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Inversion

Trapped Pollution
Cold Air

* Inversionstrap a dense layer of cold air under a layer of warm air.

 The warm layer acts like a lid, trapping pollutants in the cold air near the valley floor.

 The Wasatch Front valleys and their surrounding mountains act like a bowl, keeping this
cold air in the valleys

* The condition is called an inversion because it is the reverse of a normal air pattern

(i.e., cooler air above, warmer air below). W

Intermountain®
Healthcare



Utah Had The Worst Air In
The World Today —
Here’s What You Need To
Know To Be Safe

KUER 90.1 | By Lexi Peery
Published August 6, 2021 at 5:35 PM MDT
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Outline

* Relationship between exposure to
Particulate matter (PM) pollution
and health outcomes

* Too much bad ozone, not enough
good ozone, and why this affects
health

* The effects of air pollutionon
exercise and exercise performance |

* |ntermountain Healthcare’s Air
Quality and Health program




Airborne PM is categorized by aerodynamic diameter

* Coarse: PM,, Larger than 10 um

— Not considered harmful to airways since they are primarily filtered at
the nasophapryngeal region

* Fine: PM, ; Between 2.5 pm and 10 um
— Considered harmful to health

* Ultrafine: PMO,, , Between 0.5 and 1.0 um

— Not yet recognized by the US Environmental Protection Agency (EPA)
— Are considered to be the most harmful

— High in freshly generated exhaust and can penetrate deep within the
lung
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Adverse Health Effects of PM Exposure

* Respiratory
— Bronchitis, Asthma, COPD exacerbation
* Cardiovascular
— Acute ischemia, Heart failure
* Neurological
— Stroke
— Dementia
Obstetric
— Miscarriage
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Air Pollution and Asthma

e Children > adults

 Poorair quality is associated with increase in
outpatient care, ED visits and hospitalizations!

* |n utero and early life exposure to traffic-related
pollution may increase the likelihood of
clinically significant asthma later in life?

1 To. Environmental Health Perspectives 2013
2 Dong Epidemiology. 2013
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Air Pollution COPD and Chronic Bronchitis

* Exposure to air pollution is associated with an increase in
COPD hospitalizationsand COPD related mortality!?

e Chronic bronchitis (chronic AM cough and sputum
production) is associated with outdoor air pollution?3

— Even among non-smokers

— OR > 2.0 for: living next to a busy road for 30+ years; living
close to a power plant

1 Gan. Am J Respir Crit Care Med. 2013
2 Faustini. Epidemiology. 2012
3 Salameh. Int J Occup Environ Med. 2012
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Coronary Heart Disease

Ischemic Heart Disease Events Triggered by Short-Term
Exposure to Fine Particulate Air Pollution

C. Arden Pope III, PhD; Joseph B. Muhlestein, MD; Heidi T. May, MSPH; Dale G. Renlund, MD;
Jeffrey L. Anderson, MD; Benjamin D. Horne, PhD, MPH

e Evaluate the role of short-term (< 24 hour exposure)
particulate exposure in triggering acute ischemic heart disease
events

e 12,865 patients (drawn from the cardiac catheterization
registry of the Intermountain Heart Collaborative Study) who
lived on the Wasatch Frontin Utah

Circulation. 2006;114:2443-2448 W
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Hypothesis

e Short-term elevated PM exposures
and related inflammation may
contribute to acute complications of
atherosclerosis by increasing the risk
of atherosclerotic plague rupture,
thrombosis, and precipitation of
acute ischemic events.
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Results
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« PM2.5>>PM10
« Exposure to 10 pg/m3 increase in PM2.5 associated with a 4.5%

Increased risk of an acute coronary event (unstable angina or Ml)
« Strongest associations were for concurrent-day exposure
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Clinical Implications

“On the basis of these results, patients with established heart
disease might do well to move to areas with a lower burden of fine
particulate air pollution levels. If moving is not possible, patients
may at least be wise to stay indoors during the more polluted days
and to ensure adequate filtering of their indoor air.”
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What's Bad for the Heart, Is Bad for the Brain
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Air Pollution and Stroke

* Exposure to elevated levels of particulate pollution
and ozone increases the number of stroke events on
subsequent days.

— Especially true in persons with a prior h/o stroke?
— Persons with a greater number of cardiac risk factors?

1 Oudin. Epidemiology 23(3) 2012
2 Henrotin. Heart 96. 2010
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Air pollution

Inflammation

* \ascular constriction
» Hypertension

Air pollutants

Heart
- _ Blood

e & Y
® B R
t . . . '
ePc e e
) * Increased coagulability
* Reduced lung function * Reduced oxygen saturation

* Allergy, COPD * Peripheral thrombosis

—

« Altered cardiac function

* Increased myocardial
ischemia /'
Vasculature / - Cytokines secretion
. « Leukocyte and platelet activation

* Increased acute phase proteins

» Endothelial dysfunction Canc:ar

» Atherosclerosis ORI * Impaired neurotransmitter
- Accelerated progression and e signaling

destabilization of plaque 5 * Autonomic dysregulation

* Direct ge-notoicity
« Mutation
* Defect in DNA repair

* Neuro-degenaration
+ Cerebrovascular ischemia
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Air Pollution and Dementia:
A Systematic Review

Ruth Peters®"*, Nicole Ee, Jean Peters®, Andrew Booth®, Ian Mudway*
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DISCUSSION

Overall, the evidence from longitudinal cohort
studies pointed towards an association between
greater exposure to pollutants, in particular PM s,
NO,/NOy and increased risk of dementia. The evi-
dence for cognitive decline was more equivocal than
that for the dementia outcomes. The pattern was
mixed for O3 with studies reporting positive and

that precedes it. Plausible pathways exist to sup-
port this. It is hypothesized that, when inhaled, the
gas, particles, or material desorbed from the par-
ticle surface act to induce inflammatory responses,
microglial activation, production of reactive oxygen
species, and increased production and deposition of
AP peptides [3, 4, 16, 17, 60—-65]. Furthermore, plau-
sible mechanisms support the potential for inhaled
PM) 5 or the even smaller UltraFine Particulate Mat-
ter <0.1 wm (UFPM) reaching the brain directly via
the olfactory bulb with animal studies finding ultra-
fine particle penetration into the olfactory bulb, the
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"Brain Wellness" Starts Early.....and Often

* Know the AQIl when planning outdoor activities —
especially when performing moderate to vigorous
physical activity Unhealthy

Details >

* For people with underlying conditions — diabetes, high
blood pressure, previous stroke — being aware of the
AQl and making efforts to avoid air pollution is even S
more important ey >

* \What about masks????? UELiiiT o

Salt Lake City, UT
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GeoHealth
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Key Points:
« We developed a framework to
quantify potential health benefits

of wearing a face mask or respirator

during episodes of severe air
pollution
« NO95 respirators offer protection

against wildfire PM, ;, reducing

exposure by more than a factor of 14

and hospitalizations by 22%-39%
+ Natural-fiber (e.g., cotton) masks
offer only minor protection
against wildfire PM, ;, reducing
hospitalizations by only 2%-11%
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in the online version of this article.
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ok
Quantifying the Health Benefits of Face Masks and
Respirators to Mitigate Exposure to Severe Air Pollution

John K. Kodros! 7, Katelyn O'Dell? (', Jonathan M. Samet?, Christian L’'Orange®
Jeffrey R. Pierce? ", and John Volckens'#

'Department of Mechanical Engineering, Colorado State University, Fort Collins, CO, USA, *Department of
Atmospheric Science, Colorado State University, Fort Collins, CO, USA, *Department of Environmental & Occupational
Health, Colorado School of Public Health, Aurora, CO, USA, *Department of Environmental and Radiological Health
Sciences, Colorado State University, Fort Collins, CO, USA

Abstract Familiarity with the use of face coverings to reduce the risk of respiratory disease has
increased during the coronavirus pandemic; however, recommendations for their use outside of the
pandemic remains limited. Here, we develop a modeling framework to quantify the potential health
benefits of wearing a face covering or respirator to mitigate exposure to particulate air pollution. This
framework accounts for the wide range of available face coverings and respirators, fit factors and efficacy,
air pollution characteristics, and exposure-response data. Our modeling shows that N95 respirators

offer robust protection against different sources of particulate matter, reducing exposure by more than a
factor of 14 when worn with a leak rate of 5%. Synthetic-fiber masks offer less protection with a strong
dependence on aerosol size distribution (protection factors ranging from 4.4 to 2.2), while natural-fiber
and surgical masks offer reductions in the exposure of 1.9 and 1.7, respectively. To assess the ability of
face coverings to provide population-level health benefits to wildfire smoke, we perform a case study

for the 2012 Washington state fire season. Our models suggest that although natural-fiber masks offer
minor reductions in respiratory hospitalizations attributable to smoke (2%-11%) due to limited filtration
efficiency, N95 respirators and to a lesser extent surgical and synthetic-fiber masks may lead to notable
reductions in smoke-attributable hospitalizations (22%-39%, 9%-24%, and 7%-18%, respectively). The
filtration efficiency, bypass rate, and compliance rate (fraction of time and population wearing the device)
are the key factors governing exposure reduction potential and health benefits during severe wildfire
smoke events.
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o o o o0 Figure 2. Calculated protection factors for each mask type exposed
Diameter [um] to aerosol size distributions representative of urban (or fossil-fuel

Figure 1. Measurements of mask filtration efficiency as a function of
volume-equivalent diameter. The shaded regions represent one standard rates (Table 1).
deviation in the measurements.

combustion), biomass burning, and dust when assuming default bypass
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Ozone: Good Up High, Bad Nearby

Too little there... Many popular consumer products
like air conditioners and refrigerators involve CFCs
during either manufacture or use. Over time, these
chemicals damage the earth’s protective ozone layer.
30 miles
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Too much here... Cars, trucks, power plants and
factories all emit air pollution that forms ground-

http://www.epa.gov level ozone, a primary component of smog. [nten;,*!,*;m
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Ground level “bad” ozone:

* Created by chemical reactions between oxides
of nitrogen (NOx) and volatile organic
compounds (VOC) in the presence of sunlight

VOCS + No, + Sunlight = Ozone

All other sources

= . =~ lvents :
Motor 3 T st .. Consumer Solvents Industrial/
Vehicles JAalls N T - Commercial/
o G 4 Residential Motor
Fuel Combustion '\ Vehicles

Industrial/
Commercial Utilities
Processes

Sources of VOC Sources of NOx
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Health Consequences of “Bad” Ozone Accumulation

 Worsen bronchitis, COPD, and asthma

* Reduce lung function and inflame lung
tissue

* Repeated exposure may permanently
scar lung tissue

e Because ozone forms in hot weather,
anyone who spends time outdoors in
the summer may be affected,
particularly children, outdoor workers
and people exercising




Health Consequences of “Good” Ozone Depletion

uve

UVA l

uve

Qzone

uUvB

* More cases of skin cancer, cataracts,
and impaired immune systemes.

* Overexposure to UV is believed to be
contributing to the increase in
melanoma.

e Since 1990, the risk of developing
melanoma has more than doubled

http://mww.epa.gov/sunwise/uvandhealth.html lntemﬁ*umam@
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More than 4 in 10 Americans live in places with unhealthy
levels of air pollution.

137 million people
W

American Lung Association State of the Air Report 2022 lntgg?“%ggrtgin”



An athlete running at 70% of maximal oxygen uptake for the length of a
marathon (~3 h) inhales the same volume of air as a sedentary person
would in 2 days.

Atkinson G. Air pollution and exercise.
Sports Exerc Inj. 1997;3:2-8.




During Exercise

e Elevated ventilation rate
carry pollutants deeper

 Switch from nasalto into the lungs and
mouth breathing further’ampllfy the
runner’s dose of
* Increased airflow velocity pollutants.
""""" : | Effect may be worse in

women runners
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Effect of Air Pollution on Marathon Running Performance

* Analyzed the level of pollutants present during the 168 race years.

[Boston, New York, Chicago, Twin Cities, Grandma’s, California
International, and Los Angeles marathons.]

* Rarely exceeded the health limits set by the EPA or the levels known to
affect lung function during exercise in laboratory situations.

* Low levels of PM,, were significantly associated with decrease in
performance for women but not for men.

— For every 10 um/m?3 increase in PM,,, women’s marathon performance
decreased by 1.4%.

Marr L MSSE 42(3) 2010 W
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Great Smoky Mountains National Park has the highest rates of
nitrogen and sulfur pollution of any monitored location in North
America, resulting in park rainfall that is 5 - 10 times more acidic
than normal.

Many trees in the park are dead or dying, and the water is too acidic
to support some native fish.

The park also suffers from among the highest levels of ozone in the
Eastern U.S.

— Since 1990, ozone health limits have been exceeded on more
than 300 days.

— 90% of black cherry trees and milkweed plants in numerous park
locations show symptoms of ozone damage

Average visibility in the park has been cut by about 40% in winter
and 80% in summer, and sometimes less than one mile, meaning
visitors may not even see surrounding mountains.

National Parks Conservation Association




Air pollution, athletic health and performance
at the Olympic Games

{4 . :"'_‘_‘s':'gfa.
For each of these seven Olympic Games, . .“,, :;3);

monitoring AQ was far below current THE JOURNAL OF
SPORTS MEDICINE

acceptable standards and for the majority, AND PHYSICAL FITNESS
minimal or no data on major pollutants was 4y
available. From what can be ascertained, at
these Games, AQ varied but was less than
optimal in most if not all.”

OQP

\7Z
Intermountain’

Fitch, K. J. Sports Med. Phys. Fit. 2015, 56, 922-932. ermount:



Vehicular Air Pollution, Playgrounds, and Youth Athletic Fields
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Environmental exposure to combustion-derived air pollution is associated with
reduced functional capacity in apparently healthy individuals

* Health adults living within 11 km from air quality monitoring
station - 6,612 individuals (4,201 males and 2,411 females)

underwent exercise testing

* Found a statistically significant short- and long-term negative
correlation between exposure to air pollutants, mainly CO and
NO, and between the metabolic equivalents achieved. A
similar short-term effect was found for SO.,.

\2
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Can air pollution negate the health benefits of

cycling and walking?

Examined the risk—benefit balance
between active travel related PA and
exposure to air pollution across a range
of air pollution and PA scenarios.

“Breakeven point” = risk from air
pollution start to out-weigh the benefits
of PA

This study indicates that air pollution
risks will not negate the health benefits
of active travel in urban areas in the
vast majority of settings worldwide.

Even in areas with high background
PM2.5 concentrations, such as 100
ug/m3, up to 1 h 15 min of cycling and
10 h 30 min of walking per day will lead
to net reduction in all-cause mortality

Relative risk of all-cause mortality
o - - -i - b
© - i o w a n

©
@

o©
~

0

PM2.5 background level: 50pg/m®

o

Breakeven point:
beyond this, additional PA will cause
O adverse health effects

Tipping point:
beyond this, additional PA will not lead to higher health benefits

30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600

Cycling (min./day)

Tainio M. Preventive Med 2016 Jun;87:233-36.
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@ ESC European Heart Journal (2021) 42, 2498-2500 EDITORIAL

European Society doi:10.1093/eurheartj/ehab227
of Cardiology

Running in polluted air is a two-edged sword —
physical exercise in low air pollution areas is
cardioprotective but detrimental for the heart
in high air pollution areas

Thomas Miinzel ® **, Omar Hahad ® ", and Andreas Daiber ©® '
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1 International Journal of

s

-3 Environmental Research  |nt. J. Environ. Res. Public Health 2021,18,12928.
WA/ and Public Health

Article

Air Pollutants Reduce the Physical Activity of Professional

Soccer Players

Michat Zacharko 1-*({, Robert Cichowicz 2", Marcin Andrzejewski 3(7, Pawet Chmura 100, Edward Kowalczuk ¢,

Jan Chmura ! and Marek Konefat !
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Figure 1. Differences in total distance covered by soccer players in relation to changes in air quality
categories (mean =+ SE). Differences statistically significant between very good vs. fair p = 0.01, fair
vs. moderate p = 0.01, and moderate vs. poor p = 0.05 (Source: own elaboration).
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Figure 2. Differences in high-intensity effort of soccer players in relation to changes in air quality
categories (mean =+ SE). Differences statistically significant between very good vs. fair p = 0.01 and
fair vs. moderate p = 0.05 (Source: own elaboration).
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FACT SHEET FOR PATIENTS AND FAMILIES

Outdoor Air Quality and Childhood Asthma

Poorair quality is unhealthy for everyol
because they breathe faster, they play o

asthma to develop in a child who did not have
— and can make symptoms come on fag

w az\ NOW

Worse asthma More severe
symptoms  respiratory infections

The Air Quality Index (AQI) is:
You can find it on the Internet

AjrNow.gov. It's also reports
in local news source

When AQl is: A

1-50
|___GOOD

51-100 Oy

Limit time o
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151-200

201-300
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FACT SHEET FOR PATIENTS AND FAMILIES
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Outdoor Air Quality and Adult Asthma

Poor air quality is unhealthy for everyone, but especially for people with asthma. Poor air quality can be a trigger for
your asthma — and can make symiptoms come
sensitive groups should take action, this in

FACT SHEET FOR PATIENTS AND FAMILIES

NOW

RO

Waorse asthma More severe Mor
symptoms  respiratory infections work

Outdoor Air Quality «

Poor air quality is unhealthy for everyone, but especially for g
coronary artery disease. The recommendations below relate to

The Air Quality Index (AQ1) is a) your specific health condition for how much you exercise. For

“You can find it on the Intemet at

AirNow.gow. It's also reported NOW
in local news sources: b, fl
o [ )i 1
| @ B D
When AQl is: A L .
Shortnes of Chest pain Heart attack More |
breath emer|
1-50
m The Air Quality Index (AQI) is a number for repa
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Outdoor Air Quality and Stroke

Poor air quality is y for everyone, but for older adults and people at risk for stroke.
I you have had a stroke in the past, poor air quality can make you more likely to have another one.

For people at risk for stroke, poor air quality can cause:

NOwW LONG TERM

frosri |
@ % — | St
]
Stroke Heart attack More hospital and
emergency visits

Greater risk of stroke, blood dots,
heart attack, and early death

The Air Quality Index (AQI) is a number for reporting how dean or unhealthy your air is every day.
You can find it on the Internet at

- . {e0)
AirMow.gov. It's also reported D @ G@ E
in local news sources: d g

When AQI is: A person at risk for stroke should:
1-50 _zt Enjoy wsual
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i you have symptoms, stay indoors
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When AQI is: People sensitive to ozone should:

(These include children, older adults, people with asthma or
other lung diseases, and people working or exercising outdoors)

wady P
:.: Q _
1—50 2<% Enjoy usual 5]
m outdoor activities :’4

A
~‘ N Consider reducing outdoor exercise —

>

51-100 T ® not as long, not as hard, not in afternoon

Whenever
possible,
: s . don’t
~ UNHEALTHY Plan outdoor exercise
for sensitive . afCﬁVities outdoors in
groups | | before noon 3 |
Reduce | or after 6 PM o srCare]
or avoid — when
1 51 _200 outdoor | ozone levels .
: are lower Moving

even a few
blocks away |
can help

p , ) exercise
. UNHEALTHY ]

Avoid all
B outdoor
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Care Process Model SEPTEMEER 2015

tdoor Air Quality and Health

September 2015

The J’LirQuiliz}'mﬂ Healih Team, under the guiﬂir.n:: of Intermouniain LiYe Well and the Office of the Su.sui:rubiliz}', d:\duped
this care process model (CPM) to provide evidence-based puidelines on the health effects of air quality. It is primarily intended
e |'.|:|P Pmﬁﬂ:r: counsel [patients about outdoar Fh:.r:'u::] :n:ti:ri:ywh:n air -Tu.a|i:}' is poor. This CPM is based on guiddinu from

the UL5. Environmental Protection Agency, current research on air quality and bealth, and advice from Intermountain experes.

» Why Focus on OUTDOOR AIR QUALITY?

» WHAT'S INSIDE

= Everyone is affected. Air qualisy affects the entire lation we care HEALTH EFFECTS OF
) = o POOR AIR QUALITY ..............3
ﬁr. ﬂ.“ Fm“dﬂ“ nEEd o km hﬂw o mml Pﬂlxms on hw o :I'E'PDI'H.I.
Because Exposure o PcUu(:d air cannot be measured in the individual COUNSELING PATIENTS. ..........4
. . ; - Pregnamtwomen_ .. ... .. ... a4
patient, it is usually not apparent as a contributor to acute and chronic health Very young - -
mnr..lil:.i.ccru. The World Health Organization {WH‘:.'] :nima:l:u. however, :'—.1: Children with asthma ... 4
2 million premature deaths may be attributable to air pollution each pear™ Peapl: exercising or
. . . L . . working outdoors .. ... oLl 4
* A high proportion of Utah's population is at risk. People at increased Adults with ssthee c
risk for adverse health outcomes from CEPOSITE b0 poo air include children, Adults with lung disease g
the elderly, and people with existing asthma, lung disease, cardicvascular Adults with cardiovasoular conditions. . §
disease, and stroke. One-third of Utah’s population is either 18 and under Adults with newological conditiors . .. 5
or 65 and older; about 230,000 have asthma; and nearly 500,000 have AIR QUALITY AND LOCATION. .....6
cardiovascular disase. THE AIR QUALITY INDEX. _........7
= Utah's air can be especially bad. The American Lung Association's il e e v
Stare of the Air 2005 report ranked the Salt Lake Gt:r—]"mvn-ﬂ:rm area as RESOURCES. .......oovnuinan.nB
the 7th worse in the ULS. for short-term spikes in particle pollution, a regular w edducation resources ... ... &
occurrence during wintertime temperature inversions. Lopan was ranked Sth. 4 S T e o cee oo conee e
Orther helpful resources ... ... ... B
= Clea r, ulrjecliue evidence can aid healthcare vaiﬂ:r: im cnumd.ing ]:utizms. } GGAI_S
This CPM Fmviﬂ:: evidence-based recommendations, z.dtnmvlmdgu Eaps
The goals of this CPM are to

in our carrent und:rs:ul.dinga’l":h: health effects of air Po]lutinn. and |'.|=|Ps
dinicians better understand susc\q_:niH: groups for whom a more precautionary
approach may be advised.

= Improve chinldans” imowledge of the Impact

of air quzlity on heshth cutcomes.

+ Help chiniclans prowide evidence-based
recommendations to their patients.

Intermountain:
Healthcare

Outdoor Air Quality

and Health

Care Process Model
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Care Process Model SEPTEMEBER 2015

OutdoorAn[}uahty s

September 2015

The Air Qu.allr‘v and Health Team, under the guiﬂim: of Intermountain LiVe Well and the OMfice of the &uuim‘bilir‘v. dnﬂupe:]
this care process model {CI'M) to pmvid: evidence-based guiddinﬁ on the health effeces of air qua]it:.r. It is ];!ri.nuﬁh' intended

(] bdp Fmﬁd:rsmusd paticnes about cutdoar ph:.rs'u:a] i.!_‘ti.'l’i.l.“h'\ﬁhm air 1[|.|.1|i|:_|.' is poor. This CP'M is based on guidd'mu from
the UL5. Environmental Protection .ﬁ.gcr.v:)r current research on air qui]i‘t:.r and health, and advice from Intermountzin EXperis.

» WHAT'S INSIDE

» Why Focus on OUTDOOR AIR QUALITY? POLLUTANTS ........oooooe... . 2
= Ewve is affected. Air quality affects the entire lation we care HEALTH EFFECTS OF
for. z‘ln::mriﬂers need to know how to counsel Pﬂtiem how to respond. POOR AR QUALITY.......oooenee 3
Because exposure to polluted air cannot be measured in the individual FUUHSEUHE PATIENTS. . _........ "-
GO gle intermountain healthcare outdoor air quality and health care process model X § Q
Q Al [ Images [E News ¢ Shopping [»] Videos : More Tools

About 248,000 results (0.54 seconds)

https://intermountainhealthcare.org » Dcmnt pDF :

Outdoor Air Quality and Health - Intermountain Healthcare

Sep 3, 2015 — The Air Quality and Health Team, under the guidance of Intermountain ... this care
process model (CPM) to provide evidence-based guidelines ...
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» POLLUTANTS

The table below lists “criteria pollutants,” or pollutants with national air quality standards that define allowable concentrations in
ambient air. Click on each pollutant name to link to more detailed information from the UL5. Environmental Protection Agency.

Sources: Vehick exhaust, fuel-burning applances jwood stoves, gas | disease, anemia, and COPD.™ Large quantities of CO Inhubit the
waler heaters, gas stoves, Impropery used generators In enciosed
speces, unvented gas or kerosene heaters), cars idiing In endiosed

spaces, and smolking.

Pollutant | What it is Mechanisms of harm and populations at risk
Particulate | Particulate mattes (FM) Is 3 complex: mixture of particles and liquid Particle size and compaosition Influence the toxicty of PM.
matter droplets of varied comstituents, Inchuding acds, ceganic chemicals, — “
metaks, soil, znd dust. PM Is categorized by size, which In tum P, s gravty o settie n the Py
{PM) d heslth =i nasal or oral caveties, phanyny, lanyn, { |
st e and upper trachea and relies on M h {-'
- PM, —aseparty _ - : -
roadways, agriculture, s
2o ey | POllUtant | What it is
: ﬁgﬂ“ﬁﬁ Particulate | Particulate matter (PM) is a complex mixture of particles and liquid
condensation of high' | pnatter droplets of varied constituents, including acids, organic chemicals,
- M, —ureinegar | (D) metals, soil, and dust. PM is categorized by size, which in turn
than 1.0 ym In diamet dictates health effects.
espedaly those powe
Sources: Human 2nd n « PM,, — coarse particles, such as those found in the dust of
Indisstrizl processes, agi d icul . . d b
and fossi fuek, cansan roadways, agriculture, or construction sites, and are between
wind enaslon, nd wikdf 2.5 pm (micrometers) and 10 pm in diameter.

« PM,  — fine particles, such as those found in smoke and haze,
are less than 2.5 pm in diameter. These are formed from gas and
condensation of high temperature vapors during combustion.

Ground- Goound-level azone {0}
level opope | o smog. (Atmasphesic ¢ * PM, , — ultrafine particles, a subset of fine particles, are less
0 Geound-level azone s o I . . .
(o) niogen auces (N0, = than ‘!.0 pm in diameter. The I?adlng source is motor vehicles,
presence of sunlight. |13 especially those powered by diesel engines.
later In the day. In hagh
Valley and Uintah Basin| Sources: Human and natural activities, including vehicle emissions,
;E;:‘."f"“’” industrial processes, agricultural operations, combustion of wood
Eommeec Rniiaeal and fossil fuels, construction activities, road dust, windblown dust,
motor vehicks eshaust, ¢ wind erosion, and wildfires.
Sulfur 50, reacts with cther o
dioxide Sources: Vehic emiss
(50,)
Nitrogen | MO, contribuses to the
oxides Sources: Emissions of motor
(ND,) and ather sources that bum fossl fueks. B
Populations at greatest risk: people with asthma, children,
and plder adisits.
Carbon 0I5 & towic gas that ks oolorless, odorless, and tasteless. In addition | 0D exposure Inftiates pulmonary and systemic oxidative stress,
monoxide | tothe conditions desoribed at right, it can cause sudden lness leading o a cascade of physiological responses that can instigate
ico) or death. ardiovasoular events such as congestive heart failure, cerebimvasculas

abllity of hemoglobin to deliver coygen to the body.
Populations at greatest risk: peogle with cardiovasoular dlseass
or lung disease, pregrant women and thelr fetuses, and young infants.

D205 INTERMOUNTAN HEALTHCARE. ALL RIGHTS RESERWED

Mechanisms of harm and populations at risk

Particle size and composition influence the toxicity of PM.
PM,g uses gravitlf 7[0 settle in the - T
nasal or oral cavities, pharynx, larynx, ) \
and upper trachea and relies on

PP PM,, /

mucociliary clearance for removal. N

PM, . deposits on the surface of
epithelial cells in the bronchioles and
alveoli, and are phagocytosed by
alveolar macrophages.

PM, - g ‘\

PM 10/ ? !.
"I ‘ II|

PM, ; deposition depends largelyon . [ i'
diffusion and may have unique effects
because of translocation into the
bloodstream, with transport to ather
organs, including the heart and brain.

Particle size determines
level of deposition.

Both PM,, and PM,  have been implicated in inducing pulmonary
and systemic inflammation and oxidative stress, and may be
associated with various cardiovascular endpoints, including vascular
and endothelial dysfunction, alterations in heart rate variability,
coagulation, and cardiac autonomic function.

Populations at greatest risk: people with heart or lung disease,
previous stroke, older adults, and children.
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» HEALTH EFFECTS OF POOR AIR QUALITY

TABLE 1. Health effects of poor air

T r——— : At |

« PM s assodatad with changes In heart rate
variability, biood pressure, vascular tone,

» PM exposure may accelesate the progression of
athesosclerasts. Many of these effects are mediated

biood coagulability, and destabiization and through proinflammatory pathways and the
rupture of existing coronary artery plague. ™ generation of reactive axygen spedes.®
« CO reduces the axygen-cammying capachty of
the biood.
Lungs

« PM is associated with significant inflammatory
response even in healthy controls, and
with increased asthma symptoms in those
with asthma

« Ozone is associated with decreased lung
function and inflamed lung tissue, leading to
neural shortness of breath, chest pain, cough,
throat irritation, and congestion.

BEgR55 852

» NO, is associated with airway inflammation in
people with and without asthma.

RES4E

Parkinson’s disease ®0

= PM has been assoclated with Insidicus effects on
structural brain aging, even in dementia-free and
stroke-free persons ™

« Systemic effiects known to Impect lung and
cardiovascular disaase ako Impinge on central plaque
nervous system health =

Pregnancy, infant, young child
» Researchers suspect that lung Inflammation » PM expasure Is assodated with premature delivery
Initiztes 3 biochemical resporse that may cause and low birth weight ™
placental Insufficency.™ = Maternal PM exposure during pregnancy may
« High levels of PM or CO dusing pregnancy contribute to higher rates of Infant mortality ™

may Interfere with placental development and
subsequent axygen and nutrient delvery to
the fetus.
« CO complicates the delivery of cxygen to the
developing fetus @

« Children are at greatest sk from ozone expasure,
as thelr lungs are still developing and they are
mose likely 10 be active outdoors when ozone
levels are high ™

» PM exposure is associated with pulmonary
inflammation, airway obstruction, and increased
susceptibility to respiratory infection and sensitivity
to allergens, increased childhood wheeze > and
asthma development.** It is also associated with
increased risk of lung cancer**

» In children, repeated short-term ozone exposure
damages developing lungs and may lead to
reduced lung function in adulthood.

» In adults, ozone exposure may permanently scar
lung tissue and accelerate the natural decline
in lung function that occurs with age.™

x\v};
Intermountain®
Healthcare



QUTDOOR AIR QUALITY AND HEALTH

SEFTEMBER 2015

SEFTEMEER 2015

OUTDOOR AIR QUALITY AND HEALTH

AVOIDING OR
REDUCING EXPOSURE

The factors listed below Inorease health
Tk from poar zir. Most recommended
patient courselling revohes amund
these ssues.

= Prolonged exertion & cutdoor
actwity, elther continued of Intermitient,
ower several hours that cases
a person to breathe harder than
nomal. Examples indude working
In the yard for part of the day, doing
outtoor work, or prolonged exerdse.

- Counsel patients o reduce acthity
time or schedule acthity early in the
day when palition i less.

= Heavy exertion. nense ouldoor

actvity that causes a parson to

breathe hard.

- Counsel patients o exprise indoors,
early in the day, or 2t an aknude
abowe the Inversion.

Inreased poliution levels.

Ambient zir poliution 15 generally worse:

nezr roads with heavy traffic and during

ommirte hours, when more wehicles are
on the road.

- Counsel patients i avoid expoere
10 outdoor 3k near heavy road traffic
whenever peesible, 2nd to schedule
ouidoor activitles early in the day =

Individual susceptibility. Patients

should be taught bo pay attention to

how they feel and lezm their personal
senshtivity o each risk level of the

AF Qualty Index (seapage 7.

- Counsel patients to pay attentian
10 places and sihustions that Induce
reactions. Peaple who experience
any szl coughing, chest
discomion, wheesing, breathing
difficulty, or unusual fatigue should
reduce their activity level or move
Inside. Perststent sympioms should
prompt medical attention.

WHAT WE DON'T KNOW

Expasure to poor quzlity 2 varies
greatly among Indhiduaks. We don't
know enouh to be able to provide
detalled advice on sl

= Duration of exposure

= Chronidity of exposure

= Intensiy of activity

4

b COUNSELLING PATIENTS

Poor quality air can affect all people, but certain populations are at increased risk.

The puidelines outlined below are desipned to help providers recommend reasonable
safety precauntions without causing undue alarm. The handowts pictured in exch section
provide guidance for patients. See page 8 for ordering instructions.

Pragnant women and developing fetuses
What we know: Frenzial exposure to high levels of palluted ar czn Increase the risk of preterm birth,
Intrauterine geowith retandation IUGRL, and low birth welght (LEW).2= Women exposed to high lesels of ozone
during the second and third rimesters are at particular rsk for KGR ™ In wieon and early b exposme
to traffic-relzted pallution may Inoease the lkelihood of dinically significant asthma later in Iife™=
What remains unclear: Existing evidence does not allow precisz identiication of specfic
poilutznts and timing of expasure that can result In birth defects == & recent study found
that higher maternal expasure to P, , during pregnancy, in particular the third trimester, was
associated with greater odds of having a child with autism spectum disarder. = Further study
15 needed befiee this assodztion can be confimed.
What to da: Counsel patlents to adjust acthity or stay indoors during Inversions and other
perinds of kigh A, and to quit smoking. Give the padant fact sheaf.
Very young children
What we: kenow: Young chldren are especizlly wainerable due to angaing lung deselopment, Incomplets
metzbolic systems, Immature host defenses, and acthvity patierns that bead to higher exposre ==
Chronic exposure 1o 2 palistion may Inoezss the rik of respiratony Infections. ==
= mbient 2ir poflution |s assocated with increased upper and lower respiratory sympioms, reduced lung

growth rates and kong function, agoravation of asthma, and increased cough and bronchits ==
= Children with undestying chroric lung diseases, particulary asthma and oystic fiteosk,

ae espedally wulnerable Gter in childhood ==
What remains unclear: Existing evidence does not show whether there 15 an Inrezsed rei
of allengic sersitization I otherwise healthy children.
What to da: Counsel parents to keep very young dldren indoors during irversions and other
periods of high ACH. Give the paent fct sheet.

Children with asthma

What we: know: The effect of pocr air quallty on asthma Is greater In children than adults due to ongoing

development of lungs, brain, and Immune sysiems.

= Shiort-term exposure k associated with exacerbation of exlsting asthme; Inoeased severty of respiratony
symphoms; Increzsed use of outpatient care, emesgency department wisits, 2nd hospitalizations. ™=

= Long-term exposure ks associzied with development of new asthma™; possible delay of lung
development™; Repeated short-ferm azane damage to may lead to reduced hung fanction in adulthoed.™

What remains unclear: Existing evidence does not show which element of poliution

Is most respansitle, ar whether day-by-day prevention Is possible.

What to de: Mznage acute exacerbations triggered by ar pollution dinically In the same

manner a5 those iriggesed by ather factors. Counssl patients io follow their asthma action

plan, adhera to medications, and 10 avold pleyingtexercking ouidoors when A% k Righ.

Give the pafent Bt sheat

People exercising or working outdoors

Whiat we: kevowr: During exerdse, elevated ventilztion rate, mouth breathing, and increased airflow velocty

2y pollsiants desper Into the lungs and amplify the dose of pollutants. The effiect may be worse In women, =

= People exercking may be at partiouar risk of ceone exposure, due io heavier exsrtion In summer.

= The benefits of ecercse outweigh the risks. indwiduals should change location or timing of exerndse, not quit

What remains unclear: It ks not dear how much exposwre k 2 danger, or bow long 2 person

needs to be exposed. Further resezrch bs needed to better understand the role of PM and athliste

performance an respiratory and cardicvastular disezse ™

What to da: Counsel patients to adjust acthity and exercie indoors when possible.

Give the papent et sheer

03015 INTEAM CUNTAN HEAITHTARE. ALL BEGHTS RESERVED

Adults with asthma

What we know:
= Short-ferm exposure ks assocated with exaterbation of presxiting asthma; increased susceptibilty to allergens™;
reduced lung fumction and arway inflammation=; and ncreased wse of asthma-related health senvices =
Fatients with zsthma have Inreased sensithity to ozone, even at low levek of exposure ™=

= Long-1erm exposure s assodated with development of new asthma*; aceleration of age-related dedine n
lung function.

‘What remains unclear: Exising evidences does not show which elements of paliution are most

responsible, or whether day-by-day prevention & possible.

‘What to do: Manage aoute exacerhations riggened by ar polution chnically in the same manner

& those triggened by other factors. Counsel patients to foliow therr asthma action plan, adhere to

medicatiors (especially when A0 ks high), adjust acifvity, and quit smoking. Give the pelient fctshee,

Adults with lung disease (COPD, chronic bronchitis)

What we know:
= Short-term exposure s Inked to meacerbation of pressisting disease; increased coughing and wheesng, noease in
(COPD haspitalizations and COPD-related mortaliy ™ Ambient ar polition, incuding raffic-related fine P and
wood smoke, ks assodated with increased risk of COPDF and chronic brondhitls ™
= COPD patients are especially susceptible to PAM,, and MO,

‘What remains unclear: Umited data exist In examining the relationship betwesn air pollution

exposure, physical activety, and resultant respiratory disease.

‘What to do: Manage aoute exacerhations triggened by ar poliution chinically in the same manner as

thise triggened by ather factors. Couresd patients to adhere i medications (especially during periods of

Irersian), to adjust acthdty, and 1o quit smoking. Gie the patient fad sheat

Adults with existing cardiovascular conditions (CAD, CHF, unstable angina)

What we know:
= Short-ferm exposure to poor alr s Inked o exacerbation of preexisting heart dis=ase, increased hospitallztion, and
mortality due o candovasndlar disease, esperially in persons with congestive heart faslure, frequent amhythmizs,

or bath ==
= Short-ierm elevated PM expasures and relaied inflammation may coniribute to aoute lschemic events by Inceasing
the risk of plaque nupture and thromisosts ™ Exposure to particulate s polirfion may play a mie in precipitating
heart falkore symptoms In otherwese well-managed patients =
» Long-term exposure to 2ir polutanis (espectally PM, ,, suifte particles, and 50,) has been linked to death
from cardiovesmular disease. There also appesrs to be an assodation between cardiopulmonzry moraltty and
summertime orone. Alr pollution i asocizied with both ischemic and nonischemic candiovasoular evenits. ™
‘What remains undlear: Limiied data exist In examining the relationship between air pollution
exposure, physical activity, and new orset cardiovascular disease.
‘What to do: Manage aoste exacerbations triggened by ar pallution cinically In the same manner as
those miggered by ather Eactors. Counsel patiems to adhens to medications (sspecially when 401 s high,
o adjust acthity, and 1o guit smeking. Gie the patient fact sheet.

Adults with existing neurological conditions (stroke, TIA)

What we know:

= Short-jerm exposure to elevated levels of partiouiate matier and arone Inceases the number of chemic
cerebtwasmlarmmmsmseqmtdq's,apemmnpmmulthpnnrhtsmafmnh"am‘l candiac i
factors. ™ Recent P, , 2nd ooone exposure has been assodated with strokeIA risk even In 2 community with
redatively low poliutant levels w

= Long-erm, chronic expasure o alr polkotion & ako assodated with Increased nisk of smoke. The zssodation s
stromger for fatal than noniatal stroe, and stromges for schemic than hemorrhagic stroke =

‘What remains unclear: The pattways for such an Inoreased susceptibility are uninown.

‘What to do: Manage aoute exacerhations riggesed by ar polution chnically in the same manner as

those triggered by ather factors. Counsel patients to adhere to medications (especially when 01 s highl,

‘o adjust acthity, 2nd 10 quit smoking. Give the patient fct sheet

B0 INTERMAOURTAN HEALTHCARE. AlL RIGHTS RESERVED:

KEY
RECOMMENDATIONS
= Guldance related to alr
pollution exposure should not
disoourage physical actvity,
except for thess with known
cardiopulmaonary dissase.

» Coursel patients o adjust
actvity andior exertise
Indoars 2 recommended in
patient handout.

= Gzhve patient fact sheet at
wislt. To pre-order color
oples of fact sheets, see
Instructions on page 8.

OLDER ADULTS ARE
ALS0 AT GREATER RISK
Obder atults are considered to

be partinalariy susceptible to
shart-berm risk. This may be due in
the fact that they are more lkely to
have undiagnosed candiovasculzr
of respiraiony conditions.
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» COUNSELLING PATIENTS

Poor quality air can affect all people, but certain populations are at increased risk.

The guidelines outlined below are designed to help providers recommend reasonable
safety precautions without causing undue alarm. The handouts pictured in each section
provide guidance for patients. See page 8 for ordering instructions.

Pregnant women and developing fetuses

4 What we knuw ¥natal exposure to high levels of polluted air can increase the risk of preterm birth,

E retardation (IUGR), and low birth weight (LBW).*+* Women exposed to high levels of
dunng the semnd and third trimesters are at particular risk for IUGR.#2 In utero and early life exposure
0 mretedeaspallution may increase the likelihood of clinically significant asthma later in life.2o

(_What remains unclear:: isting evidence does not allow precise identification of specific
pollutanTe am g of exposure that can result in birth defects." A recent study found
that higher maternal exposure to PM, . during pregnancy, in particular the third trimester, was
associated with greater odds of having a child with autism spectrum disorder.® Further study
is peeded before this association can be confirmed.

(| What to do: Qpunsel patients to adjust activity or stay indoors during inversions and other
TereefTOh AQI, and to quit smoking. Give the patient fact sheet.

Very young children

What we know: Young children are espedially vulnerable due to ongoing lung development, incomplete
metabolic systems, immature host defenses, and activity patterns that lead to higher exposure.*°
Chronic exposure to air pollution may increase the risk of respiratory infections."*

« Ambient air pollution is associated with increased upper and lower respiratory symptoms, reduced lung
growth rates and lung function, aggravation of asthma, and increased cough and bronchitis."*

« Children with underlying chronic lung diseases, particularly asthma and cystic fibrosis,
are especially vulnerable later in childhood."°

What remains unclear: Existing evidence does not show whether there is an increased risk
of allergic sensitization in otherwise healthy children.

What to do: Counsel parents to keep very young children indoors during inversions and other
periods of high AQI. Give the patient fact sheet.
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Idle-Free Campaign at Intermountain Hospitals

Please

Turn Off Your
En gine

THIS IS AN IDLE-FREE CAMPUS

[dle-Free Area
Be Idle Free Clean Air Is Best

A Minute or Less Is Best

Helping People Live
the Healthiest Lives

Hu}w ng Peo p le Live
the Healthiest Lives
f“':'rnf t’.?! e

Helping People Live
the Healthiest Lives
Possible

Possible

Intermountain
McKay-Dee Hozpital
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You two need to go
Inside and get some
fresh air

Thank You Liz.Joy@imail.org Intermntain

Healthcare
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