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Northern Utah's Air Worst in Nation

Source: ksl.com, January 11th, 2010 @ 4:41pm

SALT LAKE CITY -- Northern Utah currently boasts the 
worst air in the nation, and it's not even a close margin. 
Sunday, Salt Lake City's air quality index was 142 
compared to San Francisco's 67 and Las Vegas' 23. 

Presenter
Presentation Notes
Steve…The way that made the most sense to order the talk was for me to start so I thought I could introduce with this slide as a teaser and then have you come back to it later when you do your slides.I will say something like this:Before we get into the meat of this talk, Dr. Packham and I thought it would be useful to open with a glimpse of how the media portrays air quality in Utah.  This report appeared last January during one of our bad temperature inversions where yes, indeed, we did have the worst air quality in the nation…on that day.  But what do these numbers mean?  How do we put this in perspective with air quality during other times of the year or in comparison to other parts of the country?  And more importantly, what does this mean for our asthmatic patients?  How do we use this information to improve their asthma management?  Later on in the talk, Dr. Packham will bring us back to this slide and give you the tools to understand not only what these numbers mean but to use them to help improve the care of our patients with asthma.  



Objectives
Explain the types of outdoor air pollution and how they impact 
asthma.
Describe the role of air pollutants as pro-inflammatory 
mediators in the pathogenesis of asthma.
Describe and quantify outdoor air pollution in Utah and evaluate 
how Utah compares nationally.
Explain how outdoor air pollution is monitored and reported in 
Utah and nationally.
Provide health care professionals with a tool to help identify 
environmental triggers of asthma in their routine practice.
Describe how to use the hourly reporting of air quality data to 
better understand the predictable nature of air pollution.
Teach health care professionals how to easily incorporate the 
predictability of air pollution episodes into asthma management.

Presenter
Presentation Notes
These are the objectives we hope to accomplish during this talk…In the end we would like you to come away with the understanding that poor air quality episodes are predictable and just like with other asthma triggers, we need to figure out how to to either avoid the exposure altogether or how to optimize asthma control during those periods of time when we know air quality is deteriorating.



Key Air Pollutants of 
Significant Health Concern

• National Ambient Air Quality 
Standards (NAAQS) for 6 air pollutants
– Particulate Matter
– Ozone
– Carbon monoxide
– Sulfur oxides
– Nitrogen oxides
– Lead

• Hazardous Air Pollutants (HAPs)

Presenter
Presentation Notes
So first let’s talk a look at what the key air pollutants of concern are…The Clean Air Act requires the EPA to set National Ambient Air Quality Standards for six common air pollutants. These commonly found air pollutants (also known as "criteria pollutants") are found all over the United States. They are particle pollution (often referred to as particulate matter), ground-level ozone, carbon monoxide, sulfur oxides, nitrogen oxides, and lead. Of the six pollutants, particle pollution and ground-level ozone are the most widespread health threats. EPA calls these pollutants "criteria" air pollutants because it regulates them by developing human health-based and/or environmentally-based criteria (science-based guidelines) for setting permissible levels.The Clean Air Act also requires EPA to regulate emissions of 187 other hazardous air pollutants (HAPs) from a published list of industrial sources. For these pollutants background levels are not required to be monitored and attained like the criteria pollutants but rather industry and technology that emit these pollutants have specific control technology requirements that must be met. Examples of HAPs that are of particular concern with regard to asthma include various aldehydes (acrolein, acetaldehyde, formaldehyde), heavy metals (cadmium, chromium, nickel, manganese), and benzene from diesel emissions.



Millions are Exposed to Unhealthy 
Levels of Air Pollution

Source: EPA Our Nation’s Air: Status and Trends Through 2008

Presenter
Presentation Notes
The figure illustrates the number of people (in millions) living in counties with air quality concentrations above the level of the primary (health-based) National Ambient Air Quality Standards (NAAQS) in 2008.  You can see clearly that the 2 big offenders in terms of health impacts, ozone and particulate matter (listed here as PM2.5), are also the same 2 pollutants we have the most progress to make in terms of reducing unhealthy exposures.  As a result of this, enormous resources have gone in to better understanding these 2 pollutants and their human health impacts.  



Clin Sci (2008) 115, 175-187.

Presenter
Presentation Notes
So what is particulate matter…This slide speaks to the complexities in understanding the biologic effects of particulate air pollution.  Particulate matter, or PM, refers to a mixture of very tiny solid and liquid particles.  Particles are categorized by size and particles of different sizes come from different sources and persist for different lengths of time in the environment.Coarse particles, or PM10, are 2.5 to 10 microns in diameter and include such things as road dust and agricultural sources like pollen. Though typically well handled by our bodies own mucociliary clearance mechanisms, they can induce an allergic response, which we all know is a trigger for asthma symptoms.  Fine particles, or PM2.5, are 2.5 microns in diameter and the product of combustion processes, like the burning of wood, coal, or oil.  PM2.5 is small enough to be inhaled into the lungs.  Ultrafine particles are less than 0.1 microns in diameter and are small enough to pass through the lungs into the bloodstream. These finest particles are also products of combustion, but differ from PM2.5 in that they are only found within a short distance of their source, whether that be the smelter or the tailpipe.  Within minutes to hours ultrafine particles start sticking to each other and become a part of the PM2.5 that is in the ambient air.  There PM2.5 might persist for days to weeks. The EPA likes to call particles a “mixture of mixtures.” In other words, we have got a complex mixture of particles of different sizes and forms from many different sources. You can imagine how difficult it might be to figure out what part or parts of particulate matter are responsible for its adverse health effects. 



Diesel Exhaust Particles

Presenter
Presentation Notes
One of the most dangerous forms of particulate matter pollution is the diesel exhaust particle. Diesel exhaust particles are polyaromatic hydrocarbons that consist of a hydrophobic molecule that can diffuse easily through cell membranes and thereby modify cell growth and differentiation. This property explains the notable role of diesel exhaust in carcinogenesis.  Diesel exhaust particles have also been demonstrated to enhance airway hyperreactivity in murine models of asthma.  In a recent study (by McCreanor et al.) adult asthmatics, walking for 2 h in a street with only diesel-powered vehicles, had significant reduction in lung function. These changes were accompanied by increases in the endogenous production of oxidants, which play a key role in inducing pulmonary oxidative stress and inflammation. The graph here is useful to illustrate the sharp gradient at which ultrafine particles, like those released from the tailpipe of a diesel truck, dissipate quickly, usually within several hundred meters of the source. There is a growing body of evidence supporting the idea that the proportion of the population that lives near roadways with a high volume of diesel traffic suffer disproportionately from the adverse health impacts of air pollution, particularly asthma. 



Ozone

Presenter
Presentation Notes
Now I would like to move on to the second big offender…ozone.Ozone occurs both in the Earth’s upper atmosphere (stratosphere) and at ground level (troposphere). The adverse health and environmental effects of ozone are associated with trophospheric  ozone, while ozone in the stratosphere actually protects the Earth from harmful solar radiation.  Ozone is a component of what is called photochemical air pollution, or smog.  It is formed from volatile hydrocarbons, halogenated organics, and oxides of nitrogen and you can see some of the sources of ozone depicted here. Well, in the presence of sunlight and heat these compounds are converted into ozone at ground level. When inhaled, ozone reacts directly with unsaturated fatty acids and cell membranes to produce lipid ozonation products, a kind of free radical that induces inflammation and cell damage in the lungs. Recent studies have also suggested that ozone and diesel exhaust particles have an additive effect on airway hyperreactivity and inflammation in asthma. 



Comhair SA, et al. Antioxidants & Redox Signaling. 
January 1, 2010, 12(1): 93-124. 

Presenter
Presentation Notes
Now that you have heard about some of the key offenders when it comes to outdoor air pollution, I hope to make it a little clearer to you how, as pro-inflammatory mediators, outdoor air pollutants have a key role in asthma pathogenesis.As we all know, asthma is a chronic inflammatory disease of the lower airways, characterized clinically by reversible airway obstruction, airway hyperresponsiveness, and airway inflammation.  It is precisely by impacting airway inflammation that air pollution impacts asthma.When we breathe in allergens, microbes, or the environmental particulates and oxidants that I have described, inside the bronchioles of the lungs, cells are activated that release pro-inflammatory chemicals.  These chemicals cause or amplify already existing inflammation that leads to or makes already existing asthma symptoms worse. With this inflammation comes epithelial cell desquamation, mucus production, and the airway remodeling that are the hallmarks of asthma pathogenesis. 

http://www.liebertonline.com/na101/home/literatum/publisher/mal/journals/content/ars/2010/ars.2010.12.issue-1/ars.2008.2425/production/images/large/fig-10.jpeg


Maes et al. Respiratory Research 2010 11:7 

Presenter
Presentation Notes
On a cellular level, there is overwhelming evidence that reactive oxygen species, or free radicals that I alluded to earlier when speaking about ozone, are responsible for the airway inflammation of asthma.  The complex chemistry of oxidation-reduction, or REDOX, reactions is beyond the scope of this talk, but it is worth knowing that the disequilibrium of the airway reducing state is a key determinant of asthma severity.This figure comes from more recent research which suggests that the tissue damage and oxidative stress in the lungs caused by inhalable pollutants creates an environment which facilitates allergic sensitization, which suggests that these pollutants may not only play a role in the exacerbation of asthma, but also in its development. 

http://respiratory-research.com/content/11/1/7/figure/F2


Leikauf G. Hazardous Air Pollutants and Asthma. EHP, Aug 2002, 110(4):505-526.

Presenter
Presentation Notes
While there is evidence on a cellular level that inhaled pollutants may play a key role in the development of asthma, we all know that on the human level, the susceptibility and expression of asthma is a complex interplay between genes and the environment. I like this figure because it illustrates well how environmental exposures may fit in to the pathway from asthma susceptibility to disease severity. Candidate genes from each stage of the pathway appear at the bottom and there is strong evidence to suggest that individuals inheriting a certain array of multiple alleles of susceptibility genes are at added risk from birth of developing asthma. Meanwhile asthma may remit or progress, depending largely on the environmental exposures of each individual, from initial susceptibility with exposure to an antigen and the development of immunity to the exposure to additional antigenic and irritating compounds like infectious agents and air pollutants.



Northern Utah's Air Worst in Nation

Source: ksl.com, January 11th, 2010 @ 4:41pm

SALT LAKE CITY -- Northern Utah currently boasts the 
worst air in the nation, and it's not even a close margin. 
Sunday, Salt Lake City's air quality index was 142 
compared to San Francisco's 67 and Las Vegas' 23. 

Presenter
Presentation Notes
Well I hope that gives you at least a little glimpse of the outdoor air pollutants of concern and how they might impact asthma. Now I would like to turn some time over to Dr. Packham to help you understand a little better about how we monitor and report air pollution and how Utah really does compare nationally.  



What does an Air Quality Index 
of 142 mean?

The purpose of the AQI is to help you understand what local air 
quality means to your health. To make it easier to understand, 
the AQI is divided into 6 categories. Source: Air Now Air Quality Index (AQI)

Presenter
Presentation Notes
The AQI is a normalized scale based on measured and monitored air pollution levels.A guide to the Air Quality Index and Your Health can be found on the Air Now Web site.



What does an Air Quality Index of 142 
mean?

The Air Quality Index (AQI) is a normalized scale based on monitored air 
pollution levels.



What does an Air Quality Index of 142 
mean?



Northern Utah Air on January 11, 2010

Source: http://www.airnow.gov/index.cfm?action=airnow.mapsarchivedetail&domainid=47&mapdate=20100111&tab=3

Presenter
Presentation Notes
This last winter, on January 11, Northern Utah registered the most polluted air in the nation.  It made the headlines of virtually all of the local news papers and media outlets.Air pollution levels in Utah and other parts of the United states can be found on the EPA’s Air Now web site.  This slide is made from archival data from that web site.



How Bad was the Air in Utah in January?

Source: Air Now Air Quality 
Maps Archives



How bad has the air been in Utah so 
far this year?

Source: Air Now Air Quality Maps Archives



How does Salt Lake City compare with 
Los Angeles?

Number of Unhealthy Days in 2009
for Asthma & Lung Disease

Source: Air Now Air Quality Maps Archives
Source: Air Now Air Comparison/County 
Comparisons



Historical unhealthy days for Salt Lake City and 
other cities of similar population (Growth rate %)

Birmingham. AL

Memphis. TN

Oklahoma, OK

Louisville, KY

Raleigh, NC

Hartford, CT

Jacksonville, FL

N. Orleans, LA

Richmond, VA

Source: Air Now Air Comparison/County Comparisons
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Monthly Average Unhealthy Days
2000 - 2009
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Historical unhealthy days for Salt Lake City and 
other Intermountain Urban Areas

Las Vegas, NV

Denver, CO

Fort Collins, CO

Boulder, CO

Boise, ID

Albuquerque, NM



Monthly Average Unhealthy Days
2000 – 2009  Intermountain Urban Areas
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Salt Lake City compared with urban 
areas in surrounding States



So…how does Utah really compare?

Utah has had one of the worst air quality days in the 
nation this year.
Salt Lake City’s daily air quality is not as bad as Los 
Angeles.
Salt Lake City has more “unhealthy days” than most 
cities of comparable population.
The patterns of average unhealthy days per month 
across cities suggest non-anthropomorphic 
influences, like geography and weather, on daily 
pollution levels 



Monitoring air pollution levels in Utah
PM2.5 Monitors
1. L4 – Logan, Cache
2. BR – Brigham City, Box Elder
3. HV – Harrisville, Weber
4. O2 – Ogden, Weber
5. BV – Bountiful, Davis
6. HW – Hawthorne, Salt Lake
7. CW – Cottonwood, Salt Lake
8. RP – Rose Park, Salt Lake
9. T3 - Tooele
10. LN – Linden, Utah
11. NP – North Provo, Utah
12. SF – Spanish Fork, Utah

Ozone (O3) Monitors
1. L4 – Logan, Cache
2. BR – Brigham City, Box Elder
3. HW – Harrisville, Weber
4. BV – Bountiful, Davis
5. HW – Hawthorne, Salt Lake
6. HG – Highland, Utah
7. NP – North Provo, Utah
8. SF – Spanish Fork, Utah
9. T3 – Tooele
10. SC – Santa Clara, Washington



Areas in Utah that exceed the National 
Ambient Air Quality Standards

Source:  http://www.airquality.utah.gov/images/Maps/NONATTAINMENT_MAP.pdf







National Asthma 
Education and 
Prevention 
Program  

Expert Panel 
Report 3: 
Guidelines for the 
Diagnosis and 
Management of 
Asthma

Presenter
Presentation Notes
Thank you to Dr. Packham for helping us understand a little better what we are really dealing with in terms of air pollution in Utah and how we might better help ourselves and our patients track air pollution levels on our own.  I now would like to take a little time to talk about current asthma management and how we might be able to do better when it comes to air pollution as a trigger of asthma.I hope most of you are all familiar with the 2007 report of the National Asthma Education and Prevention Program Expert Panel Report that guides our practice in the management of asthma today.  With this report there was a shift in focus in asthma management to 2 key principles: (1) the identification and avoidance of triggers and (2) the stepwise approach to improving long term asthma control, relying predominantly on progressively increasing doses of inhaled corticosteroids to improve baseline symptom control. 



Stepwise Approach to Asthma Management

Presenter
Presentation Notes
This is a figure of the latter principle and I am sure you refer to this reasonably frequently in your daily practice in the care of asthmatics. I think we have all done a good job of trying to incorporate this in to our practices.  On the other hand, we have probably not done as good a job at taking the time to help patients identify their triggers and really try to the avoid them in the first place. At least I I know I haven’t.  And when it comes to air pollution as a trigger, we have an even longer way to go to improve.  In medical school I was never even taught to explore air pollution as a potential trigger of asthma.  Smoke exposure, pets, and carpets…yes.  Air pollution…no.  What I found when I started paying attention in my practice here is that it was the patients telling me that air pollution was triggering their asthma.  One of my more striking memories was a mother who told me she keeps her asthmatic child home from school during inversions because she can’t get the school to keep her inside during recess.  Another parent described a child who couldn’t walk from the door of the house to the car without wheezing during an inversion.  We can and need to do better than this!



Outdoor Air Pollution

The Expert Panel 
recommends:

Clinicians advise patients to 
avoid, to the extent 
possible, exertion or 
exercise outside when 
levels of air pollution are 
high

Presenter
Presentation Notes
And in fact the same expert panel that gave us the stepwise approach in their 2007 report also issued the following recommendation:This recommendation was based on the growing body of evidence that increased air pollution levels—especially of particulate matter and ozone but also of sulfur and nitric oxides, precipitate symptoms of asthma, increase SABA use, and increase ED visits and hospitalizations for asthma.



Six Key Messages 

Inhaled corticosteroids are the most effective anti-
inflammatory medication for long term management of 
persistent asthma

All patients should receive:
Written asthma action plan
Initial assessment of asthma severity 
Review of the level of asthma control (impairment and risk) at all 
follow up visits
Periodic, follow up visits (at least every 6 months) 
Assessment of exposure and sensitivity to [environmental] 
allergens and irritants and recommendation to reduce relevant 
exposures

Presenter
Presentation Notes
6 key messages came out of the report…



National 
Environmental 

Education Foundation

Environmental 
Management of 

Pediatric Asthma: 
Guidelines for Health 

Care Providers

Presenter
Presentation Notes
A great tool to help in indentifying environmental triggers for children was developed by the National Environmental Education Foundation. This tool was developed for primary care providers and is endorsed by the American Academy of Pediatrics, the Ambulatory Pediatric Association, the American Association of Colleges of Nursing, and the National Association of Pediatric Nurse Practitioners.  It is authored by an expert steering committee, peer reviewed and built on the scientific literature and best current practices. It was founded upon the expert panel’s recommendations and is meant to complement its clinical and pharmacological components.  While it focuses on settings where children spend the most time (like the home, school, daycare centers, cars, school buses, and outside), there are also be easily applied to adult populations.



Components of Program
Educational competencies
Environmental history form
Environmental intervention guidelines
Sample Patient Flyers and References
Supplemented by online list of resources with web-links

http://www.neefusa.org/health/asthma/asthma_resources.htm

Available in English and Spanish online, in hard copy, and 
on CD-ROM

http://www.neefusa.org/health/asthma/asthmaguidelines.htm

http://www.neefusa.org/health/asthma/asthma_resources.htm
http://www.neefusa.org/health/asthma/asthmaguidelines.htm


Environmental History Form
Quick intake form
Administered by health care provider
Available online as PDF and Word document
Can be pasted or re-copied into electronic medical record 
template
Questions are in yes/no format

Follow up yes answer with in-depth questions on Intervention 
Guidelines fact sheets

Designed to capture major trigger areas
Once identified as a problem, (i.e. dust mites) the intervention sheet 
provides additional questions





Air Pollution
Possible Indoor Air Interventions

Eliminate tobacco smoke
Keep home and car smoke free
Encourage & support to quit smoking
Recommend aids such as nicotine gum/patch
Medication from physician to assist in quitting
Choose smoke free social settings
At the very least, do not smoke around your child or in the car!

Install exhaust fan close to source of contaminants
Ventilate room if fuel burning appliance used
Avoid use of products emitting irritants
Control of dust mites and animal allergens

Presenter
Presentation Notes
I would be remiss if I did address environmental tobacco exposure and encourage you all to speak to this issue every time you see a patient with asthma.



Air Pollution
Possible Outdoor Air Interventions

Monitor air quality levels for ozone and PM2.5
Reduce outdoor activities if unhealthy

Orange AQI of 101-150 (unhealthy for sensitive groups)
Red AQI of 151-199 (unhealthy for all)
Better yet…follow hourly ozone and PM2.5 concentrations on 
DAQ website and learn more about your patient’s own 
sensitivity patterns

Contact health care provider if more albuterol is 
needed day of or after air pollution levels are high
Consider stepping up ICS therapy during inversion 
and ozone seasons if identified as triggers
Refer patients to readily available local tools 
developed by the Utah Asthma Task Force

Presenter
Presentation Notes
I will offer one editorial comment on the AQI and that is that thresholds for issuing the different health alerts are based on the current National Ambient Air Quality Standards for the criteria air pollutants.  There is some debate as to the sufficiency of these standards to protect health and there are lots of competing interests in determining these thresholds, particularly by the polluters themselves who would be tasked with spending millions of dollars to improve pollution controls if they needed to meet more stringent standards.So rather than focusing on the AQI, my preference has been to point patients in the direction of the DAQ website and monitor air pollution levels as they relate to their own symptoms.  Just as with other triggers, each patient will have their own threshold and the hourly reporting of ozone and PM2.5 concentrations available to us here in Utah is a wonderful tool to help patients improve their asthma control. ???Turn time back over to Steve to go over PM2.5 and ozone guidance…









Summary
Outdoor air pollution exacerbates existing asthma and may 
play a role in development of disease
Control of asthma triggers is an important part of the overall 
management of asthma

Environmental management should supplement good medical care
Practical guidelines and tools are available to assist clinicians, 
public health workers, and families

Written asthma action plans 
Ask about environmental exposures and seek ways to intervene 
Locally available tools developed by Utah Departments of Health and 
Environmental Quality

When trigger avoidance is not possible, based on the pro-
inflammatory properties of air pollutants, step up therapy with 
ICS to improve asthma control 
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