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Electromagnetic Spectrum 
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Presenter
Presentation Notes
Electromagnetic Spectrum
To understand how ozone is generated and the functions it serves in the earth's atmosphere, it is important to know something about the electromagnetic spectrum — the energy emitted from the sun. Electromagnetic energy is sometimes described as traveling in waves and sometimes as traveling in packets of energy referred to as photons. 
Progressing from short wavelengths to long wavelengths, scientists have identified gamma rays, x-rays, ultraviolet radiation, visible light (between 400 and 700 nanometers), infrared radiation (heat), microwaves, and radio waves. Short wavelengths have more energy per photon than long wavelengths.



Ozone is made of three oxygen atoms  
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Presenter
Presentation Notes
The oxygen we find in our atmosphere is made up of two oxygen atoms. Because of its chemical formulation, a single atom of oxygen (O) is unstable. That is, it wants to combine with something else. That is why oxygen is almost always found in pairs, in its (diatomic) form, where it is more stable. Ozone is less stable than , because it wants to return to the diatomic state by giving up an oxygen atom.



Ozone formation 

• Ozone is constantly being formed 
 
• Ultraviolet light splits the molecules apart 
 
• A highly reactive free oxygen atom then collides 

with another oxygen molecule  
 
• Because ozone is unstable, ultraviolet light 

quickly breaks it up, and the process begins again. 
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Presenter
Presentation Notes
Ozone is constantly being formed in the earth's atmosphere by the action of the sun's ultraviolet radiation on oxygen molecules.
Ultraviolet light splits the molecules apart by breaking the bonds between the atoms. A highly reactive free oxygen atom then collides with another oxygen molecule to form an ozone molecule. 
Because ozone is unstable, ultraviolet light quickly breaks it up, and the process begins again.




Ozone has the same chemical structure whether it is found in the 
stratosphere or the troposphere.  7 

Presenter
Presentation Notes
When enough ozone molecules are present, it forms a pale blue gas. It is an unstable molecule that readily combines with other atoms. Ozone has the same chemical structure whether it is found in the stratosphere or the troposphere. Where we find ozone in the atmosphere determines whether we consider it to be Dr. Jekyll or Mr. Hyde.



Ozone in the Stratosphere 
• 90% of the ozone in Earth's atmosphere lies in the stratosphere 

between 16 and 48 kilometers (10 and 30 miles) above the 
earth's surface. 

 

• Ozone forms a kind of layer in the stratosphere, absorbing 
ultraviolet light 

 

• Ozone absorbs 95 to 99.9% of the sun's ultraviolet radiation 
– Absorbs the most energetic ultraviolet light, known as UV-C and UV-

B, which causes biological damage 
 

• “Shield" as a description of ozone in the stratosphere is a bit 
misleading 

 

• “Shield" changes constantly - atmospheric chemical processes 
maintain a dynamic equilibrium  8 

Presenter
Presentation Notes
Ozone and oxygen molecules in the stratosphere absorb ultraviolet light from the sun, providing a shield that prevents this radiation from passing to the earth's surface. While both oxygen and ozone together absorb 95 to 99.9% of the sun's ultraviolet radiation, only ozone effectively absorbs the most energetic ultraviolet light, known as UV-C and UV-B, which causes biological damage. The protective role of the ozone layer in the upper atmosphere is so vital that scientists believe life on land probably would not have evolved - and could not exist today - without it.
The term "shield" as a description of ozone in the stratosphere is a bit misleading because the molecules do not form an impermeable sphere around the earth. Ozone continuously breaks apart into its oxygen atoms and reforms as ozone molecules, so a particular ozone molecule doesn't last very long. The "shield" changes constantly, but the atmospheric chemical processes maintain a dynamic equilibrium that keeps the overall amount of ozone constant - that is, it would if humans did not contribute to the chemical processes.
About 90% of the ozone in the earth's atmosphere lies in the region called the stratosphere between 16 and 48 kilometers (10 and 30 miles) above the earth's surface. Ozone forms a kind of layer in the stratosphere, where it is more concentrated than anywhere else, but even there it is relatively scarce. Its concentrations in the ozone layer are typically only 1 to 10 parts of ozone per 1 million parts of air, compared with about 210,000 parts of oxygen per 1 million parts of air.
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Ozone in the Troposphere 

• Other 10% of the ozone in the earth's atmosphere is found in 
the troposphere, which is the portion of the atmosphere from 
the earth's surface to about 12 km or 7 miles up 

 

• In the troposphere, ozone is not wanted 
 

• Tropospheric ozone is even more scarce than the stratosphere 
with concentrations of about 0.02 to 0.3 ppm (20 to 300 ppb) 

 

• Ozone in the troposphere is one of the greenhouse gases 
 

• In the troposphere, accelerated ozone levels deal us a double 
whammy - as a key ingredient in smog and as a powerful 
greenhouse gas. 
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Presenter
Presentation Notes
The other 10% of the ozone in the earth's atmosphere is found in the troposphere, which is the portion of the atmosphere from the earth's surface to about 12 km or 7 miles up. In the troposphere, ozone is not wanted. Ozone is even more scarce in the troposphere than the stratosphere with concentrations of about 0.02 to 0.3 parts per million. But even in such small doses, this molecule can do a lot of damage.
And just to confuse things even further, ozone in the troposphere is one of the greenhouse gases. As discussed in the Greenhouse Effect section, the naturally occurring greenhouse gases (including ozone) are what make earth habitable for life as we know it. But scientists are very concerned about the warming effects of increased greenhouse gases caused by human activity. So, in the troposphere, accelerated ozone levels deal us a double whammy - as a key ingredient in smog and as a powerful greenhouse gas.




Ozone 
• Ozone is an air pollutant of 

concern, regulated under the 
Clean Air Act 

 

• High ozone at ground level 
is unhealthy, especially 
affecting those with asthma 
and other upper respiratory 
illnesses 

 

• At-risk groups include 
children, the elderly, and 
those who work or exercise 
outdoors 
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Presentation Notes
Who Can Suffer the Effects?

Increased exposure for children playing outside for long periods during the summer 

People with lung diseases like bronchitis, pneumonia, emphysema, asthma, and colds

Active adults during exercise or strenuous work

Not death from Ozone, premature death from other symptoms and reduced lifespan



Ozone Health Effects 
• Health effects from ozone depend on availability of precursors 

primarily generated during the combustion of fossil fuels 
 

• Ozone is known to have the following health effects at 
concentrations common in urban air: 

 

– Respiratory system irritation 
 

– Reduced lung function 
 

– Aggravation of asthma - when ozone levels are high, more people with asthma 
have attacks 

 

• Elevated ozone makes people more sensitive to allergens, which in turn trigger 
asthma attacks 

 

– Increased susceptibility to respiratory infections 
 

– Inflammation and damage to the lining of the lungs 
 

– Example: A statistical study of 95 large urban communities in the United States 
found significant association between ozone levels and premature death. 
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Presentation Notes
Health effects depend on ozone precursors, which is a group of pollutants, primarily generated during the combustion of fossil fuels. Reaction with daylight UV rays and these precursors create ground-level ozone pollution (tropospheric ozone). Ozone is known to have the following health effects at concentrations common in urban air:
Irritation of the respiratory system, causing coughing, throat irritation, and/or an uncomfortable sensation in the chest.
Reduced lung function, making it more difficult to breathe deeply and vigorously. Breathing may become more rapid and more shallow than normal, and a person's ability to engage in vigorous activities may be limited.
Aggravation of asthma. When ozone levels are high, more people with asthma have attacks that require a doctor's attention or use of medication. One reason this happens is that ozone makes people more sensitive to allergens, which in turn trigger asthma attacks.
Increased susceptibility to respiratory infections.
Inflammation and damage to the lining of the lungs. Within a few days, the damaged cells are shed and replaced much like the skin peels after a sunburn. Animal studies suggest that if this type of inflammation happens repeatedly over a long time period (months, years, a lifetime), lung tissue may become permanently scarred, resulting in permanent loss of lung function and a lower quality of life.
A statistical study of 95 large urban communities in the United States found significant association between ozone levels and premature death. The study estimated that a one-third reduction in urban ozone concentrations would save roughly 4000 lives per year (Bell et al., 2004). Tropospheric ozone causes approximately 21,000 premature deaths per year in 25 countries in the European Union. (WHO, 2008)



How Does Ozone Affect the Environment?  

• Ground-level ozone damages vegetation and 
ecosystems 

 
• Crop damage in the United States alone is 

estimated at $500 million 
 
• Also damages foliage 
    of trees and other plants 
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Presentation Notes
Ground-level ozone damages vegetation and ecosystems
Reduced agricultural crop and commercial forest yields
Reduced growth and survivability of tree seedlings
Increased susceptibility to diseases, pests and other stresses such as harsh weather
In the United States alone, ground-level ozone is responsible for an estimated $500 million in reduced crop production each year
Ground-level ozone also damages the foliage of trees and other plants, affecting the landscape of cities, national parks and forests, and recreation areas. 


Ambient ozone injury to sensitive and tolerant snap beans 



Ozone is a secondary pollutant 
• Not emitted directly 
• Photochemical reaction mostly involving UV light 
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Presentation Notes
Odorless
Largely colorless
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Complex Photochemistry near the ground 

• Not a simple path to forming ozone 
• NOx in the atmosphere 

– Older, aged NOx emissions drive ozone formation 
– Fresh NOx attacks existing ozone  
– Reduces ozone downwind of high traffic areas and 

smokestacks 
– Increases ozone as NOx plume ages and mixes away from 

source 

• NOx and ozone peak at different times of day 
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Data for the Central Phoenix monitoring site, June 5, 2014 17 
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Presentation Notes
Fueling after dark and other strategies

Ozone ramps up with sunrise and UV light
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Presenter
Presentation Notes
Pinnacle Peak some fresh NOx emissions, but that this is a destination so emissions don’t continue

Humboldt high elevation – ozone increase with elevation – other remote site like Blue Point and Rio Verde  



Weather and geography are the most important influences 

• Atmospheric stability 
– Phoenix area has lowest average wind speeds of 

major metro areas in U.S. 
– Temperature inversions occur in summer too 

• Topography 
– Broad alluvial basin, surrounded by small 

mountain ranges 
– Surface heating and cooling direct air movement 
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Presentation Notes
Ozone alert days and exceedances almost always coincide with high pressure periods, leading to sunny or partly cloudy conditions, temperature inversions trapping pollution closer to the ground and warmer daytime temperatures



General Late Night/Early Morning Wind Patterns 
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General Afternoon Wind Patterns 
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Regional Ozone impacts 

• USEPA has developed an Air Quality index to help 
explain air pollution levels to the general public 

 
• 8-hour average ozone concentrations 

– 76 to 95 ppb is described as "Unhealthy for Sensitive 
Groups“ 

– 96 to 115 ppb is "unhealthy“ 
– 116 to 404 ppb is "very unhealthy“ 

 
• USEPA has designated over 300 counties of the United 

States, clustered around the most heavily populated 
areas (especially in California and the Northeast), as 
failing to comply with current National Ambient Air 
Quality Standards. 
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Presentation Notes
The United States Environmental Protection Agency has developed an Air Quality index to help explain air pollution levels to the general public. 8-hour average ozone mole fractions of 76 to 95 nmol/mol are described as "Unhealthy for Sensitive Groups", 96 nmol/mol to 115 nmol/mol as "unhealthy" and 116 nmol/mol to 404 nmol/mol as "very unhealthy" [3]. The EPA has designated over 300 counties of the United States, clustered around the most heavily populated areas (especially in California and the Northeast), as failing to comply with the National Ambient Air Quality Standards.




June 6, 2014 Phoenix metro area Ozone and PM pollution from MCAQD & ADEQ monitors 
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Presentation Notes
Add transport slides at this point for 301





West-wide JumpStart Air Quality Modeling Study 
(completed Sept. 2013) 

 

• Regional photochemical 
    modeling - air pollution 
    transport and source 
    apportionment study 
 
 
• All project materials at: 
   http://www.wrapair2.org/WestJumpAQMS.aspx  
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http://www.wrapair2.org/WestJumpAQMS.aspx


“Other Sources” Max Contrib. 4th High DMAX8 Ozone 
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Boundary Conditions                       Natural                              Anthropogenic 

  Wildfire                               Prescribed Fire                          Agricultural Fire  
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Northern California Wildfires June-July 2008 
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Denver Ozone Monitors July 2008 



State Contributions to Modeled 10 Highest DMAX8 Ozone Days 
(from WestJumpAQMS Appendix B)  

Highest Modeled DMAX8 Day @ North Phoenix, AZ site 
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State Contributions to Modeled 10 Highest DMAX8 Ozone Days 
(from WestJumpAQMS Appendix B)  

4th Highest Modeled DMAX8 Day @ North Phoenix, AZ site 
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State Contributions to Modeled 10 Highest DMAX8 Ozone Days 
(from WestJumpAQMS Appendix B)  

10th Highest Modeled DMAX8 Day @ North Phoenix, AZ site 
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State Contributions to Modeled 10 Highest DMAX8 Ozone Days 
(from WestJumpAQMS Appendix B)  

Highest Modeled DMAX8 Day at Queen Valley, AZ site 
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State Contributions to Modeled 10 Highest DMAX8 Ozone Days 
(from WestJumpAQMS Appendix B)  

4th Highest Modeled DMAX8 Day at Queen Valley,  AZ site 
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State Contributions to Modeled 10 Highest DMAX8 Ozone Days 
(from WestJumpAQMS Appendix B)  

10th Highest Modeled DMAX8 Day at Queen Valley, AZ  site 
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Nitrogen Deposition Excess 
Total Modeled Nitrogen Wet & Dry Deposition (all species) - Critical Load 

Pardo, L. H. et al. Effects of nitrogen deposition and empirical 
nitrogen critical loads for ecoregions of the United States. 
Ecological Applications 21, 3049–3082 (2011). 
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Total Modeled Nitrogen Deposition Includes: 

• Organic Nitrogen Species: PAN, RNO3 (model 
chemistry includes organic N formed from 
biogenic VOCs) 

• Dry Deposition Other Oxidized Nitrogen: NO, 
NO2, N2O5, HONO, HO2NO2 

• Dry Deposition Ammonia (NH3) 
• Wet Deposition Other Oxidized Nitrogen: NO, 

NO2, N2O5, HONO, HO2NO2 
• Dry Deposition of Nitric Acid (HNO3) 
• Particulate Nitrate (NO3

-): Wet and dry 
• Particulate Ammonium (NH4

+): Wet and dry 
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Total Measured Nitrogen Deposition Includes: 

• Organic Nitrogen Species: PAN, RNO3 (model chemistry 
includes organic N formed from biogenic VOCs) 

• Dry Deposition Other Oxidized Nitrogen: NO, NO2, 
N2O5, HONO, HO2NO2 

• Dry Deposition Ammonia (NH3) 
• Wet Deposition Other Oxidized Nitrogen: NO, NO2, 

N2O5, HONO, HO2NO2 
• Dry Deposition of Nitric Acid (HNO3) 
• Particulate Nitrate (NO3

-): Wet and dry 
• Particulate Ammonium (NH4

+): Wet and dry 
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Nitrogen deposition measurement data is incomplete 

• Chemical Transport Models (e.g., CAMx) capture the 
bulk of total Nitrogen Deposition (although CAMx is 
missing reduced organic nitrogen and includes limited 
oxidized organic nitrogen – both expected to be small) 

• Many Critical Load values are estimated using 
measurement data, some with scaling factors to account 
for “missing” N, others incorporate modeling data, still 
others leave data as is with caveats 

• Efforts to close this gap continue, including the 
creation, in 2010, and subsequent expansion of the 
Ammonia Monitoring Network (AMoN) 
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Critical Load by Eco-Region (kg N/ha) 

Pardo, L. H. et al. Effects of nitrogen deposition and empirical 
nitrogen critical loads for ecoregions of the United States. 
Ecological Applications 21, 3049–3082 (2011). 
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Presentation Notes
http://www.epa.gov/wed/pages/ecoregions/na_eco.htm#Downloads
Critical Loads selected for mapping are those representing Lichens, one of the more sensitive response metrics.



WestJumpAQMS Maximum Ozone Season W126 (ppm-
hrs) 
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Ozone Precursor Pollutants and Their Sources 

• In the metro Phoenix area, sources of these pollutants 
include automobiles, gas-powered motors, and many 
smaller sources:  
– Gas stations 
– Consumer products 
– Solvents used in paint shops and finishing operations 
– wherever natural gas, gasoline, diesel fuel, kerosene, and oil 

are combusted 
• Precursor behavior and characteristics 

– Timing of activity 
– Practices  
– Behavior  
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Presentation Notes
Hygiene products – hairspray, deodorant, anything containing alcohol, cleaning fluids, polishes, hobbies and adhesives 

Small Industrial and Commercial (Area sources in the EI)
                Commercial Cooking and bakeries
                Secondary metal production
                Rubber and plastic product mfg
                Elect. Equip. mfg
Industrial & Commercial Solvent use
                Degreasing
                Auto refinishing
                Furniture finishing
                Dry cleaning
                Graphic arts
                Traffic marking and signage
Consumer Products
                Personal care
                Automotive aftermarket products
                Non architectural paints
                Adhesives and sealants
                Household pest control products
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Grass and trees

MAG Biogenics EI improvement project  
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Presentation Notes
Hygiene products – hairspray, deodorant, anything containing alcohol, cleaning fluids, polishes, hobbies and adhesives 

Small Industrial and Commercial (Area sources in the EI)
                Commercial Cooking and bakeries
                Secondary metal production
                Rubber and plastic product mfg
                Elect. Equip. mfg
Industrial & Commercial Solvent use
                Degreasing
                Auto refinishing
                Furniture finishing
                Dry cleaning
                Graphic arts
                Traffic marking and signage
Consumer Products
                Personal care
                Automotive aftermarket products
                Non architectural paints
                Adhesives and sealants
                Household pest control products




Evolution of EPA National Ozone Standard 1971-2008 

Year Primary/ 
Secondary Indicator Averaging 

Time 
Level 
(ppm) Form 

1971 Same 
Total photo-

chemical 
oxidants 

1-hour 0.08 Not to be exceeded more than one 
hour per year 

1979 Same Ozone 1-hour 0.12  
Effectively, no more than 3 

exceedance days over a 3-year 
period 

1997 Same Ozone 8-hour 0.08  
Annual fourth-highest daily max 
8-hr concentration, averaged over 

3 years 

2008 Same Ozone 8-hour 0.075 
Annual fourth-highest daily max 
8-hr concentration, averaged over 

3 years 
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Presentation Notes
At any single monitor

In non-compliance from the beginning 

Before 1977 no nonattainment areas



Future EPA National Ozone Standard 

• Court-ordered deadlines 
– EPA (re)considering revised Ozone health standard 

in a range of 60 to 70 ppb 

– EPA also considering a secondary Ozone standard 

for ecosystem protection 

• Growing season / daylight hours-weighted cumulative 

metric 
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Presentation Notes
Will be happy to explain W126 averaging off-line, but only after 2 cocktails
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Compliance with EPA National Ozone Standard 

• Measured at ground station sites, highest 8-
hour average each day 
– 4th highest values each year are averaged over 3-

year periods to determine compliance (e.g., 2009-
11, 2010-12, 2011-13) 

– Statistic is called a “Design Value” for that site for 
that time period 

– 3-year average of the 4th highest measured values is 
used to prevent flip-flopping in and out of 
attainment 
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Schedule for standard
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8-hour Average Ambient Ozone Compliance Based on 2008 
Federal Standard, Phoenix Nonattainment Area, 2005 – 2014* 

Exceedance Days # Monitors Violating Std  Design Value Conc. (Max 3-yr Avg. of 4th Hi) 
*2014 data are preliminary through 8/31/14 and do not include tribal monitors. 

EPA Standard 

48 

Presenter
Presentation Notes
Red is design value violating  standard, the variation in the red bars in how close we come to flip-flopping

Progress in 2009-11, but can’t get below standard.

Maximum design value site is line (North Phoenix)

All forecasts point to the possibility of no additional ozone exceedances (at least thru Aug.), so I think we’re OK saying this much.  See the footnote on the chart




Ozone Exceedance 
Days 2013 

Total Exceedance Days –  12 
Max Concentration 7/17/13 – 86 ppb 
Max 4th High Concentration –  79 ppb 
Max Design Concentration  –   81 ppb  

0 

1-3 

4-6 

7-10 

11-15 

>15 

Violating 
Monitor 
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Presentation Notes
Nonattainment persists this year, even though we aren’t through the ozone season yet.  As of August 23, the design value for the Phoenix nonattainment area is 0.080ppm




Summary 

• Ozone is most the complicated air pollution 
problem in metro Phoenix 
– Chemistry 
– Meteorology 
– Sources 
– Persistent, long-term challenge 
– Standard becoming more stringent 

• Public health problem 
– Also affects ecosystems and plant health 
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