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Overview of Presentation

Purpose and scope

Assessment of exposure and risk associated with 5-10 minute peaks
o Air quality analysis

o Exposure analysis

o Quantitative risk assessment

Assessment of exposure and risk associated with = 1-hour exposure
o Overview of approach



Purpose and Scope

Purpose

o Convey the approach taken to characterize exposures and risks associated with
ambient SO,

o Present results of those assessments
o Inform the rulemaking process

Scope

o First draft document considers recent SO, levels and levels associated with just
meeting the current standard

Exposure assessment in select Missouri counties

o Subsequent drafts will also address levels associated with just meeting potential
alternative standards

Exposure and risk assessment will include additional locations



Overview of Assessment of Exposure and Risks
Associated with 5-minute SO, Peaks :

Risks and exposures are being analyzed through a series of three analyses
o Air quality analysis

o Exposure analysis

o Quantitative Risk Assessment

Air quality and exposure analyses will utilize health effect benchmarks

0 The ISA identifies an exposure range of 0.4 - 0.6 ppm as resulting in significant
decrements in lung function with respiratory symptoms in exercising asthmatics.

Quantitative risk assessment

o Combines outputs from the exposure analysis with estimated exposure-response functions
based on human clinical studies to estimate the percentage, and number of asthmatics
likely to experience a given decrement in lung function considering current air quality, and
air quality just meeting the current standards

Scenarios

o Considers recent SO, levels (as is) and levels that just meet the current standards

i.e., 0.14 ppm 24-hr average with one exceedance and 0.03 ppm annual average



Air Quality Analysis

Overall Goal
o Estimate frequency of 5-minute maximum SO, concentrations at ambient monitoring
locations above potential health effect benchmark levels of 0. 4,0.5, 0.6 ppm
Approach
o Collect 5-minute and 1-hour ambient SO, monitoring data from 1997-2007
104 monitors reported the maximum 5-minute concentration in an hour (13 States, DC)
16 monitors reported all twelve 5-minute concentrations in an hour (6 states, DC)
935 monitors reported 1-hour concentrations only (49 states, DC, PR, VI)

o Develop a statistical model using measurement data to estimate 5-minute maximum
concentrations from 1-hour measurement data, since only a fraction of the data
contained 5-minute measurements.

o Compare measured and modeled air quality data to potential health effect benchmarks
Count the number of exceedances of potential health effect benchmark levels at each
monitor.

Scenarios
Air quality (as is) for all ambient monitoring data (5-minute measured and modeled)

Air quality simulated to just meeting the current standards in 20 selected counties



Air Quality Analysis Results
-Operating Monitors and 5-minute Peak Occurrences

Measured (5-minute monitors) Modeled* (1-hour monitors)
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Measured and modeled frequency of 5-minute maximum SO, concentrations above
potential health effect benchmark levels per year, normalized to 100,000 measures.

Observed trends in measurement data may be a result of:

o reduction in number of peaks

0 new monitors operating without measured peaks

o monitors no longer in operation (both those with/without peaks)

*modeled 5-minute frequency summary does not include Hawaii County for all years and Caribou, Id. (year 2001). ¢
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Air Quality Analysis Results
-Measured and Modeled Exceedances of 400 ppb/year vs. Annual Average SO,

Measured (5-minute monitors) Modeled* (1-hour monitors)
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Comparison of the number of 5-minute maximum SO, concentrations
above potential health effect benchmark levels at each monitor per year
and the associated annual average SO2 concentration, Years 1997-2007.

Weak relationship between annual average SO, and number of
exceedances

*modeled 5-minute frequency summary does not include Hawaii County for all years and Caribou, Id. (year 2001). 7



Air Quality Analysis Results
-Measured and Modeled Exceedances of 400 ppb/day vs. Daily Average SO,
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Comparison of the number of 5-minute maximum SO, concentrations
above potential health effect benchmark levels at each monitor per year
and the associated daily average SO, concentration, Years 1997-2007.

Improved relationship between daily average SO, and number of
exceedances

*modeled 5-minute frequency summary does not include Hawaii County for all years and Caribou, Id. (year 2001). 8



20 County Air Quality Analysis

Evaluation of air quality just
meeting the current standard

o 20 counties selected based on

having at least 3 monitors, years
2002-2006

containing lowest estimated
concentration adjustment factors

o Measured 1-hour SO,
concentrations were adjusted by
year using maximum monitor

o  5-minute maximum SO,
concentrations estimated using
statistical model as done earlier

State County
Delaware New Castle
Florida Hillsborough
lowa Linn
Muscatine
lllinois Madison
Indiana Floyd
Michigan Wayne
Missouri Greene
Iron
Jefferson
Ohio Cuyahoga
Oklahoma Tulsa
Pennsylvania | Allegheny
Beaver
Northampton
Washington
Tennessee Shelby
Texas Jefferson
West Virginia | Hancock

Wayne




20 County Air Quality Analysis
-Estimated Number of Exceedances - As Is and Current Standards
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Distribution of modeled 5-minute maximum SO, concentrations above
potential health effect benchmark levels at each monitor by year, with air
quality as is and air quality adjusted to just meeting the current standards.

Greater number of estimated exceedances with air quality simulated to just
meeting the current standard
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Number of 5-Minute Maximum SO, Above

20 County Air Quality Analysis

-Estimated Exceedances of 400 ppbl/year vs. Annual Average SO,

400 ppblyear, for Each Monitor
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20 County Air Quality Analysis

-Estimated Exceedances of 400 ppb/year vs. Daily Average SO,

Air Quality As Is

Air Quality Just Meeting

the Current Standards
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Comparison of the number of 5-minute maximum SO, concentrations
above potential health effect benchmark levels at each monitor per day
and the associated daily average SO, concentration

Greater number of estimated exceedances with air quality simulated to just
meeting the current standard
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Exposure Analysis

Overall Goal

Q

Estimate frequency of 5-minute maximum SO, exposures
8b60ve potential health effect benchmark IeveIs of 0.4, 0.5,
ppm

Approach

Q

Estimate spatial and temporal SO, concentration profiles
at census block receptors within 2 20 km of emission
sources for year 2002 using AERMOD dispersion model

2002 emissions used for major emission sources (>1,000 tpy)

Estimate maximum 5-minute SO, exposures each hour for
all asthmatics and asthmatic chlldren in census blocks
using APEX exposure model
Probabilistically estimates whether persons will be at moderate or
greater exertion while experiencing a 5-minute SO, concentration
above benchmark level
Compare 5-minute SO, exposure levels to potential health
effect benchmarks

Count the number of exceedances of potential health effect
benchmark levels for each simulated asthmatic persons

Scenarios Completed
o Air quality (as is) for 12 counties in Missouri

a

Just meeting the current standard in Greene County, Mo.

Modeling Domains, Mo.
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Exposure Analysis Results — All Asthmatics
— All Modeled Domains, As Is

Estimated number of all asthmatics at moderate or greater
exertion with at least one 5-minute maximum SO, exposures
above selected exposure concentrations in a year

Exposure Number of Percent of Percent of
Level (ppb) Asthmatics Asthmatics Population
0 70579 97.0 9.6
50 2311 3.2 0.3
100 839 1.2 0.1
Population | 736,523 ;zg 28773 g-‘: g-g
(A” Ages) 250 32 0.0 0.0
Asthmatics | 72,758 300 15 0.0 0.0
350 2 0.0 0.0
(A” ages) 400 2 0.0 0.0
450 0 0.0 0.0
500 0 0.0 0.0
550 0 0.0 0.0
600 0 0.0 0.0
650 0 0.0 0.0
700 0 0.0 0.0
800 0 0.0 0.0
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Exposure Analysis Results — Asthmatic Children
— All Modeled Domains, As Is

Estimated number of asthmatic children at moderate or
greater exertion with at least one 5-minute maximum SO,
exposures above selected exposure concentrations in a year

Exposure Number of Percent of Percent of
Level (ppb) Asthmatics Asthmatics Population
0 24984 100.0 13.3
50 1627 6.5 0.9
100 585 2.3 0.3
Population | 187,447 ;zg 26069 8-2 8- :)
(0-18) 250 25 0.1 0.0
Asthmatics | 24,987 300 13 0.1 0.0
350 2 0.0 0.0
(0-18) 400 2 0.0 0.0
450 0 0.0 0.0
500 0 0.0 0.0
550 0 0.0 0.0
600 0 0.0 0.0
650 0 0.0 0.0
700 0 0.0 0.0
800 0 0.0 0.0

15



Exposure Analysis Results — All Asthmatics
— Greene County Mo., Just Meeting the Current Standard

Estimated number of all asthmatics at moderate or greater
exertion with at least one 5-minute maximum SO, exposures
above selected exposure concentrations in a year

Exposure Number of Percent of Percent of
Level (ppb) Asthmatics Asthmatics | Population
0 25930 97.1 94
50 3683 13.8 1.3
Population | 275,825 100 1274 4.8 0.5
150 664 2.5 0.2
(A” Ages) 200 458 1.7 0.2
Asthmatics | 26,712 250 306 1.1 0.1
(A|| ages) 300 209 0.8 0.1
350 157 0.6 0.1
400 119 0.4 0.0
450 77 0.3 0.0
500 49 0.2 0.0
550 36 0.1 0.0
600 22 0.1 0.0
650 17 0.1 0.0
700 11 0.0 0.0
800 5 0.0 0.0
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Exposure Analysis Results — Asthmatic Children
— Greene County Mo., Just Meeting the Current Standard

Estimated number of asthmatic children at moderate or
greater exertion with at least one 5-minute maximum SO,
exposures above selected exposure concentrations in a year

Number of Percent of Percent of
Exposure Asthmatic Asthmatic Population
Level (ppb) Children Children (Children)
0 9005 100.0 13.1
50 2437 271 3.5
Population | 68,675 100 880 9.8 1.3
150 453 5.0 0.7
(0-18) 200 320 3.6 0.5
Asthmatics | 9,005 250 209 2.3 0.3
(0_1 8) 300 144 1.6 0.2
350 100 1.1 0.1
400 75 0.8 0.1
450 47 0.5 0.1
500 31 0.3 0.0
550 19 0.2 0.0
600 11 0.1 0.0
650 11 0.1 0.0
700 8 0.1 0.0
800 3 0.0 0.0
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Quantitative Risk Assessment Associated with 5-Minute
Peak Exposures

Overall Goal

o Estimate number & percent of asthmatics (all ages and children) per year that
would experience specified lung function responses associated with 5-minute
daily maximum SO, exposures while engaged in moderate or greater exertion

o Estimate number of person days of occurrences per year of specified lung function
responses
Background

o ISA concludes that magnitude of SO, —induced lung function decrements and
percent of asthmatics affected increases with increasing SO, exposures in the
range of 0.2-1.0 ppm

o Inresponse to CASAC advice, we have developed a limited, focused risk
assessment for this endpoint based on available controlled human exposure data

o Approach and preliminary estimates

o Will consider comments on approach and plan to include in 2" draft of REA
document

18



Quantitative Risk Assessment Associated with 5-Minute
Peak Exposures (Continued)

Approach

o Combines outputs from exposure analysis with estimated exposure-response
relationships based on combined data set from controlled human exposure studies

Scenarios Completed
o Air quality (as is) for Green County, MO (all asthmatics and asthmatic children)

o Air quality simulated to just meet the current standards in Green County, MO

19



Percentage of
asthmatic
iIndividuals in
controlled
human
exposures
experiencing
SO,-induced
decrements in
lung function

CUMULATIVE PERCENTAGE
OF RESPONDERS

(o) (NUMBER OF SUBJECTS)1 RESPIRATORY
CONZC EXPOSURE | NO. | VENTILATION | LUNG =Ra REFERENCE SYMPTOMS:
DURATION | SUBJ L/MIN FUNCT W SUPPORTING
(ppm) ( ) 2100% 1 | 2200% 1 | 2 300% ™
STUDIES
FEV,
215% v | 220% V| 230%
0.2 10 min 40 ~40 sRaw 5% (2) 0 0 Linn et al. (1987)°
10 min 40 ~40 FEV, 13% (5) 5% (2) 3% (1) Linn et al. (1987)
Some evidence of
0.25 5 min 19 ~50-60 sRaw 32% (6) 16% (3) 0 Bethel et al. (1985) | SO,-induced
increases in
5 min 9 ~80-90 sRaw 22% (2) 0 0 respiratory
symptoms in the
10 min 28 ~40 sRaw 4% (1) 0 0 Roger et al. (1985) | most sensitive
individuals: Linn
0.3 10 min 20 ~50 sRaw 10% (2) 5% (1) 5% (1) | Linnetal. (1988)° | etal. (1987;1988;
1990; 1984a; 1983),
10 min 21 ~50 sRaw 33% (7) 10% (2) 0 Linn et al. (1990)° (31%'18840)tef etal.
10 min 20 ~50 FEV, 15% (3) 0 0 Linn et al. (1988)
10 min 21 ~50 FEV, 24% (5) 14% (3) 10% (2) | Linn et al. (1990)
0.4 10 min 40 ~40 sRaw 23% (9) 8% (3) 3% (1) Linn et al. (1987) Stronger evidence
with some statisti-
10 min 40 ~40 FEV, 30% (12) 23% (9) 13% (5) | Linn et al. (1987) cally significant
increases in respi-
0.5 5 min 10 ~50-60 sRaw 60% (6) 40% (4) 20% (2) | Bethel et al. (1983) | ratory symptoms:
Balmef etal
10 min 28 ~40 sRaw 18% (5) 4% (1) 4% (1) | Roger et al. (1985) | (1987)", Gong et al.
(1995), Linn et al.
10 min 45 ~30 sRaw | 36% (16) 16% (7) 13% (6) | Magnussen etal. | (1987; 1983), Roger
(1990)* et al. (1985)
0.6 10 min 40 ~40 sRaw 35% (14) 28% (11) 18% (7) | Linn et al. (1987)
10 min 20 ~50 sRaw 60% (12) 35% (7) 10% (2) | Linn et al. (1988)
Clear and consistent
10 min 21 ~50 sRaw 62% (13) 29% (6) 14% (3) Linn et al. (1990) increases in SO,-
induced respiratory
10 min 40 ~40 FEV, 53% (21) 48% (19) 20% (8) | Linn et al. (1987) symptoms: Linn
et al.(1987; 1988;
10 min 20 ~50 FEV, 55% (11) 55% (11) 5% (1) Linn et al. (1988) 1984a; 1990), Gong
etal. (1995),
10 min 21 ~50 FEV, 43% (9) 33% (7) 14% (3) | Linn et al. (1990) Horstman et al.
(1988)
1.0 10 min 28 ~40 sRaw 50% (14) 25% (7) 14% (4) Roger et al. (1985)
10 min 10 ~40 sRaw 60% (6) 20% (2) 0 Kehrl et al. (1987)

"Data presented from all references from which individual data were available. Percentage of individuals who experienced greater than or equal to a 100, 200, or 300% increase
in specific airway resistance (sRaw), or a 15, 20, or 30% decrease in FEV;. Lung function decrements are adjusted for effects of exercise in clean air.

?Responses of mild and moderate asthmatics reported in Linn et al. (1987) have been combined.

3Analysis includes data from only mild (1988) and moderate (1990) asthmatics who were not receiving supplemental medication.
“Indicates studies in which exposures were conducted using a mouthpiece rather than a chamber.




Overview of Method

Adjusted lung function response for effect of exercising in clean air
Combined data from different studies for the same SO, concentration

Used Bayesian estimation procedure to estimate logistic exposure-
response function
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Functional Form of Exposure-Response Functions

Assumed logistic functional form, based on biological plausibility:

a

y(X1 05”8,7/) — (1+ eﬂ—i—]/*ln(X))

where x denotes the SO, concentration (ppm) and y denotes the
corresponding response rate
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Bayesian Estimation of Parameters

Likelihood function based on binomial distribution (for s, responders
out of N, subjects exposed to SO, at x ppm)

Assigned uniform prior distributions

Markov Chain Monte Carlo procedure to estimate posterior
distribution of the parameters
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Response Rate

Delta FEV1>=15%: Logistic Exposure-Response Function
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Response Rate
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Delta sRaw>=100%: Logistic Exposure-Response Function
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Delta sRaw>=200%: Logistic Exposure-Response Function
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Preliminary Risk Results - Greene County Mo.

Estimated number and percent of all asthmatics at moderate or greater
exertion with one or more lung function decrements in a year associated
with 5-minute peak exposures under moderate or greater exertion

Lung Function

As is" SO, Concentrations

SO, Concentrations that Just
Meet the Current Standards

Measure Number Percent Number Percent
Increase in sRaw >100% 17 0.1 143 0.5
(2 —230) (0-0.9) (75 — 465) (0.3-1.7)
1 0 41 0.2
Increase in sRaw >200% (0-30) (0-0.1) (22 - 118) (0.1-0.4)
24 0.1 177 0.7
Increase in FEV1 > 15% (3-379) (0-1.4) (86 — 682) (0.3 -2.6)
2 0 75 0.3
Increase in FEV1 >20% (0-32) (0-0.1) (43 -174) (0.2-0.7)

*Numbers are median (50th percentile) numbers of asthmatics. Numbers in parentheses below
the median are 95% credible intervals based on statistical uncertainty surrounding the SO2
coefficient in the logistic exposure-response functions. Numbers are rounded to the nearest whole
number. Percents are rounded to the nearest tenth.

Asthmatics (all ages) = 26,712 in Greene County study area
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Preliminary Risk Results - Greene County Mo.

Estimated number of person days of lung function decrements in a year for
asthmatics (all ages) associated with 5-minute peak exposures under
moderate or greater exertion

As is" SO, Concentrations SO, Concentrations that Just
Lung Function Meet the Current Standards
Measure Number* Number*
Increase in sRaw >100% 1,330 1,520
(0 -32,540) (100 — 32,940)
10 70
Increase in sRaw >200% (0-3,780) (30 — 3,920)
2,100 2,330
Increase in FEV1 > 15% (10 — 54,630) (120 — 55,160)
50 150
Increase in FEV1 >20% (0 —3,590) (60 — 3,800)

*Numbers are median (50th percentile) numbers of occurrences. Numbers in parentheses below
the median are 95% credible intervals based on statistical uncertainty surrounding the SO2
coefficient in the logistic exposure-response functions. Numbers are rounded to the nearest 10.

Asthmatics (all ages) = 26,712 in Greene County study area
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Preliminary Risk Results - Greene County Mo.

Estimated number and percent of asthmatic children at moderate or greater
exertion with one or more lung function decrements in a year associated
with 5-minute peak exposures under moderate or greater exertion

As is" SO, Concentrations SO, Concentrations that Just
Meet the Current Standards
Lung Function
Measure Number* Percent™™ Number Percent
Increase in sRaw >100% 8 0.1 94 1
(1-88) (0-1) (50 — 246) (0.6 —2.7)
1 0 27 0.3
Increase in sRaw >200% (0-13) (0-0.1) (15-72) (02. -0.8)
12 0.1 115 1.3
Increase in FEV1 > 15% (2-142) (0-1.6) (58 =347) (0.6 =3.9)
1 0 50 0.6
Increase in FEV1 >20% (0-14) (0-0.2) (28 —110) (0.3-1.2)

*Numbers are median (50th percentile) numbers of asthmatics. Numbers in parentheses below the median are
95% credible intervals based on statistical uncertainty surrounding the SO, coefficient in the logistic exposure-
response functions. Numbers are rounded to the nearest whole number.

**Percents are median percents of asthmatic children. Numbers in parentheses below the median are 95%

credible intervals based on statistical uncertainty. Percents are rounded to the nearest tenth.

Asthmatics (Ages 0-18) = 9,005 in Greene County study area



Preliminary Risk Results - Greene County Mo.

Estimated number of person days of lung function decrements in a year for
asthmatic children associated with 5-minute peak exposures under
moderate or greater exertion

As is" SO, Concentrations SO, Concentrations that Just
Lung Function Meet the Current Standards
Measure Number* Number*
Increase in sRaw >100% 760 900
(0 —18,680) (70-18,970)

10 50

Increase in sRaw >200% (0-2,170) (20 — 2,270)
1,210 1,380

Increase in FEV1 > 15% (10-31,350) (90 — 31,750)

30 100
Increase in FEV1 >20% (0 —2,060) (40 —2,220)

*Numbers are median (50th percentile) numbers of occurrences. Numbers in parentheses below
the median are 95% credible intervals based on statistical uncertainty surrounding the SO2
coefficient in the logistic exposure-response functions. Numbers are rounded to the nearest 10.

Asthmatics (0-18) = 9,005 in Greene County study area
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Uncertainty, Variability, and Assumptions

Uncertainties & Assumptions

Uncertainty due to sampling variability

Length of exposure

Representativeness of mild/moderate asthmatics tested

Extrapolation of exposure-response relationship

Reproducibility of SO,-induced response

Age and lung function response

Exposure history

Interaction between SO, and other pollutants

Variability

o Some aspects of variability incorporated by use of location-
specific inputs for exposure analysis

o Uncertain about extent of geographic variability in subject
responsiveness

o 0o 0 o0 o0 o0 o0 d
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Overview of Risk Characterization for Health Effects
Associated with Short-Term (2 1-hour, generally 24-hour) SO,
exposure:

ISA found suggestive evidence of an association between short-term SO,
exposure and respiratory symptoms in children as well as hospital
admissions and emergency department visits for all respiratory causes and
asthma

o Contacted authors of key U.S. and Canadian epidemiological studies, requested 98t

and 99t percentile 1-hour and/or 24-hour levels from the monitor recording the highest
SO, concentration in their particular study

o Graphs and/or tables will be created to explore the relationship between these 98t and
99t percentiles and the effect estimates observed in epidemiological studies

33



