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Human Lung

*Air conducting
—Trachea
—Bronchi
—Bronchioles
*Gas exchange
—Respiratory bronchioles

—Alveoli




Ozone Irritates Airways

¢ Symptoms
— Cough
— Sore or scratchy throat

— Pain with deep breath (
— Fatigue

* Rapid onset

» Asthma symptoms - greater in people
with asthma, also occur in people without
asthma




Variability in Lung Function Responses
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Ozone Causes Inflammation

Ozone reacts completely in surface layer -
forms reactive oxygenated molecules

ncreases permeability of cells that line airways
nflux of white blood cells and proteins
Damages cells that line the airways

Effect is greater 24 hours after exposure
Increases airway reactivity

Concern about repeated exposures




Short-Term O, Exposure and Respiratory Effects

 Lung function decrements
— Large body of clinical, toxicological, and epidemiologic evidence
— Epidemiologic evidence for children, especially asthmatics

* Respiratory symptoms and asthma medication use
— Clinical and epidemiologic evidence

 Airway inflammation and oxidative stress
— Large body of toxicological and clinical evidence
— New epidemiologic evidence with parallel findings in asthmatic children

* Increased airway permeability, airways hyperresponsiveness, allergic
responses, and susceptibility to infection
— Large body of clinical and toxicological evidence

» Hospital admissions/ED visits
— Consistent positive associations across endpoints

— Stronger associations during the summer, specifically for
asthma and COPD
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ppb increase in 1-h max O, concentrations.

ISA Figure 6-27



Respiratory Hospital Admissions by Daily
Maximum Ozone Level, Lagged One Day
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California Children’s Health Study

Study of Effects of Long-term Exposures

. Lake Gregory/Arrowhead
g@=_" San Dimas : : ' "
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CHS: Ozone and School Absences

« 20 ppb increase in O, associated with an
83% Increase Iin school absences for acute
respiratory disease (Gilliland et al., 2001)

« Large economic impact of pollution-related
school absences (Hall and Lurmann, 2003)



CHS: Ozone and New-onset Asthma

Low D_ TOoOwWns High D_ TOWnNns
7 i

Sports asthma RR asthma RR
58 1.00 46 1.00

20 1.28 40 1.28
20 0.82 16 1.28
9 0.79 20 331

McConnell et al., 2002



Sensitive Groups for Ozone

People with asthma
Children and older adults

Outdoor workers and people who are active
outdoors

People with reduced intake of certain
nutrients (e.g., vitamins C and E)

People with certain genotypes, related to
oxidative stress



Particle Pollution Disasters

3000

2000
Deaths Smoke

1000

Day of December

Donora, PA at noon on
Oct. 29, 1948

London buses are escorted by
lantern at 10:30 in the morning.




B \
Wood-Burning Stoves Heavy Duty Diesel Engines |

Particle pollution is
a complex mixture
derived from
many sources




Particle Deposition

« Larger particles (> PM,,)
deposit in the upper
respiratory tract

* Inhalable particles (< PM,,)
penetrate into lungs

Some particles (e.g.,
less than 0.1 um) may
enter bloodstream

Particles may react,
accumulate, be cleared
or absorbed



Living in Areas with High Air Pollution Associated with
Shorter Life Expectancy

The N E W E NG LA N D An Association between Air Pollution and Mortality in Six U.S.
Cities
J O U R NA L Uf M E D I C I N E Arde Xiping Xu, John D. Spengler, James H. Ware, Martha E. Fay, Benjamin G. Ferrig, Jr., and

Frank E. Speizer
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Findings Replicated by Large American Study and Others
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from 151
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for traditional
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Findings Replicated by Large American Study and Others
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Strongest Associations For Cardiovascular Endpoints
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Strongest Associations For Cardiovascular Endpoints

Aiojesidsal

J8Yj0 ||V “ '
eZUSNYU| R -# i
‘eluownaud - | _ L
SUORIPUOD palje __ - __
pue 0do0 | —e—y
seseasI ——
Alojelidsay T_I_ bll__
1e|NoSeA F |
-oIpIeD ISYI0 - .
“
sojogelq |
| &
I
1B|NoSeA i

-0iqa18) ; ¢ _

sws/Ainaue ojoe |

‘SIS0JBJOS0IBY)Y 18Y10 | |

asessip

e

aAIsualadAH !

I

}saule oeipie) ‘ainjie} —e _
HeaH selwyAyisiq

aseasip
Jeay olWayos|

@

H@H
sejoqelq shid
Jejnoseaolpie) v

No Effect

Line

[N N T N Y N N (N ) S N S [ O [ N O I N e S N I

American Heart
Association
Learn and Live

Pope C A et al. Circulation 2004;109:71-77



(zsl =1qel ‘voday |3H) ¢
salpns Wdvd Bunelodiooul “y ueisy

(gs18igel ‘Wodsy |3H), ¢ |
salpnis y-—-saipms vdvd

(Zs1 =g ‘podsy |3H) ¢

SaIpnjs g1 UBISY JO MaIASY

Estimates from
meta analysis

from Asian Lit

(£00Z |2 18 1HowQ) ®

sanp asaueder ¢|
(000Z ‘1e1e @=) ®
SO0 UBaIoY /

(z00Z '|e 1o aupa) 1) ® _

S2II0 Youald §

(E00Z '|e 1@ uueinosiey)
saio ueadoing 6Z-51 ‘Z-VIHIY — &

(€002 ‘e 19 191uIwoQ) °
S8l "S'N 004-02 ‘SdVINIIN

(rO0Z THeMYIs)
1an0ss0I0-8SED 'SAN0 S Tl — &
(£00Z '000Z AEMUYS) ®
salo SN 0L

(go0z e RONSO), o

SaII0 UBIWOYED 6
(c00z Biegpoo pue peuing) ° _
S9I)0 UBIpEURD 8 ' _

(£00Z uose pue wwaly)
salw ‘s N9 ®

Estimates from Multicity studies

Changes in PM

(500Z OHYd)
saIpns "Wy une g = _

(5002 | 1@ uosiepuy)
pajsnipe seig uoneolgng Il

(5007 "|e 18 uosiapuy)
paysnipeun

(e00Z ‘zZooz 18 1e gans)
saiprys peseqyo uoy B

(E00Z 'Z00Z 'IE 1@ gans)
saipnis peseq-\yo ———l—

{000z 1e 12 Arva)
S8i0 2

Estimates from
meta analysis

——

~'d wi/bi 0z
Hd w0z

H'Wd w/BT 0z

FNGS w/BT 0z
FdSL w/br oy
S8 Ww/br og

FNd Wb 0z
FINd w0z
H'Wd Wb 0z
'd Wb 0z
- EINd Wb oL
- YINd (w/br oL

- ENd JwyBri oL

~'Wd wybri oz
HNd w0z
L'Wd wyBr oz
F'Wd w/BT 0z
F'd wybBri oz

F'nid wyBri oz

I _ I _ I
o [ -

Small but Consistent Increases in Mortality with Short-Term

Ajjepow u asealoul 9,




CHS: Low FEV, at Age 18 vs. Pollution
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CHS: Lung Function Growth In
Movers
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Living Within 300 Meters of Local
Roadways Affects FEV,

Lung Function
FEV1 (Liters)
R
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Number of Heavy Duty Vehides Per Working Day

Brunekreef et al., 1997



Traffic Exposures

» Traffic exposure linked to respiratory
symptoms in several European studies

« San Francisco bay area study linking
pollution exposures at schools to symptoms
(Kim et al., 2004)

» CHS study of residential NO,, traffic linked
to asthma prevalence, symptoms, and
medication use (Gauderman et al., 2005)



Sensitive Groups for PM

* People with cardiovascular disease

* People with lung disease

* Older adults

* Children

* People of lower socioeconomic status



Air Quality Index

Descriptors Cautionary Statement

Moderate Unusually sensitive individuals
51-100

Unhealthy General public at risk; sensitive
151 - 200 groups at greater risk

Very Unhealthy General public at greater risk;
201 - 300 sensitive groups at greatest risk




Air Quality Index

e Pollutant-specific health effects and cautionary statements
address question “who will be affected”

* Based on health information supporting EPA’s air quality
standards (www.epa.gov/ttn/naaqs)
Dose = Concentration x Ventilation Rate x Time
C - be active outdoors when air quality is better
V - take it easier when active outdoors
T - spend less time being active outdoors

* Pay attention to symptoms

* People with asthma — follow asthma action plan

* Coaches —rotate players frequently

* People with heart disease — check with your doctor
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Forecast Current AQI

AirNow

More Maps

Puerto Rico

Genarated: 2015-07-11 19:32:202
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Highest 5:

About the Highest 5

C San Bernardino M, CA

C San Bernardino-2, CA

Cincinnati. OH

Charlotte, NC
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Today's Forecasts || Tomorrow's Forecasts || Current AQI |

U.S. Embassies and Consulates
Data from air quality monitors at select U.S.
embassies and consulates around the world
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Announi

06/22/16: Wildfire Smoke, A Guide for Public Health
Officials. 2016, now available.

6/14/16: Air Quality Flag Program Spring Challenge
Winners!

more announcements

b Air Quality Basics

Air Quality Index | Ozone | Particle Pollution | Smoke
from fires | What You Can Do

Health
Learning Cente|

E EnviroFlash Email
m Widgets

D Apps
ﬁ Facebook
Webcams
I Videos
@ AirNow on

Google Earth

&J Twitter

Developer Tools

WWW.airnow.gov




AirNow App on Smart Phones

il AT&T 3G 12:58 PM @ 3 88% @

.l AT&T 3G

12:57 PM @ 3 88%

i

EnviroFlash ——

Qeo2t0 @) or €
The Air Quality Index (AQI) for
NW Coastal LA, CA

Today's Today's
Forecast Forecast
9/23/2011 9/23/2011
Pollutant: Pollutant:
PM2.5 OZONE
SR ¢S
Moderate Good

Ac!

Air Quality Index

|
EnviroFlash __/@l

Air Quality What Can You Do?

Index

(For more detailed information,

Levels visit wwwhaimgmioy)

Moderate
(51-100)

Sensitive
Groups

101-150) Jd
spreading mulch, or exercise

Some peojle are unusually
sensitive to air pollution. If you
are one of them, take steps to
reduce prolonged or heavy
exertion outdoors
It's still OK to exercise outdoors,
ut if you're in a sensitive group,
ake steps to reduce prolonged
or heavy exertion. Examples:

eed the garden instead of
oing heavier chores like

p/ake a walk instead of a run:

Health Info



Fires: Current Conditions

Local Air Quality Conditions
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Wildfire Smoke

A Guide for Public Health Officials
Revised May 2016

T.5. Environmental Protection Agency ® 1.5, Forest Service * U.S. Centers for Diseaze Control
znd Prevention * Califormia Air Resources Board

Available on the
Fires: Current Conditions
webpage



Web Courses for Healthcare Providers

Updated ozone web course
PM web course

Online summer 2016

— CDC will offer CME credit to
physicians, nurse and health
educators

— Will contain section on high
PM events

upporting tools

— Medical poster

— 1-page fact sheets
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Ozone and Your Patients' Health
Training for Health Care Providers

)
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around-laval ozor

Desarines the lsinstips cbsariad batueen araund-fvel ozans and ather darss heslth efscs
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Eheir symptoms and how to alleviste

Frequent Questions.
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Ozone and Your Patients’ Health ts designed for family rurse practitioners, asthma educators, and
other medical profeszionals who counsel patiants about asthma, air uoumon or exercise, Patients and their families may 3lso use
this material to leam the science behind czone’s sffect on respiration and how to manage their respiratory health using the Air
ex. CME credit is avadable for the course.

Review Questions
Panent Educaton
Tocks

Course Object

References & Figures es

CME Accreditation Upon completion of this course, you will be able to

Glossary
1. Describe how ozone is formed and where it is found
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Effects of
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School Flag Program and School Activity Guidelines

Air Quality and Outdoor Activity Guidance for Schools

Helps school and community be aware of
daily air quality conditions

Participating schools raise a flag in front
of the school that signals the air pollution
forecast for that day

By comparing the colored flags to the Air
Quality Index (AQl), members of the
school can tell what daily air quality is
forecast to be, and adjust activities to
reduce children’s exposure to air
pollution as needed SEPA==

Why Is Coco Orange?

Coco and his friends solve this mystery as they learn about air qualiey.

We have partnered with CDC on air
quality and outdoor activity guidelines for
schools

We have developed a picture book that
explains AQl and flag program to children




AQI Curriculum for Children and Students

(= Clean Air for Kids - Windows Internet Explorer, provided by EPA

Colorful lessons and games for
children and students

4 It's a Red Day!
You should play outside in the morning
when the Air Quality is better.

Teachers

Air Quality Index Kids Website
Teachers Refarenca

Clean Atrand Dimy Alr
Qn a chear bewszy s air smosdls Sresh azmd claes

Clean air is air thar kas oo pollutezts (& and chezxizals)
it Claan 257 is good for pople o breaths.

G ot dery with no wind, the 2ir can Seal beavy and
Eave » bad smsll. Cmes iz 2 widls, i air caw sven maks
veus chass foel tighe, o make you cough, Dirt a=d
hamaicals shat gat imto the ai maks s air diry o
polluted. Dirty air iz zet goad for poaple 10 broxths.

Direy Asr Can Malee You Sick

Whes the air bax semse dust, soot or chemicals Seasing init, peopls wise ars izvids prokably
wen't natice . Peapls wha e cuiside might

T motced
g gl Y
hnhor-n'nnur
ﬁf

Peopls witk astimnz, a disezse that can maks 2 basd to

beuaths, and children who pley cusside = Lot might sl a litla strange. When yom 25 active
watdonrs, for exampls, when vourun azd foap 2 kot, vou breathe faster and fake iz mom 2.
Ay polintess in te 257 g0 S0 o hmgs.

Whee ha air is very disty, almost evaryoms will notice . Tt would be good Fws could seop
brusthing om thoss drys, bus ]

Howr Cam I'Tell if che Air iz Cleam or Dirn?

— Eirra you ever bean stopped bakizd a muck or abus 2t
Very Linhealthy s trafic light? Wian it starts up, somatimes a pult of dack
\ Eotp: ooy g goolaiprigbiling’ | smutko comnas out of fhe sxkaust pips.

Save Smogq City 2 |
i Usmg an interactive air pollution slmulator to control the air quahty
in Smog City 2, you can see how i cholces,

Save Smog City 2 B . factors, and different types of land use affect air pollution. In Smog
rom Particle Pollution! City 2 you are in charge - so whether your s a healthy or
1 lunhealthy experience depends on the decisions that you make.

Create Your Own

m a City 2 Experience Visitor's Tour Guide

How You Control a Day In Smog City 2




Pollutant-Specific Information

Particle Pollution
and Your Health

& Ozone and
2%’ Your Health

vvvvvv

e

A Guide to Air Qualityand -
Your Health

What Is Particle Pollution?

Are You at Risk?
What Is Ozone?

How Can You Protect Yourself?

AreYou at Risk?

How Can You Protect Yourself?




Public Health Benefits of the AQl

Surveys indicated that 50 to 80% of o e s e
public aware of AQI s
A
— Of those, 50% report taking / %
exposure reduction measures " . ~
People who are susceptible, more w /( /
likely to report takin /
y P g measures, ) £
including older adults, children, _&m’/
and people with heart or lung oA M AN 9Am 1011 oW 1 2w SPU oM oM oP 7o
disease Mansfield et al., 2007
Activity studies provide evidence of A
exposure reduction | Increased asthma HA's on
= | high-O, days with no alert

Health studies provide evidence of
reductions in hospital admissions
and emergency department visits
for asthma due to advisories

T

02

Adjusted Asthma Admissions

Children Ages 5-19

-2

T T
05 = 5 B 2 .25 <)
Ozone (ppm)
Overall

No Alert

Neidell and Kinney 2009



Sensor Concentration # Air Quality Index

Acl

AIR EIIJ.M. ITY INDEX

Concentration

Short term
(e.g. 1 minute)

Data Quality
Unknown

Index Value &
Color

Averaged (e.g.
8-hour, 24-
hour)

Data Quality
Assured
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