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Purpose of this MeetingPurpose of this Meeting

Solicit feedback on EPASolicit feedback on EPA’’s planned approach to s planned approach to 
assessing risks and exposures associated with NOassessing risks and exposures associated with NO22
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Background: Overview of Conclusions from Background: Overview of Conclusions from 
Previous ReviewPrevious Review

In the previous review of the NOIn the previous review of the NO22 NAAQS, the Administrator concluded NAAQS, the Administrator concluded 
that the existing annual standard will...that the existing annual standard will...

Maintain annual NOMaintain annual NO22 concentrations considerably below the longconcentrations considerably below the long--term levels for term levels for 
which serious chronic effects have been observed in animalswhich serious chronic effects have been observed in animals
Provide protection against shortProvide protection against short--term peak NOterm peak NO22 concentrations associated with concentrations associated with 
mild changes in controlled human studies mild changes in controlled human studies 

Basis for conclusions regarding shortBasis for conclusions regarding short--term exposures term exposures 
Air quality assessment evaluated the relationship between annualAir quality assessment evaluated the relationship between annual average NOaverage NO22
levels and shortlevels and short--term (1term (1--hour average) NOhour average) NO22 levelslevels
Number of Number of exceedancesexceedances of various shortof various short--term benchmark values was estimated term benchmark values was estimated 
with the assumption of just meeting the current standardwith the assumption of just meeting the current standard

ShortShort--term benchmarks evaluated ranged from 0.15 term benchmarks evaluated ranged from 0.15 ppmppm to 0.3 to 0.3 ppmppm
Result: If the existing annual standard is attained, shortResult: If the existing annual standard is attained, short--term NOterm NO22 levels of levels of 
potential concern would be unlikely in most parts of the countrypotential concern would be unlikely in most parts of the country
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Background: Scope of the Planned Risk Background: Scope of the Planned Risk 
and Exposure Assessmentand Exposure Assessment

NONO22 will be considered as the surrogate for the gaseous nitrogen will be considered as the surrogate for the gaseous nitrogen 
oxides oxides 

Little health data available for other gaseous speciesLittle health data available for other gaseous species
Particulate nitrogen oxides are addressed by current NAAQS for pParticulate nitrogen oxides are addressed by current NAAQS for particulate articulate 
matter matter 

Most recent review concluded that sizeMost recent review concluded that size--fractionated particle mass, rather than particle fractionated particle mass, rather than particle 
composition, remains the most appropriate approach for addressincomposition, remains the most appropriate approach for addressing ambient PMg ambient PM
This conclusion will be reThis conclusion will be re--assessed in the next reviewassessed in the next review
However, at present it would be redundant to also use the NOHowever, at present it would be redundant to also use the NO22 NAAQS to protect NAAQS to protect 
against the health effects of particulate nitrogen oxidesagainst the health effects of particulate nitrogen oxides

Assessment will evaluate the risks and exposures associated withAssessment will evaluate the risks and exposures associated with……
Recent ambient levels of NORecent ambient levels of NO22
Ambient levels of NOAmbient levels of NO22 associated with just meeting the current standardassociated with just meeting the current standard
Ambient levels of NOAmbient levels of NO22 associated with just meeting potential alternative standardsassociated with just meeting potential alternative standards

Assessment will focus on both shortAssessment will focus on both short-- and longand long--term exposures/risksterm exposures/risks
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Exposure Assessment: OverviewExposure Assessment: Overview
Goals of the exposure assessment: Goals of the exposure assessment: 

Estimate shortEstimate short-- and longand long--term exposures associated with current levels of term exposures associated with current levels of 
ambient NOambient NO2 2 and assuming alternative levels of ambient NOand assuming alternative levels of ambient NO22
Develop quantitative relationships between longDevelop quantitative relationships between long--term average and shortterm average and short--term term 
peak concentrations of NOpeak concentrations of NO22

ApproachApproach
Tier I: air quality characterizationTier I: air quality characterization
Tier II: screeningTier II: screening--level exposure assessmentlevel exposure assessment
Tier III: refined exposure assessmentTier III: refined exposure assessment

Populations Considered Populations Considered 
general populationgeneral population
susceptible/vulnerable populations (as identified in ISA): childsusceptible/vulnerable populations (as identified in ISA): children (birth to 18), ren (birth to 18), 
asthmatic children (birth to 18), asthmatic adults (>19), and thasthmatic children (birth to 18), asthmatic adults (>19), and the elderly (>65)e elderly (>65)

Assessment of uncertainty Assessment of uncertainty 
At each analysis Tier, will progress from qualitative to quantitAt each analysis Tier, will progress from qualitative to quantitative depending ative depending 
on availability of data and anticipated magnitude of the uncertaon availability of data and anticipated magnitude of the uncertainty inty 
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Exposure Assessment: Tier IExposure Assessment: Tier I
Purpose: To estimate potential exposures usingPurpose: To estimate potential exposures using

historic and current ambient monitoring data (1995historic and current ambient monitoring data (1995--2006) as a surrogate for exposure2006) as a surrogate for exposure
enhancement factors to estimate onenhancement factors to estimate on--road NOroad NO22 from ambient monitoring datafrom ambient monitoring data
available concentration data for outdoor (e.g., utilities) and iavailable concentration data for outdoor (e.g., utilities) and indoor (e.g., gas stoves) ndoor (e.g., gas stoves) 
sourcessources

Locations ConsideredLocations Considered
based on air quality trends, data availability, population demogbased on air quality trends, data availability, population demographics, location of NOraphics, location of NO22
epidemiologic studies, and inclusion of a range of geographic arepidemiologic studies, and inclusion of a range of geographic areas eas 

Los Angeles, Houston, Atlanta, Philadelphia, Chicago, and aggregLos Angeles, Houston, Atlanta, Philadelphia, Chicago, and aggregation of othersation of others
Expected outputExpected output

Descriptive statistics for NODescriptive statistics for NO22 concentrations in selected locations concentrations in selected locations 
Relationships of shortRelationships of short--term peak levels to longterm peak levels to long--term average levelsterm average levels
Identification of additional areas to be modeled in Tier II and/Identification of additional areas to be modeled in Tier II and/or III, if neededor III, if needed

UncertaintyUncertainty
Assessment of uncertainty and variability will be primarily qualAssessment of uncertainty and variability will be primarily qualitativeitative

Tier I exposure assessment will provide input to a tier I risk aTier I exposure assessment will provide input to a tier I risk assessment to identify ssessment to identify 
exposures of concern (i.e., exposures that exceed identified heaexposures of concern (i.e., exposures that exceed identified health lth bencharksbencharks) ) 
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Exposure Assessment: Tier IIExposure Assessment: Tier II
Purpose: To improve characterization of the relationship betweenPurpose: To improve characterization of the relationship between ambient ambient 
concentrations, local sources, and exposure consideringconcentrations, local sources, and exposure considering

onon-- and nearand near--roadway concentrations using dispersion model and/or enhancementroadway concentrations using dispersion model and/or enhancement factorsfactors
modeled concentrations for other outdoor and indoor sources, if modeled concentrations for other outdoor and indoor sources, if any, identified in Tier Iany, identified in Tier I
influential factorsinfluential factors

e.g., time spent in broad microenvironments, decay of NOe.g., time spent in broad microenvironments, decay of NO22 indoors, populationindoors, population
Locations SelectedLocations Selected

Individual locations identified in the Tier I air quality characIndividual locations identified in the Tier I air quality characterizationterization
Expected outputExpected output

ShortShort--term Exposure Outcome term Exposure Outcome 
Temporally and spatially resolved ambient levels of NOTemporally and spatially resolved ambient levels of NO22 accounting for local sourcesaccounting for local sources
Estimates of the number of individuals who may experience exposuEstimates of the number of individuals who may experience exposures of concernres of concern

LongLong--term Exposure Outcometerm Exposure Outcome
Annual average exposure levels for each census tractAnnual average exposure levels for each census tract
Ratios of exposure to ambient for assessing exposures in other lRatios of exposure to ambient for assessing exposures in other locations not modeledocations not modeled

Uncertainty Uncertainty 
Model to measured comparisons for nearModel to measured comparisons for near--road and road and microenvironmentalmicroenvironmental concentrationsconcentrations
Limited sensitivity analyses on model input data/distributionsLimited sensitivity analyses on model input data/distributions
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Exposure Assessment: Tier IIIExposure Assessment: Tier III
Purpose: Refine the approach for addressing personal human attriPurpose: Refine the approach for addressing personal human attributes (e.g., timebutes (e.g., time--
locationlocation--activity patterns, human physiology) usingactivity patterns, human physiology) using

onon-- and nearand near--roadway concentrations using dispersion model and/or enhancementroadway concentrations using dispersion model and/or enhancement factorsfactors
EPAEPA’’s Air Pollutants Exposure Model (APEX)s Air Pollutants Exposure Model (APEX)

Monte Carlo approach where individuals in a population are simulMonte Carlo approach where individuals in a population are simulated as they move through time ated as they move through time 
and spaceand space
Also used to estimate concentration contribution of indoor sourcAlso used to estimate concentration contribution of indoor sourceses

Locations SelectedLocations Selected
Individual locations used in the Tier II exposure analysisIndividual locations used in the Tier II exposure analysis

Expected OutputExpected Output
Counts of people exposed one or more times to several NOCounts of people exposed one or more times to several NO22 levels based on evaluation of levels based on evaluation of 
the ISAthe ISA
Counts of person occurrences of a particular exposureCounts of person occurrences of a particular exposure

Uncertainty Uncertainty 
Model inputsModel inputs

assessed with a Monte Carlo approach using specified distributioassessed with a Monte Carlo approach using specified distributions for each inputns for each input
e.g., air exchange rate, NOe.g., air exchange rate, NO22 decay rate, physiological parametersdecay rate, physiological parameters

Model formulationModel formulation
assessed by comparing model predictions to measured values (wherassessed by comparing model predictions to measured values (where data are available), ore data are available), or
qualitatively evaluating plausible uncertainties for subqualitatively evaluating plausible uncertainties for sub--modelsmodels
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Risk Assessment: Overview Risk Assessment: Overview 
Goals of risk assessmentGoals of risk assessment

To estimate number of occurrences of shortTo estimate number of occurrences of short--term air quality events and number term air quality events and number 
of people exposed at or above various potential health effect beof people exposed at or above various potential health effect benchmarks nchmarks 
associated with alternative NOassociated with alternative NO22 scenariosscenarios
To provide health risk estimates for NOTo provide health risk estimates for NO22--related health endpoints associated with related health endpoints associated with 
alternative NOalternative NO2 2 scenarios (if a Tier II assessment is conducted)scenarios (if a Tier II assessment is conducted)
Identify and characterize key assumptions, variability, and unceIdentify and characterize key assumptions, variability, and uncertainty associated rtainty associated 
with the assessmentswith the assessments

Scenarios evaluatedScenarios evaluated
Recent air quality levels, air quality levels just meeting the cRecent air quality levels, air quality levels just meeting the current standard, and urrent standard, and 
air quality levels just meeting potential alternative standardsair quality levels just meeting potential alternative standards

TwoTwo--tiered approachtiered approach
Tier I: Potential Health effects benchmark levels (based on reviTier I: Potential Health effects benchmark levels (based on review of ISA) ew of ISA) 
compared to air quality and/or exposure estimatescompared to air quality and/or exposure estimates
Tier II: Combine concentrationTier II: Combine concentration--response or exposureresponse or exposure--response data with response data with 
exposure estimates to generate population risk estimates (if judexposure estimates to generate population risk estimates (if judged feasible and ged feasible and 
of sufficient utility) of sufficient utility) 
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Risk Assessment: Tier IRisk Assessment: Tier I
Air quality levels (from the tier I exposure assessment) or estiAir quality levels (from the tier I exposure assessment) or estimated exposure levels mated exposure levels 
(from a tier II or III exposure assessment) will be compared to (from a tier II or III exposure assessment) will be compared to potential health potential health 
benchmark levels for several example urban areasbenchmark levels for several example urban areas
Health effect benchmarks will be identified from the 2Health effect benchmarks will be identified from the 2ndnd draft ISAdraft ISA

Tentative benchmarks: 0.2 to 0.3 ppm (1Tentative benchmarks: 0.2 to 0.3 ppm (1--hour averaging time) in asthmatics (children and hour averaging time) in asthmatics (children and 
adults)adults)

Based on controlled human exposure studiesBased on controlled human exposure studies
Uncertainty about health effect benchmarks will be qualitativelyUncertainty about health effect benchmarks will be qualitatively addressedaddressed
Will use alternative benchmark levels to illustrate impact of alWill use alternative benchmark levels to illustrate impact of alternative choices about lowest ternative choices about lowest 
exposure level of concernexposure level of concern

Variability: Variability: 
Geographic variability addressed by conducting analysis for seveGeographic variability addressed by conducting analysis for several example urban areasral example urban areas
Population variability in response addressed qualitatively Population variability in response addressed qualitatively 

Projected outcomes: Projected outcomes: 
Number of occurrences of air quality levels at or above several Number of occurrences of air quality levels at or above several benchmarksbenchmarks
Number of times in a given year that a population or individual Number of times in a given year that a population or individual experiences various experiences various 
exposure levels of concernexposure levels of concern
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Risk Assessment: Tier IIRisk Assessment: Tier II
If conducted, would estimate number of individuals in selected If conducted, would estimate number of individuals in selected 
populations for several example urban areas expected to experienpopulations for several example urban areas expected to experience ce 
specified health effects  specified health effects  
Would be based on epidemiologic literatureWould be based on epidemiologic literature

Preliminary judgment that controlled human exposure studies do nPreliminary judgment that controlled human exposure studies do not provide ot provide 
enough information to identify credible exposureenough information to identify credible exposure--response relationshipsresponse relationships
Still evaluating whether or not epidemiological evidence adequatStill evaluating whether or not epidemiological evidence adequate to conduct e to conduct 
credible quantitative risk assessment credible quantitative risk assessment 

Criteria for determining if Tier II assessment conductedCriteria for determining if Tier II assessment conducted
Outcome of Tier I assessmentOutcome of Tier I assessment
Availability of info and data required to conduct a Tier II asseAvailability of info and data required to conduct a Tier II assessment (e.g., ssment (e.g., 
adequate Cadequate C--R functions, baseline incidence data for urban areas)R functions, baseline incidence data for urban areas)
Utility or valueUtility or value--added to decision process, beyond insights provided by Tier I added to decision process, beyond insights provided by Tier I 
assessmentassessment
Feasibility of conducting a Tier II assessment within consent deFeasibility of conducting a Tier II assessment within consent decree schedule and cree schedule and 
resourcesresources
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Risk Assessment: Tier II (Continued)Risk Assessment: Tier II (Continued)
Based on our analysis of the first draft of the ISABased on our analysis of the first draft of the ISA……

A tier II risk assessment, if conducted, would focus on shortA tier II risk assessment, if conducted, would focus on short--term (1term (1-- and 24and 24--hour) hour) 
ambient levels and respiratoryambient levels and respiratory--related effects related effects 

RespiratoryRespiratory--related hospital admissions, especially for asthmaticsrelated hospital admissions, especially for asthmatics
RespiratoryRespiratory--related emergency department visits, especially for asthmatic chrelated emergency department visits, especially for asthmatic childrenildren
Respiratory symptoms (e.g., cough and wheeze), particularly in cRespiratory symptoms (e.g., cough and wheeze), particularly in children and hildren and 
asthmaticsasthmatics

Risk estimates based on both singleRisk estimates based on both single-- and multiand multi--pollutant models would be reportedpollutant models would be reported
Uncertainty associated with the NOUncertainty associated with the NO22 coefficient in the concentrationcoefficient in the concentration--response function response function 
would be addressed by providing confidence intervals around poinwould be addressed by providing confidence intervals around point estimates of risk and t estimates of risk and 
by presenting a range of results based on different epidemiologiby presenting a range of results based on different epidemiological studies from different cal studies from different 
citiescities
Expected outputs (in each case central tendency and 95% confidenExpected outputs (in each case central tendency and 95% confidence interval estimates ce interval estimates 
would be provided) would be provided) 

Estimated incidence (number of cases) Estimated incidence (number of cases) 
Incidence per 100,000 relevant population for each health endpoiIncidence per 100,000 relevant population for each health endpoint nt 
Hypothetical change in incidence associated with moving from jusHypothetical change in incidence associated with moving from just meeting current t meeting current 
standard to just meeting potential alternative standardsstandard to just meeting potential alternative standards
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Broader Risk CharacterizationBroader Risk Characterization
Summary of U.S. air quality information and Summary of U.S. air quality information and 
discussion of various health effects from the ISA discussion of various health effects from the ISA 

Provide context for quantitative risk estimatesProvide context for quantitative risk estimates
Will include air quality statistics for all areas of U.S. with Will include air quality statistics for all areas of U.S. with 
NONO22 monitoring datamonitoring data

NationalNational--scale information on size of potentially scale information on size of potentially 
susceptible populations will be presented susceptible populations will be presented 
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Charge Questions for CASACCharge Questions for CASAC
Does the Panel have comments on the way we propose to use air quDoes the Panel have comments on the way we propose to use air quality data? ality data? 

Approaches to simulating just meeting current and potential alteApproaches to simulating just meeting current and potential alternative standards rnative standards 
Using annual average air quality levels to estimate expected Using annual average air quality levels to estimate expected exceedancesexceedances of shortof short--term term 
health benchmarks health benchmarks 
Approach to estimating onApproach to estimating on-- and nearand near--roadway NOroadway NO22 concentrations  concentrations  
Approach to addressing uncertainty and variability Approach to addressing uncertainty and variability 

Does the Panel have comments on the way we propose to assess expDoes the Panel have comments on the way we propose to assess exposures? osures? 
Proposed choice of models Proposed choice of models 
Identification of groups of interest (children, asthmatics, eldeIdentification of groups of interest (children, asthmatics, elderly)rly)
Developing individual exposure profiles through the use of APEXDeveloping individual exposure profiles through the use of APEX
Approach to addressing uncertainty and variabilityApproach to addressing uncertainty and variability

Does the Panel have comments on the way we plan to assess healthDoes the Panel have comments on the way we plan to assess health risks? risks? 
Proposed choice of health endpoints  Proposed choice of health endpoints  
The proposed approaches for conducting risk assessments The proposed approaches for conducting risk assessments 
Approach to addressing uncertainty and variabilityApproach to addressing uncertainty and variability

Does the Panel have comments on the proposed criteria for decidiDoes the Panel have comments on the proposed criteria for deciding whether to ng whether to 
proceed to a more sophisticated analysis (i.e., higher tier) forproceed to a more sophisticated analysis (i.e., higher tier) for assessing exposures assessing exposures 
and/or risks? and/or risks? 


