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OFFICE OF THE ADMINISTRATOR
SCIENCE ADVISORY BOARD

April 15, 2016
EPA-CASAC-16-002

The Honorable Gina McCarthy
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, D.C. 20460

Subject: CASAC Review of the EPA’s Integrated Science Assessment for Sulfur Oxides —
Health Criteria (External Review Draft — November 2015)

Dear Administrator McCarthy:

The Clean Air Scientific Advisory Committee (CASAC) Sulfur Oxides Panel met on January 27-28,
2016, to peer review the EPA’s Integrated Science Assessment for Sulfur Oxides — Health Criteria
(External Review Draft — November 2015), hereafter referred to as the Draft ISA. The CASAC’s
consensus responses to the agency’s charge questions and the individual review comments from the
CASAC Sulfur Oxides Panel are enclosed.

Overall, the CASAC finds the draft ISA to be a comprehensive assessment of the available science
relevant to understanding the health impacts of exposure to sulfur oxides, but has several
recommendations on improving and enhancing the scientific clarity and rigor of the assessment.

The CASAC finds the Executive Summary to be comprehensive and well written. The CASAC
suggests that the EPA consider revising the language for a broader, non-technical audience and
eliminating technical jargon as much as possible. The correlation between maximum 5-minute SO>
concentrations with corresponding 1-hour concentrations should also be summarized in the ES.
Definitions for short- and long-term exposures need to be consistent throughout the ES as well as the
entire ISA. It should be clearly stated in the ES and early on in Chapter 1 that the current 1-hour SO-
Primary NAAQS is based heavily on the results of controlled human exposure studies. Chapter 1
adequately summarizes and integrates the key findings of subsequent chapters. However, the CASAC
suggests that a brief rationale on the use of SO; as the indicator be provided in the introductory
paragraph of the chapter.

The CASAC finds that the source categories and definitions of major sources are inconsistent
throughout Chapter 2 as well as the entire ISA and recommends that these be consistent. The chapter
should include locations and emissions for point sources (energy-generating units, integrated steel and
iron mills and smelters) near urban centers. The chapter should also elaborate on SOy transformations
and chemical compositions and summarize SO, measurement methods, interferences, and quantitative



comparisons. Data from the 2013-2014/15 time period with all monitor sites (~400 sites) should be
included in the data analysis. A discussion and referencing of power law relationships between peak-to-
mean ratio and averaging time should be included as well as additional puff/plume models and
performance evaluations using SO monitoring data. Additional rationale and data analyses should be
provided to illustrate the relationship between SO and co-pollutants.

The CASAC supports Chapter 3 as a distinct, standalone chapter on exposure. However, the material
should be reorganized to eliminate redundancy within the chapter and with material that belongs in other
chapters, to ensure each key topic is covered coherently in one place, to improve the clarity and flow,
and to distinguish between properties that are relevant to all criteria air pollutants versus those that are
specific to SOz (e.g., components of exposure and the role of reactivity, exposure modeling, exposure
measurement error). Chapter 3 should cover exposure assessment and modeling as needed to support
interpretation of epidemiological studies. It should also cover exposure modeling that is needed to apply
exposure-response relationships derived from clinical experiments to quantify SO, exposure and risk
assessments. The response to the Chapter 3 charge questions provides one possible way to reorganize
the chapter.

Chapter 4 on dosimetry and modes of action is a well-written and generally complete. The section on
respiratory absorption would be much improved by adding a succinct, but general discussion of the
transport of any inhaled reactive gas as well as the definitions of commonly-used dosimetrics. SO»-
metabolizing capabilities should be more completely discussed, including a comparison of the nose with
other respiratory tract regions as well as with extra-pulmonary tissues.

Chapter 5 on health effects summarizes and distills a very large literature base, but can be improved by
focusing on the key studies relevant to the assessment of the evidence for the causal framework and
providing a more rigorous assessment of study quality. The CASAC concurs with the determination of a
“causal relationship” between short-term SO, exposure and respiratory effects and the determination of
a “suggestive but not sufficient to infer a causal relationship” between long-term SO> exposure and
respiratory effects. The CASAC also concurs with the determination of an “inadequate to infer the
presence or absence of a causal relationship” between cardiovascular effects and long-term SO>
exposure and the determination of a “suggestive but not sufficient to infer as causal relationship”
between total mortality and short-term SO, exposure. The CASAC is not convinced that the current
evidence supports a change in the determinations (from “inadequate to infer the presence or absence of a
causal relationship” to “suggestive but not sufficient to infer as causal relationship”) for long-term SO>
exposure and total mortality, reproductive/developmental effects, and cancer. This is due to potential co-
pollutant confounding and lack of toxicologic evidence to support biological plausibility. The CASAC
does not concur with the change in the determination (from “inadequate to infer the presence or absence
of a causal relationship” to “suggestive but not sufficient to infer as causal relationship”) for short-term
SOz exposure and cardiovascular effects due to potential confounding from co-pollutants. The SO»-
effects in studies of myocardial infarction hospital admissions were significantly reduced or eliminated
in the two-pollutant model, and the one study that had temporally-resolved estimates of SO2 exposures
found no association between hourly ambient SO concentrations and risk of myocardial infarction.

Chapter 6 presents a good introduction to the identification of populations of greater risk to adverse
health consequences from SOz exposure and does a good job of summarizing existing literature on the
extent to which health effects are potentially modified by various factors. However, greater clarification
is needed for several components of this chapter including: clearly articulating the three factors that



cause populations to be at increased risk of SO»-related health effects; clarifying terminology and data
presented in the tables; expanding on descriptive information on populations at risk; and better
integration with Chapter 5 (particularly the discussion of effect modification).

The CASAC appreciates the opportunity to provide advice on the Draft Sulfur Oxides ISA and looks
forward to reviewing the Second Draft Sulfur Oxides ISA.

Sincerely,
/Signed/

Dr. Ana Diez Roux, Chair
Clean Air Scientific Advisory Committee

Enclosures



NOTICE

This report has been written as part of the activities of the EPA's Clean Air Scientific Advisory
Committee (CASAC), a federal advisory committee independently chartered to provide extramural
scientific information and advice to the Administrator and other officials of the EPA. The CASAC
provides balanced, expert assessment of scientific matters related to issues and problems facing the
agency. This report has not been reviewed for approval by the agency and, hence, the contents of this
report do not represent the views and policies of the EPA, nor of other agencies within the Executive
Branch of the federal government. In addition, any mention of trade names or commercial products does
not constitute a recommendation for use. The CASAC reports are posted on the EPA website at:
http://www.epa.gov/casac.
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Consensus Responses to Charge Questions on
EPA’s Integrated Science Assessment for Sulfur Oxides — Health Criteria
(External Review Draft — November 2015)

Executive Summary and Chapter 1 — Summary of the Integrated Science Assessment (ISA)

The Executive Summary is intended to provide a concise synopsis of the key findings and conclusions of
the Sulfur Oxides (SOx) ISA for a broad range of audiences. Please comment on the clarity with which
the Executive Summary communicates the key information from the SOx ISA. Please provide
recommendations on information that should be added or information that should be left for discussion
in the subsequent chapters of the SOx ISA.

The CASAC finds the Executive Summary and Chapter 1 to be comprehensive and well organized. The
Policy-Relevant Considerations Section is particularly well written and could be used as a model for
other sections in the Executive Summary. Table ES-1 is also very useful and appropriate.

However, the CASAC suggests that the language of the Executive Summary be revised for a broader,
non-technical audience by eliminating technical jargon. In addition, the same word-for-word sentences
and paragraphs found in Chapter 1 should not be used in the Executive Summary. Important points
made in Chapter 1 (and in the following chapters) should be reiterated, but reworded, for the more
general (lay) audience. Important changes made in subsequent chapters for the revised draft of the ISA
should also be reflected in the Executive Summary and Chapter 1.

The CASAC also has the following specific comments and suggestions:

e |t should be clearly stated in the Executive Summary and Chapter 1 that the controlled human
exposure studies are the principal rationale behind the 2010 1-hour Primary Sulfur Dioxide (SO>)
National Ambient Air Qualtiy Standard (NAAQS) and that this standard also provides protection
from chronic exposure effects;

e Correlation of maximum 5-minute SO> concentrations with corresponding 1-hour concentrations
should be summarized;

e Definitions for short- and long-term exposures need to be clear and consistent throughout the text
of the entire ISA, including the Executive Summary;

e Some of the footnotes used in the first page of the Executive Summary should be elevated to the
body of the text; and

e Itisimportant that ambient background concentrations of SO, be mentioned in the Executive
Summary.

Chapter 1 summarizes key information from the Preamble about the process for developing an ISA.
Chapter 1 also presents the integrative summary and conclusions from the subsequent detailed chapters
of the SOx ISA and characterizes available scientific information on policy-relevant issues.

Please comment on the usefulness and effectiveness of the summary presentation. Please provide
recommendations on approaches that may improve the communication of key findings to varied
audiences and the synthesis of available information across subject areas. What information should be
added or is more appropriate to leave for discussion in the subsequent detailed chapters?
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Overall Chapter 1 adequately summarizes and integrates the key findings of subsequent chapters. The
summary table and references are well done. In addition, summary statements used in the subsections of
Chapter 1 are well-crafted and could be reiterated in subsequent ISA chapters. The CASAC suggests
that a brief rationale for why SO: is used as the indicator for gaseous SOx be provided in the
introductory paragraph of this chapter. In the Conclusion section (1.8), the authors correctly emphasize
that the current ambient air quality standard is heavily based on the results of the controlled human
exposure studies, but this needs to be more strongly reflected in the earlier sections (e.g., 1.6.1).

Chapter 2 — Atmospheric Chemistry and Ambient Concentrations of Sulfur Oxides

Chapter 2 describes scientific information on sources, atmospheric chemistry, and measurement and
modeling of ambient concentrations of gaseous sulfur oxides.

To what extent is the information presented regarding sources, chemistry, and measurement and
modeling of ambient concentrations accurate, complete, and relevant to the review of the SO, NAAQS?

Sources of Sulfur Dioxide

Figures where source emissions are summarized are inconsistent with respect to emission ranges and
definitions of major sources (e.g., > 100, 1000, or 2000 tons/year). It would be more informative to
include a table containing SO emission rates and co-pollutants (e.g., hydrogen sulfide, dimethyl sulfide,
oxides of nitrogen, carbon monoxide, and particulate matter) for major sources (including smelters, steel
mills, on- and off-road diesel vehicles, and marine vessels). Estimated emission rates from volcanoes
and their potential impacts also should be given.

Section 2.2 should include a discussion of the Data Requirements Rule for the 1-hr SO, NAAQS as it
pertains to identifying major sources. A summary of the types of sources included and a map showing
the location of each source would be helpful in understanding the existing large SO sources. Changes in
this pattern should also be noted. In particular, a map with major SO sources (> 2000 tons/year)
grouped by source category can be used to illustrate areas needed for modeling and/or additional
monitoring.

Atmospheric Chemistry and Fate

The use of terms SO, and SOy needs to be clarified up front. SO2 chemistry, aqueous phase formation of
sulfate (SO47) and other compounds, as well as their linkages to exposure and deposition in the
respiratory system, need to be emphasized.

The importance of pollution sources and formation of non-sulfate compounds such as inorganic
particulate S(IV) species, organic S(IV) species (e.g., bis-hydroxy dimethyl sulfone) and organic S(VI)
species (e.g., alkyl sulfates) requires additional discussion. Studies such as Alarie et al. (1973) and
Amdur (1971) demonstrated the relationship between exposure to inorganic S(IVV) compounds and
exacerbation of SO inhalation responses in animals. These compounds are potential confounders or
moderators of SO health effects in epidemiological studies where copper smelter or integrated steel mill
emissions are abundant and the possible influence of these compounds should be discussed.



Measurement Methods

Personal Monitoring Techniques and emerging technologies in small, low-cost microsensors in Section
3.2.1 are part of the measurement methods. This section should be combined with and discussed in
Sections 2.4.1 — 2.4.3. The data completeness requirements for calculation of 5-min and/or 1-hr averages
should be clarified. Details on how values below lower detection limits (LDLs) are handled in
calculating averages should also be provided.

Available Federal Reference Methods (FRMSs) or Federal Equivalence Methods (FEMs) for SO»
measurements and their specifications should be described. A summary table of SO, measurement
comparison studies that specifies operating principles, averaging times, accuracy, precision, LDLS,
interferences, etc. would be informative. Potential reasons for discrepancies between FRM/FEM and
other measurement methods should be discussed. This would be important for determining the
equivalence between standard monitors (1-hr averages with LDL < 2 ppb) and trace monitors (5-min
averages with LDL < 0.2 ppb). It would also be helpful to show a time series of these comparisons and
verify their similarities and differences by location, season, and time of day.

Please comment on the extent to which available information on the spatial and temporal trends of
ambient SO> concentrations at various scales has been adequately and accurately described. In
particular, what is the extent to which the analyses of recently available 5-min SOz concentration data
are informative in considering relationships between 5-min and 1-hr SO, concentrations?

Environmental Concentrations

The data analysis from the current 2010-2012 data at 42 sites in six core-based statistical areas
(CBSA)/metropolitan areas should be extended to include 2013-2014 SO, data at all sites (2015 data
will be available on May 1, 2016). Methods to classify “high” versus “moderate” concentration sites
should be clarified. The five- to six-year time period (2010-2014/15) will better represent the
equivalence, comparability, and/or predictability between maximum 5-min and 1-hr data. The most
recent 3-year design value should be used to demonstrate attainment status.

As the ultraviolet fluorescence (UVF) FRM instruments are capable of producing short-duration
averages, consistent reporting of each 5-min average by the states is recommended. This allows for the
examination of consecutive elevated 5-min SO> concentrations to evaluate the duration of plume
touchdowns and downwind mixing. These data will facilitate analyses of exposure durations and
patterns, especially when SO> concentrations exceed the 200 ppb health benchmark. Making each 5-min
average available would also provide a useful database to evaluate a 5-min SO, NAAQS indicator or to
allow future studies that might require a full continuous database.

Comparisons and scatter plots should clarify the time periods and averaging times. The 5-minute
maximum concentrations for any hour should correspond with the hourly average concentrations for that
same hour (i.e., no data points should be below the 1:1 line on Figure 2-28). No statistical analysis of the
results is included, and there is not much of a conclusion on the peak-to-mean ratios (PMRs) besides the
statement, “These results emphasize that 1-hr average concentrations at or below 75 ppb, for the most
part, represent hourly 5-minute maximum values below 200 ppb.” Additional statistical analysis of the
data should be performed with the extended data set (2010-2014/15 for all sites) to build a more
compelling conclusion on the PMRs.



The utility of 5-min data can be demonstrated based on the “0.2 power law” relationships (Slade 1968;
Turner 1970). Figure 2-28 shows that hourly maximum 5-min values are 1-3 times higher than the
corresponding hourly values with an average PMR of 1.6 for 5-min averages. This is consistent with
“0.2 power law” relating PMR to averaging time. As the modeling community uses PMR as guidance
for averaging time to the 0.2 power, a literature review examining the effect of PMR by time of day
(stability), wind speed, stack height, distance from sources, and site locations should be performed.

The zone of influence in Figures 2-14 to 2-19 can be better presented to include SO, emissions from
each National Emissions Inventory (NEI) facility to describe spatial variability and distributions of
ambient SO concentrations. This comparison should include facilities (e.g., coal- and oil-fired power
plants, smelters and integrated steel mills) expected to produce high local concentrations under
appropriate meteorological conditions. Major copollutants associated with these sources should also be
indicated. Figure 2-17 includes a site with an integrated steel mill (A) but does not include urban SO>
monitoring data from the lead smelter south of St. Louis, which is now closed. A comparison of ambient
concentrations before and after the closure with the expanded data set at this site would be valuable. The
incorrect identification of the location of the Hayden copper smelter (Figure 2-19) should be corrected.
The source zone of influence (e.g., 5, 10, 15 km) centered on major NEI facilities should be
hypothesized beforehand (rather than after the statistical output) in order to guide the analysis. Maps of
spatial variations of a 3-year average of daily maximum 1-hr SO, concentrations at the annual 99"
percentile based on existing Air Quality System (AQS) monitors for the United States and for each
selected core-based statistical area (CBSA)/metropolitan area would provide insight on spatial variations
of SOz concentrations.

The temporal variation between summer and winter or cold and warm seasons should be illustrated. The
plots presenting time series distribution for 99" percentile daily maximum 1-hr SOz (> 75 ppb) should be
added to illustrate potential non-attainment areas.

Dispersion Modeling

Lagrangian puff models (e.g., CALPUFF and SCICHEM) should be considered in addition to steady-
state plume models (e.g., AERMOD). Other models may better simulate situations with light and
variable winds and convergence zones, as the Gaussian plume model is limited to the assumption of
steady-state, and straight-line plumes over a 1-hr modeling period.

Model performance evaluations (MPEs) should be conducted with monitoring data for each model
application, the type of MPE should be specified, and acceptance criteria should be determined (Hanna
and Chang 2012). The model performance statistics should be considered when weighing the credibility
of the results (e.g., less weight for areas without monitors) and the resulting exposure impacts. For
comparison with the NAAQS, regulatory models usually predict the peak of the concentration
distribution, not necessarily corresponding to the same sampling site and time period (e.qg., using Q-Q
plots of highest ranked modeled versus highest ranked observed concentrations). However, models used
for risk and exposure assessments require the prediction of concentration distributions paired in time and
space using scatter plots and statistics to draw proper conclusions.

Side-by-side maps comparing modeled and measured SO> concentrations for a given region (e.g., Huang
et al. 2011) would shed light on the representativeness of air quality modeling to detect plume
touchdowns and the adequacy of the number of monitor sites within 15 km of major SO sources.
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How informative is the analysis of correlations between SO> and co-occurring pollutant concentrations
for interpretation of epidemiologic studies?

Co-pollutants

Only Pearson correlations were given to address the relationship between SO, and other co-pollutants.
Since many of the scenarios that lead to high co-pollutant correlations are known, the discussions should
begin with some suggested hypotheses followed by analysis. Individual sites and dates and/or times that
show high correlation coefficients (e.g., R? > 0.8 or 0.9) may warrant additional analysis and discussion
(e.g., are they related to plume touchdown?). The possibility that SO> is more correlated with CO and
average PMz s (rather than PM: s sulfur) needs to be explained.

Speculation on low wintertime ozone (O3) and SO> correlations needs to be supported with additional
data analysis. It should address the regional nature of Os formation versus local SO2 plume touchdown.
There is higher SO, and less Os due to the less oxidation of SO, and decreased photochemistry during
wintertime.

Chapter 3 — Exposure to Ambient Sulfur Dioxide

Chapter 3 describes scientific information on exposure to ambient SO, and implications for
epidemiologic studies. To what extent is the discussion on methodological considerations for exposure
measurement and modeling clearly and accurately conveyed, appropriately characterized, and relevant
to the review of the SO, NAAQS?

Please comment on the accuracy, level of detail, and clarity of the discussion regarding exposure
assessment and the influence of exposure error on effect estimates in epidemiologic studies of the health
effects of SO..

The CASAC supports having exposure as a distinct, standalone chapter. The primary recommendation is
that the material in Chapter 3 should be reorganized. This reorganization should eliminate redundancy
within the chapter and with material that belongs in Chapters 2 or 4, ensure each key topic is covered
coherently in one place, improve the clarity and flow, and distinguish between properties that are
relevant to all criteria air pollutants versus those that are specific to SO (e.g., components of exposure
and the role of reactivity, exposure modeling, exposure measurement error). Consideration should be
given to adding a glossary of exposure-related terms, possibly by expanding upon the list of acronyms
and definitions starting on p. xii. The important terms in this chapter should be defined (e.g., exposure,
exposure concentration, exposure error and bias) and consistently applied. Most papers reviewed in the
previous Sulfur Oxides ISA document (U.S. EPA, 2008) do not need full review in this document. The
discussion of ventilation should be moved to Chapter 4 and all in-depth discussions of deterministic air
quality modeling (e.g., CMAQ, AERMOD) should be consolidated into Chapter 2 with appropriate
cross-referencing in Chapter 3. Chapter 3 should cover exposure assessment and modeling as needed to
support interpretation of epidemiological studies. It should also cover exposure modeling that is needed
to apply exposure-response relationships derived from clinical experiments to quantify SO exposure
and risk assessments. The discussion of probabilistic exposure modeling should focus on providing the
necessary background to relate estimated exposure-response relationship results to populations in the
Risk and Exposure Assessment (REA).



The CASAC outlines below one possible way of reorganizing Chapter 3. The first section could describe
the context and scope of the chapter, clearly conveying the purpose for discussing exposure in the ISA.
This could be followed by a conceptual overview of human exposure that incorporates specific
discussion of the unique features of SO as a pollutant and how this informs the understanding and
modeling of exposure to SO2. The discussion of exposure should not be conflated with dose. The
introduction to the next section could cover applications of exposure assessment relevant to this review,
addressing the distinction between exposure assessment for epidemiologic inference versus for risk
assessment. This would be followed by specific discussion of exposure metrics directly relevant to the
health studies reviewed in the document; presumably this section will cover exposure modeling in the
context of these exposure metrics. Finally, it is important to discuss exposure measurement error and its
implications for the interpretation of epidemiologic studies.

As part of clearly defining exposure error, the ISA should distinguish between error associated with how
well the given metric is measured or modeled and error associated with the use of a given metric as a
surrogate for the preferred metric. Specifically, exposure error includes: (1) the exposure measurement
error that comes from the uncertainty of the exposure metric being used relative to an uncertain version
of that metric; and (2) the exposure error that arises when a surrogate target parameter of interest in the
epidemiologic study is used rather than a target parameter, perhaps unobservable, that one might prefer.
None of the observational studies reviewed in the ISA are corrected for exposure measurement error.
Exposure error should be considered when evaluating the conclusions to be drawn from these studies.
The discussion should recognize that papers on the implications of exposure measurement error have
made their case differently depending upon study design: through simulation studies alone (e.g., time
series studies) or by theoretical developments that are then demonstrated using simulation studies (e.qg.,
cohort studies). Thus the conclusions that can be drawn about measurement error properties in cohort
studies are more generalizable than for time series studies. The concepts of Berkson and classical
measurement error apply to both short- and long-term exposure metrics, and often both types of
measurement error are present. When investigators use statistical models to predict exposures (e.g., land
use regression), the exposure measurement error is no longer purely Berkson or classical but rather
Berkson-like and classical-like. These distinctions should be made. The exposure measurement error
discussion should conclude with the current (limited) state of knowledge about the impacts of
measurement error on inference from epidemiologic studies.

There is an uneven level of detail across tables (i.e., the information presented in the tables versus the
discussion of the tables in the text) that should be addressed. Models have uncertainty and model results
are not true values, which should be acknowledged. More complex models do not necessarily reduce or
eliminate uncertainty, which should also be acknowledged. Finally, correlations derived from data with
many values below level of detection (LOD) should not be reported. This is misleading and should not
be summarized in the document, even if it is reported in the peer-reviewed literature. It would be
appropriate for the document to indicate that the literature exists and then to explain why the misleading
correlations are not being reported.

The discussion of air exchange rates is too narrow and not well motivated or organized. There is no
mention of databases of measured air exchange rates. The text could be more systematic in reviewing air
exchange rates not just for “buildings” but for other enclosed microenvironments, such as vehicles. The
issue of indoor reaction rate also merits a clearer and more accurate coverage and discussion. The state
of science of stochastic population-based exposure modeling is not accurately portrayed and should be
updated to account for recent improvements and applications of models such as the Stochastic Human
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Exposure and Dose Simulation (SHEDS) and Air Pollutant Exposure (APEX) models, and
improvements to their key input data. Similarly, discussion of the Consolidated Human Activity
Database (CHAD) should be appropriately updated.

The uncertainty in the understanding of the appropriate exposure time scales (i.e., appropriate amount of
exposure time-averaging) and how they correspond to various health outcomes should be clearer and the
implications should be discussed. The controlled human exposure studies show health effects at the 5-
minute time scale. Epidemiologic studies typically focus on different outcome measures and use
exposures on the 24-hour average or 1-hour daily maximum time scales. In epidemiologic studies the
critical time windows for effects are often not known; thus, it is difficult to tell whether exposure metrics
are aligned with the optimum time scales of effects. These and other factors contribute to exposure
measurement error, although one could argue that they fall outside the classical and Berkson
classifications. Nonetheless, the implications of different averaging times and of possible misalignment
of epidemiologic time-averaging with effect time scales should be introduced and discussed.

The discussion of co-pollutants should address some additional topics as co-pollutants can have
implications for measurement error and its impact on inference from epidemiologic studies. Due to the
changing nature of the pollutant mixture over time, the correlation of co-pollutants with SO at various
time scales could be quite different historically than currently. Historical exposures are more relevant to
epidemiologic studies. Furthermore, correlations between co-pollutants can be higher when modeled
exposures are used in the analysis, in part because the same input data are relevant for multiple
pollutants. The revised ISA should more clearly explain and discuss the significance of confounders
versus exposure modifiers as they pertain to the development and interpretation of exposure metrics
used in epidemiological-based analysis or for scenario-based exposure modeling.

Chapters 4 - Dosimetry and Modes of Action

Chapter 4 characterizes scientific evidence on the dosimetry and modes of action (MOA) for SO..
Dosimetry and modes of action are bridged by the absorption and reaction of SO> in the epithelial lining
fluid to form SO»-derived products (e.g., sulfite and/or S-sulfonates) that are widely distributed
throughout the body.

Are there topics that should be added or receive additional discussion? Similarly, are there topics for
which discussion should be shortened or removed?

This is a well-written chapter that generally meets the objectives of: (1) being a complete and accurate
description that provides a good context for Chapter 5 on the health effects; (2) containing a good
discussion and comparison of inhaled, ingested and endogenous pathways for SO2/sulfite; and (3)
providing modes of action for short-term and long-term respiratory effects as well as for extra-
pulmonary effects.

Although the first paragraph of Section 4.2 notes that few studies have been done since the previous
ISA, there are detailed discussions of studies that were done prior to this. It would be best to summarize
results of these earlier studies to make the chapter more concise. Although this chapter is not intended to
cover health effects, it contains some rather extensive discussions of this. The portions of these
discussions that have a direct bearing on dosimetry or MOA should be retained. Other portions could be
omitted.



To what extent is the discussion of the chemistry of inhaled SO, and the processes of absorption,
distribution, metabolism, and elimination accurate, complete, and relevant to the review of the SO>
NAAQS?

Section 4.2.2 on respiratory absorption would be much improved by a succinct but general discussion of
the transport of any inhaled reactive gas. A conceptual description of how overall uptake and regional
distribution of tissue dose depend on inhaled concentration, minute ventilation and gas properties is
particularly needed. A definition of commonly-used terminology is also needed.

SO2 metabolizing capabilities should be more completely discussed, including a comparison of the nose
with other respiratory tract regions as well as with extra-pulmonary tissues. For example, it has been
reported in studies with dogs that the activity of sulfite oxidase is comparable in the nose, trachea, and
proximal and medium bronchi, but lower in lung parenchyma. As a start, see the paper by Maier et al.
(1999) on xenobiotic-metabolizing enzymes in the canine respiratory tract for more specifics.

Please comment on the discussion comparing endogenously generated and ingested sulfite with that
derived from ambient inhalation.

This portion of the chapter was well done, and no major changes are needed.

To what extent are the discussion and integration of the potential modes of action underlying the health
effects of exposure to sulfur oxides presented accurately and in sufficient detail? Are there additional
modes of action that should be included in order to fully characterize the underlying mechanisms of
sulfur oxides?

Although a pathway for extra-pulmonary effects has been established for particles and ozone, there are
insufficient data to conclude that there are such pathways for SO.. Particularly because the SO> response
is so rapid, within minutes, it is not reasonable to expect extra-pulmonary effects will have time to
occur. Thus, an extra-pulmonary MOA could be deemphasized.

Extrapolating the robust literature on obesity and obstructive sleep apnea, it is very likely that functional
nasal obstruction with increased oropharyngeal breathing will occur in obese and overweight individuals
of all ages. This will likely be true for breathing at rest. A discussion of how this might affect pulmonary
dose distribution and the MOA of SO would be desirable.

Chapter 5 - Integrated Health Effects of Exposure to Sulfur Oxides

Chapter 5 presents assessments of the health effects associated with short-term and long-term exposure
to sulfur oxides. The discussion is organized by health effect category, exposure duration, outcome, and
scientific discipline.

To what extent does this chapter accurately reflect the body of evidence from previous and recent
epidemiologic, controlled human exposure and toxicological studies? What are the views of the panel on
the integration of this evidence and the relative emphasis placed on each source of evidence?



The authors are to be commended for a chapter that summarizes and distills a very large literature. That
said, some of the epidemiological evidence presented in the chapter could be more accurately
characterized. The precision of effect estimates needs to be made clear in a consistent manner.
Currently, different sections of the chapter (e.g., respiratory and cardiovascular) treat precision of effect
estimates differently.

Overall, the integration of the evidence from controlled human exposure, epidemiological, and
toxicological studies is good and the relative emphasis placed on each source of evidence is reasonable.
However, the chapter is lengthy. A suggestion about how to potentially shorten the chapter is to focus on
the key studies that are relevant to the assessment of the evidence using the causal framework. Both the
text and the tables could be revised in such an approach. If detailed descriptions of less relevant studies
can be eliminated then more emphasis could be placed on a careful evaluation, synthesis and integration
of the studies that provide the strongest evidence, including details that would allow a more rigorous
assessment of study quality, especially for epidemiological studies.

Considering the discussion of the strengths and limitations of the evidence in the text and tables within
Chapter 5, to what extent is the causal framework appropriately applied to evidence for each of the
health effect categories to form causal determinations?

The CASAC concurs with the determination of a “causal relationship” between short-term SO, exposure
and respiratory effects and the determination of a “suggestive but not sufficient to infer a causal
relationship” between long-term SO exposure and respiratory effects. The CASAC also concurs with
the determination of “inadequate to infer the presence or absence of a causal relationship” between
cardiovascular effects and long-term SO2 exposure and the determination of *“suggestive but not
sufficient to infer a causal relationship” between total mortality and short-term SO, exposure. The
CASAC is not convinced the evidence has sufficiently changed since the 2008 ISA to warrant a change
in the determinations (from “inadequate to infer the presence or absence of a causal relationship” to
“suggestive but not sufficient to infer as causal relationship”) for long-term SO, exposure and total
mortality, reproductive/developmental effects, and cancer. The new epidemiological studies do not
adequately address the potential confounding of the long-term exposure to the SO2-outcome association
(total mortality and cancer) and there is a lack of toxicological evidence to support biological
plausibility (reproductive/developmental effects). Because of the potential for co-pollutant (especially
PMy. ) confounding of observed effects of both short-term and long-term exposures to SO in
epidemiological studies, there is still considerable uncertainty about the role of SO2. Unless there are
new studies that address this uncertainty, either experimental or epidemiological with adjustment for co-
pollutant confounding, the CASAC recommends retaining the determination of an “inadequate to infer
the presence or absence of a causal relationship” for these health effects and long-term SO> exposure.
The CASAC does not concur with the change in the determination (from “inadequate to infer the
presence or absence of a causal relationship” to “suggestive but not sufficient to infer as causal
relationship”) for short-term SO2 exposure and cardiovascular effects due to potential confounding from
co-pollutants. The SO.-effects in studies of myocardial infarction hospital admissions were significantly
reduced or eliminated in the two-pollutant model, and the one study that had temporally-resolved
estimates of SO, exposures found no association between hourly ambient SO2 concentrations and risk of
myocardial infarction.



Measurement error in exposure assessment for epidemiological studies is treated superficially. The text
leads readers to conclude that measurement error always leads to a bias toward the null, but bias away
from the null can also occur, particularly in studies of long-term exposure. This should be stated clearly
in the relevant sections. The revised treatment of measurement error suggested for Chapter 3 can be
referenced in Chapter 5.

The chapter is inconsistent in how it discusses co-pollutant correlations. For example, in the respiratory
section, SO> correlations with other criteria pollutants are repeatedly described as “low to moderate,” yet
in the cardiovascular section, the correlations are described as “moderate to high” with other pollutants.
In general, the chapter needs more depth regarding the effects of multi-pollutant exposures. Co-exposure
to other pollutants is currently treated as adding to uncertainty. Although this is an important issue,
exposure to mixtures of pollutants in the “real world” also may have greater health impact than exposure
to single pollutants in controlled human exposure studies.

The conclusions in the draft SOx ISA regarding the respiratory effects of SO exposure rely heavily on
controlled human exposure evidence demonstrating effects of short-term peak exposures. Interpretation
of the epidemiologic studies is more complicated due to the longer averaging time used in these studies.
Please comment on the extent to which the evidence pertaining to the lowest concentrations associated
with effects is appropriately characterized.

The CASAC concurs with the reliance on the experimental human evidence where possible. The
interpretation of the epidemiological evidence is more complicated. Many of the studies that found
associations between SO> and asthma outcomes report mean concentrations and ranges of concentrations
that are very low. It is a bit hard to reconcile the associations reported in these studies with the
experimental evidence that indicates lack of bronchoconstriction in most subjects below 200 ppb and
respiratory symptoms below 400 ppb. That said, the strongest effect of SO> in epidemiological studies of
asthma exacerbations is for short lags and this finding is somewhat consistent with the controlled human
exposure study evidence of bronchoconstriction with short duration exposures.

It is important to note that only mild-moderate asthmatic subjects who were both relatively young and
healthy have been studied in controlled human exposure studies and thus the results of these studies may
not be representative of the responses of more at-risk individuals. Obesity has not been considered as an
effect modifier regarding short-term exposures and asthma exacerbations. Discussion of exposure-
response function shapes (e.g., linearity) is overly confident given the very limited empirical exploration
of this issue for most outcomes. There is also a need to define the magnitude of changes necessary for an
outcome examined in human clinical studies to be considered an adverse outcome.

Chapter 6 - Populations and Lifestages Potentially at Risk for Health Effects Related to Sulfur
Dioxide Exposure

Chapter 6 evaluates scientific information and presents conclusions on factors that may modify
exposure to SOz, physiological responses to SO exposure, or risk of health effects associated with SO
exposure. Consistent with previous ISAs for ozone, lead, and oxides of nitrogen, conclusions on these at-
risk factors inform at-risk lifestages and populations.
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To what extent has the available scientific evidence from epidemiologic, controlled human exposure,
and toxicological studies been integrated to inform conclusions on at-risk populations and/or lifestages?
Is there information available on other key at-risk factors that is not included in the draft SOx ISA and
should be added?

Chapter 6 presents a good introduction to the identification of populations at greater risk to adverse
health consequences of SO, exposure. Overall the chapter does a good job of summarizing existing
literature on the extent to which health effects are potentially modified by various factors. The EPA has
made substantial progress in improving the content and presentation of the chapter on populations at
risk. However, greater clarification is needed for several components of this chapter.

A few suggestions to further improve the clarity and informativeness of the chapter are below:

1. Populations can be “at risk” of higher SO.-related effects because:

a. They spend more time in areas with ambient concentrations that are harmful to health
(e.g., based on where they live or time spent outdoors);

b. They experience a greater internal dose when exposed to a given ambient concentration
(e.g., because of ventilation rate or exercise activities) and hence suffer a greater adverse
effect; and/or

c. They have other factors that act synergistically with the air pollution exposure to enhance
its adverse effect (e.g., age, sex, socioeconomic status, race, genetic predisposition,
existing disease, behaviors like smoking or diet, weight).

These three types of factors may also themselves cluster and interact. These categories are
sometimes implicit in the discussion but are not always clearly articulated in the chapter. The
EPA could consider whether these categories would be helpful in framing and structuring the
chapter.

2. The tables are quite comprehensive and helpful. However further clarification of the terminology
and the data presented in them is necessary for readers to fully understand the summaries. The
EPA could further specify the criteria used to determine presence of effect modification (e.g.,
statistical significance of the interaction, magnitude of difference in effect across strata). The
symbols in tables also need to be further clarified. For example, it is not clear what the “—”
symbol means. Since the results shown are complex, additional clarification in the text may be
helpful.

3. Consider expanding on descriptive information on populations at risk (e.g., expand Table 6-2 to
include children, include descriptives of prevalence of outdoor activities for various subgroups).
The numbers of “at risk” individuals in the tables at the beginning of the chapter would be much
more informative if material from Chapters 3 and 5 were considered, as well as information on
activity patterns from the CHAD and/or APEX databases.

4. There should be better integration with Chapter 5, particularly the discussion of effect
modification.
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Mr. George A. Allen

General Comments

Over the last several NAAQS review cycles, the structure of the ISA has become more and more
complex, at least in part in response to CASAC review requests. We now have a Preamble (generic, for
all ISAs), a Preface, an Executive Summary, and a Summary chapter — all before the actual core ISA
chapters. Since to some extent (?) they all need to stand on their own, reading them in sequence is
painfully redundant. While I don’t have explicit suggestions as to how simplify or combine these
documents, this may be worth considering.

HERO continues to be a very useful tool for reviewing these NAAQS process documents, and EPA
should be encouraged to maintain it.

Executive Summary

The Executive Summary is intended to provide a concise synopsis of the key findings and conclusions of
the SOX ISA for a broad range of audiences. Please comment on the clarity with which the Executive
Summary communicates the key information from the SOX ISA. Please provide recommendations on
information that should be added or information that should be left for discussion in the subsequent
chapters of the SOX ISA.

Overall, the Executive Summary clearly communicates the key findings of this ISA. Given the
presumably non-technical audience of executives for this section, some of the terms used tend to be
fairly technical for a general audience. Sometimes these terms are defined, but sometimes not. One
example is on page xli, lines 23-24: “Endogenous sulfite from the catabolism of ingested sulfur-
containing amino acids far exceeds exogenous sulfite...” — this may be too technical for this section, and
more appropriate for Chapter 1?

Table ES-1 is a concise summary of SO2 exposure and health effects and changes in the causal
determination status since the last ISA. Footnote B notes changes to the phrasing of causal
determinations. Five of these categories have been moved up one level; are any of these changes in part
because of changes in the phrasing?

The “Policy-Relevant Considerations for Health Effects Associated with Sulfur Dioxide Exposure” at
the end of the Executive Summary is very well written. This is the level and style that may serve as a
model for other sections of this summary.

Specific Comments on the Executive Summary

Page xxxvii: The first page of the Executive Summary is heavily footnoted. Footnote 2, and maybe some
others important to understanding the context of this ISA, could be promoted into the text, since it
explains what this ISA is actually covering — essentially only SO2 (...“only SO2 is present in the
atmosphere at relevant concentrations.”). It would help if this could be more clearly explained in the first
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paragraph — defining the backstory of how we get from SOX (a wide range of oxidized gaseous and
particle sulfur species) to SO2 (the NAAQS indicator); some of this is done in the first paragraph of
Chapter 1. While the criteria pollutants Pb and CO are unambiguous, others are less so. Where does the
term SOX (and NOX) come from in a regulatory sense — the CAA?

As noted previously, the ISA needs to be very consistent throughout in using terms like SOX and SO2,
using SOX only where essential — presumably only when setting the ISA stage.

Footnote 4, about blue hyperlinks, seems out of place in this paragraph which has no blue hyperlinks.

Page xxxviii, line 20: “joint exposure to other pollutants”. Elsewhere in this section, the term
“copollutants” is used for this — it would help to define that here. Do these terms refer only to NAAQS
indicators?

Page xxxix, lines 21-23: “Multiple evaluations of AERMOD’s performance against field study
databases over averaging times from 1 hour to 1 year have indicated that the model is relatively
unbiased in estimating upper-percentile 1-hour concentration values.” Modeling the 1-h form of the
current SO2 NAAQS is much more challenging than modeling the old form of daily or annual SO2
concentrations. From a NAAQS compliance point of view, AERMOD is generally considered to provide
a conservative result — e.g., generally over-predicting measured SO2 at the surface, even if this outcome
is primarily due to constraints on actual monitoring locations.

Page xxxix, lines 31-33: central site monitors and “...the relatively high spatial variability in SO2 across
an urban area.” This statement needs clarification here and on page 3-2. It is correct for urban areas that
have large sources of SO2 in or near them. However, as SO2 point sources are cleaned up, many urban
areas have very low and relatively uniform levels of SO2.

Chapter 1

Chapter 1 summarizes key information from the Preamble about the process for developing an ISA.
Chapter 1 also presents the integrative summary and conclusions from the subsequent detailed chapters
of the SOX ISA and characterizes available scientific information on policy-relevant issues.

Please comment on the usefulness and effectiveness of the summary presentation. Please provide
recommendations on approaches that may improve the communication of key findings to varied
audiences and the synthesis of available information across subject areas. What information should be
added or is more appropriate to leave for discussion in the subsequent detailed chapters?

This chapter effectively summarizes the key findings of subsequent chapters, and reads better than the
Executive Summary. A few specific comments follow.

Page 1-1, first paragraph: SO2 as the NAAQS indicator for gaseous SOX is just dropped into the
narrative. A brief rational and/or background for using SO2 would be helpful.

Page 1-10, lines 27-29: “...SO2 correlations with NO2 and CO were observed to be high, it is possible
the data may have been collected before recent rulemaking to reduce sulfur content in diesel fuel...”.
This fuel cleanup is an important point, and is part of why (along with very few large SO2 point sources)
urban SO2 is now usually very low and effectively very homogeneous from an exposure / health effects
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perspective. Some of these fuel S reductions are still ongoing; New York City started to prohibit 3000
PPM S #6 heating oil only a year ago (#4 is still allowed), and it will be several more years before all
NYC heating oil will be less than 30 ppm S.

Section 1.4.2 (Assessment of Human Exposure), pages 1-8 to 1-11: This section covers exposure issues
in great detail. But even more so than for NO2, the key drivers behind the NAAQS form and level come
from controlled human exposure studies as noted in Section 1.8, conclusions (page 1-28). Health
outcomes from longer or chronic SO2 exposures come from epidemiological studies, but it is the need to
control acute exposures (minutes to 1 hour) that also reduces the more chronic exposures. It may be
useful to have a brief discussion of this elsewhere in Chapter 1 (1.6.1 perhaps) since it is prominent in
the Chapter 1 conclusion paragraph (1.8).

Table 1-1 (pages 1-21 to 1-23) is an appropriately detailed summary of causal determinations. The
different sections of the column on the right listing SO2 concentrations associated with effects can be
confusing, and would benefit from additional formatting to separate subsections; see the first part of
page 1-21 for an example.

Number of monitors reporting 5-minute data. This is inconsistent across the document. Page 1-7 and 2-
91 say “more than 400”. Page 2-29 has 195 monitors. Table 2-6 and page 2-62 text has 309 monitors “to
date”. Some of these differences may be due to the increasing number over time because of the
monitoring requirements in the June 2010 revision to the SO2 NAAQS.

Chapter 2
Section 2.6.1, Dispersion Modeling.

AERMOD performance is generally considered acceptable if within a factor of two of actual measured
SO2 metrics such as 99" percentile design values. This is certainly an issue in a compliance context, and
possible an issue if modeled SO2 exposures are used in acute effect health studies. A robust assessment
of AERMOD performance is in Frost (2014), “AERMOD performance evaluation for three coal-fired
electrical generating units in Southwest Indiana”
http://www.tandfonline.com/doi/abs/10.1080/10962247.2013.858651

This reference is not in the current draft of the ISA.

There is minimal mention and no discussion of “puff” lagrangian models in this section, and the
potential for improvement in modeling performance relative to AERMOD. The CASAC review of the
SO2 IRP clearly recommended that this be addressed (page 2), along with a discussion of the SO2 “Data
Requirements Rule” that allows modeling to be used for NAAQS compliance purposes. Under this rule,
modeling effectively becomes part of the SO2 compliance monitoring network, and thus it is important
to include it in any discussion of the network since modeling could replace existing or newly required
monitoring sites.


http://www.tandfonline.com/doi/abs/10.1080/10962247.2013.858651

Chapter 3

3.2.1.1 Section 2.4.1 discussed the sensitivity of the commonly used UVF SO2 measurement method,
with detection limits of 2 to 0.2 ppb. This section says: “Ultraviolet fluorescence (UVF) detection of
SO2 has a high detection limit relative to ambient levels” (page 3-2, lines 19-20). While this may be true
for ambient SO2 levels often observed in areas without large SO2 sources, it is not relevant for
concentrations of SO2 that are of concern for health effects.

3.2.1.2 The “personal HEADS” sampler runs at 4 Ipm, not 10 (10 is the flow for the full-size fixed-site
version of HEADS). The discussion of personal monitoring / Citizen Science “sensors” includes some
citations that are not relevant, including one with a low-end detection limit of 15 PPM (not PPB).



Dr. John R. Balmes

Comments on Chapter 5

Chapter 5 presents assessments of the health effects associated with short-term and long-term exposure
to sulfur oxides. The discussion is organized by health effect category, exposure duration, outcome, and
scientific discipline.

a. To what extent does this chapter accurately reflect the body of evidence from previous and recent
epidemiologic, controlled human exposure and toxicological studies? What are the views of the panel on
the integration of this evidence and the relative emphasis placed on each source of evidence?

In general, the chapter characterizes the body of evidence on SO2 health effects in a fairly accurate way.
That said, some of the epidemiological evidence presented in the chapter could be more accurately
characterized. 1 do not think it is appropriate to present associations between SO2 exposure estimates
and outcomes per 5 or 10 ppb increase in SO2 when the association is not statistically significant
without noting the lack of significance. The sections on cardiovascular outcomes are better at
representing nonsignificant associations with wording such as follows: “the 95% CI for the association
was wide, indicating an imprecise association.” | would prefer that the chapter state something to the
effect that “while the analysis between SO2 and asthma incidence suggested an association, the strength
of the association did not reach statistical significance. That said, there was an apparent increase in the
OR for incident asthma of X% for a 5 ppb increase in SO2.”

Overall, the integration of the evidence from controlled human exposure, epidemiological, and
toxicological studies is good and the relative evidence placed on each source of evidence is reasonable.

b. Considering the discussion of the strengths and limitations of the evidence in the text and tables
within Chapter 5, to what extent is the causal framework appropriately applied to evidence for each of
the health effect categories to form causal determinations?

I agree with the chapter’s assessment of the strength of the evidence regarding causal determination for
both respiratory effects and both short and long-term exposure. | also agree that the evidence for
cardiovascular effects of long-term exposure is inadequate. Furthermore, | agree that the evidence for
the association of total mortality with long-term exposure is suggestive. In do not think that the evidence
for cardiovascular effects of short-term exposure, total mortality and short-term exposure, and cancer
and long-term exposure has changed substantively since the 2008 ISA was published.

c. The conclusions in the draft SOX ISA regarding the respiratory effects of SO2 exposure mrely heavily
on controlled human exposure evidence demonstrating effects of short-term peak exposures.
Interpretation of the epidemiologic studies is more complicated due to the longer averaging time used in
these studies. Please comment on the extent to which the evidence pertaining to the lowest
concentrations associated with effects is appropriately characterized.

| agree with draft ISA’s reliance on the experimental human evidence where possible. | also agree that
interpretation of the epidemiological evidence is more complicated. Many of the studies that found
associations between SO2 and asthma outcomes report mean concentrations and ranges of
concentrations that are very low. I find it hard to reconcile the associations reported in these studies with
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the experimental evidence that indicates lack of bronchoconstriction in most subjects below 200 ppb and
respiratory symptoms mostly above 400 ppb. That the strongest effect of SO2 in epidemiological studies
of asthma exacerbations is for short lags is somewhat consistent with the controlled human exposure
study evidence of bronchoconstriction with short duration exposures.

Specific Comments

p. 5-6, line 6 AHR should be spelled out with first use.

p. 5-6, lines 17-18 It should be noted here that this lack of studies in children is due to ethical
considerations.

p. 5-7, line 14 Should be “...that is...” Subset is the subject and is singular.
p. 5-13, line 10 The Balmes et al. study used eucapneic hypernea rather than exercise.

p. 5-20, line 33 The specific lung changes need to be specified. The percent changes are not
interpretable without this specification.

p. 5-21, lines 5and 8 Should be “45-minute” and there is an important comma to be inserted to make
the sentence clear: “... air followed by SO2, and O3 followed by O3...”.

p. 5-21, line 25 1 find the characterization of recent studies as consistent with the 2008 ISA, “finding
some positive associations” as a bit disingenuous. The data as a whole are inconsistent as is stated in the
next sentence so yes there are some positive associations, but there are also some studies that found no
associations. | think it is better to characterize the data as inconsistent.

p. 5-51, line 22 Should be *...effects... were not assessed...”.

p. 5-70, lines 31-32 Nasal discharge/congestion and upper respiratory symptoms are NOT clinical
symptoms “demonstrating exacerbations of COPD”.

p. 5-71, line 5 Should add “or lung function” to the end of this sentence.

p. 5-71, lines 24-25 Because nasal discharge/congestion and upper respiratory symptoms are not
symptoms of COPD, | would delete “COPD” from line 24.

p. 5-78, lines 7-10 1.6% vs. 0.8% is hardly a difference. The earlier Wong et al. study had a wider CI.
p. 5-80, line 21 Should be “A limited number of studies has examined...”.

p. 102, lines 33-34 Changes in FEF25-75 and FEV1 are not indicative of “a constriction in the upper
airways”. The sentence should simply state that the SO2 exposures “induced decreases in FEF25-75 and

to a lesser extent FEVV1.”

p. 5-142, lines 2-3 This sentence somewhat mischaracterizes the results reported by this study, of which
I am one of the senior authors. The combined association between SO2 exposure during the first 3 years
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of life and asthma incidence pooling data from all four sites was not statistically significant (OR 1.03
[0.94-1.13). | think it is somewhat misleading to suggest that we found an association for SO2 exposure
during the first 3 years of life and I don’t understand the values given in the ISA text [OR = .16
(0.73—1.84) per 5 ppb SO2]. The only statistically significant association for SO2 that we reported was
for Houston, but given the lack of association in the pooled data, | don’t think a concentration-response
function should be included here. That said, it is remarkable that the pooled effect estimate (OR=1.03) is
the same as that of the Clark et al. study in VVancouver.

p. 5-239, lines 12-13 Stating here that “Primary pollutants such as NO2 and CO typically show
moderate to high correlations with SO2” is in contrast to multiple other place in the ISA text where these
correlation with other criteria pollutants are described as “low to moderate”.

p. 5-274, line 15 Again, it is stated here that “SO2 is low to moderately correlated with other
pollutants”.



Dr. James Boylan

Comments on Chapter 2

Chapter 2 describes scientific information on sources, atmospheric chemistry, and measurement and
modeling of ambient concentrations of gaseous sulfur oxides.

a. To what extent is the information presented regarding sources, chemistry, and
measurement and modeling of ambient concentrations accurate, complete, and relevant to the
review of the SO, NAAQS?

Page 2-3: Figure 2-1 needs to add the label for the y-axis. Also, many of the “Industrial” source category
names have been cut-off which makes it difficult to distinguish them from each other.

Figures 2-2, 2-3, 2-4: The text on page 2-3 states “Counties that have not fully achieved the current air
quality standard for SO, being partially or entirely out of attainment, are outlined in yellow in Figures
2-2, 2-3 and 2-4.” However, the legend in the figures describes these areas as “Counties with ambient
SO; 1-hr concentrations that exceed 75 ppb” or “Counties with SO, concentrations above the NAAQS”.
The two are not identical because areas can exceed the NAAQS, but not be designated nonattainment.
Also, the author should add which 3-year design value was used to determine if the county was
nonattainment. Next, the author should explain why (A) industrial cement production and (B) industrial
chemical and allied products manufacturing are included in Figure 2-3(A) and Figure 2-3(B) when it
looks there are many other source categories with higher SO, emissions (see Figure 2-1).

Page 2-9: Figure 2-5 should include EPA SO; projections to 2017 or 2018. These are readily available as
part of the modeling EPA did for the recently proposed Cross-State Air Pollution Rule (CSAPR).

Section 2.2: The author should include a discussion on the Data Requirements Rule for the 1-hour SO>
NAAQS since this rule will identify the sources that need to characterize air quality through ambient
monitoring or through air quality modeling. States were required to submit a list to EPA by January 15,
2016, that identifies all sources within its jurisdiction that have SO emissions that exceeded the 2,000
tons per year (tpy) annual threshold during 2014. A summary of the types of sources included in the list
and a map showing the location of each source would be very helpful in understanding the large sources
of SO; that still remain in the U.S.

b. Please comment on the extent to which available information on the spatial and temporal
trends of ambient SO concentrations at various scales has been adequately and accurately
described. In particular, what is the extent to which the analyses of recently available 5-min
SOz concentration data are informative in considering relationships between 5-min and 1-hr
SO concentrations?

Pages 2-24 to 2-84: Section 2.5 “En