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"’EPA History of the primary (health-based) national
ambient air quality standard for ozone

Final Rule | Indicator _| Averaging Time | Level (ppb)

October 2015 Ozone 8 hours Annual 4" highest daily
maximum 8-hour average,
averaged over 3 years

March 2008 Ozone 8 hours 75 Annual 4™ highest daily
maximum 8-hour average,
averaged over 3 years

July 1997 Ozone 8 hours 80 Annual 4" highest daily
maximum 8-hour average,
averaged over 3 years

March 1993 Standard retained, without revision.

February 1997 Ozone 1 hour 120 Expected number of days
per calendar year with
maximum hourly average
concentration greater than
120 ppb equal to or less
than 1

April 1971 Total 1 hour 80 Not to be exceeded more

photochemical than one hour per year

| oxidants

Madified from https://www.epa.gov/ozone-pollution/table-historical-ozone-national-ambient-air-quality-standards-naaqgs



U.S. daily maximum 8-hour ozone concentrations
annual 4" highest value, 2012-2014 average

® 32-60ppb (121 sites) © 66 - 70 ppb (362 sites) ® 76 - 102 ppb (133 sites)
® 61- 65 ppb (250 sites) @ 71 - 75 ppb (270 sites)

Courtesy of the Office of Air Quality Planning and Standards



SEPA Annual trends in daily maximum 8-hour ozone

United States
Environmental Protection

concentrations in the urban U.S. - 2000-2014

West Region Urban Ozone Trend (8 Locations)

Northeast Region Urban ©zone Trend (24 Locations)

|
K
1

()]
o
|

=y
()]
1

May - September Average Ozone (ppb)
(4]
[4)]
Il

— Adjusted for Weather
= = Unadjusted for Weather

35

T T T T T T T T T T

= — o™ [ b o [Fe) [i=] = [e=] [=2]

= [==] [==1 = (==} (==} o (==} (==}

= = (=] (=] (=] = = = = =

o™ o™ o™ o™ o™ o™ o™ o™ o™ [}

South Region Urban Ozone Trend (15 Lo

75

(2]
o
1

May - September Average Ozone (ppb)
(4]
o
Il

-~
w
|

fpr Weather

2005
2006
2007
2003
2009
2010+
2011+
2012+
2013
2014

T
=+
(=
o™

ieast Region Urban Ozone Trend (19 Locations)
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"’EPA Key scientific considerations for revision to national
ambient air quality standard for ozone

Agency

- Respiratory effects - causal relationship with short-term exposure

— Controlled human exposure: pulmonary inflammation, lung function decrements
with 60 ppb ozone, broader array of respiratory effects at 70-80 ppb

— Epidemiology: respiratory emergency department visits and hospital admissions
associated with ozone concentrations below 75 ppb

- Level of 70 ppb will provide increased public health protection?

— Reduce ozone exposures of concern — based on 8-hour concentrations at/above
health benchmarks
— Reduce risk of lung function decrements

— Less weight on epidemiologic risk estimates of mortality and respiratory effects,
uncertainty about heterogeneity, presence of association at low concentrations

 Policy Assessment evaluates epidemiologic study of cardiovascular
mortality (and other effects) in consideration of alternative standard levels
below 75 ppb?

— Assessing ozone concentrations associated with health effects

INational Ambient Air Quality Standards for Ozone. Final rule. Federal Register. Volume 80, page 65292. October 26, 2015.
4 https://www.gpo.gov/fdsys/pkg/FR-2015-10-26/pdf/2015-26594.pdf

2Policy Assessment for the Review of the Ozone National Ambient Air Quality Standards, August 2014.

https://www3.epa.gov/ttn/naaqs/standards/ozone/data/20140829pa. pdf



"’EPA Process for reviewing the national ambient air
guality standards

Agency

Workshop on Integrated Review Plan (IRP): timeline and key
science-policy issues policy-relevant issues and scientific questions [«

v

Peer-reviewed Integrated Science Assessment (ISA): evaluation and _
scientific studies synthesis of most policy-relevant studies A(\:dlean A|rCSC|entg|c
visory Committee
(CASAC) review
. Risk/Exposure Assessment (REA):
REA Planning quantitative assessment, as warranted, focused Public comment
Document on key results, observations, and uncertainties

Policy Assessment (PA): staff analysis of

policy options based on integration and
interpretation of information in the ISA and REA

EPA —
proposed Interagency Agency decision

S P— review | ¢ making and draft
standards proposal notice

Public hearings Agency decision :
and comments o making and draft Interagency EPA final

: : review decisions on
on proposal final notice . standards '

\ 4

A 4
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February 2013

“EPA Integrated Science Assessment for Ozone

The Integrated Science Assessment accurately reflects “the
latest scientific knowledge useful in indicating the kind and extent
of identifiable effects on public health which may be expected

from the presence of [a] pollutant in ambient air.”
(Clean Air Act, Section 108, 2003)

Review of studies published through July g
2011

Integrated Sclence Assessment
for Qeone and Related
Fhotochemical Oxidants

“There is likely to be a causal
relationship between short-term
exposure to O; [0zone] and
cardiovascular effects.”

“ https://cfpub.epa.gov/nceal/isa/recordisplay.cfm?deid=247492




<EPA

United States

Environmental Protection

Agency

Framework for causal determination

Causal Evidence is sufficient to conclude that there is a causal relationship with relevant -Rule out Chance,
relationship  pollutant exposures (e.g., doses or exposures generally within one to two orders of .
magnitude of current levels). That is, the pollutant has been shown to result in health confoundlng, and
effects in studies in which chance, confounding, and other biases could be ruled out other biases
with reasonable confidence. For example: (1) controlled human exposure studies .
that demonstrate consistent effects; or (2) observational studies that cannot be -Consistency, coherence,
explained by plausible alternatives or that are supported by other lines of evidence i i ihili i _
(e.g., animal studies or mode of action information). Generally, the determination is bIOIO_glcal pl_aUSIblllty’ hlgh
based on multiple high-quality studies conducted by multiple research groups. quahty studies
Likely to be Evidence is sufficient to conclude that a causal relationship ) :
o : : : le, high-quality
a causal is likely to exist with relevant pollutant exposures. That is,
: : : : s show effects
relationship the pollutant has been shown to result in health effects in | uncertaint
studies where results are not explained by chance, s overall y
confounding, and other biases, but uncertainties remain in
the evidence overall. For example: (1) observational studies RXe N Roar:1810 =3
show an association, but copollutant exposures are difficult  JG oMo A EEEE
to address and/or other lines of evidence (controlled human [tz Neltl:
exposure, animal, or mode of action information) are limited Fifgts
or inconsistent; or (2) animal toxicological evidence from nce is sizeable and
multiple studies from different laboratories demonstrate ally but not entirely
effects, but limited or no human data are available. tent
ﬁﬁigﬂeéﬁ!ﬁ,t;h;uddiesrm|nat|on Is based on multiple o ey e i
relationship  absence of an effect. S ERETT Y, quallty,
Not likely to  Evidence indicates there is no causal relationship with relevant pollutant exposures. ConSIStency
be a causal Several adequate studies, covering the full range of levels of exposure that human
relationship

beings are known to encounter and considering at-risk populations and lifestages, : :
are mutually consistent in not showing an effect at any level of exposure. MUltlple StUdIeS

consistently show no

Modified from Table Il of Preamble to the Integrated Science Assessment eﬂ:ect
https://cfpub.epa.gov/ncealisa/recordisplay.cfm?deid=310244




< EPA Integration of evidence for causal determination

Environmental Protection
Agency

Evaluate Studies

8%

Integrate Evidence Apply Causal Draw Conclusion
N\ £\ Framework
: , Controlled Animal )
Epidemiclogy Human Toxicology Consistency? Causal?
vocardial VaSCETz::;’;itivity Vaeut - Coherence? =) Likely to be Causal?
yocardia ascular reactivity . i
Blooofgrtissure BRiooHpressure | BRias pressiiee M_Ode of gctlon? Suggestive?
Mortality Vascular injury Vascular injury High-quality Inadequate?
studies? Not likely to be Causal?

Uncertainties?

- Epidemiology, controlled human exposure, animal toxicology and related endpoints
« New study findings and evidence from previous assessments

- Causality determined for broad health category (cardiovascular effects) or group of
related outcomes (cognitive function)

 Causality determined for range of concentrations considered relevant - generally
B within 1-2 orders of magnitude of current levels



<EPA

United States
Environmental Protection
Agency

Reference

Buadonget al. (2009)
Bell etal. (2008)
Leeet al. (2003)
Atkinsonetal. (1999)
Wongetal. (1989a)
Wongetal. (1%990)
Larrieu etal. (2007)
Peel etal. (2007)
Leeet al. (2003)
Wongetal. (1%990)
Wongetal. (19990)

Halonenetal. (2009)

Rich etal. (2010)

Buadonget al. (2009)

Stieb et al. (2000)
Zanobettiand Schwartz (2008)
Poloniecki etal. (1997)

Lanki etal. (2008)

von Klot etal. (2005)

Hosseinpoor et al. (2005)
Poloniecki etal. (1997)
von Klot etal. (2008)

Evidence on hospital admissions, emergency
department visits for coronary heart diseases

Location
Bangkok, Thailand - ISChemIC
Taipei, Taiwan 13 heart
Seoul, Korea — .
London, England —— d|Sease
HongKong —1—
HongKong ——
@ French cities —_—
Atlanta, GA ——
Seoul, Korea ——
HongKong N I —
HongKong —_—
Coronary
Helsinki, Finland 2y .
heart disease
Mew Jersey &
Bangkok, Thailand —— Myocardlal
7 Canadian cities —— . .
Boston, MA — e infarction
London, England —_—
B European cities ——
B European cities &
Angina
Tehran, Iran .
London, England —— peCtOrIS
E European cities
0.5 0.7 0.9 1.1 1.3 15
< Effect Estimate >

Decreased risk

Increased risk

“ Black = all-year, Red = warm season, Blue = cool season

Figure 6-24. 2013 Integrated Science Assessment for Ozone and Related Photochemical Oxidants.

No clear evidence
for association by

« Season
Warm season
All year

« Averaging time
Maximum 8-hour
Maximum 1-hour
24-hour average

- Exposure lag

Same day
Previous day
2- to 3-day average

« Age group
All ages adults
Older adults



<EPA Evidence on hospital admissions, emergency

Environmental Protection
Agency

Reference

Chan etal. (2006)
Halonen etal. (2009)
Larrieu etal. (2007)

Chan etal. (2006)

Villeneuve et al. (2006)
Villeneuve etal. (2006)
Villeneuve et al. (2006)

Chan etal. (2006)

Villeneuve etal. (2006)
Villeneuve et al. (2006)
Villeneuve etal. (2006)

Villeneuve etal. (2006)

Villeneuve et al. (2006)
Villeneuve etal. (2006)

10

- Black = all-year, Red = warm season, Blue = cool season

Location

Taipei, Taiwan
Helsinki, Finland

8 French cities

Taipei, Taiwan
Edmonton, Canada
Edmonton, Canada

Edmonton, Canada

Taipei, Taiwan
Edmonton, Canada
Edmonton, Canada

Edmonton, Canada

Edmonton, Canada
Edmonton, Canada

Edmonton, Canada

department visits for stroke

All
-
@
—
Ischemic
—0—
L
O
O
Hemorrhagic
S E—
@
O
O
Transient ischemic
@
0.9 1.1 1.3 1.5

0.5

Effect Estimate

Figure 6-25. 2013 Integrated Science Assessment for Ozone and Related Photochemical Oxidants.



< EPA Evidence on hospital admissions, emergency

department visits for arrnythmia

Agency

Reference Location

Dysrhythmia
Stieb et al. (2009) 7 Canadian cities [
Peel etal. (2007) Atlanta, GA o

Arrhythmia
Buadong etal. (2009) Bangkok, Thailand o
Wongetal. (1999b) Hong Kong [
Poloniecki etal. (1997) London, England [
Halonen etal. (2009) Helsinki, Finland o
Wongetal. (1999b) Hong Kong [
Wongetal. (1999b) Hong Kong Q@
0.I7O 0.I80 0.I90 1.00 1.I10 1.I20 l.:SO 1.I40

Effect Estimate

Black = all-year, Red = warm season, Blue = cool season

Figure 6-26. 2013 Integrated Science Assessment for Ozone and Related Photochemical Oxidants.



"E!?ﬁ; Evidence on cardiovascular biomarkers - events to

Environmental Protection
Agency

Ozone + Respiratory Tract

|

Formation of secondary
oxidation products

!

Activation
of neural reflexes

A4

!

Initiation of
inflammation

!

Systemic inflammation and
oxidative/nitrosative stress

!

Extrapulmonary Effects

propose a mode of action

 No clear evidence for

— Healthy populations or populations
with cardiovascular disease

— Activation of neural reflexes
- Decreased heart rate variability

- Altered ventricular repolarization
(ST segment changes)

— Increases in inflammation
 C reactive protein, interleukin-6

— Increases in markers of heart
failure, vascular disease
 B-type natriuretic peptide,
oxygen saturation,
homocysteine, arterial stiffness

12
- Modified from Figure 5-8. 2013 Integrated Science Assessment for Ozone
and Related Photochemical Oxidants.



<EPA

United States
Environmental Protection
Agency

Study

Bell etal. (2005)a
Wong etal. (2010)
Katsouyanni etal. (2009)

Gryparis et al. (2004)a
Samolietal. (2009)

Zanobetti and Schwartz (2008)
Stafoggia etal. (2010)
Katsouyanni etal. (2009)

Bell etal. (2005)a
Wong etal. (2010)
Katsouyanni etal. (2009)

Gryparis et al. (2004)a
Zanobetti and Schwartz (2008)
Katsouyanni etal. (2009)

Samolietal. (2009)
Stafoggia etal. (2010)
Katsouyanni etal. (2009)

Evidence on cardiovascular mortality

Location

U.S.andnon-U.S.
PAPA (4 cities)
APHENA-U.S.

APHENA-Canada

APHENA-Canada

APHENA-Europe
APHENA-U.S.

APHENA-Canada

APHENA-Canada

APHENA-Europe

21 European cities
21 European cities
48U.S. cities
10 Italiancities
APHENA-U.S.
APHENA-Canada
APHENA-Canada
APHENA-Europe
APHENA-U.S.
APHENA-Canada
APHENA-Canada
APHENA-Europe

U.S.andnon-U.S.
PAPA (4 cities)
APHENA-U.S.

APHENA-Canada

APHENA-Canada

APHENA-Europe
APHENA-U.S.

APHENA-Canada

APHENA-Canada

APHENA-Europe

21 European cities
48 U.S. cities
APHENA-U.S.

APHENA-Canada

APHENA-Canada

APHENA-Europe
21 European cities
10 Italiancities
APHENA-U.S.

APHENA-Canada

APHENA-Canada

APHENA-Europe

All

275

<75

<75

All

275

All

>
275

Lag

NR
0-1
DL(0-2)
DL(0-2)
DL(0-2)b
DL(0-2)
DL(0-2)
DL(0-2)
DL(0-2)b
DL(0-2)

01

0-1

03
DL(0-5)
DL(0-2)
DL(0-2)
DL(0-2)b
DL(0-2)
DL(0-2)
DL(0-2)
DL(0-2)b
DL(0-2)

NR
0-1
DL(0-2)
DL(0-2)
DL(0-2)b
DL(0-2)
DL(0-2)
DL(0-2)
DL(0-2)b
DL(0-2)

01
0-3
DL(0-2)
DL(0-2)
DL(0-2)b
DL(0-2)
0-1
DL(0-5)
DL(0-2)
DL(0-2)
DL(0-2)b
DL(0-2)

Cardiovascular . All-Year
@
@
i [ ]
N J
]
! [ J
! [}
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0 Summer
. O
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Respiratory ! All-Year
P 0
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. O
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i O
0
)
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% Increase

Figure 6-37. 2013 Integrated Science Assessment for Ozone and Related Photochemical Oxidants.

- Consistently
positive
associations
— North America,

Europe, Asia

— Warm season
and all year

« Associations with

— maximum 8-houir,
1-hour ozone

— 2-to 6-day
average

- Key evidence from
multicontinent study
— APHENA

— Maximum21-hour
ozone

— City means: 7-42
ppb



"’EPA Evaluation of exposure assessment and copollutant
confounding

Agency

- Ozone exposure estimated from central site monitors associated with
cardiovascular mortality

— Good correlation between ambient concentration and personal exposure — no
specific information for cardiovascular studies

— High within- and between-city correlations in Italy

— High within-city correlations in Atlanta — no association with cardiovascular
emergency department visits

- Ozone measured In subjects’ locations not clearly associated with
cardiovascular morbidity
— Arterial stiffness associated with personal exposure in mail carriers

— Blood pressure and ST-segment changes not associated with ozone measured
outside residence of adults with coronary artery disease

- Ozone associations mostly robust to adjustment for PM, ¢, PM;,, PM;y., 5,
sulfate

— Outcomes: biomarkers of oxidative stress, hospital admissions, mortality

— Cardiovascular mortality associations robust to PM,, adjustment in European
cities, more uncertainty in U.S. and Canadian cities



<EPA

Un ted States
Environmental Protection

Agency

« Controlled human exposure studies show

some coherence
— Increased pro-inflammatory cytokines,

decreased heart rate variability
300 ppb ozone (2 hours with exercise)

— Inconsistent effects overall on formation

« Animal toxicology supports biological plausibility

of secondary oxidation products, heart
rate variability, blood pressure
110-500 ppb ozone

(2-3 hours resting or with exercise)

Integration of epidemiology with other disciplines

Ozone + Respiratory Tract

v

Formation of secondary
oxidation products

4

A 4

Activation

of neural reflexes inflammation

Initiation of

4

{

Systemic inflammation and
oxidative/nitrosative stress

!

Extrapulmonary Effects

— Increased oxidative stress and inflammation in rodents and monkeys —

500-800 ppb ozone

—Increased endothelin-1, blood pressure, atherosclerotic plaque,
iIschemia-reperfusion injury — 500-800 ppb ozone

—Increased heart rate variability in some rodent strains — 600 ppb ozone



"’EPA Weight of evidence evaluation and determination of
likely to be a causal relationship

Agency

 Consistent epidemiologic evidence for Likely to be  Evidence is sufficient to conclude that a causal
. . - relationship is likely to exist with relevant
cardiovascular mortality, not morbidity a causal pollutant exposures. That is, the pollutant has

relationship been shown to result in health effects in
studies where results are not

explained by chance,
confounding, and other
biases, but uncertainties

- Biological plausibility from experimental studies

— Inflammation and autonomic nervous system
alterations in humans

— Increased vascular damage and dysfunction remain in the evidence overall.
In animal models For example: (1) observational
_ _ _ _ _ studies show an association,

o Experlmental evidence characterizes blologlcal but copollutant exposures are difficult to address
mechanisms by which ozone could cause e e ool ruar
cardiovascular mortality are limited or inconsistent; or (2) animal

toxicological evidence from

- Key uncertainty is limited coherence in multiple studies from different
epidemiologic evidence for morbidity — link laboratories demonstrate

between early events and morta“ty effects, but limited or no human data are

available. Generally, the determination is based
on multiple high-quality studies.

 Clean Air Scientific Advisory Committee: ‘...the

designation should be “likely to be causal” Excerpted from Table Il of Preamble to the Integrated Science
based on consideration of the totality of the Assessments
evidence...’

16 https://yosemite.epa.gov/sab/sabproduct.nsf/264cb1227d55e02¢85257402007446

a4/60C2732674A5EEF385257AB6007274B9/$File/EPA-CASAC-13-
001+unsigned.pdf



"’EPA Gaps to address in epidemiology of ozone and
cardiovascular effects

Agency

- Consistency in ozone exposure metrics examined
— Daily maximum 8-hour
— Analysis and presentation of associations for array of exposure lags (0, 1, 0-1 day, etc)

 Analysis of the shape of the concentration-response relationship and threshold
— Days or cities with lower versus higher ozone concentrations

« Comparison of exposure assessment methods

— Average concentrations across central site monitors in a city or county, nearest
monitor, residential outdoor, personal

- Evaluation of confounding by PM with daily measurements

 Analysis of specific cardiovascular morbidity outcomes and coherence with
mortality associations

 Potential at-risk populations — pre-existing cardiovascular disease
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