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* A two-step approach is used to judge the scientific
evidence about relevant exposures to criteria pollutants
and risks to public health

» The first step is to determine causality
 Sufficient to infer a causal relationship

 Sufficient to infer a likely causal relationship (i.e., more likely
than not)

« Suggestive but not sufficient to infer a causal relationship

* Inadequate to infer the presence or absence of a causal
relationship

« Suggestive of no causal relationship

» The second step is further evaluation of the population response
(e.g., the shape of concentration-response, susceptibility
differences, ambient levels and exposure time periods at which
effects are observed)
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« Expanded discussion of the atmospheric chemistry of
SOy

 New sections describing the regulatory network and
siting criteria

» Description of available 5-minute data in the SO,
monitoring network

* |Indoor-outdoor and personal-ambient exposure
relationships

« Additional discussion of exposure error and
interpretation of epidemiologic studies
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Example SO, Monitor Locations

Highway

Monitor Location

Interstate
ww Federal
State

20O+

CO (86)
NO, (105)
0, (176)
PM,, (177)
PM, 5 (177)
SO, (35)

Source: US EPA Office of Air and Radiation AQS Database

Highway Monitor Location

Interstate
o Federal
State

»0oO<AD> +

CO (15)
NO, (4)
0, (49)
PM,, (49)
PM,  (49)
S0, (31)

b IR\
BV o

Source: US EPA Office of Air and Radiation AQS Database
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Ambient Monitors
|:| Counties
5 Minute SO2
POLL
[ all 5 minute vals

B  max 5 minute val

5-Minute Ambient SO, Data

aa

periods for
1997-2006

Arkansas 2 3 1997-2006

Colorado 1 1 1997-2006

Delaware 1 1 1997-1998

D.C. 1 1 2000-2004

lowa 6 9 2001-2005

Locations, counts, and sampling periods for Louisiana ! ! 1997-2000

, 1997-2006 Missouri 7 14 1997-2006

Montana 1 7 1997-2006

North Carolina 1 1 1997-2004

D.C. 2007 North Dakota 11 19 1997-2006

Florida 2002-2005 Pennsylvania 8 23 1997-2003
Missouri 2003-2006

Montana 2002

North Carolina 1999-2002
Pennsylvania 2002-2006
West Virginia 2001-2005




« Sections reorganized, summary sections added,
redundancy reduced

« Additional analyses of individual-level data from human
clinical studies

« Additional discussion of potential confounding by and
interactions with copollutants

« Toxicology sections reorganized to focus on studies
using more relevant concentrations of SO,

e Sections added to discuss mode of action
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« Conclusions in 1994 Supplement to the Second Addendum based
on SO, concentrations resulting in large decrements in lung function
(sRaw increases = 200% and FEV, decreases = 20%) with
moderate to severe respiratory symptoms

« Current assessment focuses on moderate to large decrements in
lung function (sRaw increases = 100% and FEV, decreases = 15%)
with noticeable respiratory symptoms

« 2000 ATS Guidelines
* Physiological impact

“...reversible loss of lung function in combination with the presence of
symptoms should be considered adverse.”

» Health-related quality of life
» Exposure-induced shift in population risk
“...a shift in the risk factor distribution, and hence the risk profile of the exposed

population should be considered adverse, even in the absence of the immediate
occurrence of frank illness.”
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* 1994 Supplement to the Second Addendum, page 31:

“Similarly, at 0.4 and 0.5 ppm, only relatively small percentages (generally <
10 to 25%) of tested subjects exhibited marked responses to SO, (after
correction for exercise) that both:

(a) very markedly exceeded typical daily variations for lung function
measures for asthmatic persons or functional changes displayed by them in
response to cold/dry air or moderate exercise levels and

(b) reached magnitudes falling in a range of likely clinical concern (i.e.,
sRaw increases 2 200% and FEV, decreases = 20%).”

* In the current assessment, conclusions regarding
respiratory effects of SO, are drawn independently of
other factors or stimuli known to affect lung function

* Diurnal variation, exercise, temperature, RH
« Factors controlled for in human clinical study design
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CUMULATIVE PERCENTAGE
OF RESPONDERS

S0, (NUMBER OF SUBJECTS)1 RESPIRATORY
EXPOSURE | NO. | VENTILATION | LUNG SYMPTOMS:
CONC | 'hyRATION |SUBJ| (LMIN) | FUNCT sRaw REFERENCE | SUPPORTING
(ppm) 2100% M | 2200% 7 | 2 300%
STUDIES
FEV,
215% Vv | 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) Linn et al. (1988)° | etal. (1987; 1988;
1990; 1984a; 1983),
10 min 21 ~50 sRaw 33% (7) 10% (2) 0 Linn et al. (1990)° (81%h8a40)ter 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:
Balme§ et al.
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)* etal. (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 FEV4 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
et al. (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) N




» Concentration-response relationships

« Revised to include analysis of individual-level data from human
clinical studies

« Evidence of concentration-response relationships from
epidemiologic studies
 Additional discussion of the difficulties discerning a threshold in
population-level data
« Better characterization of groups likely to be susceptible
or vulnerable to SO,

* Revisions made to reduce redundancy with material
presented in Chapter 3
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Percent of Asthmatic Responders

O sRaw
= FEV,

30%

22% 23%
20%

13%

5%

51%
47%

0.10 0.20 0.30 0.40 0.50
SO, Concentration (ppm)

* Source: Linn et al. (1987; 1988; 1990)
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Reference Location Age Outcomelag Pollutants |ED Visits
Galan et al. (2003) Madrid, Spain All Asthma 0 SO, .
SO, +PM,,
Hajatetal. (1999) London, UK 0-14 Asthma 1 80, |
SO, +PM,,
Hajatetal. (1999)  London, UK 0-14 Asthma 1 S0, S NO
S0, +NO, _t 2
Hajatetal. (1999) London, UK 0-14 Asthma 1 S0, 1
802 +03 o W
Schwartz (1995)  New Haven, CT 65+ AllResp 0-1 S0, [Hospital ~
S0, +PM, Admissions ©
Schwartz (1995) Tacoma, WA 65+ AllResp 0-1 80, | P
S0, +PM,, DY
Anderson et al. London, UK 0-14  Asthma 1 80, o
(1998) 50, +BS |~
Al SO .
s0,+B% .
Sunyer et al. (1997) Multicity - Europe 0-14  Asthma 1 80, e NO
S0, +BS o 2
Sunyer et al. (1997) Multicity - Europe  0-14  Asthma 1 80, ——
S0, +NO, _ o—
Anderson et al. London, UK 0-14 Asthma 1 S0, L
(1998) S0, +NO, Lo
All S0, L~
S0, +NO, R
Burett et al. (2001)* Toronto, ON <2 AlResp 3 S0 A e
e ’ 50,+0; O]
Yangetal. (2003)  Vancouver,BC <3 AllResp 2 S0, -
$0,+0,
65+ 0 S0, I
S0,+0, L —
Anderson et al. London, UK 0-14  Asthma 1 80, =
(1998) S0, +0, L
Al S0, o  Single pollutant
S0, +0, . © Copollutant
|
075 1.00 1.25

Relative risk




e Short-Term Exposure

» Respiratory Morbidity: sufficient to infer a causal
relationship

= Cardiovascular Morbidity: inadequate to infer the
presence or absence of a causal relationship

» Mortality: suggestive but not sufficient to infer a
causal relationship
 Long-Term Exposure

» Respiratory Morbidity: inadequate to infer the
presence or absence of a causal relationship

= Other Morbidity: inadequate to infer the presence or
absence of a causal relationship

= Mortality: inadequate to infer the presence or absence
of a causal relationship
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