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MEMORANDUM
To: O3 NAAQS Review Docket (EPA-HQ-OAR-2008-0699)
From: Stephen Graham — Physical Scientist, Risk and Benefits Group OAQPS
Date: September 24, 2015

Subject: Further Evaluation of Ozone Exposure Model Input Data in Response to
Comments

Overview

The EPA received a number of comments expressing divergent views on the estimation of Os; exposures
in the Ozone Health Risk and Exposure Assessment (HREA; U.S. EPA, 2014) using the Air Pollution
Exposure model (APEX) model, its associated model input data sets, and algorithms. This memorandum
presents further technical details in responding to a few comments made regarding input data used in
the human exposure modeling performed for the HREA. Three sections follow, addressing particular
comments made on the human activity pattern data used, an evaluation of ventilations rates estimated
by APEX, and a commenter’s concern regarding ozone ambient monitoring probe heights and estimated
exposures.

1. Activity Pattern Data Used by APEX

Comment:! A few commenters suggested that the time spent outdoors modeled by APEX was greater
than that expected. Specifically, “In the ozone ISA (Table 4-4), EPA noted that the National Human
Activity Pattern survey data (NHAPS) show that the average time a 5- to 17-year-old spends outdoors is
7.88% of the day, or 1.9 hours. We would expect that many of the APEX-simulated children experiencing
FEV1 decrements > 10% would spend more than the average amount of outdoors, since there is a greater
probability of high ozone exposures outdoors than indoors. However, API Figure Il.1 demonstrates that a
number of the modeled children spent an unrealistically high amount of time outdoors (e.g., up to 24

1 This comment/response appears in the Response to Comments document in section Il.A.1.c.i under the
subheading “Comments on Activity Pattern Data Used by APEX.”



hours), which suggests that the model does not always accurately simulate the daily activity patterns of
children and the exposures that result from these activities” (e.g., American Petroleum Institute (API))2.

“[SJome of the children with FEV1 decrements greater than 10% were simulated by APEX to spend a
large percent of the day outdoors (e.g., up to 24 hours per day on the days when they experienced the
lung function decrements). This can be contrasted with the National Human Activity Pattern survey data
that show that 5- to 17-year-olds, on average, spend 7.88%, or 1.9 hours, of their day outside. These
data demonstrate that not all of the children in the APEX model are realistically simulated, and that the
number of simulated children with FEV1 decrements greater than 10% is likely overestimated” (e.g.,
Gradient).

Response: We disagree with the commenter’s interpretation of activity pattern data and their
conclusions drawn regarding what is an “unrealistic” amount of time spent outdoors for children or any
study group modeled by APEX. The Consolidated Human Activity Database (CHAD) is the most
comprehensive collection of activity pattern data available for appropriately modeling short-term
human exposures. The CHAD data are an accurate record of the locations where actual surveyed
individuals visited (e.g., outdoors at school) and their activities performed (e.g., play sports). The CHAD
data are used in APEX “as is” or unadjusted from when the activity pattern information was originally
collected from the surveyed individuals. There are many diary days in CHAD where study participants
had absolutely no time spent outdoors (i.e., 0 minutes) and an extremely limited number of diary days
where survey participants spent the entire day (i.e., 24 hours) outdoors, while other diary days fall
somewhere in between. This is the nature of human activity patterns and the data recorded to
represent them.

Comparing time budgets of select individual diary days used by APEX for when children experienced lung
function decrements (Figure 1, top panel)® to aggregated, time-averaged diary data (i.e., all of NHAPS
data) as was done by the commenters is inappropriate. A more appropriate comparison of time
expenditure using the commenter reported NHAPS time-averaged results is first illustrated in Figure 1
(bottom panel), showing the complete distribution of time spent outdoors for children ages 5-17, using
all of the CHAD diaries used by APEX for this study group (n=15,832 diary days). As shown, the
distribution indicates that less time is spent outdoors on average using the full set of diaries in CHAD
(i.e., mean = 1.4 hours, standard deviation = 2.1 hours, Table 1), than when compared with that

2 The commenter performed APEX simulations to generate Figure I1.1 and 11.2, duplicated in this memorandum in
Figures 1 (top panel) and Figure 3 (top panel) from that commenter’s document. The commenter “reproduced
EPA's APEX model simulation for the base air quality in Los Angeles in 2006, and further analyzed the profiles of
the simulated individuals who experienced FEV1 decrements > 10% and > 15%. This simulation was based on the
same input files and parameters as the simulation reported in the HREA. The only difference is that, instead of
modeling 200,000 individuals aged 5-95, we modeled 200,000 individuals aged 5-18 because of the focus in the PR
on children in this age range (HREA).” (API).

3 Obtained from API.



generated using the commenters’ mentioned statistics regarding the NHAPS data alone (i.e., a mean of
1.9 hours of outdoor time). Note also that the NHAPS activity pattern survey data contribute to a large
portion of the diary data included in CHAD and used by APEX in estimating exposures (~20% of all CHAD
diaries, see Table 5-3, HREA). Given these general statistics for time spent outdoors, it suggests that if
the NHAPS data alone were used in estimating exposures by APEX rather than all of CHAD, it is possible
that the number and percent of persons at or above benchmark levels would be greater than that
reported in the main body HREA results that used the entire CHAD database to simulate individuals and
estimate exposures.

Further, often overlooked in when performing time-averaged comparisons or when focusing only on
maximum values is whether the individual activity survey participants spent any or little time outdoors
and what proportion of the population these people comprise (i.e., considering the full distribution of
time expended for the population). The results of such an analysis are reported below using all of the
CHAD diaries for children ages 5-17 in Table 1. Approximately 45% of CHAD diary days for children ages
5-17 have absolutely no time spent outdoors (0 minutes). Just over half did not spend greater than 30
minutes outdoors, with nearly 60 percent having less than a single hour of time spent outdoors.
Regarding time spent outdoors for an entire 24 hour period, a concern expressed by the commenters,
there were only four diary days that were used by APEX having that amount of time spent outdoors,
comprising 0.025% of the total number of available diaries (15,832) for children ages 5-17. Inspection of
the location information recorded on these four diary days indicated that most of these surveyed
children spent time outdoors at a park (CHAD location codes 35800 and 35810) or by a pool/river/lake
(CHAD location code 35900). It is certainly reasonable and entirely not “unrealistic” that when these
diary days were initially recorded by the study participants, the children surveyed were participating in
an outdoor camping event, as some of the recorded activities include hiking/fishing or other
recreational sports. Further, given that these are recorded events from actual children, it is certainly not
at all “unrealistic” to also include these diaries having time spent outdoors as long as 24 hours in the
APEX exposure simulations.

Thus, not only are the CHAD diary data accurate representations of what actual people do, indicate
where they visit and the time associated with each of these events, the meant time spent outdoors for
CHAD survey participants is consistent with the NHAPS data statistics cited by the commenter.
Moreover, the commenter’s approach of highlighting group means alone masks the importance of
considering observed interindividual variability in daily time expenditure and associated pollutant
exposures — in this case, disregarding children spending longer amounts of time outdoors than the
average and that are likely to experience the highest O3 exposures.

2. Ventilation Rates Estimated by APEX
Two comments were made regarding ventilation rates that required detailed analysis and discussion.

2.1 Appropriate evaluation of mean ventilation rates and associated variability



Comment:* A few commenters suggested that APEX overestimated ventilation rates. Specifically, one
commenter suggested “the APEX model predicts more elevated ventilation rate occurrences than
observed in real world data. In the previous review, Langstaff acknowledged that the ‘values produced
by the ventilation rate algorithm may exhibit an excessive degree of variability’ [(Langstaff, 2007)]. An
excessive degree of variability will produce an excessive number of extreme values of ventilation rate.
The 1997 EPA analysis had also over-estimated the number of high ventilation rates in the population by
using an algorithm to assign ventilation rates based on individuals who exercised regularly and were
motivated to reach a high ventilation rate. As a result, the 1996 Staff Paper acknowledged that the
analysis allowed more high ventilation rates (hence greater risk) than would actually occur in the
populations of interest - outdoor workers, outdoor children, etc. The final HREA includes a comparison of
predicted ventilation rates with mean values in the literature, but the upper tails of the distribution
which impact the risk estimates were not compared. This was an important oversight because the upper
percentiles of ventilation rate are responsible for the exposures that cause the perceived risk.” (e.g.,
AAM; U.S. Chamber of Commerce).

“EPA acknowledges that the ventilation rates used in the APEX model can be greater than published
measurements by 2-3 m?/day (HREA), but does not acknowledge that this contributes to overestimated
exposures and lung function decrement risks” (e.g., API).

“In addition, according to the HREA (p. 5-64), APEX ventilation rates can be overstated by 2-3 m®/day,
which is a significant overestimation in comparison to typically assumed daily inhalation rates of 20
m3/day (i.e. 10-15%)” (e.g., TPA).

Response: EPA disagrees with the commenters’ use of information provided in former and recent Os;
NAAQS-related exposure assessments and the conclusions drawn by the commenters regarding the
current APEX modeling approach used to estimate ventilation rates. A few corrections to the
commenter’s statements are first needed here. Regarding the reference to an assessment performed
for the 2007 O; NAAQS review, EPA specifically notes here that the statement regarding ‘excessive
variability’ was not directly made by Langstaff (2007) but actually refers to a statement made by
Johnson (2002, 2003) pertaining to estimating metabolic equivalents of work (METs) that would lead to
“VO, [oxygen consumption] values which exceed limits based on activity duration and the physiological
characteristics of the cohort” (Johnson, 2002). A commenter’s mention that “the 1997 EPA analysis had
also over-estimated the number of high ventilation rates in the population” actually refers to a
statement made in the 1996 O3 exposure assessment (Johnson et al., 1996) regarding the approach used
at that time by the probabilistic NAAQS exposure model (pNEM) to estimate ventilation rates, where

4 This comment/response appears in the Response to Comments document in section Il.A.1.c.i under the
subheading “Comments on APEX Estimated Ventilation Rates.”



eight lognormal distributions® of equivalent ventilation rate (EVR) were randomly sampled to estimate
breathing in simulated exposure cohorts (not for simulated individuals as is done currently by APEX).
Johnson et al. (1996) states, “[c]onsequently, the EVR limiting algorithm may permit more high EVR
values to occur in the pNEM/O3 simulation than would occur in the actual population. This potential bias
may be corrected in future versions of pNEM/Os by distinguishing cohorts by gender, age, and physical
conditioning” (see Johnson et al., 1996).

Assessments of older approaches (some nearly 20 years old) used to estimate ventilation in earlier
NAAQS reviews are not relevant to evaluating the ventilation approach used in the current APEX model.
EPA has since specifically addressed the above identified issue of controlling for physiologically unusual
VO, by appropriately modeling fatigue in APEX simulated individuals that could occur with sequentially-
repeated high-exertion activities, while also accounting for increased ventilation that is expected to
occur following completion of high-exertion activities (i.e., excess post exercise oxygen consumption,
EPOC) (Isaacs et al., 2008; U.S. EPA, 2012a; U.S. EPA, 2012b). Furthermore, both the 1996 EPA exposure
assessment (Johnson et al., 1996) and Johnson (2002, 2003) used/assessed a different algorithm used by
APEX to estimate ventilation rates that has since been updated and currently accounts for important
influential variables such as age, gender, and body mass (Graham and McCurdy, 2005). While the
Johnson (2002, 2003) algorithm used an individual-based activity-specific ventilation approach much like
the approach used for the HREA, Graham and McCurdy (2005) expanded the clinical data set originally
used in Johnson (2002, 2003) by approximately 600 measurement data points (now comprising 6,284
observations) and extended the algorithm to improve the estimation of ventilation rates in children less
than 18 years old. Therefore, any comments made that are supported by an assessment of obsolete
modeling approaches, and which pertain to older, more limited data sets, are not relevant to the current
ventilation algorithm used by APEX.

EPA also disagrees with the commenters’ interpretation of available literature-reported ventilation rates
including how they compare to APEX estimated ventilation rates. In their evaluation, the commenter
emphasizes data reported in Table 25 of Langstaff (2007) that compares mean (+ sd) daily ventilation
rates estimated by APEX with ventilation rates estimated by Brochu et al. (2006). The commenter
concluded that, based on the results presented in these two selected sources of information and
because APEX simulated daily mean (and standard deviation) ventilation rates were higher than Brochu
et al. (2006), the APEX results are over-estimated. Interestingly, in their comment, the commenter
references the first part of a statement provided in Table 5-10 of the HREA that begins with “the APEX
estimated daily ventilation rates can be greater (2-3 m3/day) than literature reported measurement
values (Table 25 of Langstaff, 2007),” but then fails to acknowledge the latter and more important
portion of the sentence “though if accounting for measurement bias this minimizes the discrepancy
(Graham and McCurdy, 2005; see Figure 5-23 and Figure 5-24)” (see HREA). Additional clarity is

5 Each distribution used in this older approach to estimating ventilation rate is specific to a broad study/age group
(children or adults) and breathing rate category (i.e., sleeping, slow, medium, or fast) and were derived from a
limited study that used 36 participants aged 10 to 50 years old (Johnson et al., 1996).



provided below regarding the Brochu et al. (2006) ventilation data set and the Langstaff (2007) reported
results for APEX ventilation rates, then followed with additional analysis to respond to the above
comments.

The Brochu et al. (2006) data were based on doubly-labeled water (DLW) consumption/elimination to
estimate energy expenditure in healthy normal-weight males and females over a 7-day to 21-day period
(Brochu et al., 2006). This extended period used to estimate energy expenditure is standard with this
approach, resulting from the several hours it takes for the administered ¥0 and 2H isotopes to distribute
throughout the bodies of study subjects and the daily measurements needed to evaluate the
progressive decrease in isotope concentrations over time (McArdle et al., 2001). Thus, within person
day-to-day variability in ventilation rates that is expected to occur is not accounted for by this method,
immediately unrealistically constraining variability in their reported results, even when considering
these daily mean values reported by Brochu et al. (2006).

More so however, the principal issue commonly ignored when evaluating the Brochu et al. (2006) data,
but stressed in the HREA (section 5.4.4.2) and the Graham (2009) evaluation of the Brochu et al. (2006)
reported data, is that the Brochu et al. (2006) study did not directly measure ventilation rates.
Ventilation rates in the Brochu et al. (2006) study is a calculated value, an approximation constrained by
its own set of assumptions (and differing from the assumptions used to simulate ventilation rates in
APEX). The most important assumption made by Brochu et al. (2006) and discussed in the HREA is their
assuming a single ventilatory equivalent ratio for oxygen (VQ) equal to 27, a factor used to calculate
ventilation rate for all persons, both sexes, and all ages without consideration of exertion level. AVQ
point estimate of 27 could be a generally reasonable approximation for estimating a mean ventilation
rate in adults while performing low exertion activities (e.g., LeMura and Von Duvillard, 2004), however it
is less appropriate for use in estimating ventilation rates associated with moderate or greater exertion
activities (e.g., LeMura and Von Duvillard, 2004), is less than values more commonly used in estimating
ventilation in children (e.g., Arcus Arth and Blaisdell, 2007) and entirely unable to realistically capture
short-term intra- and inter-personal variability in ventilation rates.

With this in mind, the distribution of Brochu et al. (2006) ventilation estimates used by the commenter
(Figure 2, top panel)® were corrected here (and as was done for a similar evaluation in the HREA) using
an independent, more appropriate VQ estimate of 30.6 offered by Arcus-Arth and Blaisdell (2007) and
used to re-calculate ventilation rates for children ages 7-10. When the Brochu et al. (2006) distribution
of daily ventilation rates are corrected, it is nearly identical to that estimated by APEX, both regarding
the mean and the standard deviation (Figure 2, bottom panel). Further, a simulation was performed
using the corrected Brochu et al. (2006) parameters that would more appropriately describe the
distribution of daily ventilation rates, and even the maximum estimated daily ventilation rate closely
matched that generated using APEX (20.5 m3/day versus 20.8 m3/day, respectively). Based on this
analysis it is likely that the choice of incorrectly limiting VQ to a single value of 27 in the Brochu et al.

6 Obtained from Alliance of Automobile Manufacturers (AAM)



(2006) study led to an underestimation of daily ventilation rates at all percentiles of the distribution,
particularly for children.

The above discussion and results presented here and those included in the HREA indicate that APEX
does not predict more elevated ventilation occurrences than observed in ‘real world’ data as implied by
the commenters. The results presented here indicate that the Brochu et al. (2006) calculated daily
ventilation rates are likely systematically underestimated. Further, the Brochu et al. (2006) data, even
when corrected using a more appropriate VQ, could not be used to appropriately evaluate variability in
ventilation rates having durations of less than 24-hours. In addition, when considering that the energy
expenditure measurements used to approximate ventilation were collected over 7-14 days, an approach
that compresses day-to-day variability, the Brochu et al. (2006) study likely underestimates the actual
variance associated with their reported daily ventilation rates.

2.2 Appropriate evaluation of upper percentile ventilation rates

Comment:’ A few commenters suggested that APEX estimates of moderate and greater exertion
ventilation rates are above those reported in literature sources. Specifically, “The U.S. EPA Exposure
Factors Handbook (U.S. EPA, 2011, Table 6-27) presents literature values for inhalation rates at different
activity levels. For children aged 3-16, the Handbook lists the following mean ventilation rates: 21-25
L/min for moderate intensity activities and 37-49 L/min for high intensity activities. Figure 11.2
demonstrates that a number of the modeled children have ventilation rates that are well above those
rates for high intensity activities, and in addition, it is not realistic to assume that a large number of the
simulated children would approach these high ventilation rates while engaging in typical outdoor play
and sports” (e.g., API).

“[M]any of the simulated children had ventilation rates above 21-25 L/min, and some had rates above
37-49 L/min, which are the ranges of ventilation rates given by the U.S. EPA Exposure Factors Handbook
(U.S. EPA, 2011, Table 6-27) for children engaging in medium- and high-intensity activities, respectively.
It is not realistic to assume that such a large number of children would approach or exceed these high
ventilation rates while engaging in typical outdoor play and sports” (e.g., Gradient).

Response: We disagree with the commenters’ characterization of APEX estimated ventilation rates and
the comparisons the commenters made with literature provided values. A correction and clarification
are needed prior to providing additional response to the comment.

First, a correction to the comment is needed regarding the source of information used when comparing
APEX estimated ventilation rates with that reported in the Exposure Factors Handbook (U.S. EPA, 2011).
The commenters appear to have used data from Table 6-2 of U.S. EPA (2011) rather than Table 6-27 as
they stated. Table 6-2 of U.S. EPA (2011) contains “Recommended Short-Term Exposure Values for

7 This comment/response appears in the Response to Comments document in section Il.A.1.c.i under the
subheading “Comments on APEX Estimated Ventilation Rates.”



Inhalation (males and females combined)” and includes the range of mean ventilation rates cited by the
commenter for moderate exertion (21-25 L/min) and high exertion (37-49 L/min) activities for children
aged 3 to <16. EPA contends these reported data from Table 6-2 of U.S. EPA (2011) are what was used
by the commenters to compare with the ventilation rates output from an APEX model simulation
performed by the commenters (Figure 3, top panel). Based on that comparison, the commenters
suggested the APEX-estimated ventilation rates were “not realistic” because the distribution of values
estimated by APEX extends beyond the range of values provided by U.S. EPA (2011).

Second, the ventilation rates reported by the commenters (Figure 3, top panel)® are characterized by the
commenter as “Median Ventilation Rates”, though information is not provided regarding how these
ventilation rates were derived nor is it clear what averaging time the commenter used for the
ventilation rates (e.g., hourly, event-level). Based on the counts reported in their comments (4,546) and
visually approximating the counts provided in Figure 3 (top panel), EPA assumes here that the
commenter has used the number of children as a point of reference in calculating their distribution of
ventilation rates. A new APEX simulation was performed here to reproduce a similar distribution
ventilation rates reported by the commenter using their APEX simulation.® Using output data from our
APEX simulation, we calculated the median ventilation rate (L/min) occurring at the exact time of day
when the maximum lung function decrement > 10% occurred (and included only only those children
having at least two decrements). For example, if an individual had three maximum lung function
decrements > 10% occurring on three separate days, the median for this child was identified in our
analysis as the middle ventilation rate of the three (and potentially having an averaging time as small as
1-minute upwards to 1-hour, that is, the range of time associated with any event level ventilation rate).
Figure 3 (bottom panel) presents the median ventilation rate from our new, similar simulation of
exposures to children ages 5-18 in Los Angeles, yielding a generally similar distribution to that provided
by the commenter (Figure 3, top panel ).

8 Obtained from API.

® The commenter states “EPA reported that in the base air quality simulation, 28.03% of children aged 5-18 in Los
Angeles in 2006 experienced an FEV1 decrement > 10% at least one time during the year (HREA, Appendix 6, Table
6B-10). The results of our simulation showed that 28.32% of the simulated children experienced FEV1 decrements
> 10%, demonstrating that our simulation reproduced EPA's reported results”. Later the commenter states “We
found that 4,546 of these 25,000 simulated children (18%) experienced an FEV1 decrement > 10% on 2 or more
days during the simulation period (January 1-December 31, 2006)”. For this memorandum, we performed a
simulation of 25,000 children 5-18 to generate a similar and comparable study group, rather than performing a
simulation of 200,000 and randomly sampling for 25,000 children from this total as did the commenter. Of these
25,000 children EPA simulated, 7,113 (28.45%) had at least one FEV1 decrement >10%, while 4,553 (18.21%) had
at least two FEV1 decrement >10%, indicating that we also effectively reproduced the risk results reported in the
HREA and those simulated and reported by the commenter above for their APEX simulations of persons having at
least 2 or more FEV1 decrements > 10%.



First, the commenters do not provide any published (or other) evidence to support their statement that
“it is not realistic to assume that such a large number of children would approach or exceed these high
ventilation rates while engaging in typical outdoor play and sports”, rendering this statement merely an
opinion. To the best of our knowledge, there is no population-based database available that accurately
represents the distribution of ventilation rates that exists for all people residing across an entire urban
study area(s) and over an entire year, a database that, if available, could provide insight into how many
and how often children might engage in moderate or high exertion activities. The U.S. EPA (2011) data
tables are not designed to address this issue. In the absence of having a population-based database of
ventilation rates, EPA uses the CHAD data (i.e., activity pattern survey data based on real people that
accounts for influential variables such as age, sex, day-of-week, temperature) and associated energy
expenditure estimated by APEX to inform this proportion.

Second, understanding and distinguishing mean and upper percentile estimates for ventilation rates is
an important consideration here, particularly considering the size of the study groups considered in the
HREA. The commenter’s focus on highest ventilation events addresses less than 1 per cent of the data
simulated by APEX for each simulated individual. This leads to a significant low bias in all of the
commenter’s analyses and comparisons when using a time-averaged data to evaluate upper percentiles
of a distribution. Further, the commenter did not fully consider the impact influential variables (i.e., sex,
age, means vs upper percentile values, event duration) have on ventilation rates when comparing APEX
estimates and the EPA (2011) recommended values. This includes the following:

1. The commenter ventilation rate comparison is biased by their using U.S. EPA (2011) reported
data for children of both sexes, while the APEX distribution of ventilation rates is based on
data from individuals, i.e., the distribution of ventilation rates are from simulated females
and males separately. Ventilation rates for males are higher than for females, such that
averaging the two will inappropriately constrict variability observed for an actual population.
As a result, the commenter’s comparison will make the APEX results appear to be too high
when in fact, it is the commenter’s comparative data which are biased low due to the
combining of the ventilation rates for the two sexes. This low bias is quantifiable. U.S. EPA
(2011) Table 2 does not have recommended values separated by males and females;
however, there are other tables in that document that can inform how ignoring sex reduces
variability in ventilation rates when they are combined (and also serve to inform the data in
Table 2 of U.S. EPA, 2011). Tables 6-17 and 6-19 of U.S. EPA (2011) provide short-term
ventilation rates for several age groups of males and females, respectively. Considering the
age range supplied by the commenter in their evaluation, mean ventilation rates for males
ages 3 to <16 at moderate exertion range from 21-26 L/min, while ventilation rates for
females ages 3 to <16 at moderate exertion range from 20-24 L/min. When assessed as a
group of individuals rather than as an average or composite group, the actual range of this
distribution would extend from 20-26 L/min rather than the API reported range of 21-25
L/min. Using similar logic for high exertion activities, the actual range for males would be 39-
51 L/min and for females the range would be 35-47 L/min, giving a mean ventilation
distribution range of 35-51 L/min rather than the commenter reported range 37-49 L/min.



Overall, the comparison provided by the commenter by not considering differences in
ventilation rates for males and females separately would contribute to an underestimation
bias of about 4-5%.

. The commenter biased their comparison of ventilation rates by using U.S. EPA (2011)
reported data for children ages 3 to <16 to compare with the APEX estimated ventilation
rates of children ages 5 to 18. 5-year old children have higher ventilation rates than 3-year
old children (considering both the average and upper percentiles), as do 18 year old children
compared to 15 year old children. As a result, the commenter’s comparison will improperly
make the APEX estimated ventilation rates appear to be too high when in fact it is the
comparative data which (as above) are biased low. Again, we can use the data provided in
Tables 6-17 and 6-19 of U.S. EPA (2011) to generate a reasonable estimate of that low bias
here. Because the U.S. EPA (2011) data are presented for age groups rather than for
individual years, a simple linear interpolation of the age group data was performed by EPA to
approximate the mean ventilation rate for each of the individual age year (ages 3 to 5, ages
15 to 18) and compared. Using this approach, the comparison provided by the commenter
by not considering differences in mean ventilation rates for the appropriate age groupings
would contribute to an underestimation bias of about 2-6%.

. Perhaps most importantly, the commenters biased their evaluation by comparing mean
values meant to describe ventilation rates for an average individual in a population to a
distribution of values representing a population of individuals. The portion of the U.S. EPA
(2011) table 6-2 cited by the commenter contains recommended mean values and are not
meant to be applicable to an entire population, particularly the suggestion that the mean
values are appropriate to use for all individuals comprising the population. The commenter
neglected to include the additional information provided in Table 6-2 U.S. EPA (2011), which
also recommends 95 percentile ventilation rates for each of the selected age groups. For
activities involving moderate and high exertion, U.S. EPA (2011) recommends using 27-35
L/min and 48-70 L/min, respectively, as upper bound (95" percentile) ventilation rates for
children ages 3 to <16 years old. The majority of APEX ventilation rates estimated are within
these 95 percentile values (see Figure 3, either panel).

And finally, in their comparison the commenter selected for individuals not considered as typical or
representative of an average population by reducing the total population of simulated individuals to
only the few that had two or more lung function decrements. The activity pattern events used, the

ventilation rates estimated, evaluated and then contended by the commenter as “not realistic” are

those that have been simulated with extremely limited frequency (i.e., two or more activity events in an
entire O3 season), particularly when considering Los Angeles’ O3 season is 365 days and the simulated
individuals (children ages 5-18) could have anywhere between 24 and 171 number of activity events per
day (on average, about 38 events per day). Given that on average, more than 10,000 exposure events
are simulated by APEX for each individual over the Os season, these particular highest ventilation events

isolated and emphasized by the commenter comprise only a tiny fraction of all ventilation rates (e.g.,
0.02%) estimated by APEX for each simulated individual.
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Thus, the data presented by the commenter are atypical of the simulated population in the study area
as a whole, and are not comparable with the mean values reported in U.S. EPA (2011). When
considering an upper range value for ventilation rate of 70 L/min (i.e., the 95" percentile) reported by
U.S. EPA (2011), as expected there are only few individuals simulated by APEX that are above this level
(e.g., using Figure 3 top panel, approximately 250 of all 4,546 children, or 5.5%, that had at least two
lung function decrements). Even if the commenters ventilation rate comparison were completely
appropriate (which it is not due to the age and sex biases discussed above), the overall difference in U.S.
EPA (2011) reported and APEX modeled ventilation rates, considering upper percentile values is
minimal.

3. Ambient monitor probe heights

Comment:!® One commenter contends “[t]he third way the counts of benchmark exposures are biased
high relates to the fact that ozone exposure is lower at “breathing” height compared to “measurement”
height (3-15 meters) as acknowledged in the 2006 Ozone Criteria Document” (e.g., AAM).

Response: EPA disagrees with this comment regarding the potential impact of monitor probe heights
relative to counts of benchmark exposures in the HREA study areas. First, there is limited information
available to quantitatively inform the variation in ozone concentrations with vertical height in urban
areas. Most of the discussion in the 2006 AQCD?*! that indicated the presence of a vertical gradient, also
indicated it was largely attenuated by unstable atmospheric conditions, conditions likely present during
daytime hours in urban areas (2006 O; AQCD). In addition, nearly 70% of the inlet heights for the
monitors used in the HREA study areas are typically situated at a height of 3 to 5 meters (Figure 4).
Taken together, while there is some information indicating decreasing Os; concentration with decreasing
monitor probe height, there are too few studies available with having appropriate data to develop a

10 This comment/response appears in the Response to Comments document in section Il.A.1.c.i under the
subheading “Other Exposure-Related Influential Factors.”

11 The 2006 Ozone Criteria Document (O3 AQCD, U.S. EPA, 2006) states in a section titled “Vertical Variations in
Ozone Concentrations” (pages 3-15 to 3-17) that “[m]ost work characterizing the vertical profile of O3 near the
surface has been performed in nonurban areas with the aim of calculating fluxes of O3 and other pollutants
through forest canopies and to crops and short vegetation, etc. Corresponding data are sparse for urban areas.”
The section in the 2006 O3 AQCD discusses the variability in concentration with respect to vertical height at some
length including influence by vegetation present and atmospheric stability and concludes, based on the
information derived from non-urban studies, that the degree of atmospheric stability is important as “there was a
decrease of about 20% in going from a height of 4 m down to 0.5 m above the surface during stable conditions, but
Os decreased by only about 7% during unstable conditions” and that “the stability regime during the day in urban
areas tends more toward instability because of the urban heat island effect.” Later the 2006 Oz AQCD very briefly
mentions in a section titled, “Factors Affecting the Relationship between Ambient Concentrations and Personal
Exposures to 03”, “[s]tudies on the effect of elevation on O3 concentrations found that concentrations increased
with increasing elevation (Vakeva et al., 1999; Johnson, 1997).”
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reasonable quantitative relationship in urban areas, but more importantly, the overall expected impact
on the HREA estimated exposures is likely be negligible based on the probe heights of the majority of
the Os monitors used in estimated exposures.
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Table 1. Descriptive statistics for time spent outdoors using CHAD diary days for children ages 5-17.

diary | % of Outdoor time (minutes)
CHAD/APEX diaries days all
considered (n) diaries | mean | std min | median | max
all children ages 5-17 15,832 | 100.0 82 127 0 20 1440
at least 1 minute outdoors 8,640 54.6 | 150 138 1 118 1440

at least 30 minutes outdoors 7,712 48.7 | 167 137 30 123 1440
at least 60 minutes outdoors 6,587 41.6 | 188 137 60 150 1440
24 hours outdoors 4 | 0.025 | 1400

13
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Figure 1. Top Panel: Figure Il.1 obtained from API showing “Median Daily Hours APEX-simulated
Children Spent Outdoors on Days When They Experienced FEV1 Decrements > 10% (Blue) and > 15%
(Red). This figure models base air quality for Los Angeles in 2006 and is restricted to children who
experienced two or more lung function decrements in 2006.” Bottom Panel: The distribution of total
daily time spent outdoors calculated here using CHAD diary days for children ages 5-17 (n=15,832).
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Figure 2. Distributions of mean daily ventilation rates (m3/day) for males ages 7-10 using the APEX
model and values reported by Brochu et al., (2006). Top Panel: Figure obtained from Alliance of
Automobile Manufacturers (AAM) (DCN 2066). Bottom Panel: Figure developed for this updated
comment response using Brochu et al. (2006) reported and corrected ventilation rates.
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Figure 3. Top Panel: Figure I1.2 obtained from API showing “Median Ventilation Rates of APEX-
simulated Children on Days When They Experienced FEV1 Decrements >10% (Blue) and > 15% (Red).
This figure models base air quality for Los Angeles in 2006 and is restricted to children who experienced
two or more lung function decrements in 2006.” Bottom Panel: Results from a new, similar APEX
simulation, illustrating the distribution of median ventilation rates of children 5-18 in Los Angeles at the
time (event-level) when they experienced their maximum FEV1 decrement > 10%. Note, the event level
ventilation rates vary in duration for the APEX simulated individuals and range from 2 to 60 minutes.
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Figure 4. Distribution of ozone monitor probe heights (in meters) for the monitors used to inform
ambient concentrations in the 15 O3 HREA exposure study areas. For purposes of this this presentation,
this figure does not include the two monitors where probe height exceeded 30 meters (monitor ID
060595001, 82 meters; ID 170310042, 365 meters).
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