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Today’s Mind map

A short journey through air pollution history...
= Clearing the air
= The public and legal drivers
= The early days of the Clean Air Act

A Framework for Air Quality Management
= Implementing a cohesive process
= Monitoring is the heart of the AQM

Measures of success
= Evidence we can measure in the air
= Environmental and public health evidence

Addressing what'’s left to be done
= Disproportionate impacts
= The sensor revolution
= Systematic approaches to environmental and public health
= National issues and environmental futures



A Compelling History: Post-War
Industrialization and Growth

. The birth
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A Compelling History: Public Distress
with Health Consequences

New York City — 1966

Birmingham — 1972 M Los Angeles _ 1088 [Formm [




A Compelling History: Public and
Private Efforts Yield Marked Recovery




How did the US federal
government transition from
largely ignoring a highly
polluted environment to one that
today, Is much cleaner and as a
result of concerted effort...

IS much healthier?



US Air Pollution Programs in 1950s-60s

« Cities were largely responsible for dealing with air pollution
« Regulations were based on the opacity of smoke
« California dominated resources (60% of all city/state spending)

* Federal involvement was very limited and disjointed
« National Air Sampling Network 60 urban, 20 nonurban particle (TSP)
« New PHS Division of Air Pollution: 251 employees, $4 million

Nascent federal efforts were scattered across many agencies

1907 - 1964




Earth Day — April 22, 1970

el mﬂ ME\(’M. 20 million people participated in
\ e a national teach-in
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The Evolution of “The” Clean Air Act

Title

The Air Pollution
Control Act 1955

The Clean Air Act of
1963
Motor Vehicle Act 1965

The Clean Air Act
Amendments of 1966

The Air Quality Act of
1967

Overview of Major Provisions

Authorized HEW to do research and assist states. Little
happened.

PHS expanded research, grants to states.— First Federal role
— HEW to develop pollution criteria.

Authorized ‘practicable’ emissions stds for new cars

Extended the 1963 law. Added authority for grants to
maintain (not just develop) state and local programs.

Established an air quality management (AQM) system with
required actions by states and increased Federal role

HEW criteria for ambient state standards, review of state
standards and control plans, and authority to step in

Preempted state regulation of new automobile emissions
except for California.



Believe it or Not: Things Can Move Quickly...

The Birth of the US EPA (&

1969 - Nixon created the Environmental

Quality Council “to coordinate governmental -

action against environmental decay...” President
Richard M. Nixon

* April 1970 - Advisory Council on Executive
Organization ("Ash Council") advised Nixon
to form the EPA

 Dec 4, 1970 - Presidential Executive Order -
formally established the EPA

Senator
Edmund S. Muskie



The 1970 Clean Air Act Amendments

The 1970 CAA Amendments signed on New Years Eve; the first NAAQS were
proposed January 31, 1971

» |dentified air quality as a major public health problem*
» Introduced quantitative air quality management across the nation
« Defined a partnership between Federal Government and States

Particulate Matter — PM

Photochemical Oxidants — O3
(mostly)

Carbon Monoxide — CO

Designated 7 ubiquitous air
pollutants (now 6) for the

establishment of primary
health based stds to protect
public health - NAAQS

Lead —Pb

: Nitrogen Dioxide — NO2
Hazardous Air Pollutants (HAPS) .
were identified as risk-based — Sulfur Dioxide — SO2
later in 1990, 189 HAPs (or Air Hydrocarbons — THC
Toxics) were identified - to be
controlled emission technologies

*Cost could not be a consideration in standard setting; costs only during implementation



PM NAAQS — The Early Days

Text — 284 pgs

AQ Criteria Document for PM (Released Feb 1969 HEW)
- |

DANIELL. COSTA

No Staff Paper for Policy
(not until 1987 for PM)

Staff Options were Developed

i AIR QUALITY CRITERIA
i FOR
: PARTICULATE MATTER

Public Comment period

William D. . .
l | Ruckelshaus EPA Administrator decision

NAAQS Proposed: Jan 1971
Finalized: Apr 1971

e e

All 6 NAAQS completed by May!

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health Service
Consumer Protection und Environmentl Health Service

No Clean Air Science Advisory Committee
(CASAC) reviews of any NAAQS until 1977

https://www.epa.gov/naags



https://www.epa.gov/naaqs

So that was then...

A process, however loosely
structured, was functioning. But
challenges by industry and
Congress for accountability
pushed for a more codified
process?



A Framework for US Air Quality Management

Establish
Goals

EPA sets national
ambient air quality
standards (NAAQS)

Track and
Evaluate
Results

States monitor air quality
to see if plans achieved
standards, test emissions
to ensure reductions were
achieved.

1970 Act: meet NAAQS
in 3 to 5 years

Determine
Emissions
Reductions

Scientific Research

Implement
and Enforce
Strategies

Sources comply with
state and EPA limits.
States and EPA enforce
compliance with state
and federal requirements

States monitor air quality to see if
areas attain the NAAQS, develop
emissions inventories for sources,
use models to determine reductions
needed to meet NAAQS

Develop
Programs fo
achieve

States develop implementation plans
allocating reductions to sources needed to
attain and maintain the NAAQS. EPA
reviews and approves plans.

EPA actions that support state plans:

- National vehicle emission and fuel additive
standards to assist states

- National emission standards for new
major stationary sources

- National emission standards for significant
new and existing sources of hazardous air
pollutants (e.g. asbestos, mercury)



Translating the Science

NAAQS Review Process

Science

Workshop on
science-policy issues

Integrated Review Plan (IRP): timefine and key |
policy-relevant issues and scientific q
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NAAQS Review Process

Workshop on | Integrated Review Plan (IRP): timeline and key

science-policy issues policy-relevant issues and scientific questions [« |

\4

Integrated Science Assessment (ISA): evaluation and

Peer-.r.eviewed
scientific studies

A

Clean Air Scientific
Advisory Committee
v (CASAC) review

synthesis of most policy-relevant studies

\4

Risk/Exposure Assessment (REA):
quantitative assessment, as warranted, focused

\4

Public comment

A

on key results, observations, and uncertainties

\ 4 \4

Policy Assessment (PA): staff analysis of
policy options based on integration and
interpretation of information in the ISA and REA

4k

\4

v

Agency decision

making and draft
proposal notice

EPA

proposed Interagency
decisions on review

standards

A

Public hearings Agency decision :
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Anatomy of Air Quality Standards

« Sections 107 /108 /109: establish “criteria” and process for setting the
NAAQS and designations of attainment

= Based on the latest scientific criteria....

» Primary standards - requisite to protect public health with an
adeqguate margin of safety*

*Cost is not a consideration in setting the NAAQS and Congressional intent to
protect a representative sample of the most sensitive groups, not the most
sensitive individuals

= Secondary standards - protect public welfare (the environment,

materials, visibility, ecosystems....) from known or anticipated
adverse effects

« Section 110: State Implementation Plans (SIPs) for meeting the
NAAQS if not in attainment

 Section 112: Hazardous Air Pollutants




Anatomy of Air Quality Standards

The four major components of air guality standards

* Indicator -i.e. whatis measured (O5, NO,,
TSP, PM, ;) & how (Federal Ref. Method - FRM)

* Averaging time - 1-hr, 8-hr, 24-hr, annual

* Form - statistic — e.g. exceedance,
concentration based

* Level —e.g. 12.0 ug/ms3 (for PM, ),
0.070 ppm O, (a gas)



Summary of the U.S. EPA NAAQS™ (s of oct 2017)

Pollutant ALK Avell'aglng Level Form
Secondary Time
8-h 9
Carbon Monoxide (CO) primary 1 hZE; 35ppppr:1n Not to be exceeded more than once per year
rimary and Rolling
Lead (Pb) primary 3-month 0.15 pg/m3 Not to be exceeded
secondary average
th i - i i
orimary 1-hour 100 ppb 98 percen'tne of 1-hour daily maximum
, L concentrations, averaged over 3 years
Nitrogen Dioxide (NO,) , ]
primary an Annual 53 ppb Annual Mean
secondary
Ozone (0,) primary and 8-hour 0.070 ppm Annual fourth-hlghest daily maximum 8-hr
secondary concentration, averaged over 3 years
primary Annual 12.0 ug/md Annual mean, averaged over 3 years
, secondary Annual 15.0 pg/m3 Annual mean, averaged over 3 years
Particulate Matter|  PM,; oy and
(PM) psecor?cljary 24-hour 35 pg/m3 98t percentile, averaged over 3 years
PM,, primary and S4-hour 150 ua/m? Not to be exceeded more than once per year
secondary Mg on average over 3 years
ima 1-hour 75 bob 99t percentile of 1-hour daily maximum
Sulfur Dioxide (SO,) primary PP concentrations, averaged over 3 years
secondary 3-hour 0.5 ppm Not to be exceeded more than once per year

*For more information, visit https://www.epa.qgov/criteria-air-pollutants/naaqgs-table



https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table

AQM / SIP Components - Data

Establish
Goals

--Air Quality

Track and
Evaluate
Results

--Monitoring sources, air
-- Performance benchmarks

Determine
Emissions
Reductions

-- Monitoring
-- Inventories
-- Data Analysis & Modeling

NOXx g \
Fuel Comb.45.5%

Ind. Proc 3.9% =SS

% Other 1.5%

Highway 29.8% Non-road 19.3%

VOC

Solvents 33.7%

Ind. Proc. 17.4%

Highway 27.2%

Nonroad 12.6% /

Air Quality and emissions
data are critical for planning
and evaluating strategies.
Both are required in SIPs



SLAMS: State or Local Air Monitoring Stations

« The SLAMS make up the ambient air
guality monitoring sites attainment of
the NAAQS

e The SLAMS network also includes the
following networks:

— NCore: National Core
— CSN: Current Speciation Network
— Near-road: NO2: select CO/PM25

— PAMS: Photochem. Assessment
Monitoring Station

* Other key networks include
IMPROVE and NATTS (air toxics)




Criteria Pollutants are Generally Associated
with Large National Networks

Criteria Pollutant Monitoring Network

® Distinct sites reported data in 2013 (2,360 sites) '
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SLAMS: State or Local Air Monitoring Stations

Gaseous Monitors

CO Monitors (313 sites)

NO2 Monitors (409 sites)
SO2 Monitors (476 sites)
O3 Monitors (1289 sites)

" O ® p

PUERTO RICO
- ALASKA



SLAMS: State or Local Air Monitoring Stations

PM2.5, PM10, and Pb Monitors

*  Pb Monitors (212 sites) W 9 % e

¢ PM2.5 Monitors (960 sites) Q f’/
@ PM10 Monitors (754 sites) \? o

*

T e
>~ T £

R ALASKA




Number of Monitors/Samplers

Number of Air Monitors by Pollutant 1970-2013
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National Core (NCore) Network

Pollutants Measured:

Gases — CO, SO,, NO and NOy, and O,

Particles - PM, ., (continuous mass, filter mass, speciation), PM,,, c, (mass)
Meteorology - basic meteorological parameters (Temperature, Wind Speed, Wind
Direction, Relative Humidity)




Current Speciation Network

(Measures major PMzs anions, carbonaceous material, cations, trace elements)

A Trends Sites
.
3
? \;’ ¢  Supplemental Sites
® g
H. r——’”*%————-\lr%\
\ et ._, X -
- N b Puerto Rico &
L X Virgin Islands
.;\\ |, \\
By, § y —
Q Ny, \ s S .
Alaska Hawaii . & "'---IL e 3
L !
0 245 490 980 Miles 0 70 140 280 Miles 0 980 Miles 0 2550 100 Miles
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https://www.sdas.battelle.org/ CSNAssessment/html/Default.html



https://www.sdas.battelle.org/CSNAssessment/html/Default.html
https://www.sdas.battelle.org/CSNAssessment/html/Default.html

Hourly NO, Interpolation at NR sites

(100 days minimum)

NR sites have always been envisioned
1 - All Site Average to be multipollutant

— Weekdays

10 |  Weekends * Inaddition to NO, :
— 39 sites instrumented for PM, .

» 22 with continuous methods only
6 - « 11 with FRM methods only

* 6 with both FRM and continuous
4 methods
51 sites with CO instrumentation

Near-road NO, increment (ppb)

— 23 sites with BC instruments

0 4 8 12 16 20 24 » For a complete listing of NR site metadata,

H fD '
ourorbay http://www.epa.gov/tthamtil/nearroad.html

Phased network (2010-pres): one near-road
NO, site in all CBSAs with pop. > 500K and a
second site in CBSAs with +2.5M


http://www.epa.gov/ttnamti1/nearroad.html

Updated PAMS Map

(To improve understanding of ozone formation)

* Ozone
* Hourly VOC

« Carbonyls (HCHO, etc.) >§ —_
‘e% ( s"ll“ S ”"‘*——57__,_k‘7«7h R

* True NOZ2 in addition to
current NOy

« Upper air/mixing helght

» Surface meteorology B

| \ ;
—e | | \ L
G Bl s O f / i \ W =
& a & o Al | % (¢ ¥ @
™, L / L
Frad ™\ 3 i o~
-75 N y 7 k- (A A 53 .
;.f‘ hai kr J A7 )K‘}M"‘—t- e \
e L S N
“a o = ﬁ A N “( SN R
WCT e e / ~y N\ )
e ;@P i/ g \ s AN
~5 S N T T
?%"-‘ "N 1 4 ¥
7 B W
Alaska g Hawaii - 1 St
0 255 510 1.020 Miles 0 70 140 280 Miles 0 245 490 980 Miles
|| L | L | L 1 1 1 L 1 J

" Legend

New Required Site 29

Existing Required Site 14
Existing Site 68
Puerto Rico &
Virgin Islands

SR (oo
S0

0 2550 100 Miles
T

Photochemical Assessment Monitoring Stations



National Air Toxics Trends Sites

S%anm'\
¥ |

] Q S ) e
Portland, OR / 717 - (
."La Grande;/OR \/ / \ // Underhill, \JIT
* . nderhi
& [ N
- o £ N
i\«v f \\JL Rochester, NY Roxbury MA

L
H:g:con WI >
MayV||le\W| a)

\
Detroig. Ml

/
M
] - —
f / Bpuntrfuh uT

[ e |

San ).{ose, CA< // f‘ \*ﬁ[\ 4
@< \\ / /. Grand Junction, ‘CO \#

w\f\\ JM#

VP,rovidence. RI
&
\ Bronx, NY 1 *

Chi L
1249, \ |_Washington, DC ®
\ R

Bronx, NY 2

St. Louis, MO Grayson Lake, KY Richmo‘nd}‘O/A
o

SHazard, KY * ﬁ,,;/
Los Angeles CA

|

Rubldoux CA /Phoenix, AZ L
\Kl \MVWVJ
\&\M

Karna‘cl(,l
NATTS Sites

Chesterﬂeld sC
ﬁouth DeKalb, Gf
)
ouston, T,
f o T e
NATTS - Year Established \Q f P FL?\R A\
2003 \ »\/}
2004 h a7

2007
2008

2009
2010 * The Hazard, KY, the Horicon, WI, and the Bronx, NY sites were relocated in 2008, 2009, and 2010, respectively.

EEETNR

TSP Hexavalent Chromium - No longer required

VOCs Carbonyls

Acrolein Formaldehyde
Benzene Acetaldehyde
Chloroform

1,3-butadiene

Vinyl Chloride
Perchloroethylene

Carbon Tetrachloride
Trichloroethylene

PMio Metals

Nickel compounds
Arsenic compounds
Cadmium compounds
Manganese
compounds

Beryllium compounds
Lead compounds

PAHS
Benzo(a)pyrene
Naphthalene




Current/Planned IMPROVE, IMPROVE Protocol &

e IMPROVE or @ IMPROVE Protocol sites I“L»H-’“""?\

[©]IMPROVE Protocol Sites t/b deployed 2002 [Q] 2003,

From Discussions with RPOs and Tribal Agencies
@ Castnet sites converted to IMPROVE

¢ Supplemental Speciation Sites

The IMPROVE Network

fribal Lands (Focus on less populated areas — visibility and haze)

https://www3.epa.qov/tthamtil/visdata.html



https://www3.epa.gov/ttnamti1/visdata.html
https://www3.epa.gov/ttnamti1/visdata.html

What have these
networks told us?
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Emissions: A Good News Story...

Comparison of Growth Areas and Emissions, 1970-2015
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Concentration, ug/mz2

Emissions Reductions Impact Ambient Levels

PM2.5 Air Quality, 2000 - 2015

(Seasonally-Weighted Annual Average)
National Trend based on 480 Sites
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PM10 Air Quality, 1990 - 2015

(Annual 2nd Maximum 24-Hour Average)
National Trend based on 171 Sites
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Long-Term Trend in Black Carbon in Canadian Cities

3
: Clean Air Act — stationary (industrial) ~ —*—ECderivedfrom COH
\ and mobile sources —
25
Catalytic Converters
0 , Canada-US
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Cleaner fuels
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EC (pg/m3)
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- Coal
' . Phase-Out
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0.5 S
EC — Elemental Carbon (blackness) on flne partlcles (PM2 5)
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Courtesy of Environment and Climate Change Canada



Decreasing NO, across Canada

Decreasing VOCs across Canada
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So what do these
reductions mean for
the average adult?

A couple good news stories



The PM Issue of the ’70s/80s was Acid
Aerosols — Driven by Sulfur

NO, + H,0 =™ NITRIC ACID [HNO,)
S0, + H,0 7 = ™ SULFURIC ACID (H,50,)

Acid Rain




Acid (H,SO,) was thought to be a major pulmonary irritant, but:
O By itself was not as potent as thought - except in asthmatics
o Conventional epidemiology not very revealing

The Clean Air Act Amendments of 1990

* Targeted smoke reduction & lower sulfur coal and oil
* CAP & TRADE on sulfur had a dramatic effect

Ozone seemed to be the looming problem
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The Harvard Six-Cities Studies
began in the 1970’s looking for
a health impact of acid particles
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Follow-up to the Harvard Six Cities Study
Indicates Reduced Air Pollution Results In

Mortality Risk Relative to Portage, WI
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Laden et al, 2006




Follow-up to the Harvard Six Cities Study
Indicates Reduced Air Pollution Results In

Mortality Risk Relative to Portage, WI
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The PM Epidemiology Was Compelling

(But with many uncertainties)

‘ Life-Shortening \

1.00

0.95 |

Probability of Survival

o 2 4 6 8 10 12 14 18
' .Years of Follow-up




Life Expectancy Increased as PM, . Went Down

1980-2000

Slope
+.61 yr/10 pg/m3

>
(&)
C
@©
)
(&)
(0]
o
X
LL
()
Y
-l
<

1 |
This study has been repeated in the US with bigger a data base
® and repeated several times in other countries
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Impact of PM, - on Numbers of Individuals
of “Exceptional Age”

S
85-94 year olds

After adjustments, , o
: > o=

older people live & ¥
longer in areas < g_

with cleaner air 5 "
5 o-

!"D:

O—

§

PM; 5 ug/m?®
Baccarelli et al. Env HIth Persp 124(11):1744 (2016) '



The U.S. Office of Management and Budget
estimated in 2006 that the EPA’s air
pollution regulations save between $63 and
430 billion annually. (Costs $25-28 billion)*

Reality Check...

In 2016, Americans spent roughly $1.2 trillion for energy.

EPA’s investment from 1998-2017 in air pollution research
amounts to less 1/1,000 of that energy expenditure.

*No longer available on the OMB website



“The interest in air pollution is inversely proportional to its concentration.”

Sir Patrick Lawther, (~1981)

Many Issues Remain Unresolved
and New Emerging Issues Appear
Even More Complex



A PM, . Public Health Burden Remains

Percentage of PM, . related deaths due to
2005 air quality levels by county

Summary of National PM, ; impacts due
to 2005 air quality

Excess mortalities
(adults)?

Percentage of all deaths
due to PM, (B

130 to 320,000

Impacts among Children

ER visits for asthma

110,000
<I8yr ’
Los Angeles Eastern US (<18 yr)
Acute bronchitis 200,000
(age 8-12)
B Minerals B Elemental Carbon Exz;]cerbationéolfs 2,500,000
[ Sulfate B Organic Carbon asthma (age 6-18)
A i A Range reflects use of alternate PM mortality estimates
L mmonium D Unknown B Population-weighted value using Krewski et al. (2009) PM
. Nitrate mortality estimates

(Fann et al., 2011)



On the surface things look great...

BUT....

Not all problems are
solved nor adequately
addressed




Are We Getting the Answers We Need?

Do we stick with the
traditional pollutant-by-
pollutant Regulatory
Science?

nuOor>r2

Or... can we get what we need from systems-
based science targeting the broader tenets of
public health?



Next Generation of
Ailr Monitoring

Currently, major monitoring networks can
measure the major pollutants

= The technology is aging and expensive

There is need for more continuous, fast
responding and compact sensor capability

A major technological boom in sensor
development — great potential for both site
monitoring and personal use

The potential of Citizens’ Science

T
“




So are there issues looming In
the 215t century?



Addressing National Issues Offers Opportunities

Damage Caused by Wildfires in the United States, 1984-2013

10
B Increased greenness
"] Unburned to low
8 Low
1 Moderate
M High

Area burned (million acres)

0
1984 1988 1992 1996 2000 2004 2008 2012

Year
Data source: MTBS (Monitoring Trends in Bum Severity). 2015. MTBS data summaries. www.mtbs.gov'data/search.html.

For more information, visit U.S. EPA’'s “Climate Change Indicators in the United States” at www.epa.gov/climatechange/indicators.

®* The United States spends more than $1 billion every year to fight wildfires

® According to National Interagency Fire Center data, of the 10 years with the
largest acreage burned, nine have occurred since 2000 (as of 2012)

®* NEI: ~38% of the 2014 PM, ¢ annual avg. resulted from wildland fires



Climate Impacted Public Health in our Future
AIR
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Fresh water in Bangladesh

Thorkell Thorkelsson / Icelandic Red Cross

Infection in Cambodia
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WHO (2009). Protecting health from climate change: connecting science, policy and people. —J Samet 2010



Global Issues Already EXist

I Household air pollution from solid fuels_ !
TR T T ;

Tobacco smoking, including second-hand smoke | |
High fasting plasma glucose | T

Diet low in fruits_ E
Childhood underweight_ '

Alcoholuse | NN I B

Cancer Il HIV/AIDS and tuberculosis

[ Cardiovascular and Diarrhoea, lower respiratory
circulatory diseases infections, and other

[ Chronic respiratory common infectious diseases

diseases [ Neglected tropical diseases

Cirrhosis and malaria

Ambient particulate matter pollution ]

Diet low in seafood omega-3 fatty acids |

o ey | ' [ Digestive diseases Il Maternal disorders
Diet high in sodium | [ Neurological disor.ders [ Neonatal disorders
Suboptimal breastfeeding 1 E O Me”tal and behavioural [ Nutritional deficiencies
) ) . i disorders [ Other communicable diseases
Diet low in nuts and seeds | 5 . =
: | ! Il Diabetes, urogenital, Il Transport injuries
High total cholesterol ] | blood, and endocrine Unintentional injuries
Intimate partner violence | I [ Musculoskeletal disorders [l Intentional injuries
Diet low in whole grains [ | I Other non-communicable [ War and disaster
Diet low in vegetables : | diseases
T

Occupational low-back pain

Lim et al. Lancet 2012; 380: 2224-60
Fann et al, Risk Anal. 2012 Jan;32(1):81-95.



Climate Models Predict More Summertime O,
with Global Change [Climate Penalty]

Model Prediction for year 2050 relative to 2000 using
constant emissions

Increased
ozone
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Decreased -4.0
ozone 8.0

>0 0 7 — — T T

Used in the EPA Administrator’s CAA “Endangerment finding” for greenhouse gases

Bloomer et al., Geophysical Letters 36(9): 2009



Policy should be a fabric woven with the threads
of science







