative PM
standards on reducing estimated health risks attributable to PM (Abt Associates Inc., 1996; and
Abt Associates Inc., 1997a,b. See also Deck et al., 2001 and Post et al., 2001 for published
articles describing the risk assessment methodology used in the 1996-1997 analyses). Results
were presented and discussed as part of the OAQPS Staff Paper (U.S. EPA, 1996b), that
presented factors relevant to the evaluation of the then-current primary (health-based) NAAQS,
as well as staff conclusions and recommendations of alternative standards for the EPA
Administrator to consider.

The next periodic review of the PM NAAQS is now underway. EPA’s final assessment
of the available PM health effects literature is contained in the October 2004 final report, Air
Quality Criteria for Particulate Matter (U.S. EPA, 2004) (hereafter 2004 PM CD). This final
report underwent extensive review and comment by the Clean Air Scientific Advisory
Committee’s (CASAC) PM Review Panel and the general public. The 2004 PM CD includes an
evaluation of the scientific evidence on the health effects of PM, including information on
exposure, physiological mechanisms by which PM might damage human health, and an
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evaluation of the epidemiological evidence including reported concentration-response (C-R)
relationships.

At the time of the last PM CD (U.S. EPA, 1996a), a number of health studies indicated
differences in health effects between fine and coarse fraction particles, and suggested that serious
health effects, such as premature mortality, were more closely associated with fine fraction
particles. The new studies, summarized in Chapter 8 of the 2004 PM CD continue to show
associations between serious health effects, including premature mortality, and ambient PM, ¢
concentrations. In both the last and current PM NAAQS review, there were a greater number of
studies assessing the relationship between PM,, and various health effects than any other PM
indicator. In the past review, there were only a limited number of studies that assessed the
relationship between ambient PM, . and various health effects, and even fewer that assessed the
relationship between ambient PM,, - and health effects. As shown in Exhibits C.1 through C.10
in Appendix C, for the current review there are significantly more studies available that address
the relationship between ambient PM, . levels and significant health effects, including increased
mortality associated with short- and long-term exposures, increased hospital admissions, and
increased respiratory symptoms. As discussed more fully in Sections 3 and 4, these new studies
include single-city studies in a variety of locations across the United States and Canada, as well
as some multi-city studies. The health effects evidence summarized in Chapter 8 of the 2004 PM
CD also now includes a relatively smaller set of studies that assess the relationship between
ambient PM,,, s and various health effects.

An initial draft report, “Proposed Methodology for Particulate Matter Risk Analyses for
Selected Urban Areas,”was submitted to the CASAC for review and was made available to the
public in January 2002. In that draft report, we proposed to focus on assessing risk associated
with PM, - and, to the extent appropriate, PM,,,.." We received both written public comments
and comments made by members of the CASAC during and subsequent to an advisory
teleconference review of this initial draft report. Among its comments, the CASAC suggested
carrying out an additional health risk assessment employing PM,, as an indicator to complement
the PM, . risk assessment, since many health studies used PM,, as the indicator and PM,, air
quality data are available (Hopke, 2002). Risks associated with PM,, ambient levels are likely to
reflect the contribution of PM, 5, PM,,, -, Or some combination of both depending on the relative
composition of PM in various urban areas within the United States and Canada.

Many time-series studies, especially those carried out in recent years, involved use of
generalized additive models (GAMS). In late May 2002, EPA was informed by the Health
Effects Institute (HEI) of a generally unappreciated aspect in the use of S-Plus statistical

Coarse particle concentrations have been measured directly using a dichotomous sampler or by subtraction
of particles measured by a PM, . sampler from those measured by a co-located PM,, sampler. This measurement is
an indicator for the fraction of coarse-mode thoracic particles (i.e., those capable of penetrating to the tracheo-
bronchial and the gas-exchange regions of the lung).
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software often employed to fit these models. Using appropriate modifications of the default
convergence criteria code in the S-Plus software and a correct approach to estimating the
variance of estimators will change the estimated C-R functions and could change the results of
tests of significance of estimates, although it is not possible to predict a priori how estimates and
significance tests will change. Many but not all of the C-R functions that were originally
estimated using the S-Plus software for fitting GAMs have since been re-estimated using revised
methods. In May 2003, HEI published a special peer-reviewed panel report describing the issues
involved and presenting the results of the re-analyzed studies (HEI, 2003). Among the panel’s
general conclusions was that:

The impact of using more appropriate convergence criteria on the estimates of PM effect
in the revised analyses varied greatly across the studies. In some studies, stricter
convergence criteria had little impact, and in a few the impact was substantial. In no
study were conclusions based on the original analyses changed in a meaningful way by
the use of stricter criteria. Explanations for this variability considered by the Panel
include the degree of temporal smoothing used in the original analyses, the number of
smoothed terms in the models, and the degree of nonlinear collinearity (concurvity)
among the smoothed terms. The relative importance of these and other explanations
remains unclear. (p. iii)

A draft memorandum (Post, April 8, 2003) was made available to the CASAC and the
public describing changes in the recommended methodology and scope for the PM,,, ;and PM,,
risk assessments in light of the re-analyzed study results and the CASAC and public comments.
In August 2003 a second draft report presented preliminary results from risk assessments for
three PM indicators — PM, ., PM,,, and PM,,, . — and provided a description of the methodology
initially discussed in the January 2002 draft report, taking into account comments received from
the CASAC and the public, as well as changes made in light of studies re-analyzed as a result of
the S-Plus/GAM issue. The August 2003 draft report (Abt Associates Inc., 2003) presented
assessments of the health risks associated with “as is” concentrations of each of the three PM
indicators in excess of their policy relevant background (PRB) levels, as well as an assessment of
the risk reductions associated with just meeting the current PM, . standards. In January 2005, the
precursor to the current final report (Abt Associates Inc., 2005) presented results based on air
quality data and baseline incidence rates for mortality that were updated from those in the
previous (August 2003) draft report.

The risk assessment described in this report focuses on the two PM indicators for which
EPA now anticipates making decisions — PM, and PM,,,.. The report provides a description
of the methodology used, taking into account comments received from the CASAC (Hopke,
2004; Henderson, May 2005) and the public on the August 2003 and January 2005 draft reports.
The report also presents the assessments of the health risks associated with “as is” concentrations
of PM, and PM,, s in excess of their PRB levels and various specified cutpoints, as well as an
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assessment of the reduced health risks associated with just meeting the current and alternative
standards for PM, 5, and alternative standards for PM,, , . In addition, in an appendix, we
present an assessment of the health risks associated with “as is” concentrations of PM,, in excess
of PRB levels. The risk assessment is based on the health effects evidence assessed in the 2004
PM CD, which includes the re-analyzed studies presented in the HEI special report (HEI, 2003).

The goals of the PM risk assessment are: (1) to provide estimates of the potential
magnitude of mortality and morbidity associated with current PM, . and PM,,, - levels and with
attaining the current suite of PM, . NAAQS (as well as the reduced effects associated with
attaining alternative PM, . and PM,, , - standards identified as part of this review) in specific
urban areas,? (2) to develop a better understanding of the influence of various inputs and
assumptions on the risk estimates (e.g., choice of PRB levels, and consideration of various
cutpoints below which effects are assumed not to occur), and (3) to gain insights into the nature
of the risks associated with exposures to ambient PM (e.g., patterns of reduced risks associated
with meeting alternative annual and daily standards). As discussed in the June 2005 Staff Paper,
Review of the National Ambient Air Quality Standards for Particulate Matter: Policy Assessment
of Scientific and Technical Information - OAQPS Staff Paper, (U.S. EPA, 2005b) (hereafter
2005 PM SP), the risk assessment in this standards review must take into consideration
significant uncertainties associated with the assessment, as discussed in Section 6 below.

As discussed in Chapter 9 of the 2004 PM CD (p. 9-79), “the new evidence from
mechanistic studies suggesting plausible biological response pathways, and the extensive body
of epidemiology evidence on associations between short- and long-term exposures to ambient
thoracic particles (typically indexed by PM,,) and a range of health effects, supports the general
conclusion that ambient thoracic particles, acting alone and/or in combination with gaseous co-
pollutants, are likely causally related to cardiovascular and respiratory mortality and morbidity.”
The 2004 PM CD (p.9-79) also concludes that “a growing body of evidence both from
epidemiological and toxicological studies also supports the general conclusion that PM, . (or one
or more PM, . components), acting alone and/or in combination with gaseous co-pollutants are
likely causally related to cardiovascular and respiratory mortality and morbidity.” With respect
to PM,,, s, the 2004 PM CD (pp.9-79 to 9-80) finds that there is “a much more limited body of
evidence ... suggestive of associations between short-term (but not long-term ) exposures to
ambient coarse-fraction thoracic particles... and various mortality and morbidity effects observed
at times in some locations.” The 2004 PM CD (p.9-80) concludes that “the strength of the
evidence varies across endpoints, with somewhat stronger evidence for coarse-fraction particle
associations with morbidity (especially respiratory) endpoints than for mortality.” The PM,
risk assessment described in this draft report is premised on the assumptions that PM, ¢ is
causally related to the mortality, morbidity, and symptomatic effects (alone and/or in

“Risk estimates associated with current PM,, levels also have been included in an appendix to this report for
those urban areas where PM, .. risks have been estimated to provide additional context.
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combination with other pollutants) observed in the epidemiological studies and that PM,, 5 is
causally related to the morbidity and symptomatic effects observed in the epidemiology studies.
We recognize, as discussed in the PM CD (p.8-327), that “the apparent differences in PM, ¢
and/or PM,,, s effect sizes across different regions should not be attributed merely to possible
variations in measurement error or other statistical artifact(s). Some of these differences may
reflect: real regional differences in particle composition or co-pollutant mix; differences in
relative human exposures to ambient particles or other gaseous pollutants; sociodemographic
differences (e.g., percent of infants or elderly in regional population); or other important, as of
yet unidentified PM effect modifiers.”

Given the availability of additional urban locations with recent and sufficient PM, ; and
PM,,., s air quality data, and additional health effect studies in various locations in different
regions of the United States, and consistent with the advice of the CASAC, EPA expanded the
scope of its PM risk assessment from the last review to several additional urban areas, consistent
with the goals of the assessment. Philadelphia and Los Angeles Counties, which were the only
areas included in the prior risk assessment, are included. As discussed in greater detail in
Section 3, additional areas included for short- and/or long-term exposure mortality in the PM, ¢
risk assessment are as follows: Boston, Detroit, Phoenix, Pittsburgh, San Jose, Seattle, and St.
Louis. In addition, increased hospital admissions associated with PM, . were estimated for
Detroit, Los Angeles, and Seattle, and increased respiratory symptoms were estimated for Boston
and St. Louis. Inclusion of these additional areas allows EPA to explore potential geographic
differences in risk estimates.

The PM,,, 5 risk assessment is more limited because of the more limited air quality data
(requiring co-located PM, . and PM,, monitors) as well as the smaller number of studies and
health effects for which there is sufficient evidence. While a few studies have reported positive
statistically significant associations in some locations between PM,,, - and non-accidental total
mortality and cause-specific mortality (due to short-term exposure), the majority of studies
investigating these relationships have not reported statistically significant results. Therefore,
EPA does not believe the weight of the evidence supports including short-term exposure
mortality in the quantitative PM,,, s health risk assessment (see 2005 PM SP, Chapter 3) for
further discussion of the evidence relating PM,,, s and short-term exposure mortality). The areas
included in the PM,,, s risk assessment are Detroit and Seattle (where an association has been
shown between PM,,, - and hospital admissions) and St. Louis (where an association has been
shown between PM,,, - and respiratory symptoms).

The PM risk assessment has two parts. The first part considers health risks under “as is™
PM concentrations in the selected locations. The basic question addressed in the first part is of
the following form:

% “As is” PM concentrations are defined here as a recent year of air quality.
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For a given human health endpoint (mortality, hospital admissions, etc.),
what is the estimated annual incidence of the health endpoint that may
be associated with “as is”” PM concentrations in these locations?

The second part of the risk assessment considers health risks if the current PM, .
standards (15 pg/m? for the annual standard and 65 pg/m? for the daily standard) or alternative
PM, . or PM,,, - standards were just met in the selected locations. The basic question addressed
in this part of the risk assessment is of the following form:

For a given human health endpoint (mortality, hospital admissions, etc.),
what is the estimated annual incidence of the health endpoint that may
be associated with the reduced PM concentrations that would be
expected to result if the current or alternative sets of PM standards were
just met?

As described in more detail in Section 2.5 below, in both parts of the risk assessment
only those PM levels in excess of specified “cutpoint” concentrations are considered. For health
effects associated with short-term exposures to PM, the lowest of these cutpoints is the estimated
PRB concentration for the location.*

The methods used to estimate risks associated with “as is” PM concentrations and PM
concentrations that would be expected to result if the current or alternative sets of PM standards
were just met in the selected urban areas in this risk assessment are similar to the methods used
in the previous PM risk assessment. An overview of these methods is presented in Section 2.
Section 3 discusses the selection of health endpoints and urban areas from a broader list of
candidate health endpoints and locations to include in the risk assessment, as well as the
selection of studies estimating C-R functions. Section 4 describes the approach to selecting and
using C-R functions from the broader candidate pool of C-R functions available. Section 5
presents baseline health effects incidence rates (i.e., the health effects incidence rates associated
with “as is” PM levels) for each of the assessment locations. Because the risk assessment was of
necessity carried out with incomplete information, several assumptions were made at several
points in the analysis process. These assumptions and the various sources of uncertainty in the
analyses are discussed briefly in Section 2.6 and in greater detail in Section 6. The results of the

* Consistent with the approach taken in the prior PM risk assessment, estimates of risks associated with PM
concentrations above background are judged to be more relevant to policy decisions about the level of ambient air
quality standards than estimates that include risks potentially attributable to uncontrollable background PM
concentrations. Thus, risks are estimated only for concentrations exceeding “background” levels or above various
higher cutpoints that reflect possible population thresholds, where “background” is defined as the PM concentrations
that would be observed in the U.S. in the absence of anthropogenic, or man-made, emissions of primary PM and
precursor emissions of volatile organic compounds, nitrogen oxides, sulfur dioxide, and ammonia in the U.S.,
Canada, and Mexico. Therefore, “background” for the purposes of the PM risk assessment includes PM from
natural sources and transport of PM from sources outside of the U.S., Canada, and Mexico.
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base case and sensitivity analyses for PM, . from the first — recent air quality/“as is” — part of
the risk assessment are discussed in Section 7, and the results of the base case and sensitivity
analyses from the second part — just meeting the current and alternative standards — are discussed
in Section 8. The results of the base case and sensitivity analyses for PM,,, - from both parts of
the risk assessment are discussed in Section 9. Appendix A discusses the air quality data used in
the analyses. Appendix B describes an analysis of historical air quality data relevant to the
choice of air quality adjustment procedures for simulating attainment of current and alternative
PM, and PM,,, s standards. Appendix C summarizes relevant study-specific information used
to carry out the base case risk assessment and sensitivity analyses. Because the PM risk
assessment covers PM, . and PM,,, - and a substantial number of urban locations, there are many
exhibits of results. The results for both PM indicators are summarized in figures in Sections 7, 8,
and 9. Most of the exhibits containing quantitative results are presented in the main body of the
report for only one location (Detroit) for illustrative purposes. Results exhibits for PM, . for the
other locations are presented in Appendix D for base case and sensitivity analyses from the first
— recent air quality/“as is” — part of the risk assessment , and Appendix E for base case and
sensitivity analyses from the second — just meeting the current and alternative PM, . standards —
part of the risk assessment. All results exhibits for PM,, , s for locations other than Detroit are
presented in Appendix F. Finally, Appendix G presents the results of a PM,, “as is” air quality
risk assessment for locations and health endpoints for which results are presented in the PM, ¢
risk assessment.
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2. Overview of Methods

This section gives an overview of the methods used in the risk assessment. Section 2.1
presents the basic structure of the risk assessment, distinguishing between its two parts —i.e.,
risk associated with “as is” PM levels (defined as a recent year of air quality) and risks
associated with just meeting the current and potential alternative PM standards — and identifying
the basic information elements needed for the analyses. Section 2.2 discusses air quality inputs.
Section 2.2.1 discusses the estimation of PM, . and PM,,, - PRB levels; Section 2.2.2 discusses
the characterization of “as is” PM levels. Section 2.3 discusses the simulation of PM
concentrations that just meet specified PM standards. A brief discussion of issues surrounding
baseline incidence rates is given in Section 2.4. The calculation of health effects incidence and
incidence reductions is described in Section 2.5. Section 2.6 gives an overview of the
characterization of uncertainty and variability in the PM risk assessment. Finally, sensitivity
analyses are discussed in Section 2.7.

2.1 Basic structure of the risk assessment

The general approach used in both the prior and the current PM risk assessment relies
upon C-R functions which have been estimated in epidemiological studies. Since these studies
estimate C-R functions using ambient air quality data from fixed-site, population-oriented
monitors, the appropriate application of these functions in a PM risk assessment similarly
requires the use of ambient air quality data at fixed-site, population-oriented monitors. The
general PM health risk model combines information about PM air quality for specific urban
areas with C-R functions derived from epidemiological studies and baseline health incidence
data for specific health endpoints and population estimates to derive estimates of the annual
incidence of specified health effects attributable to ambient PM concentrations. The analyses are
conducted for both “as is” air quality and for air quality simulated to reflect attainment of current
and alternative PM ambient standards.

An overview of the major components of the risk assessment discussed in this report is
presented in Exhibit 2.1. The points in the risk assessment at which sensitivity analyses were
carried out are represented by diamonds. The sensitivity analyses (labeled in Exhibit 2.1 as s,’s)
are described in Exhibit 2.6 below.

In the first part of the risk assessment, we estimate health effects incidence associated
with “as is” PM levels. In the second part of the risk assessment, we estimate the reduced health
effects incidence associated with those PM concentrations that would result if the current or
alternative PM standards were just met in the assessment locations, as well as the percent
reductions in incidence from incidence under the current standards (for PM, ) or “as is”
concentrations (for PM,,, ). Both parts of the risk assessment consider only the incidence of
health effects associated with PM concentrations in excess of specified cutpoint levels
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Exhibit 2.1 Major Components of Particulate Matter Health Risk Analyses
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(see Section 2.5). Both parts may be viewed as assessing the change in incidence of the health
effect associated with a change in PM concentrations from some upper levels to a specified
(lower) cutpoint level. The important operational difference between the two parts is in the
upper PM levels. In the first part, the upper PM levels are “as is” concentrations. In contrast,
the upper PM levels in the second part of the risk assessment are the estimated PM levels that
would occur when the current PM, ; or alternative PM, . or PM,,, ; Standards are just met in the
assessment locations. The second part therefore requires that a method be developed to simulate
just meeting the specified standards.

To estimate the change in the incidence of a given health effect resulting from a given
change in ambient PM concentrations in an assessment location, the following analysis inputs
are necessary:

. Air quality information including: (1) “as is” air quality data for PM from population-
oriented monitors in the assessment location, (2) estimates of PRB PM concentrations
appropriate to this location, and (3) a method for adjusting the *“as is” data to reflect
patterns of air quality change estimated to occur when the area just meets the specified
standards. (These air quality inputs are discussed in more detail in Section 2.2).

. Concentration-response function(s) which provide an estimate of the relationship
between the health endpoint of interest and PM concentrations (preferably derived in the
assessment location, although functions estimated in other locations can be used at the
cost of increased uncertainty -- see Section 6.1.3). For PM, ., C-R functions are available
from epidemiological studies for both short- and long-term exposures. For PM,, ., only
short-term exposure studies are included in the risk assessment. (Section 2.5 describes
the role of C-R functions in estimating health risks associated with PM).

. Baseline health effects incidence rate and population. The baseline incidence rate
provides an estimate of the incidence rate (number of cases of the health effect per year,
usually per 10,000 or 100,000 general population) in the assessment location
corresponding to “as is” PM levels in that location. To derive the total baseline incidence
per year, this rate must be multiplied by the corresponding population number (e.g., if the
baseline incidence rate is number of cases per year per 100,000 population, it must be
multiplied by the number of 100,000s in the population). (Section 2.4 summarizes
considerations related to the baseline incidence rate and population data inputs to the risk
assessment).

The risk assessment procedure described in more detail below is diagramed in Exhibit 2.2

for analyses based on short-term exposure studies and in Exhibit 2.3 for analyses based on long-
term exposure studies.
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Exhibit 2.2. Flow Diagram of Risk Analyses for Short-Term Exposure Studies
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Exhibit 2.3. Flow Diagram of Risk Analyses for Long-Term Exposure Studies
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2.2 Air quality inputs
2.2.1 Estimating policy relevant background PM levels

One of the cutpoint concentrations considered in the risk assessment for health endpoints
associated with short-term exposure is the PRB level. Therefore estimates of PRB PM
concentrations in the assessment locations are needed to calculate risk at “as is” concentrations
in excess of PRB and for reduced risks associated with just meeting the current PM, . ambient
standards and just meeting alternative PM, . and alternative PM,, , - ambient standards.

Consistent with the prior PM CD, the 2004 PM CD estimates background annual average
PM, . concentrations to be in the range of 1 to 4 ug/m?® in the Western United States and 2 to 5
ng/m? in the Eastern United States (p.3-82, p. 3-105). We use the midpoints of these ranges for
the base case analysis. Thus PRB PM, . concentrations in the base case analysis are estimated to
be 3.5 ug/m? in Boston, Detroit, Philadelphia, Pittsburgh, and St. Louis; and 2.5 pg/m?® in Los
Angeles, Phoenix, San Jose, and Seattle. In sensitivity analyses, we examine the impact of
assuming (1) a constant background set at the lower and upper end of the range of estimated
background levels provided in the 2004 PM CD for the Eastern and Western United States,
depending on the assessment location (see s, in Exhibit 2.1), and (2) varying daily PM, .
background, using distributions whose means are equal to the values used in the base case
analysis and whose distributions are based on an analysis of PM, . data from relatively remote
sites with the sulfate component removed. (see s, in Exhibit 2.1). Section 7.2 provides a more
detailed discussion of the sensitivity analyses performed, including the different daily
background sensitivity analysis.

The 2004 PM CD (p. 3-83) estimates background annual average PM,,, - to be
approximately <1 to 9 pg/m? in the East and <1 to 7 pg/m? in the West. We use 4.5 pg/m? as the
estimated PRB for PM,, - in the base case analysis for the Eastern coarse risk assessment
locations (i.e., Detroit, and St. Louis) and 3.5 pg/m? for Seattle. In a sensitivity analysis, we
examine the impact of assuming a constant background set at the lower and upper end of the
range of estimated background levels based on the 2004 PM CD (see s, in Exhibit 2.1).

2.2.2 Characterizing “as is” PM air quality

As discussed earlier, a major input to the PM risk assessment is ambient PM air quality
data for each assessment location. In order to be consistent with the approach generally used in
the epidemiological studies that estimated PM C-R functions, the average ambient PM
concentration on each day for which measured data are available is deemed most appropriate for
the risk assessment. Consistent with the approach used in the prior PM risk assessment, a
composite monitor data set was created for each assessment location based on a composite of all
monitors eligible for comparison with the annual standard with at least 11 observations per
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quarter.> At the time of the prior PM risk assessment, there was no established PM, ; monitoring
network and data sets from special studies conducted in Philadelphia and Los Angeles had to be
used. There are now substantial PM, . air quality data in EPA’s Air Quality System (AQS)
beginning with the year 1999. There were sufficient PM, . data in AQS for the year 2003 for all
of the assessment locations except Phoenix, for which we used year 2001 data.

For the PM,,, 5 risk assessment there were sufficient data from co-located monitors in the
year 2003 for Detroit, St. Louis, and Seattle. As noted above, PM,, s air quality was calculated
from PM, ; and PM,, concentrations at co-located monitors by subtracting the former from the
latter. Because of measurement error, some of the PM,,, - concentrations that were calculated
were negative. In Detroit, 10.4 percent of the days (12 days) for which PM,,, - concentrations
were calculated were negative®; in St. Louis, 1.7 percent (1 day) of the days were negative.
There were no negative PM,,, s concentrations calculated in Seattle.

The negative PM,,, - values in a location will result in a slightly lower calculated annual
average PM,,, s concentration in that location. However, annual averages were not used in the
calculation of risks and risk reductions associated with PM,, , . concentrations, because all C-R
functions included in the PM,, - risk assessment are short-term (daily) C-R functions. In
addition, because values below background concentration don’t contribute to risks from
anthropogenic (above background) PM, such values aren’t considered in the PM risk assessment.
Because negative values are below background concentration, they too are not considered.

Appendix A summarizes the PM,and PM,, - air quality data that were used in each of
the assessment locations, including quarterly and annual counts, annual averages, and the 98"
and 99" percentiles of the daily (24-hour) averages. Because the air quality data are not
uniformly complete, annual averages were calculated as the average of quarterly averages to
minimize the possible bias resulting from differential amounts of missing data in different
quarters of the year.

2.3  Simulating PM levels that just meet specified PM standards

This section describes the methodology used to simulate ambient PM levels in an area
upon just meeting specified PM standards. The form of the PM, ; standards promulgated in 1997
requires that the 3-year average (rounded to the nearest 0.1 ug/m?®) of the annual means from
single monitors or the average of multiple monitors must be at or below the level of the annual

® Based on a review of the monitoring sites included by State air pollution agencies in the
classification/designation process for PM, ., which follow the guidance set forth in Part 58 of the CFR, 1 monitoring
site in St. Louis and 1 monitoring site in Boston were excluded from consideration for the PM, ; risk assessment.

® Based on a review of the monitoring sites used in the 1to (2003) study in Detroit, we selected the two
PM,,., 5 sites that were closest to those used in the original health effects study.
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standard and the 3-year average (rounded to the nearest 1 ug/m?) of the ninety-eighth percentile
values at each monitor cannot exceed the level of the daily standard. In determining attainment
of the annual average standard, an area may choose to use either the spatially averaged
concentrations across all population-oriented monitors, subject to meeting certain criteria
detailed in Part 58 of the CFR, or it may use the highest 3-year average based on individual
monitors. The most realistic simulation of just meeting both the annual and the daily PM, ¢
standards in a location would require changing the distribution of daily PM, ; concentrations at
each monitor separately. This would require extensive analysis and assumptions about the
nature of future control strategies that was considered beyond the scope of the previous risk
assessment and is similarly considered beyond the scope of the current risk assessment.

Consistent with the approach used in the prior PM risk assessment, just meeting the
current PM, . standards was simulated by changing daily PM, . concentrations at a “composite
monitor,” which represents the average of the monitors in a location. The PM, . concentration at
the composite monitor on a given day is defined as the average of the PM, . concentrations of
those monitors reporting on that day. The percent reduction of the PM, . concentration at the
composite monitor each day resulting from just meeting current and alternative standards is
determined by the PM, ; annual and daily design values. The annual design value (in ug/m®) was
calculated as follows:

3. At each monitor, the annual average PM, ; concentration was calculated for each
of the years 2001, 2002, and 2003, and these three annual average concentrations
were then averaged.

4. The maximum of these monitor-specific 3-year averages of annual averages is the
annual design value, denoted dv,,,.;

The 98™ (99™) percentile design value (in pg/m?) was similarly calculated as follows:

5. At each monitor, the 98" (99™) percentile PM, ; concentration was calculated for
each of the years 2001, 2002, and 2003, and these three 98" (99") percentile
concentrations were then averaged.

6. The maximum of these monitor-specific 3-year averages of 98™ (99™) percentile
concentrations is the daily 98™ (99") percentile design value, denoted dv,,;, s

(dV4gaity 90)-
Although the design values are based on monitor-specific values, the changes in PM, ¢ to
simulate just meeting the specified standards are made at the composite monitor rather than at
the individual monitors.

The method used to simulate just meeting alternative PM, . or PM, , - standards was
analogous to the method used to simulate just meeting the current PM, . standards. Daily PM, ¢
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or PM,,, s concentrations were changed at a “composite monitor.” The percent reduction of the
PM, ¢ concentration at the composite monitor each day resulting from just meeting an alternative
PM, . standard is determined by the PM, . annual and daily design values. Because only daily
standards are being considered for PM,,, ., the percent reduction of the PM,,, - concentration at
the composite monitor each day resulting from just meeting an alternative PM,, - standard is
determined by the daily design values for PM,,, s, which were calculated in the same way as the
PM, . daily design values. The annual, daily 98" percentile, and daily 99™ percentile design
values used in assessing the current and alternative standards for PM, . are given in Exhibit 2.4.
The daily 98™ and 99" percentile design values used in assessing alternative standards for PM,,.
,5 are given in Exhibit 2.5.

Exhibit 2.4 EPA Design Values for Annual and 98" and 99" Percentile Daily PM,
Standards*

Location Annual 98" Percentile Daily 99" Percentile Daily
Boston 14.4 44 60
Detroit 19.5 44 48
Los Angeles 23.6 62 96
Philadelphia 16.4 51 89
Phoenix 115 35 41
Pittsburgh 21.2 63 70
St. Louis 175 42 46
San Jose 14.6 47 53
Seattle 111 41 48

*The calculation of design values is explained in Section 2.3 above. All design values are in pg/m®. While the
current daily standard is specified as a 98" percentile form, the 99" percentile form also is included to allow
consideration of alternative standards with this alternative form.
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Exhibit 2.5 EPA Design Values for 98" and 99" Percentile Daily PM,, , ; Standards*

Location 98" Percentile Daily 99" Percentile Daily
Detroit 70 77
St. Louis 33 47
Seattle 31 39

*The calculation of design values is explained in Section 2.3 above. All design values are in ug/me.

There are many possible ways to create an alternative distribution of daily concentrations
that just meets specified PM, (or PM,, ) standards. The prior PM risk assessment used a
proportional rollback of all PM concentrations exceeding the estimated background
concentration for its base case estimates. This choice was based on analyses of historical PM, 5
data which found that year-to-year reductions in PM, ; levels in a given location tended to be
roughly proportional. That is, both high and low daily PM, . levels decreased proportionally
from one year to the next (see Abt Associates Inc., 1996, Section 8.2). This suggests that, in the
absence of detailed air quality modeling, a reasonable method to simulate the PM, ¢ reductions
that would result from just meeting a set of standards would be proportional rollbacks -- i.e., to
decrease PM, ¢ levels on all days by the same percentage. Appendix B describes an analysis of
historical air quality data for Philadelphia and Los Angeles which continues to support the
hypothesis that changes in PM, . levels that would result if a PM, . standard were just met are
reasonably modeled by using a proportional rollback approach. We recognize that the historic
changes in PM, . have not been the result of a PM, . control strategy, but likely result from
control programs for PM,, and control programs for other pollutants (especially sulfur and
nitrogen oxides). The pattern of changes that have occurred in the past, therefore, may not
necessarily reflect the changes that will result from future efforts to attain PM, . standards.
However, it is interesting to note that reductions in ambient PM, ; concentrations are reasonably
modeled by proportional rollbacks in both Philadelphia and Los Angeles, which likely had very
different reductions in terms of types of emissions over this period.

Based on the above considerations, we simulated just meeting the current and alternative
PM, . standards by use of a proportional rollback procedure for the base case estimates. That is,
average daily PM,  concentrations at the composite monitor were reduced by the same
percentage on all days. The PM,, historical air quality data are substantially more sparse and
are insufficient to support an analysis analogous to that carried out for PM,.. In the absence of a
clearly preferable alternative, we used the same proportional rollback method to simulate just
meeting alternative PM,,, s standards. The uncertainty introduced by this approach in the
absence of empirical evidence supporting it is discussed more fully in Section 6.
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The percent reduction required to meet a standard (annual, ninety-eighth percentile daily
or ninety-ninth percentile daily) was determined by comparing the design value for that standard
with the level of the standard. Because pollution abatement methods are applied largely to
anthropogenic sources of PM, . and PM,,, ., rollbacks were applied only to PM, . and PM,,, -
above estimated background levels. The percent reduction was determined by the controlling
standard. For example, suppose both an annual and a ninety-eighth percentile daily PM,
standard are being simulated. Suppose p, is the percent reduction required to just meet the
annual standard (i.e., the percent reduction of daily PM, . above background necessary to get the
annual design value down to the annual standard). Suppose p, is the percent reduction required
to just meet the ninety-eighth percentile daily standard (i.e., the percent reduction of daily PM, .
above background necessary to get the ninety-eighth percentile daily PM, ¢ design value down to
the ninety-eighth percentile daily standard). If p, is greater than p,, then all daily average PM, .
concentrations above background are reduced by p, percent. If p, is greater than p,, then all daily
average PM, . concentrations are reduced by p, percent.

The method of rollbacks to meet a set of annual and daily PM standards is summarized as
follows:

1. The percent by which the above-background portion of all daily PM
concentrations (at the composite monitor) would have to be reduced to just meet
the annual standard (denoted std,) is

p—1 _(Stda=b)
(dvannual - b)

where b denotes background.

2. The percent by which the above-background portion of all daily PM
concentrations (at the composite monitor) would have to be reduced to just meet
the daily (e.g., 98" percentile) standard (denoted std, o) is

Dyog =1- (stdggs —b)
98 —
(dVgaityes — D)

Let p,,., = maximum of (maximum of p,and p, ) and zero.’

"1 the percent rollback necessary to just meet the annual standard and the percent rollback necessary to
just meet the daily standard were both negative -- i.e., if both standards were already met -- then the percent rollback
applied in the risk assessment was zero. That is, PM values were never increased.
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3. Then, if PM, denotes the original PM value on a given day (at the composite
monitor), the rolled back PM value on that day, denoted PM,,,, is

PM,=b+ (PM,-b)*(1- p,.)

Since an area could potentially use the spatial average of the population-oriented
monitors to determine whether or not it met the annual average standard, the risk assessment
report also presents the results of a sensitivity analysis for 3 urban areas based on the percent
rollbacks that would have resulted from using this alternative approach (see Section 8).

As noted earlier, proportional rollback is only one of many possible ways to create an
alternative distribution of daily concentrations to meet new PM, . standards. One could, for
example, reduce the high days by one percentage and the low days by another percentage,
choosing the percentages so that the new distribution achieves the new standard. At the opposite
end of the spectrum from proportional rollbacks, it is possible to meet a daily standard by “peak
shaving.” The peak shaving method would reduce all daily PM, . concentrations above a certain
concentration to that concentration (e.g., the standard) while leaving daily concentrations at or
below this value unchanged. While a strict peak shaving method of attaining a standard is
unrealistic, it is illustrative of the principal that patterns different from a proportional rollback
might be observed in areas attempting to come into compliance with revised standards. Because
the reduction method to attain a daily standard could have a significant impact on the risk
assessment results, a sensitivity analysis was conducted using an alternative rollback method
(see S, in Exhibit 2.1). As with the sensitivity analysis performed for the prior risk assessment,
this sensitivity analysis used a rollback method in which the upper 10% of the PM, . air quality
distribution was rolled back to a greater extent than the remaining 90% of the distribution. In
particular, the percentage by which the upper 10% of the PM, ; air quality distribution was rolled
back was 1.6 times the percentage by which the rest of the distribution was rolled back. See
Section 8 for a more detailed discussion of the alternative rollback sensitivity analysis.

2.4 Baseline health effects incidence data

As noted in Section 2.5 below, the form of C-R function most commonly used in
epidemiological studies on PM, shown in equation (1), is log-linear. To estimate the change in
incidence of a health endpoint associated with a given change in PM concentrations using this
form of C-R function requires the baseline incidence rate of the health endpoint, that is, the
number of cases per unit time (e.g., per year) in the location before a change in PM air quality
(denoted y in equations 3 and 4).

Incidence rates express the occurrence of a disease or event (e.g., asthma episode, death,

hospital admission) in a specific period of time, usually per year. Rates are expressed either as a
value per population group (e.g., the number of cases in Philadelphia County) or a value per
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number of people (e.g., the number of cases per 10,000 residents in Philadelphia County), and
may be age and sex specific. Incidence rates vary among geographic areas due to differences in
population characteristics (e.g, age distribution) and factors promoting illness (e.g., smoking, air
pollution levels).

Incidence rates are available for mortality and for specific communicable diseases which
state and local health departments are required to report to the federal government. In addition
to the required federal reporting, many state and local health departments collect information on
some additional endpoints. These most often are restricted to hospital admission or discharge
diagnoses, which are collected to assist in planning medical services. None of the morbidity
endpoints in the risk assessment are required to be reported to the federal government.

Although federal agencies collect incidence data on many of the endpoints covered in the
PM risk assessment, their data are often available only at the national level, or at the regional or
state level. One important exception is mortality rates, which are available at the county level.
Because baseline incidence rates can vary from one location to another, location-specific
baseline incidence information was obtained. Because hospital admission rates are available for
some locations and not others, this was a consideration in the selection of locations for which to
conduct the PM risk assessment. For respiratory symptom health endpoints, the only estimates
of baseline incidence rates available are typically from the studies that estimated the C-R
functions for those endpoints. However, because risk assessment locations for these endpoints
were selected partly on the basis of where studies were carried out, baseline incidence rates
reported in the studies should be appropriate to the risk assessment locations to which they are
applied. A more detailed discussion of baseline health effects incidence data is presented in
Section 5.

2.5  Calculating health effects incidence
2.5.1 General approach

The C-R functions used in the risk assessment are empirically estimated relations
between average ambient concentrations of PM and the health endpoints of interest (e.g., short-
and long-term exposure mortality or hospital admissions) reported by epidemiological studies for
specific locales. This section describes the basic method used to estimate changes in the
incidence of a health endpoint associated with changes in PM, using a “generic” C-R function of
the most common functional form.

Although one epidemiological study estimated linear C-R functions and one estimated
logistic functions, most of the studies used a method referred to as “Poisson regression” to
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estimate exponential (or log-linear) C-R functions in which the natural logarithm of the health
endpoint is a linear function of PM:?

y = BefF | (1)

where x is the ambient PM level, y is the incidence of the health endpoint of interest at PM level
X, B is the coefficient of ambient PM concentration, and B is the incidence at x=0, i.e., when
there is no ambient PM. The relationship between a specified ambient PM level, x,, for example,
and the incidence of a given health endpoint associated with that level (denoted as y,) is then

v, = Be™ . )

Because the log-linear form of C-R function (equation (1)) is by far the most common form, the
discussion that follows assumes this form.

2.5.2 Short- and long-term exposure endpoints

C-R functions that use as input annual average PM levels (or some function of these)
relate these to the annual incidence of the health endpoint. C-R functions that use as input daily
average PM levels relate these to the daily incidence of the health endpoint. There are several
variants of the short-term (daily) C-R function. Some C-R functions were estimated by using
moving averages of ambient PM to predict daily health effects incidence. Such a function might,
for example, relate the incidence of the health effect on day t to the average of PM
concentrations on days t and (t-1). Some C-R functions consider the relationship between daily
incidence and daily average PM lagged a certain number of days. For example, a study might
estimate the C-R relationship between mortality on day t and average PM on day (t-1). The
discussion below does not depend on any particular averaging time or lag time and assumes only
that the measure of health effect incidence, y, is consistent with the measure of ambient PM
concentration, X.

The difference in health effects incidence, Ay =y, -y, from y, to the baseline incidence
rate, y, corresponding to a given difference in ambient PM levels, Ax = X, - X, can be derived by
dividing equation (2) by equation (1), which yields:

Ay = y[ePr - 1]. 3)

8 Poisson regression is essentially a linear regression of the natural logarithm of the dependent variable on
the independent variable, but with an error structure that accounts for the particular type of heteroskedasticity that is
believed to occur in health response data. What matters for the risk assessment, however, is simply the form of the

estimated relation, as shown in equation (1).
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Alternatively, the difference in health effects incidence can be calculated indirectly using
relative risk. Relative risk (RR) is a measure commonly used by epidemiologists to characterize
the comparative health effects associated with a particular air quality comparison. The risk of
mortality at ambient PM level x, relative to the risk of mortality at ambient PM level x, for
example, may be characterized by the ratio of the two mortality rates: the mortality rate among
individuals when the ambient PM level is x, and the mortality rate among (otherwise identical)
individuals when the ambient PM level is X. This is the RR for mortality associated with the
difference between the two ambient PM levels, x, and x. Given a C-R function of the form
shown in equation (1) and a particular difference in ambient PM levels, Ax, the RR associated
with that difference in ambient PM, denoted as RR,,, is equal toe®**. The difference in health
effects incidence, Ay, corresponding to a given difference in ambient PM levels, Ax, can then be
calculated based on this RR:

Ay = yRR,, - 1) . (4)

Equations (3) and (4) are simply alternative ways of expressing the relationship between a given
difference in ambient PM levels, Ax, and the corresponding difference in health effects
incidence, Ay. These equations are the key equations that combine air quality information, C-R
information, and baseline health effects incidence information to estimate ambient PM health
risk.

Given a C-R function and air quality data (ambient PM values) from an assessment
location, then, the difference in the incidence of the health endpoint (Ay =y, - y) corresponding
to a difference in ambient PM level of Ax = X, - X can be determined. This can either be done
with equation (3), using the coefficient, B, from a C-R function, or with equation (4), by first
calculating the appropriate RR from the C-R function.

Because the estimated difference in health effect incidence, Ay, depends on the particular
difference in PM concentrations, AX, being considered, the choice of PM concentration
difference considered is important. In the first part of the risk assessment, these differences in
PM concentrations are differences between the current levels of PM (“as is” levels) and some
alternative, lower level(s). In the second part, these differences in PM concentrations are
differences between the levels under the current or alternative standards and some alternative,
lower level(s). In both parts of the risk assessment, both Ax = (X, - X) and Ay = (y, - ), as
defined in equation (3), are negative (or zero). We could have alternatively defined Ax to be
positive (i.e., the change from a higher PM level to a lower one), in which case Ay would also
have been positive, and the relationship between Ax and Ay would be slightly different from the
relationship shown in equation (3). The results, however, would be the same.®

% If Ax and Ay are defined to be negative, we interpret Ay as the number of cases of the health effect that
would be avoided by reducing PM levels to lower levels; if Ax and Ay are defined to be positive, we interpret Ay as
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Most daily time-series epidemiological studies estimated C-R functions in which the PM-
related incidence on a given day depends only on same-day PM concentration or previous-day
PM concentration (or some variant of those, such as a two-day average concentration). Such
models necessarily assume that the longer pattern of PM levels preceding the PM concentration
on a given day does not affect mortality on that day. To the extent that PM-related mortality on
a given day is affected by PM concentrations over a longer period of time, then these models
would be mis-specified, and this mis-specification would affect the predictions of daily
incidence based on the model.

A few studies estimated distributed lag models, in which health effect incidence is a
function of PM concentrations on several days — that is, the incidence of the health endpoint on
day t is a function of the PM concentration on day t, day (t-1), day (t-2), and so forth. Such
models can be reconfigured so that the sum of the coefficients of the different PM lags in the
model can be used to predict the changes in incidence on several days. For example,
corresponding to a change in PM on day t in a distributed lag model with 0-day, 1-day, and 2-
day lags considered, the sum of the coefficients of the 0-day, 1-day, and 2-day lagged PM
concentrations can be used to predict the sum of incidence changes on days t, (t+1) and (t+2).

The extent to which time-series studies using single-day PM concentrations may
underestimate the relationship between short-term PM exposure and mortality is unknown;
however, there is some evidence, based on analyses of PM,, data, that mortality on a given day is
influenced by prior PM exposures up to more than a month before the date of death (Schwartz,
2000b). The extent to which short-term exposure studies (including those that consider
distributed lags) may not capture the full impact of long-term exposures to PM is similarly not
known. Currently, there is insufficient information to adequately adjust for the impact of longer-
term exposure on mortality associated with PM, . exposures, and this is an important uncertainty
that should be kept in mind as one considers the results from the short-term exposure PM risk
assessment.

2.5.3 Cutpoints and slope adjustment

For mortality and morbidity outcomes associated with short-term exposure to PM,  and
PM,,., s, the initial base case applies the linear or log-linear C-R functions from the
epidemiological studies down to the estimated PRB concentration. Generally, the lowest
measured concentrations in the short-term exposure studies were relatively near or below the
estimated PRB levels such that little or no extrapolation of the C-R function is required beyond
the range of data in the studies. Among the studies of mortality associated with long-term

the number of cases of the health effect that exist that are associated with PM levels at the higher level above the
lower level. The number of cases is the same, however, in both cases.
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exposure to PM, . that have been included in the risk assessment, the lowest measured long-term
levels were in the range 7.5 to 11 pg/m®. For mortality associated with long-term exposure to
PM,;, the initial base case applies C-R functions down to 7.5 pg/m?®, which is the lowest of the
lowest measured levels in these long-term studies. Going down to an estimated PRB level for
short-term exposure studies and to 7.5 ug/m? for long-term studies provides a consistent
framework which facilitates comparison of risk estimates across urban locations within each
group of studies and avoids significant extrapolation beyond the range of concentrations
included in these studies.

In addition to the initial base case models, we applied various alternative “cutpoint”
models. While there are likely biological thresholds in individuals for specific health responses,
the available epidemiological studies do not support or refute the existence of thresholds at the
population level for either long-term or short-term PM exposures within the range of air quality
observed in the studies. It may therefore be appropriate to consider health risks estimated not
only with the reported linear or log-linear C-R functions, but also with modified functions that
approximate non-linear, sigmoidal-shaped functions that would better reflect possible population
thresholds. We approximated such sigmoidal functions by “hockeystick” functions based on the
reported linear or log-linear functions. This approximation consisted of (1) imposing a cutpoint
(i.e., an assumed threshold) on the original C-R function, that is intended to reflect an inflection
point in a typical sigmoidal shaped function, below which there is little or no population
response, and (2) adjusting the slope of the original C-R function above the cutpoint.

If the researchers in the original study fit a log-linear or a linear model through data that
actually better support a sigmoidal or “hockeystick” form, the slope of the fitted curve would be
smaller than the slope of the upward-sloping portion of the “true” hockeystick relationship, as
shown in Figure 2.1a. The horizontal portion of the data below the cutpoint would essentially
cause the estimated slope to be biased downward relative to the “true” slope of the upward-
sloping portion of the hockeystick. The slope of the upward-sloping portion of the hockeystick
model should therefore be adjusted upward (from the slope of the reported C-R function), as
shown in Figure 2.1a. This rationale applies equally in the case of mortality associated with
long- and short-term exposure to PM. In each case, under the threshold hypothesis a log-linear
curve has been fit to data that are better characterized by a hockeystick model. In the case of a
short-term exposure mortality or morbidity study, the curve represents the relationship between
daily PM and daily mortality or morbidity; in the case of a long-term exposure mortality study,
the curve represents the relationship between annual average PM and annual mortality. In both
cases, however, if the “true” relationship looks like a hockeystick, then the log-linear curve fitted
to the data would understate the impact of increases in PM (either daily, in the case of a short-
term study, or annual average, in the case of a long-term study) on mortality or morbidity at PM
levels above the cutpoint.
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If the data used in a study do not extend down below the cutpoint or extend only slightly
below it, then the extent of the downward bias of the reported PM coefficient will be minimal.
This is the case, for example, when the cutpoint is 10 ug/m? or 12 pg/m? for long-term exposure
mortality, given that the lowest measured PM, ¢ levels in the long-term exposure mortality
studies were 7.5, 10, or 11 ug/m®. In this case, the data in the study provided hardly any
information about the relationship between PM, . and mortality at levels below the cutpoints and
would have biased an estimate of the slope of the upward-sloping portion of a hockeystick only
minimally if at all, as illustrated in Figure 2.1b.
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Figure 2.1. Relationship Between Estimated Log-Linear Concentration-Response Function
and Hockeystick Model With Threshold C

Figure 2.1a. General Case
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We used a simple slope adjustment method based on the idea discussed above — that, if
the data in the study were best described by a hockeystick model with a cutpoint at c, then the
slope estimated in the study using a log-linear model would be approximately a weighted
average of the two slopes of the hockeystick — namely, zero and the slope of the upward-sloping
portion of the hockeystick. If we let

. LML denote the lowest measured PM level in the study,

. ¢ denote the cutpoint,

. HML denote the highest measured PM level in the study,

. B denote the slope (the PM coefficient) estimated in the study (using a log-
linear model), and

. B" denote the “true” slope of the upward-sloping portion of the hockeystick,

then, assuming the estimated coefficient reported by the study is (approximately) a weighted
average of the slope below the cutpoint (0) and the slope above the cutpoint,

(c- LML) . (HML-¢)
(HML- LML)~ (AML- LML)

ﬁest — O *

and, solving for 8",

(HML- LML)
(HML - c)

ﬁT — ﬂest *

That is, the “true” slope of the upward-sloping portion of the hockeystick would be the slope
estimated in the study (using a log-linear model rather than a hockeystick model) adjusted by the
inverse of the proportion of the range of PM levels observed in the study that was above the
cutpoint. Note that if the LML was below the estimated PRB (or if it was not available for the
study), the estimated PRB was substituted for LML in the above equation. We believe that this
slope adjustment method is a reasonable approach to estimating health effects under various
assumed cutpoint models. A more definitive evaluation of the impact of alternative cutpoints
and non-linear models is a subject that should be explored in further research.

A cutpoint of 20 pg/m® was selected as the highest value for base case scenarios for
short-term exposure mortality for PM, . and short-term exposure morbidity for PM,,,.. Two
additional alternative cutpoints, 10 and 15 pg/m?, also were selected to be included in base case
scenarios for these short-term exposure health outcomes, so as to span the range between the
initial cutpoint (i.e., estimated policy-relevant background) and the upper cutpoint value at
roughly 5 pg/m? intervals.
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For mortality associated with long-term exposure to PM, ;, EPA staff selected 12 pg/m?
as the highest value for an alternative cutpoint based on the following two considerations: 1) the
confidence intervals in the ACS extended study (Pope et al., 2002) begin to expand significantly
starting around 12 to 13 pg/m?, indicating greater uncertainty about the shape of the reported C-
R relationship at and below this level and 2) it is unlikely that the relationship is non-linear near
the reported mean concentration levels in the long-term exposure studies (e.g., 14 pg/m? in the
ACS extended study). An additional alternative cutpoint of 10 pg/m? is included, representing
an approximate midpoint value between the cutpoints already selected

2.5.4 Calculating incidence on an annual basis

The risk assessment estimated health effects incidence, and changes in incidence, on an
annual basis. For mortality, both short-term and long-term exposure studies have reported
estimated C-R functions. As noted above, most short-term exposure C-R functions estimated by
daily time-series epidemiological studies relate daily mortality to same-day PM concentration or
previous-day PM concentration (or some variant of those).

To estimate the daily health impacts of daily average ambient PM levels above
background or above the levels necessary to just meet the current or alternative PM, . standards
(or alternative PM,,, 5 standards), C-R functions from short-term exposure studies were used
together with estimated changes in daily ambient PM concentrations to calculate the daily
changes in the incidence of the health endpoint. (Alternative assumptions about the range of PM
levels associated with health effects were explored in sensitivity analyses. Where a minimum
concentration for effects (i.e., a cutpoint) was considered, reductions below this concentration
did not contribute attributable cases to the calculation. Only reductions down to this
concentration contributed attributable cases to the calculation.)

After daily changes in health effects were calculated, an annual change was calculated by
summing the daily changes. However, there are some days for which no ambient PM
concentration information was available. The predicted annual risks, based on those days for
which air quality data are available, were adjusted to take into account the full year. If days with
missing air quality data occur randomly or relatively uniformly throughout the year, a simple
adjustment can be made to the health effect incidence estimate — the incidence estimate based on
the set of days with air quality data can be multiplied by the ratio of the total number of days in
the year to the number of days in the year for which direct observations were available, to
generate an estimate of the total annual incidence of the health effect.'® However, if the missing
data are not uniformly distributed throughout the year, such a simple adjustment could lead to a
biased estimate of the total annual incidence change. To reduce such possible bias, adjustments

19 This assumes that the distribution of PM concentrations on those days for which data are missing is
essentially the same as the distribution on those days for which we have PM data.
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were made on a quarterly basis. If Q;is the total number of days in the ith quarter, and n; is the
number of days in the ith quarter for which there are air quality data, then the predicted incidence
change in the ith quarter, based on those days for which there are air quality data, was multiplied
by Q/n;. The adjusted quarterly incidence changes were summed to derive an estimate of the
annual incidence change.

Some short-term exposure C-R functions are based on average PM levels during several
days. When such C-R functions were used, the air quality data were averaged for the same
number of days. For example, a function based on two-day averages of PM was used in
conjunction with two-day averages of PM in the assessment location to predict the incidence of
the health effect in that location. In some cases, intervals of two or three consecutive days in a
given location may be missing data, and so no multi-day average is available for use with multi-
day C-R functions. These cases were treated by multi-day functions just as individual missing
days were treated by single-day functions: they contributed no incidence change to the risk
assessment, and incidence changes were adjusted for the days on which multi-day averages were
missing.

C-R functions from long-term exposure studies (see Exhibit C.10) were used to assess the
annual health impacts of changes in annual average ambient PM concentrations. Once again, to
minimize the chance of bias due to differential amounts of missing data in different quarters of
the year, quarterly averages were calculated based on the days in each quarter for which air
quality data were available, and the “as is” annual average concentration was then calculated as
an average of the four quarterly averages.

The mortality associated with long-term exposure is likely to include mortality related to
short-term exposures as well as mortality related to longer-term exposures. As discussed
previously, estimates of daily mortality based on the time-series studies also are likely influenced
by prior PM exposures. Therefore, the estimated annual incidences of mortality calculated based
on the short- and long-term exposure studies are not likely to be completely independent and
should not be added together.

While we can characterize the statistical uncertainty surrounding the estimated PM
coefficient in a reported C-R function, there are other sources of uncertainty about the C-R
functions used in the risk assessment that are addressed via sensitivity analyses. The sources of
uncertainty and how they are addressed in the risk assessment are discussed briefly below in
Section 2.6 and in more detail in Section 6. Sensitivity analyses, which consider the impact of
one assumption or source of uncertainty at a time, are listed in Section 2.7. Most of the
sensitivity analyses, described more fully in Section 7, focus on mortality.
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2.6 Characterizing uncertainty and variability

Any estimation of “as is” risk and reduced risks associated with just meeting specified
PM standards should address both the variability and uncertainty that generally underlie such an
analysis. Uncertainty refers to the lack of knowledge regarding the actual values of model input
variables (parameter uncertainty) and of physical systems or relationships (model uncertainty —
e.g., the shapes of C-R functions). The goal of the analyst is to reduce uncertainty to the
maximum extent possible. Uncertainty can be reduced by improved measurement and improved
model formulation.

Variability refers to the heterogeneity in a population or parameter. Even if there is no
uncertainty surrounding inputs to the analysis, there may still be variability. For example, there
may be variability among C-R functions describing the relationship between PM and mortality
across urban areas. This variability does not imply uncertainty about the C-R function in any of
the urban areas, but only that these C-R functions are different in the different locations,
reflecting differences in the populations and/or the PM. In general, it is possible to have
uncertainty but no variability (if, for instance, there is a single parameter whose value is
uncertain) or variability but little or no uncertainty (for example, people’s heights vary
considerably but can be accurately measured with little uncertainty).

The current risk assessment incorporates some of the variability in key inputs to the
analysis by using location-specific inputs (e.g., location-specific C-R functions, baseline
incidence rates, and air quality data). Although spatial variability in these key inputs across all
U.S. locations has not been fully characterized, variability across the selected locations is
imbedded in the analysis by using, to the extent possible, inputs specific to each urban area.
Temporal variability is more difficult to address, because the risk assessment focuses on some
unspecified time in the future. To minimize the degree to which values of inputs to the analysis
may be different from the values of those inputs at that unspecified time, we have used the most
current inputs available — for example, year 2003 air quality data for most of the urban locations,
and the most recent available mortality baseline incidence rates (from 2001). However, we have
not tried to predict future changes in inputs (e.g., future population levels or possible changes in
baseline incidence rates).

There are a number of important sources of uncertainty that were addressed where
possible. The following are among the major sources of uncertainty in the risk assessment:

. Uncertainties related to estimating the C-R functions, including the following:

- There is uncertainty about the extent to which the association between PM and
the health endpoint actually reflects a causal relationship.
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- There is uncertainty surrounding estimates of PM coefficients in C-R functions
used in the analyses.

- There is uncertainty about the specification of the model (including the shape of
the C-R relationship), particularly whether or not there are thresholds below
which no response occurs.

- There is uncertainty related to the transferability of PM C-R functions from study
locations and time periods to the locations and time periods selected for the risk
assessment."* A C-R function in a study location may not provide an accurate
representation of the C-R relationship in the analysis location(s) and time periods

because of

. variations in PM composition across cities or over time,

. the possible role of associated co-pollutants, which vary from location to
location and over time, in influencing PM risk,

. variations in the relationship of total ambient exposure (both outdoor and

ambient contributions to indoor exposure) to ambient monitoring in
different locations (e.g, due to differences in air conditioning use in
different regions of the U.S. or changes in usage over time),

. differences in population characteristics (e.g., the proportions of members
of sensitive subpopulations) and population behavior patterns across
locations or over time in the same location.

. Uncertainties related to the air quality adjustment procedure that was used to simulate
just meeting the current PM standards, and uncertainties about estimated background
concentrations for each location.

. Uncertainties associated with use of baseline health effects incidence information that is
not specific to the analysis locations.*

The uncertainties from some of these sources -- in particular, the statistical uncertainty
surrounding estimates of the PM coefficients in C-R functions -- were characterized
quantitatively. It was possible, for example, to calculate confidence intervals around risk

1 The risk assessment locations were selected partly on the basis of where C-R functions were estimated,
specifically to reduce this important source of uncertainty. Therefore, possible differences due to location is a source
of uncertainty in the risk assessment only when C-R functions from multi-city studies or from another location are
applied to a risk assessment location.

12 Location-specific baseline incidence rates were obtainable for most health endpoints. The only health
endpoints for which this was not the case are respiratory symptoms, for which baseline incidence rates were reported
in the studies. For those studies carried out in a single location, this provides location-specific baseline incidence
rates. For Schwartz and Neas (2000), the rates were based on six cities combined. Boston and St. Louis, the two
assessment locations where these endpoints are evaluated, were two of the six cities.
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estimates based on the uncertainty associated with the estimates of PM coefficients used in the
risk assessment. These confidence intervals express the range within which the risks are likely
to fall if the uncertainty surrounding PM coefficient estimates were the only uncertainty in the
analysis. There are, of course, several other uncertainties in the risk assessment, as noted above.
If there were sufficient information to quantitatively characterize these sources of uncertainty,
they could be included in a Monte Carlo analysis to produce confidence intervals that more
accurately reflect all sources of uncertainty.

We handled uncertainties in the risk assessment in several ways:

. Limitations and assumptions in estimating risks and risk reductions are clearly stated and
explained.
. The uncertainty resulting from the statistical uncertainty associated with the estimate of

the PM coefficient in a C-R function was characterized by confidence intervals around
the corresponding point estimate of risk. As noted above, such a confidence interval
expresses the range within which the true risk is likely to fall if the uncertainty
surrounding the PM coefficient estimate were the only uncertainty in the analysis. It
does not, for example, reflect the uncertainty concerning whether the PM coefficients in
the study location and the assessment location are the same.?

. The uncertainty about possible population thresholds was addressed by applying
“hockeystick” models, using various cutpoints, in addition to the original models
estimated in the epidemiological literature.

. Sensitivity analyses were conducted to illustrate the effects of changing key default
assumptions on the results of the assessment.

2.7  Summary of key assumptions and sensitivity analyses

In summary, the key assumptions on which the PM risk assessment is based include the
following:

. The relationship between PM components examined and health endpoints is causal,

. The range of C-R models used in the risk assessment (including the original models and
the models incorporating cutpoints) reasonably captures the possible range of functional
relationships between PM and the health endpoints considered;

. Baseline incidence rates have not changed appreciably from those used in the risk
assessment;

13 This is not an uncertainty, of course, if the C-R function has been estimated in the assessment location.
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. Population sizes and age distributions have not changed appreciably from those used in
the risk assessment;

. The distribution of PM concentrations on missing days is essentially the same as the
distribution of PM concentrations on days for which we have PM data;

. The estimated background concentration for each component is appropriate for each
urban area in the analysis;

. The background concentration for each component is essentially constant across the days
in a year;

. A single year of air quality data is appropriate to characterize risks associated with as is
and just meeting specified standards,

. Proportional rollback of concentrations over estimated background appropriately

represents how standards would be just met;

Sensitivity analyses are used to illustrate the sensitivity of analysis results to different
possible input values or to different assumptions or procedures that may affect these input
values. Although a sensitivity analysis is not as comprehensive as an uncertainty analysis,
selecting only a few possible alternative values of an input component rather than characterizing
the entire distribution of these values, it is precisely the simplicity of a sensitivity analysis that
makes it preferable for illustrating the impact on results of using different input component
values. Exhibit 2.6 lists the sensitivity analyses that were conducted.
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Exhibit 2.6 Sensitivity Analyses

Analysis PM Component of
Number Indicator the Risk Sensitivity Analysis
(Exhibit 2.1) assessment
1 PM,., Air Quality Sensitivity analyses of the effect of assuming different
PMo.05 (constant) background PM levels
2 PM, Air Quality Sensitivity analyses of the effect of assuming a
constant background PM level versus a distribution of
daily background levels
3 PM,. Air Quality Sensitivity analyses of the effect of just meeting the
current and alternative annual PM, 5 standards using
the maximum versus the average of monitor-specific
averages
4 PM, Air Quality A sensitivity analysis of the effect of an alternative air
quality adjustment procedure on the estimated risk
reductions resulting from just meeting the current 24-
hr and annual PM, ; standards
5 PM,. Concentration- | A sensitivity analysis using an approach to estimate the
Response possible impact of using a distributed lag C-R function
6 PM,. Concentration- | A sensitivity analysis of the impact on mortality
Response associated with long-term exposure of different
assumptions about the role of historical air quality
concentrations in contributing to the reported effects
7 PM,. Concentration- | Sensitivity analysis of the impact on mortality
Response associated with short-term exposure of using a multi-
city C-R function compared to location-specific C-R
functions from single-city studies
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3. Health Endpoints, Urban Areas, and Studies Selected

As discussed in the 2004 PM CD, a significant number of epidemiological studies
examining a variety of health effects associated with ambient PM concentrations in various
locations throughout the United States and Canada have been published since the prior NAAQS
review. As a result of the availability of additional health effects studies and air quality
information, EPA expanded the geographic scope of the PM risk assessment to include several
additional urban areas beyond the two (Philadelphia and Los Angeles Counties) analyzed for the
prior review, consistent with the goals of the assessment. The approaches that were used to
select health endpoint categories, urban areas, and studies to include in the PM risk assessment
are discussed below.

3.1  Health endpoints

OAQPS staff carefully reviewed the evidence evaluated in the 2004 PM CD (see Chapter
3 of the 2005 PM SP). Tables 8-A and 8-B in Appendices 8A and 8B of the 2004 PM CD
summarize the available U.S. and Canadian short-term exposure studies that provide effect
estimates for PM (i.e., PM, ., PM,,, and PM,, ;) for mortality and morbidity, respectively.
Section 8.2.3 of the 2004 PM CD summarizes the available U.S. and Canadian studies that
provide effect estimates for PM, ; and other PM indicators for long-term exposure. As discussed
in the 2005 PM SP (Section 4.2.1), given the large number of endpoints and studies addressing
PM effects, OAQPS included in the quantitative PM risk assessment only the more severe and
better understood (in terms of health consequences) health endpoint categories. In addition,
OAQPS included only those health endpoints for which the overall weight of the evidence from
the collective body of studies supports the CD conclusion that there is likely to be a causal
relationship or that the scientific evidence is sufficiently suggestive of a causal relationship that
OAQPS staff judges the effects to be likely causal between PM and the effects category. Finally,
OAQPS included only those categories for which there were studies that satisfy the study
selection criteria (see Section 3.3 below).

For those health effect categories included, the risk assessment is predicated on the
assumption that a causal relationship exists. As discussed in more detail in the 2004 PM CD (see
Section 9.2.2), for the relationship between PM and various health outcomes

“...considering results from studies conducted both within and outside the U.S. and
Canada, the epidemiological evidence is strong for associations between PM,, and PM, ; and
mortality, especially for total and cardiovascular mortality. The magnitudes of the associations
are relatively small, especially for the multi-city studies. However, there is a pattern of positive
and often statistically significant associations across studies for cardiovascular and respiratory
health outcomes, including mortality and hospitalization and medical visits for cardiovascular
and respiratory diseases, with PM,, and PM,.. The few available PM,,, s studies also provide
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some evidence for associations between hospitalization for cardiovascular and respiratory
diseases with PM,,, .. ... For PM,,, ¢, the evidence for association with mortality is more
limited.” (U.S. EPA, 2004, p.9-32)

With respect to the relationship between long-term exposure to PM, ; and increased mortality,
the 2004 PM CD placed the greatest weight on the results of the ACS and Six Cities cohort
studies and concluded that “the results of these studies, including the reanalyses results for the
Six Cities and ACS studies and the results of the ACS study extension, provide substantial
evidence for positive associations between long-term ambient (especially fine) PM exposure and
mortality” (p.9-33). The 2004 PM CD (p. 9-34) finds no evidence for associations between
long-term exposure to PM,,, s and either morbidity or mortality health outcomes.

The 2004 PM CD(pp. 9-50 - 9-79) contains an extensive discussion considering both the
extent to which the available epidemiological evidence shows associations in the same location
with a range of logically linked health endpoints and the extent to which the available
toxicological evidence and mechanistic information provides support for the plausibility of the
observed epidemiological associations. Based on that review, the 2004 PM CD concludes that,

“A growing body of evidence both from epidemiologic and toxicologic studies also
supports the general conclusion that PM, ¢ (or one or more PM, . components), acting
alone and/or in combination with gaseous co-pollutants, are likely causally related to
cardiovascular and respiratory mortality and morbidity. The strength of the evidence
varies across such endpoints, with relatively stronger evidence of associations with
cardiovascular than respiratory endpoints, potentially due to reduced statistical power
where respiratory outcomes are seen less frequently than cardiovascular outcomes. In
addition, mortality associations with long-term exposures to PM, s, in conjunction with
evidence of associations with short-term exposures, provide strong evidence in support of
a causal inference.” (U.S. EPA, 2004, p. 9-79)

Based on its review of the evidence evaluated in the 2004 PM CD, OAQPS included in
both the PM, ;. and PM,, - risk assessments the following broad categories of health endpoints
associated with short-term exposures:

. hospital admissions for cardiovascular and respiratory causes;** and

. respiratory symptoms not requiring hospitalization.

In addition, non-accidental, cardiovascular, and respiratory mortality due to short-term exposure,
as well as total, cardiopulmonary, and lung cancer mortality due to long-term exposure are also

% The category of emergency room visits was also considered, but there is evidence that baseline incidence
rates vary considerably across locations, and location-specific rates were not available. Therefore this health effect
was not included in the risk assessment.
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included in the PM, . risk assessment. Other effects reported to be associated with PM, such as
decreased lung function and changes in heart rate variability, are discussed in the 2005 PM SP.

3.2 Urban areas

In the prior risk assessment the selection of urban areas to include was determined largely
by the very limited availability of recent and sufficiently complete PM, . ambient air quality data.
For the current PM risk assessment, there was a significantly greater number of candidate
locations in which epidemiological studies have reported C-R relationships and for which there
are sufficient PM ambient air quality data. Recent evidence from the National Mortality and
Morbidity Air Pollution Study (NMMAPS) (Samet et al., 2000) suggests there may be
geographic variability in C-R relationships across many U.S. urban areas. In light of the
evidence from NMMAPS, which examined C-R relationships across the 90 largest U.S. cities,
we identified candidate areas for the PM risk assessment emphasizing geographically varied
urban areas in the United States in which C-R relationships have been estimated.

An urban area in the United States was included in the PM risk assessment only if it
satisfied the following criteria:

. It has sufficient air quality data for a recent year (1999 or later). A city was considered to
have sufficient PM, . air quality data if it had at least one PM, . monitor at which there
were at least 11 observations per quarter for a one year period and there were at least 122
observations per year (1 in 3 day monitoring). Sufficient air quality data for PM,_, - was
defined as a one year period with at least 11 daily values per quarter based on data from
co-located PM,, and PM, ; monitors.™

. It is the same as or close to the location where at least one C-R function for one of the
recommended health endpoints (see above) has been estimated by a study that satisfies
the study selection criteria (see below).*

15 We excluded from consideration a few monitors sited in industrial areas that are intended to characterize
local conditions near major point sources and which met the EPA criteria contained in Part 58 of the CFR for
exclusion from consideration when evaluating whether an area meets the current annual average PM, ; standard .

18 Urban locations for which C-R functions were estimated sometimes include several counties. (For
example, in Klemm et al., 2000, the urban area labeled “Boston” consists of three counties: Middlesex, Norfolk, and
Suffolk counties.) To the extent possible, in the PM risk assessment we tried to include the specific counties used in

the urban location in the original epidemiological studies.
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. For the hospital admission effects category, relatively recent area-specific baseline
incidence data, specific to International Classification of Disease (ICD) codes, are
available."

3.2.1 Additional considerations: the PM,: risk assessment

The largest data base for health effects associated with short-term (i.e., 24-hour) ambient
PM, ¢ concentrations, in terms of number of studies in different locations, is for non-accidental
total and cause-specific mortality. Therefore, OAQPS focused on selecting urban areas for the
PM, . risk assessment primarily on this health effect category supplemented by consideration of
morbidity endpoints. We first reviewed the studies listed in Table 8-A of the 2004 PM CD that
estimated C-R functions for short-term exposure mortality in U.S. locations and used measured
PM, . or PM,  estimated by nephelometry as the air quality indicator. A candidate pool of
sixteen urban areas in the U.S. was represented among those studies.

We next considered the precision of the effect estimates from those short-term exposure
mortality studies identified in the first step.*® In general, the relative precision of a study
increases as the number of its observations increases. The number of observations depends not
only on the number of days on which mortality counts were obtained, but also on the size of the
mortality counts. The 2004 PM CD describes the use of the natural logarithm of the mortality-
days (i.e., the natural log of the product of the number of study days and the average number of
deaths per day) as a surrogate or indicator reflecting the relative weight of short-term exposure
mortality epidemiological studies as an indicator of likely increasing precision for study effect
estimates. We considered only those urban areas in which studies with relatively greater
precision were conducted — specifically, studies that have a natural log of mortality-days greater
than or equal to 9.0 for total non-accidental mortality.® This criterion excluded 6 urban areas
(Camden, NJ; Coachella Valley, CA; Elizabeth, NJ; Newark, NJ; Steubenville, OH; and Topeka,
KS).

We next considered which of those study locations also have sufficient PM, ; monitoring
data to support a PM, . risk assessment. Using the completeness criterion defined above for
PM, ., 2 additional areas (Knoxville, TN and Portage, WI) were excluded based on the air quality

7 The absence of hospital admissions baseline incidence data does not necessarily mean that we cannot use
an urban area in the risk assessment, only that we cannot use it for the hospital admissions endpoint.

8 Tolbert et al. (2000) was excluded from consideration because it presented only preliminary results, and
the 2004 PM CD urged caution in interpreting these preliminary results.

19 Most of the epidemiological studies reporting total non-accidental mortality also report on one or more
cause specific mortality categories; in such studies the natural log of mortality days is often less than 9.0 because
there are fewer deaths from a specific cause. We included the cause-specific mortality C-R relationships reported in
such studies as long as the natural log of total mortality days was greater than or equal to 9.0.
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data available in 2003, leaving eight cities in which epidemiological studies reported C-R
relationships for PM, . and mortality associated with short-term exposures and which had
sufficient air quality data in a recent year.

The following urban areas satisfied the criteria of availability of C-R functions for short-
term exposure mortality, study precision, and availability of sufficiently recent and complete air
quality data to be included in the PM,  risk assessment for short-term exposure mortality:

. Boston, MA

. Detroit, Ml

. Los Angeles, CA
. Philadelphia, PA
. Phoenix, AZ

. Pittsburgh, PA

. San Jose, CA

. St. Louis, MO

Because baseline mortality incidence data are available at the county level, this was not a
limiting factor in the selection of urban areas for any portion of the PM, ;. risk assessment.

The long-term exposure C-R functions used in the PM, . risk assessment are based on
studies involving multiple cities across the United States, and the estimated C-R functions are
based on differences in long-term averages observed across the various cities. The issue of
matching a risk assessment location with the specific location in which a C-R function was
estimated therefore does not arise for long-term exposure mortality in quite the way it does for
short-term exposure mortality. We carried out the PM, . risk assessment for long-term exposure
mortality in all the urban locations listed above that are included in the PM, . risk assessment.

Most of the urban locations in which C-R functions were estimated for health endpoints
other than mortality are included in the set of locations available for mortality. A primary
consideration in selecting urban locations for these other health endpoints, as with the PM, ¢ risk
assessment for mortality, was that the assessment locations be the same as or close to the study
locations where C-R functions were estimated. Second, studies with relatively greater precision
were considered preferable. In addition, for the hospital admission effect category, we limited
our selection of urban areas to those for which the necessary baseline incidence data were
available.

3.2.2 Additional considerations: the PM,, ; risk assessment

We wanted to include urban areas in the PM,,, - risk assessment for which we were also
conducting a PM, . risk assessment, if there are epidemiological studies reporting associations
for PM,,, < in these locations. Because the PM,, ; risk assessment requires air quality data for
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PM,, and PM, ; at co-located monitors, the criterion of sufficient air quality data is significantly
more limiting in the selection of urban areas for the PM,, - risk assessment than for the PM, .
risk assessment.

Based on these considerations, we included Detroit, Seattle, and St. Louis in the PM, -
risk assessment. While sufficient air quality data are also available for Los Angeles, the
relevant epidemiological study used the S-Plus/fGAM procedure but has not yet been re-
analyzed.

3.3 Studies

A study that has estimated one or more C-R functions for a health endpoint in an urban
location to be used for the PM, . or PM,, 5 risk assessment had to satisfy the following criteria:

. It is an acceptable, published, peer-reviewed study that has been evaluated in the 2004
PM CD and judged adequate by EPA staff for purposes of inclusion in this risk
assessment based on that evaluation.

. It directly measured PM using PM, . or PM,, - as the indicator or for PM, . was
estimated using nephelometry data.?

. It either did not rely on GAMs using the S-Plus software to estimate C-R functions or has
appropriately re-estimated them using revised methods.

3.4  Asummary of health endpoints, urban areas, and studies selected

Based on applying the criteria and considerations discussed above, the health endpoints
and the urban locations that were selected, as well as the studies that estimated the C-R functions
used in the PM risk assessment are given in Exhibits 3.1 - 3.3 for PM, ¢, and Exhibit 3.4 for
PM,o,s. More detailed information on the studies used is given in Appendix C.

20 Consistent with advice received from members of the CASAC PM Panel, we have included studies that
used nephelometry to estimate PM, ; concentrations where gravimetric measurements were not available.
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Exhibit 3.1 The PM, ; Risk Assessment: Mortality Associated with Short-Term Exposure

Urban Location

Total (non-accidental)

Cardiovascular

Circulatory

Respiratory

Boston, MA

Schwartz et al. (1996)* *

Klemm et al. (2000)® — ischemic
heart disease *

Klemm et al. (2000)® — COPD *,
pneumonia *

Detroit, Ml

Lippmann et al. (2000)°

Lippmann et al. (2000)°

Lippmann et al. (2000)©

Los Angeles, CA

Moolgavkar (2000a)°

Moolgavkar (2000a)°

Philadelphia, PA

Lipfert et al. (2000) *

Phoenix, AZ

Mar et al. (2000)F

Pittsburgh, PA

Chock et al. (2000)

San Jose, CA

Fairley (1999)F

Fairley (1999)F

Fairley (1999)F

St. Louis, MO

Schwartz et al. (1996)*

Klemm et al. (2000)® — ischemic
heart disease *

Klemm et al. (2000)® — COPD *,
pneumonia *

*Includes a multi-city or multi-county C-R function

A Reanalyzed in Schwartz (2003b)

B Reanalyzed in Klemm and Mason (2003)
¢ Reanalyzed in Ito (2003)

P Reanalyzed in Moolgavkar (2003)

E Reanalyzed in Mar et al. (2003)

F Reanalyzed in Fairley (2003)
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Exhibit 3.2 The PM, ; Risk Assessment: Mortality Associated with Long-Term Exposure

Urban Location

Total

Cardiopulmonary

Lung Cancer

Pope et al. (2002) — ACS extended

Pope et al. (2002) — ACS extended

Boston, MA Krewski et al. (2000) — 6 cities Krewski et al. (2000) — 6 cities Pope et al. (2002) — ACS extended
Krewski et al. (2000) — ACS Krewski et al. (2000) — ACS
Pope et al. (2002) — ACS extended Pope et al. (2002) — ACS extended

Detroit, Ml Krewski et al. (2000) — ACS Krewski et al. (2000) — AC