[image: image1.png]NOx + VOC + Heat & Sunlight = Ozone
Ground-level or “bad”ozone is not emitted directly
into the air, but is created by chemical reactions
between NOx and VOCs in the presence

of heat & sunlight

gasoline vapors, and chemical solvents are
some of the major sources of oxides of nitrogen
(NOx) and volatile organic compounds (VOC).
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Requirements:

This exercise requires access to an internet-ready computer, a word-processing application (e.g. MS Word), and a spreadsheet program (e.g. MS Excel). Students may need a primer on how to use excel: http://www.shodor.org/scsi/handouts/excel.html

Relevant background information, context, and goals:
Students are introduced to atmospheric composition and how this can be altered by human activities. As an example, ozone is introduced as an air pollutant, mostly due to human activities.  Computer models are used to illustrate the formation of ozone http://www.epa.gov/airnow/ozone/o3.html and demonstrate the factors that affect the concentration of ozone in the troposphere http://www.smogcity2.org/ 
The health hazards of ozone pollution are deliberated on, and the concept of ‘ozone alert day’ introduced. As class example, students obtain data from http://airnow.gov/ to investigate the relationship between ozone pollution in Kansas City and season. The result of the investigation is reported in a sample mini-journal paper. 
Students’ assignment is to select a city of choice in the United States, and use data to investigate the relationship between ozone pollution and any of the following: season, human population industrialization, city location, or asthma. 
This activity gives students practice in using data to investigate an air pollution problem and communicate their result to others in a standard format. Each student will report the result of their investigation in a mini-journal paper, with a relevant title, and the following sub-sections: an abstract, introduction, methods, results, discussion and references. Guided by a grading rubric, this activity helps student to learn how to a write technical paper.

Tropospheric 
Ozone is a gas composed of three atoms of oxygen. Ozone occurs both in the Earth's upper atmosphere and at ground level. Ozone can be good or bad, depending on where it is found: 

· Good Ozone occurs naturally in the stratosphere: 6 to 30 miles above the Earth's surface where it forms a protective layer that shields us from the sun's harmful ultraviolet rays. 
· Bad Ozone is found in the troposphere. Near ground level, ozone is formed when pollutants such as oxides of nitrogen (NOx) and volatile organic compounds (VOC) emitted by cars, power plants, industrial boilers, refineries, chemical plants and other sources, react chemically in the presence of sunlight. Ozone at ground level is a harmful air pollutant.

How can ground-level ozone affect your health? 

Ozone can irritate your respiratory system, causing you to start coughing, feel an irritation in your throat and/or experience an uncomfortable sensation in your chest. 

Ozone can reduce lung function and make it more difficult for you to breathe as deeply and vigorously as you normally would. When this happens, you may notice that breathing starts to feel uncomfortable. If you are exercising or working outdoors, you may notice that you are taking more rapid and shallow breaths than normal.

Ozone can aggravate asthma. When ozone levels are high, more people with asthma have attacks that require a doctor's attention or the use of additional medication. One reason this happens is that ozone makes people more sensitive to allergens, which are the most common triggers for asthma attacks. Also, asthmatics are more severely affected by the reduced lung function and irritation that ozone causes in the respiratory system.

Ozone can inflame and damage cells that line your lungs. Within a few days, the damaged cells are replaced and the old cells are shed-much in the way your skin peels after sunburn.

Ozone may aggravate chronic lung diseases such as emphysema and bronchitis and reduce the immune system's ability to fight off bacterial infections in the respiratory system.

Ozone may cause permanent lung damage. Repeated short-term ozone damage to children's developing lungs may lead to reduced lung function in adulthood. In adults, ozone exposure may accelerate the natural decline in lung function that occurs as part of the normal aging process.

Air Quality Index
The Air Quality Index, or AQI, is a scale used to report actual levels of ozone and other common pollutants in the air. The higher the AQI value, the greater the health concern. As shown in the table below, the AQI scale has been divided into categories that correspond to different levels of health concern. 

	AIR QUALITY INDEX

	Index Values
	Descriptors
	Cautionary Statements for Ozone

	0 to 50
	Good

(Green)
	No health impacts are expected when air quality is in this range 


	51 to 100
	Moderate

(yellow)
	Unusually sensitive people should consider limiting prolonged outdoor exertion.


	101 to 150
	Unhealthy for Sensitive Groups

(Orange)

	Active children and adults, and people with respiratory disease, such as asthma, should limit prolonged outdoor exertion.

	151 to 200
	Unhealthy

(Red)
	Active children and adults, and people with respiratory disease, such as asthma, should avoid prolonged outdoor exertion; everyone else, especially children, should limit prolonged outdoor exertion. 

	201 to 300
	Very Unhealthy

(Purple)
	Active children and adults, and people with respiratory disease, such as asthma, should avoid all outdoor exertion; everyone else, especially children, should limit outdoor exertion.


Ground Level Air Quality Alerts

Ozone Alert days are days when ozone concentrations in the troposphere are expected to reach unhealthy levels. Any day that the index value is more than 100 is declared an Ozone Alert Day.

Example of an Ozone Alert: An Ozone Alert has been issued for the Kansas City metropolitan area for Tuesday, July 18. This alert indicates that the hot, sunny weather conditions forecast for tomorrow are creating a risk for high ozone pollution levels and unhealthy air quality in the region. Ozone concentrations are expected to be in the RED “UNHEALTHY,” category tomorrow. This is the first RED Ozone Alert that has been issued by Mid-America Regional Council since the region first adopted a four-color air pollution warning system in 2000. All area residents – even healthy adults – should limit exposure to outdoor air.  
What to do on Ozone Alert Days

Ozone Alert days are days when ozone concentrations are expected to reach unhealthy levels. Since more than half of the emissions that form ground level ozone come from everyday people doing everyday things, YOU have the power to reduce ozone pollution.

On an Ozone Alert day: 

· Cut back on or reschedule strenuous outside activities. Stay indoors in a well-ventilated or air-conditioned building. If you must be active outdoors, try to schedule activity before 11:00 a.m. or after 8:00 p.m. 

· Drive less. Combine errands and put off less-necessary trips for a cooler day, carpool, or use public transit. Better yet, take a leisurely walk or bike ride, preferably early in the morning or later in the evening. 

· Avoid fueling. Simply filling your vehicle with gasoline can lead to pollution as fumes escape and tiny drips and spills occur, and gas vapors react with heat and sunlight to form ozone. If you must fill your tank, do so after dusk. And be sure to avoid “topping off” your tank. 

· Mow later. Lawn and garden equipment is responsible for an estimated 9 percent of the Kansas City area’s ozone-forming emissions. Postpone yard work that involves power equipment until the Ozone Alert is over. 

Taking action on Ozone Alert days will help protect your family's health and help reduce peaks in ozone concentrations. 

Join the tens of thousands of Kansas City area residents whose efforts are already substantially reducing ozone forming emissions.
 Class Example
· Go to the website: http://airnow.gov/
· Click on Map Center
· On the map displayed, click on the state of Missouri, MO.

· Click on: Switch to Monthly Thumbnail Overview
· Select:

· Month:
May



Year:
2005

· Region:
Kansas City




· Pollutant:
Ozone

· Click on See Map Achieves
· Count the number of Ozone Alert Days in May, 2005.

· Repeat the above procedure for the months of June, July, August & September.

· Repeat the same procedure for 2006 and 2007.
· Fill your information in the table below.

	Year
	Month
	Total Number of Ozone Alert Days

	2005
	May
	

	2005
	June
	

	2005
	July
	

	2005
	August
	

	2005
	September
	

	2006
	May
	

	2006
	June
	

	2006
	July
	

	2006
	August
	

	2006
	September
	

	2007
	May
	

	2007
	June
	

	2007
	July
	

	2007
	August
	

	2007
	September
	


Which three consecutive months would you classify as the Ozone Season for Kansas City?


	Ozone Season for Kansas City
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