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Overarching Changes Since 15t Draft
Health REA

Focus on scenarios of just meeting existing and
alternative O4 standard levels

Use of CMAQ-HDDM based approach to adjust
distributions of O; concentrations to just meet existing
and alternative O, standard levels

No distinct calculation of O4 from background sources
of emissions

Improved use of graphs and figures

Expanded synthesis chapter and addition of
Executive Summary



Structure of 25t Draft Health REA

Chapter 1: Introduction

Chapter 2: Overview of Exposure and Risk Assessment Design
Chapter 3: Scope

Chapter 4: Air Quality Considerations

Chapter 5: Characterization of Human Exposure to O,

Chapter 6: Characterization of Health Risk Based on Controlled
Human Exposure Studies

Chapter 7: Characterization of Health Risk Based on
Epidemiological Studies

Chapter 8: National-scale Mortality Risk Burden Based on
Application of Results from Epidemiological Studies

Chapter 9: Synthesis



Policy Relevant Exposure
and Risk Questions
(Chapter 2)

Air Quality Characterization

Risk Assessment

(Chapter 4)

APEX

Review of Health Evidence

(Chapter 2)

Urban Scale
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Individual Exposure
(Chapter 9)
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Urban Scale Risk
Analyses Based on
Application of
Results from
Controlled Human
Exposure Studies
(Chapter 6)

Analyses Based on
Application of
Results from
Epidemiological
Studies
(Chapter 7)

National Scale Risk
Burden Based on
Application of
Results from
Epidemiological
Studies
(Chapter 8)
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Risk Characterization

(Chapter 9)




Air Quality Characterization: I\/Iethodology

Recent air quality data from 2006-2010, split into two 3-year periods for design value calculation (2006-2008 and
2008-2010)
Exposure and lung function analyses used spatial fields of hourly O concentrations at the census tract level for each case

study area
— Epidemiology based risk assessment used area-wide averages (“composite monitor”) of daily maximum 8-hour O4 (and

other metrics) for each case study area
— National mortality risk burden assessment used national-scale 12 km x 12 km O, surfaces created through “fusion” of 2006-
2008 average monitoring data with 2007 CMAQ modeling data using Downscaler (Berrocal et al, 2012)

Air quality adjusted to meet the existing standard (75 ppb) and potential alternative standards of 70, 65, and 60 ppb
— Model-based air quality adjustments were focused on O, response to “across-the-board” reductions in U.S. anthropogenic
emissions (primarily NOx)
— Og adjusted at all monitor locations in a case study area based on the minimum emissions reduction required to meet the
targeted standard level at the monitor with the highest design value in that area. (This results in most monitors being below
the target standard level.)

Changes from the 1st draft health REA
— Model-based adjustment methodology replaced quadratic rollback. Model-based adjustment:
* More realistically captures spatially and temporally varying O response that can occur from reductions in precursor

emissions
« Estimates both increases and decreases in hourly O concentrations
— Voronoi Neighbor Averaging (VNA) replaced nearest neighbor for creating air quality inputs to the APEX exposure model
— Downscaler replaced eVNA (model enhanced VNA) for creating national-scale air quality “fused” surfaces



Air Quality Changes:
Temporal Patterns

 When adjusting O, from recent observed
conditions to meet existing and alternative
standard levels

— O3 concentrations generally decrease:
* When observed O, concentrations are high
* During daytime hours
* During warm months

— Oj concentrations generally increase:
* When observed O, concentrations are low
* During nighttime hours
* During cool months

— Net effects:
* Decrease in diurnal and seasonal variability
» Little change in mean/median concentrations

» Highest mean/median concentrations occur earlier in the
year
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Air Quality Changes: Spatial Patterns

Philadelphia 2006 - 2008

Change from Observed to 75 ppb Change from 75 ppb to 65 ppb

« When adjusting O, from recent
observed conditions to meet
existing and alternative standard
levels

— Annual 4" highest daily maximum
8-hour concentrations:
» Decreased at all monitored locations
in all 15 case study areas
» Decreased more quickly away from
urban core areas

— Seasonal mean concentrations:
» Decreased away from urban core
areas

» Had varied responses near urban
core areas
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O, Exposure Assessment: Methodology

APEX used to probabilistically estimate daily maximum 8-hour average
exposures

for all school-age children (5-18), asthmatic school-age children, asthmatic adults (19-
95), and all older persons (65-95)

considering exposure benchmark levels of 60, 70, 80 ppb

using US census tract-level hourly ambient O, concentrations for years 2006-2010 in
15 urban study areas

at existing O5 concentrations and concentrations adjusted to just meet the existing 8-
hour standard (75 ppb) and alternative standard levels (70, 65, 60 ppb)

Exposures above benchmark levels are only affected by changes in O; concentrations
above 60 ppb

Changes from 1st draft health REA

Evaluating alternative standard levels
Inclusion of additional urban areas
New model inputs

Additional scenario based assessments
Targeted evaluations
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O, Exposure Assessment: New Moael Inputs
and Scenario-based Assessments

 New model inputs

— Activity database increased by about 8,700 diaries (or 26%)
since 1st draft O3 REA, now more than double that used for
2007 O5 exposure modeling

— Spatially interpolated (VNA) and HDDM adjusted census
tract-level ambient O, concentrations

« Additional scenario-based exposure assessments

— All school-age children (5-18) during summer months (no
school/work days)

— Outdoor workers (19-55) during summer months

— All school-age children (5-18) and asthmatic school-age
children when accounting for averting behavior




O, Exposure Assessment:
Targeted Evaluations

Historical trends in outdoor event participation and time spent
outdoors

Outdoor event participation, time spent outdoors, and exertion
level outdoors for asthmatics vs. non-asthmatics

APEX exposures vs. personal exposure measurements
APEX ventilation rates vs. literature reported values

APEX exposures using varied ambient concentration input:
spatially interpolated/modeled vs. monitored; statistically
adjusted vs. air quality modeled

APEX longitudinal diary selection approach as applied to
school-age children for individual/group outdoor event
participation, time spent outdoors, & CHAD study diary used
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Health Risks Based on Controlled
Human Exposure Studies: Methodology

Lung Function: Predicted FEV, (forced expiratory volume in 1 second)
decrements > 10, 15, 20%
Based on exposure-response relationships derived from controlled human
exposure studies
Two modeling approaches:

— Estimating FEV, decrements for individuals based on the model of McDonnell, Stewart, and Smith

(2007, 2010, 2012).
— Population exposure distributions combined with exposure-response relationships (as in last review)

Changes from 1st draft REA
— Use of McDonnell et al. 2012 "threshold" model

— Probabilistic population exposure-response model updated with Kim et al. 2011 and
Schelegle et al. 2009 clinical data

— Comparison of previous and new FEV,; models
— Additional sensitivity analyses
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Exposure Studies: New Model for Reduced Lung
Function

McDonnell, Stewart, and Smith (2007-2012), using model
specified with threshold

— The exposure-response function is more sensitive to changes in O for
concentrations above 20 to 40 ppb, depending on the lung function
decrement evaluated

This model predicts lung function decrement for any pattern of
exposure and exercise (the previous model was restricted to 8-
hour exposures at moderate or greater exertion)

Implemented in APEX: lung function decrements are predicted
continuously for each modeled individual

This approach allows us to evaluate the distribution of risk across

modeled individuals, microenvironments, and days
12



Epidemiology Based Risk Assessment:
Methodology

Provide higher-confidence estimates of risk for populations residing in selected
urban areas

— National-Scale analysis provides current conditions mortality estimate for entire U.S. and evaluates
representativeness of 12 urban study areas

Risk evaluated for O adjusted to just meet the current standard and alternative
standard levels (70, 65 and 60 ppb)

Concentration-response functions from epidemiology literature (focused on 1-hour
and 8-hour max/mean metrics)

Population exposure characterized using composite monitors

Health endpoints modeled:
— Short-term: mortality (all-cause, non-accidental), morbidity (respiratory HA, ER, symptoms)
— Long-term: mortality (respiratory)

Presentation of counts of deaths and morbidity effects, percent attributable risk, and
incidence per 100,000 population

— We are aware of an issue with incorrect counts of deaths and morbidity effects caused by incorrectly
calculated population totals. We are investigating the issue now and will provide more details and
corrected estimates in the final draft. Percent attributable risk and incidence per 100,000 population are
not likely to be significantly affected. Patterns of risk between alternative standards are also not affected.
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Epidemiology Based Risk Assessment:
Changes from the 15t Draft

Includes long-term exposure-related respiratory mortality

Short-term exposure-related mortality modeled using Smith et
al., 2009 (explores wider range of model specifications)

Modeled all endpoints using CBSA-based study area template
(more fully captures pattern of O5 responses to just meeting
existing and alternative standard levels)

Risk estimated for full range of O; concentrations
— Uses linear, no-threshold C-R functions, so all changes in O, contribute to estimates of total
risk, regardless of the starting level of ozone.
Expanded sensitivity analysis:
— Spatial extent of study area (short-term mortality)

— Inclusion of VOC reductions in adjusting O, concentrations (short-term
mortality)

— Specification of effect estimates (short- and long-term mortality) 14



Methodology

Nationwide premature mortality attributable to exposures to
recent ambient O; concentrations

Uses fused (CMAQ and monitor) O; concentration surface

Based on application of concentration-response (C-R) functions
from the epidemiology literature
Includes core estimates and sensitivity analyses related to:

— Use of national or regional C-R functions compared to city-specific
functions

— Use of alternative C-R functions
Changes from 15t Draft
— Addition of long-term exposure-related mortality

— New methodology to create fused O, surface (Downscaler instead
of eVNA)

— Addition of several sensitivity analyses 15



National Representativeness Analysis:
Methodology

Cumulative probability plots are generated for a set of variables
associated with O, risk, and urban case study values for these
variables are overlaid on these plots to assess
representativeness of the selected areas

Estimates of short-term and long-term mortality risk for urban
case study areas are overlaid on the cumulative distribution of
mortality risk across all U.S. counties to assess the degree to
which the selected areas represent the high end of the county
level risk distribution

National representativeness of O, responses to decreases in
precursor emissions in the 15 urban study areas is evaluated
using both monitoring and model data
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National Representativeness Analysis:
Changes from 15t Draft

« Additional analyses of representativeness of patterns of O,
response to emissions reductions

— trends in ambient measurements focusing on changes in percentiles of

monitored O; between the periods 2001-2003 (before the NOx SIP Call) and
2008-2010 (after the NOx SIP Call)

— model simulations of NOx reductions, focusing on nationwide patterns of
relative reductions in seasonal mean modeled O, resulting from:
50% U.S. anthropogenic NOx emissions cut
90% U.S. anthropogenic NOx emissions cut
50% U.S. anthropogenic NOx and VOC emissions cuts
90% U.S. anthropogenic NOx and VOC emissions cuts
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Synthesis: Changes from 15t Draft

More focused summaries of results

Added comparisons and synthesis of results
— Identification of patterns
* Across urban areas
e ACross years
» Across alternative standards
— Identification of important causes of differences between types of
analyses
Representativeness of national patterns of exposure and risk is
evaluated

Overall confidence in the results, as well as relative confidence
between the different analyses is also assessed

Concludes with an overall integrated characterization of
exposure and risk in the context of key policy-relevant questions
18
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