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Science and Policy Issue Workshop February 29-March 1, 2012
Draft Plan for Development of the ISA May 3, 2013
CASAC/Public Consultation on Draft Plan for ISA June 5, 2013

Peer Input Workshop June 11, 2013

First External Review Draft ISA November 22, 2013
CASAC/Public Review of First Draft ISA March 12-13, 2014

Second External Review Draft ISA January 30, 2015
Risk/Exposure Assessment Planning Document May 4, 2015

CASAC/Public Review of Second Draft ISA June 2-3, 2015
Risk/Exposure Assessment Planning Document

Final ISA October 2015
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Overarching recommendation from CASAC on the
1st draft ISA

Increase synthesis across topics in applying causal framework and communicating rationale for
conclusions about relationships between NO, exposure and health effects

Described emissions sources and patterns
in ambient NO, concentrations to better
inform potential uncertainties in estimates
of human exposure

Re-organized discussion of utility of various
exposure assessment methods and nature
of error by epidemiologic study design

Better described relationships of NO, with
other pollutants, noise, other factors

Applied information to evaluation of health
effect findings from epidemiologic studies

Emissions/
Formation of NO,

4

Patterns in
Ambient
Concentrations

4

Human Exposure

Internal Dose

Altered Biological
Function

Health Effect

Characterized NO, uptake in respiratory
tract and reaction products in bloodstream

Discussed mode of action evidence for
specific health outcome groups

Re-organized health effect evaluations
around specific outcome groups
Example: asthma exacerbation
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"EPA Executive Summary and Chapter 1: Provide a more
Integrative analysis of issues informing causal

determinations

Synthesized information on correlations with NO, and similar modes of action and health
effects to better describe rationale for assessing particular confounders (Section 1.4.3)

Described good support for examining:
— Traffic-related pollutants & meteorological factors for short-term NO, exposure
— Traffic-related pollutants, traffic proximity, socioeconomic status & race for long-term NO, exposure

Described weak or uncertain support for examining:
— Noise & stress, especially for short-term exposure
— Ozone & sulfur dioxide, especially for long-term exposure

More prominently discussed copollutant confounding and interaction/mixture effects

— Many epidemiologic methods exist for assessing confounding (Section 5.1.2.2) but limited to
copollutant models for NO,

- Potential for weak inference due to differential exposure measurement error, high correlations,
assumption of linear relationship

- Lower potential for confounding by some traffic-related pollutants for indoor & total personal NO,
— Limited, inconclusive evidence for interaction/mixture effects (Section 1.5.1)
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Executive Summary and Chapter 1: Provide a more integrative

Environmental Protection

Agency

analysis of issues informing causal determinations

- More systematically described rationale for conclusions and reason for change or
no change from 2008 ISA

Table 1-1  Key evidence contributing to causal determinations for nitrogen dioxide (NO2) exposure and health
effects evaluated in the current draft Integrated Science Assessment (ISA) for Oxides of Nitrogen.

NO2 Concentrations

Health Effect Category? and Causal Determination® Associated with Effects

Respiratory Effects and Short-term Exposure (Section 5.2)

Current Draft ISA—Causal relationship. 2008 ISA—Sulfficient to infer a likely causal relationship. PerSOnaJ exposure,

Key evidence

(Table 5-45)

Strongest ewdence is for effects on asthma exacerbatlon ConS|stent eplde' i Overa SCh Oollhome NO

in asthma hospital admissions and ED visits. Associ Central site monitors:
monitors and at subjects’ locations (i.e., personal amblent, outdoor school). Copollutant models show NO2
associations that are independent of PMzs or as examined in fewer studies, EC/BC, OC, UFP, VOCs, i
metals with pollutants measured at subjects’ locations, or CO measured at central site monitors. NO2
associations persist with adjustment for meteorology, medication use, PM1o, SO2, or Oz. Coherent
findings available for total personal and indoor NO2 with lower potential for copollutant confounding.

Independent effect of NO2 demonstrated in controlled human exposure studies. In adults with asthma,
NO:2 exposures not much higher than peak ambient concentrations induce clinically-relevant increases in
airway responsiveness and increases in allergic responses, which are part of the mode of action for 2-h avg: 77.7, 154 ppb
asthma exacerbation. Inconsistent experimental results for effects on lung function and respiratory
symptoms in absence of challenge agent.

Uncertainty in independent effect of NO2 on other respiratory effects (i.e, allergy exacerbation, COPD
exacerbation, respiratory infection, respiratory effects in healthy populations) due to limited coherence
among findings from epidemiologic and experimental studies.

Reason for change
in causal
determination

Epidemiologic evidence for NO2 exposures assessed for subject’s locations and in copollutant models Allergic inflammation:
with a traffic-related copollutant plus evidence from experimental studies describing mode of action 260 for 15 min and
demonstrate consistency, coherence, and biological plausibility for effect of NO2 exposure on asthma 581 ppb for 30 min

exacerbation to rule out chance, confounding, and other biases with reasonable confidence

Uncertainty
remaining

Strength of inference from copollutant models about independent associations of NOz, especially with
pollutants measured at central site monitors. Potential for NO2-copollutant mixture effects.

Excerpt from Table 1-1, 2" draft ISA

Causal relationship supported by combined epidemiologic and experimental
evidence for asthma exacerbation



"Em_edgg&s | Charge for Executive Summary and Chapter 1
° Integrative summary

- Please comment on how clearly the Executive Summary communicates the
major findings of the ISA for a non-technical audience.

- How well does Chapter 1 link together information about the distribution of NO,,
in the atmosphere, exposure assessment, dosimetry, modes of action, and health
effects to convey the major issues that need to be considered in evaluating
scientific information on NO, exposure and health effects? To what extent does
Section 1.4.3 address potential confounding factors?

- What are the Panel’s views on how well Chapter 1 provides an integrated
analysis of the weight of evidence for NO,-health effect relationships?

« To what extent is the causal framework transparently applied and the
rationale for changes made (or not made) to causal determinations from the
2008 ISA for Oxides of Nitrogen clearly articulated in the Executive Summary,
Chapter 1 and Table 1-17?
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"EPA Chapter 2: Describe spatial patterns in ambient NO,
concentrations to inform potential uncertainties in

exposure estimates

- |dentified major emissions sources in Coefficient of Divergence in 1-hour Maximum NO, Concentrations
population centers — highway between Monitor Pairs
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< EPA Chapter 2: Describe spatial patterns in ambient NO,

Environmental Protection
Agency

exposure estimates

Table 2-7 Comparison of near road and area wide 1-hour daily maximum

concentrations for monitors with year round data (ppb).

AW NR NR NR
City Period Sites Season Mean AW Mean 98% AW98% Max AW Max
Boston 6/2013-5/2014 7 Warm 26.2 7-27 43 16-49 51 25-70
Cold 355 13-34 58 33-63 64 40-68
Denver 6/2013-5/2014 2  Warm 39.0 32-37 54 62-77 62 58-63
Cold 450 41-47 71 71-83 97 106-136
Des Moines 2013 1 Warm 16.7 15 30 41 34 44
(all year)
Cold 213 17 35 35 42 39
Detroit 2012-2013 2 Warm 30.4 22-23 50 40-42 78 51-54
(2 years)
Cold 30.0 25-26 51 42-45 71 48-54
Minneapolis 4/2013-3/2014 3  Warm 222 9-15 42 20-38 54 26-42
Cold 311 15-24 51 31-59 52 43-70

AW = area wide; NR = near road

Source: National Center for Environmental Assessment and Office of Air Quality Planning and Standards Analysis of Air Quality

System Network Data from 2012-2014.

“ Table 2-7, 2" draft ISA

concentrations to inform potential uncertainties in

« Summarized

preliminary data
from U.S. near-
road monitoring
network

High-traffic roads
contribute to
within-city
variability

Highest
concentrations
often occur at
sites away from
road



\"’EA Charge for Chapter 2: Atmospheric chemistry and
ambient concentrations of oxides of nitrogen

- Please comment on the appropriateness of the content, interpretation, and
scope of the material on spatial variability in NO, concentrations within
several U.S. cities (Section 2.5.2) and near-road gradients (Section 2.5.3).

- How useful is the content and organization of Table 2-6, which synthesizes
results from published studies of near-road gradients?

- Please comment on the utility to the review of the primary NO, NAAQS of the
presentation, interpretation, and scope of the discussion of the near-road
network measurements.

- To what extent are the statistics presented in Table 2-9 and the discussion of
the London air monitoring data useful and adequate for describing how
monitor siting can affect characterization of the spatial and temporal patterns in
NO, concentrations? Are the potential limitations (e.g., lack of traffic count data
for roadside sites) of the London monitoring data appropriately described?
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A Chapter 3: Discuss utility and uncertainties of NO,
exposure assessment methods to better inform judgments
about relationships with health effects
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- Moved exposure assessment into its own chapter

- Discussed the impact of errors in representing variation in ambient NO, exposure
on health effect estimates by epidemiologic study design

— Time-series and panel studies of short-term exposure: aim to capture temporal
variation — e.g., day-to-day changes

— Cohort studies of long-term exposure: aim to capture spatial variation — e.g.,
between-location differences



""EPA Chapter 3: Discuss utility and uncertainties of NO,,

Environmental Protection
Agency

Table 3-1 Summary of sampling methods, their typical use in epidemiologic
studies, and related errors and uncertainties.

Method Epidemiologic Application Errors and Uncertainties in Exposure Estimates

Central site monitors  Short-term community Correlation between exposure and measurement decreases
time-series exposure of a with increasing distance from the monitor (Section 3.4.5)
population within a city

Long-term exposure for Potential for exposure misclassification if monitor site does
comparison of populations not correspond to the exposed population (Section 3.4.5)

among different cities
Positive instrument bias (Section 3.2.1.1)

Passive monitors Short-term panel Positive instrument bias (Section 3.2.1.2)

Long-term exposure across  Positive instrument bias (Section 3.2.1)
a city (or for LUR model fit)

Potential for exposure misclassification if the monitors are
sited at fixed locations (Section 3.4.5)

LUR Long-term exposure, usually Potential for exposure misclassification if grid is not finely
across a city but sometimes resolved (Section 3.2.2.1)
fit among multiple cities

Potential for bias if the model is misspecified or applied to a
location different from where the model was fit (Section 3.4.5)

Excerpt from Table 3-1, 2" draft ISA

exposure assessment methods to better inform judgments
about relationships with health effects

Impact of measurement
error on health effect
estimates (Section 3.4.5)

« Short-term exposure:
misrepresenting temporal
variation in NO, can reduce
magnitude and/or precision

« Long-term exposure:
spatial mismatch between
NO, measurements and
people’s locations can reduce
or increase magnitude and/or
precision

- Validated exposure metrics
with high spatial resolution
can increase confidence in
health effect associations



‘e’EA Charge for Chapter 3: Exposure to oxides of
° nitrogen

- How explicitly and accurately is epidemiologic study design considered in the
discussion of the utility and uncertainties of various exposure assessment
methods, the nature of exposure measurement error, and the impact of exposure
measurement error on NO,-health effect associations?

« How effective is the discussion in facilitating the evaluation of the strength of
inference from epidemiologic studies in Chapters 5 and 67?

- To what extent is information on relationships of NO, with copollutants and
traffic noise for various short-term and long-term time periods as well as various
exposure parameters (e.g., ambient, personal, indoor) appropriately
characterized and useful for the evaluation of potential confounding in
epidemiologic studies in Chapters 5 and 67?



< EPA Chapter 4: Focus mode of action discussion to

better Inform health effect evaluations

Agency

- Characterized modes of action for specific outcome groups to facilitate integration
with health effect evaluations

« Described nature of evidence for specific extrapulmonary effects: cancer,
reproductive effects, developmental effects

id Bronchoconstriction [EEe
..... N

‘‘‘‘‘ Inflammation/ Asthma
“““ oxidative stress \ exacerbation
Redox reactions in Airwa /
respiratory tract 1 RIS h ¢ trigger
p y Responses yperresponsiveness

ELF and tissue

Formation of

oxidation/nitration Actlvat|on/
products sensitization

neural reflexes

Respiratory
> tract
Impalred eplthellal infections
.

JAlveolar macrophage
function

\J/I\/Iucocmary clearance o .
_ Solid lines: stronger evidence
Figure 4-1, 2" draft ISA Dotted lines: weaker evidence



‘e’EA | Charge for Chapter 4: Dosimetry and modes of
action for oxides of nitrogen

- Please comment on the adequacy and clarity of the expanded discussions of the
epithelial lining fluid in the tracheobronchial and alveolar regions and
deficiencies and uncertainties associated with the lack of a validated NO,
dosimetry model.

- To what extent does Section 4.2 address the reactive nature of NO, and its
ability to pass beyond the epithelial lining fluid?

- What are the Panel’'s views on the effectiveness of the organization of modes
of action around the outcomes of interest?

« To what extent do the new figures facilitate integration with the health effects
evidence in Chapters 5 and 67



"EA _ Chapters 5, 6: Increase transparency of application of
causal framework and lines of reasoning in causal
determinations

- Added description of aspects that are considered in judging quality of health
effect studies of NO,

- More systematically characterized strengths and limitations of available evidence,
Integrating information across topics
— Coherence of findings for a specific outcome group (e.g., asthma exacerbation)
— Adequacy of exposure assessment methods to represent exposure
— Examination of potential confounding by traffic-related copollutants

— Evidence from controlled human exposure and animal toxicological studies to
demonstrate an independent effect of NO, exposure

— Mode of action evidence for specific outcome groups

- Expanded discussion of study quality in causal determination tables (e.g., Table
5-45) and specific endpoint tables (e.g., Table 5-9)
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"EPA Chapters 5, 6: Increase transparency of application of
causal framework and lines of reasoning in causal

determinations

- More consistently considered exposure assessment strengths and limitations

- Short-term NO, exposure and respiratory effects

— Metrics that may better represent exposure: personal ambient, personal total, microenvironmental
(school, home) — draws from Section 3.4.3.1

— Indoor and personal total NO,: lower copollutant correlations, more comparable exposure error in
copollutant models — draws from Section 3.4.4.3

- Long-term NO, exposure and respiratory effects

— Metrics spatially-aligned with subjects may better represent exposure: residential estimates from well-
validated land-use regression models — draws from Sections 3.2.2.1 and 3.4.5.2

— NO, at central site monitors and inverse-distance weighting: note lack of information to assess
adequacy — draws from Section 3.2.1.1

* Relevant durations of long-term exposure for development of disease
— Heart disease: recent 1- or 5-year average NO, and long-duration residence in area (Section 6.3.9)
— Cancer: uncertain representativeness of recent 1- or 5-year average NO, (Section 1.5.2)
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Epidemiologic
evidence

Exposure
assessment

Confounding by
traffic-related
copollutants

Experimental
evidence

Causal
determination

Chapters 5, 6: Increase transparency of application of causal
framework and lines of reasoning in causal determinations

Short-term exposure and:

1. Cardiovascular and related
metabolic effects

2. Total mortality

Consistent evidence

Central site monitors - uncertain
representativeness of exposure

Limited, inconsistent evidence or
not examined

Limited, inconsistent findings for
increased inflammation

Supporting epidemiologic
evidence, but large uncertainty in
independent effect of NO,,.
Cannot not rule out chance,
confounding, other biases.

ol to | relationshi

Suggestive, but not sufficient,
to infer a causal relationship

Long-term exposure and:

1. Cardiovascular and related
metabolic effects

2. Total mortality

3. Birth outcomes

4. Cancer

Supporting, but not entirely
consistent evidence

Land-use regression estimates of
residential NO,,

Not examined

Limited, inconsistent findings or
no information

Supporting epidemiologic
evidence, but large uncertainty in
independent effect of NO.,,.
Cannot not rule out chance,
confounding, other biases.

Suggestive, but not sufficient,
to infer a causal relationship

Draws from Tables 5-58, 6-63, 6-11, 6-14, 6-18, 6-20 of 2nd draft ISA

Long-term exposure and:

1. Fertility, reproduction, and
preghancy

2. Postnatal development

Inconsistent evidence

Inconsistent results for all
exposure metrics

Not examined

Limited, inconsistent findings or
no information

Available studies across
disciplines are of insufficient
guantity or consistency.

.Sufggestlue blut 'I'et. Sulll'e.'e”t o

Inadequate to infer a causal
relationship

More critical, systematic analysis lead to some changes from 15t draft ISA
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Chapter 5: Provide a more detailed and comprehensive
evaluation in NO,-airway responsiveness meta-analysis

« Published in Inhalation Toxicology in January: Brown (2015)

- Examined the magnitude and clinical relevance of effects

- Demonstrated robust results to exclusion of full studies, removal of repeated measurements
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Figure 5-1, 2" draft ISA
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""EA ~ Charge for Chapters 5 and 6: Health effects of short-
term and long-term exposure to oxides of nitrogen

« Please comment on the extent to which individual endpoints are appropriately
placed into specific outcome groups. For example, how well does the
discussion of asthma exacerbation integrate the evidence for relevant health
endpoints across disciplines, including mode of action information?

« How clearly do the causal determinations identify the specific outcome
groups that contribute most heavily to the conclusions?

- Please comment on the extent to which the results from the meta-analysis,
including the new analyses, are clearly described, appropriately interpreted,
and informative to the evaluation of NO,-induced increases in airway
responsiveness. Given that the results are now published in a peer-reviewed
journal [Inhalation Toxicology, Brown (2015)], what material that is presented
in the manuscript could be removed from the ISA and referenced to the
manuscript?




""EA ~ Charge for Chapters 5 and 6: Health effects of short-
term and long-term exposure to oxides of nitrogen

- Please comment on the adequacy and consistency with which exposure
assessment, including the utility and uncertainties of the methods used and
potential impact of exposure measurement error, is considered in describing
the strength of inference from epidemiologic results.

- To what extent is available information on health effects related to personal and
iIndoor NO, adequately considered in conclusions?

- What are the Panel’s views on the extent to which confounding by traffic-
related copollutants and other exposures are appropriately and consistently
evaluated?

« To what extent are the strengths, sources of bias, and uncertainties in the
integrated evidence base adequately considered in forming causal
determinations?

« How transparently is the causal framework applied to the evidence for each
of the broad health effect categories in communicating the rationale for the causal
determinations?
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"EPA Chapter 7: Enhance integration of evidence in evaluation
of at-risk populations and lifestages

Agency

» Better synthesized findings across studies, describing strengths & limitations of evidence
— Exposure assessment, outcome assessment, confidence in independent effect of NO, exposure

- Expanded analysis of differential risk due to proximity to roadways (Section 7.5.6) and co-
occurring factors (Sections 7.5.2 and 1.6.5)

Table 7-26  Summary of evidence for potential increased NO2z exposure and increased risk of NO2-related health

effects.
Evidence
Classification Factor Evaluated Rationale for Classification

Adequate evidence Asthma (Section 7.3.1) e Each factor: consistent evidence for increased risk for NO2-related asthma exacerbation.

Lifestage (Section 7.5.1.1): Children e Asthma: evidence from controlled human exposure studies.
(Section 7.5.1.2): Older adults o«  Lifestage: different time-activity patterns and ventilation patterns but unclear implications
for differences in NO2 exposure or internal dose.

Suggestive evidence  SES (Section 7.5.2): Low SES e Each factor: limited and generally supporting evidence for differences in NOz-related
Sex (Section 7.5.4): Females health effects.
Diet (Section 7.6.1): Reduced antioxidant e  SES and females: findings based primarily on short-term NO2 exposure and mortality for

intake SES and long-term NO2 exposure and lung function for females. Uncertainty in

independent relationships with NO2 for some health effects provides limited basis
for inferences about differential risk.

¢ Reduced dietary antioxidant vitamin intake: consistent evidence from experimental studies
for modification of NO2-related respiratory effects, but changes in oxidant balance may
not necessarily indicate health effects.

Excerpt from Table 7-26, 2" draft ISA



""EA ~ Charge for Chapter 7: Populations and lifestages
potentially at increased risk for health effects related to
exposure to nitrogen dioxide

» Please comment on the effectiveness of the integrated analysis and the extent
to which the strengths and limitations of the evidence are explicitly and
consistently described in communicating the rationale for conclusions about at-
risk populations and lifestages.

- To what extent does the added discussion in Section 7.5.6 on differences in NO,
exposure or risk of NO,-related health effects for populations with proximity to
roadways accurately reflect the available information?
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