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Inversion

• Inversions trap 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).
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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 pollution on 
exercise and exercise performance

• Intermountain Healthcare’s Air 
Quality and Health program



Airborne PM is categorized by aerodynamic diameter

• Coarse: PM10 Larger than 10 μm 
– Not considered harmful to airways since they are primarily filtered at 

the nasophapryngeal region

• Fine: PM2.5 Between 2.5 μm and 10 μm 
– Considered harmful to health

• Ultrafine: PM0.1-1.0 Between 0.5 and 1.0 μm
– 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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FINE

COARSE

ULTRAFINE



Adverse Health Effects of PM Exposure

• Respiratory

– Bronchitis, Asthma, COPD exacerbation

• Cardiovascular

– Acute ischemia, Heart failure

• Neurological

– Stroke

– Dementia

• Obstetric

– Miscarriage



Air Pollution and Asthma

• Children > adults

• Poor air quality is associated with increase in 
outpatient care, ED visits and hospitalizations1

• In utero and early life exposure to traffic-related 
pollution may increase the likelihood of 
clinically significant asthma later in life2

1 To. Environmental Health Perspectives 2013 

2 Dong Epidemiology. 2013



Air Pollution COPD and Chronic Bronchitis

• Exposure to air pollution is associated with an increase in 
COPD hospitalizations and COPD related mortality1,2 

• Chronic bronchitis (chronic AM cough and sputum 
production) is associated with outdoor air pollution3

– 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



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

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

Circulation. 2006;114:2443-2448



Hypothesis

• Short-term elevated PM exposures 
and related inflammation may 
contribute to acute complications of 
atherosclerosis by increasing the risk 
of atherosclerotic plaque rupture, 
thrombosis, and precipitation of 
acute ischemic events. 



Results

• PM2.5 >> PM10

• Exposure to 10 μg/m3 increase in PM2.5 associated with a 4.5% 

increased risk of an acute coronary event (unstable angina or MI)

• Strongest associations were for concurrent-day exposure



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.”



What's Bad for the Heart, Is Bad for the Brain



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 stroke1

– Persons with a greater number of cardiac risk factors2

1 Oudin. Epidemiology 23(3) 2012

2 Henrotin. Heart 96. 2010



Air pollution

Inflammation





"Brain Wellness" Starts Early.....and Often

• Know the AQI when planning outdoor activities –
especially when performing moderate to vigorous 
physical activity

• For people with underlying conditions – diabetes, high 
blood pressure, previous stroke – being aware of the 
AQI and making efforts to avoid air pollution is even 
more important

• What about masks?????

Salt Lake City, UT



Yes

Maybe

No



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.

Too much here... Cars, trucks, power plants and 

factories all emit air pollution that forms ground-

level ozone, a primary component of smog.

Ozone: Good Up High, Bad Nearby

http://www.epa.gov



Ground level “bad” ozone:
• Created by chemical reactions between oxides 

of nitrogen (NOx) and volatile organic 
compounds (VOC) in the presence of sunlight

VOCS + Nox + Sunlight = Ozone



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

• 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

• More cases of skin cancer, cataracts, 
and impaired immune systems. 

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

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

http://www.epa.gov/sunwise/uvandhealth.html



137 million people

American Lung Association State of the Air Report 2022



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

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.



• Elevated ventilation rate  

• Switch from nasal to 
mouth breathing

• Increased airflow velocity

carry pollutants deeper 
into the lungs and 
further amplify the 
runner’s dose of 
pollutants.

Effect may be worse in 
women runners

During Exercise



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 PM10 were significantly associated with decrease in 
performance for women but not for men.
– For every 10 μm/m3 increase in PM10, women’s marathon performance 

decreased by 1.4%. 

Marr L MSSE 42(3) 2010





• 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

“For each of these seven Olympic Games, 
monitoring AQ was far below current 
acceptable standards and for the majority, 
minimal or no data on major pollutants was 
available. From what can be ascertained, at 
these Games, AQ varied but was less than 
optimal in most if not all.”

Fitch, K. J. Sports Med. Phys. Fit. 2015, 56, 922–932.



Vehicular Air Pollution, Playgrounds, and Youth Athletic Fields

Rundell K, et al. Inhalation Toxicology 2006



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 
NO2 and between the metabolic equivalents achieved. A 
similar short-term effect was found for SO2.

Steinvil A. Clin Res Cardiol. 2013 



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 
μg/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

Tainio M. Preventive Med 2016 Jun;87:233-36.





Int. J. Environ. Res. Public Health 2021,18,12928.



Bottom Line
• Health risk from air pollution exposure is determined by a combination of 

time and location of activity, duration and intensity of activity, and individual 
susceptibility and differs for short- and long-term exposure.

• Guidance related to air pollution exposure should discourage physical activity 
for those with known cardiopulmonary disease, cerebrovascular disease, 
pregnancy, and early childhood

• Modest doses of PM commonly found throughout much of the world do not 
appear to pose a serious or life-threatening risk among populations 
without pre-existing cardiovascular or pulmonary conditions
– However, expanding body of evidence that demonstrates a negative 

impact of air pollution on measures of health for otherwise healthy 
individuals

• Should be synchronization between the Physical Activity Guidelines and the 
US Air Quality Index, particularly in regard to susceptible populations.
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and Health 
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Idle-Free Campaign at Intermountain Hospitals



You two need to go 

inside and get some 

fresh air

Thank You Liz.Joy@imail.org
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