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ABOUT OZONE
What is ozone?
Ozone (O3) is a highly reactive gas composed of three oxygen atoms. It is found in air both high in the atmosphere (stratosphere) and at ground level.  Ozone can be "good" or "bad" for your health and the environment, depending on its location in the atmosphere.1
The stratospheric or "good" ozone layer extends from about 6 to 30 miles above the Earth’s surface, and it protects life on Earth from the sun's harmful ultraviolet (UV) rays. Atmospheric ozone is formed naturally through the interaction of solar UV radiation with molecular oxygen (O2).
The ground-level ozone (or “bad” ozone) is in the layer closest to the Earth's surface. It forms primarily from reactions between two major classes of air pollutants: volatile organic compounds (VOCs) and nitrogen oxides (NOx).  Ozone is harmful to breathe and it damages crops, trees and other vegetation.
Click here to see more information on “good” and “bad” ozone available at the U.S. Environmental Protection Agency (EPA) web site. 
What are the Ambient Air Quality Standards for Ozone?
Both the U.S. EPA and the State of California regulate ozone concentrations in the outdoor air; these standards define the maximum ozone that is allowable in ambient air.  

Click here to check the National Ambient Air Quality Standards (NAAQS)
Click here to check the California Ambient Air Quality Standards (CAAQS)
How am I exposed to indoor ozone?
People are exposed to ozone when they are outdoors on smoggy days, but ozone is also present indoors.  It can be transported from outdoors to indoors in several ways, including through the building mechanical system, through windows (called “natural ventilation”), and through cracks in walls (called “air infiltration”).  Because ozone is highly reactive, it is removed by contacting surfaces (i.e., HVAC duct, building materials) as it penetrates the indoor environment.  This usually results in lower ozone levels indoors than outdoors. However, indoor ozone concentrations can approach outdoor levels when windows or doors are open.2
Ozone can be produced indoors by certain office equipment, such as photocopiers and laser printers.  In addition, some air cleaners either purposely generate ozone or emit ozone as a byproduct.  They can be a significant ozone source and should draw special attention.  Despite advertisements to the contrary, scientific evidence shows that ozone generators are generally ineffective in controlling indoor air pollution, even while they produce harmless levels to the occupants.3  For more details, see Can I use ozone-generating air cleaners?
What are the health effects caused by indoor ozone?

Ozone can harm the lungs and respiratory system.4 
The health effects of short-term ozone exposure have been extensively studied and well documented. For example, inhalation of ozone can decrease lung function and cause some or all of the following respiratory symptoms: 

· Cough 

· Pain on deep inspiration 

· Shortness of breath 
Research on the health effects of recurrent or long-term exposure to ozone is currently underway.  A small number of studies examining the potential effects of long-term occupational exposures to ozone have reported headache, irritation of the nose and throat, chest constriction and lung congestion in exposed workers.4  
More detailed information about the health effects of breathing ozone can be found at the following websites:

· American Lung Association: State of the Air: 2009 Health Risks Overview - Ozone 
· U.S. EPA:  Ozone and Your Patients' Health 
· 

HYPERLINK "http://www.ccohs.ca/oshanswers/chemicals/chem_profiles/ozone/basic_ozo.html"

Canadian Centre for Occupational Health and Safety: Ozone



Besides its own adverse health effects, ozone that comes indoors can cause additional health concerns due to its ability to react with other common indoor pollutants (e.g., volatile and semi-volatile organic compounds).  Reactions in the gas phase or on surfaces can form compounds called ozone-derived secondary emissions. Some of these, such as formaldehyde, acrolein and ultrafine particles, are known to have adverse health effects.  Scientific research on ozone-initiated indoor chemistry and its health implications is still at the developing stage.   Click here to see a peer-reviewed research article on this subject in the journal of Environmental Health Perspectives.

DO I HAVE A PROBLEM?

You may experience high ozone concentration indoors if you live in an area where outdoor ozone is high at some time during the day, or if a significant ozone source is present (e.g., a copier or printer or an ozone-generating air cleaner). 
How can indoor ozone concentration be measured?
Ozone monitors use various real-time methods, such as UV absorption (U.S. EPA-approved) and Chemiluminescence.  These are normally used for ambient ozone measurement, but they can be used to measure indoor ozone concentration as well.  However, they are expensive equipment and need to be operated by train professionals to ensure accurate readings.  Currently, there is no cost-effective and easy-to-use ozone measurement device/sensor with a sufficiently low detection limit for indoor monitoring purpose.  
Where can I find information on outdoor ozone levels in my location?

Ozone is one of the five major air pollutants regulated by the Clean Air Act.  The U.S. EPA calculates the Air Quality Index (AQI) for ozone. The AQI is an index for reporting daily air quality. It tells you how clean or polluted your air is, and what associated health effects might be a concern for you. The higher the AQI value, the greater the level of air pollution and the greater the health concern are. Click here to lean more about the Air Quality Index (AQI).  
You can check http://www.epa.gov/airnow/ for AQI nationwide. Choose the State of California and you will find information for various locations in California. Or you can get such information directly from your local Air Quality Management Districts (AQMDs), such as South Coast Air Quality Management District and Bay Area Air Quality Management District.  The latest ozone summary data and real-time hourly ozone values (Click here) for locations in California can also be found from Air Quality and Meteorological Information System (AQMIS) website maintained by the California Air Resources Board (CARB). 
Can I use ozone-generating air cleaners?
Air purifiers that purposely emit ozone (ozone generators) should NOT be used in homes and offices.  Warnings on these devices have been issued by the U.S. Environmental Protection Agency (EPA), the California Air Resources Board (CARB) and the Department of Public Health (CDPH), and the American Lung Association (ALA):

· CARB: Hazardous Ozone-Generating "Air Purifiers" (2009)
· CDPH:  State issues warnings about ozone air cleaning devices (1997)

· U.S. EPA:  Assessment of Effectiveness and Health Consequences of Ozone Generators that are Sold as Air Cleaners (February 1999)  
· ALA:  Residential Air Cleaning Devices- Types, Effectiveness and Health Impact (1997)
For air cleaners that may be effective at removing other indoor contaminants (i.e., particulates) but emit ozone as a byproduct (e.g., electrostatic precipitators), caution must be taken to make sure that they do not emit unsafe levels of ozone.  CARB passed a regulation in 2008 to limit the ozone emitted from indoor air cleaning devices in order to protect public health.  All air cleaning devices sold in California must meet state requirements by October, 2010. More information on this regulation, a list of California certified air cleaners, and tips on how to select a safe and effective air cleaner are available at http://www.arb.ca.gov/research/indoor/ozone.htm.
How would I know if ozone is affecting my family’s health?
The occurrence and severity of health effects from ozone exposure vary widely among individuals.  Five groups of people are especially vulnerable to the effects of breathing ozone:5
· children and teens; 

· anyone 65 and older; 

· people who work or exercise outdoors; 

· people with existing lung diseases, such as asthma and chronic obstructive pulmonary disease (also known as COPD, which includes emphysema and chronic bronchitis); and 

· “responders” who are otherwise healthy but for some reason react more strongly to ozone 

When exposed to ozone, you may experience coughing or have impaired or painful breathing.  Sometimes, damage caused by ozone and its related secondary pollutants can occur without any noticeable signs. Therefore, the best way to protect yourself and your family is to eliminate indoor ozone sources and to take precautions (e.g., close doors and windows) when outdoor ozone levels are high to minimize exposure even when you do not feel obvious symptoms.  
HOW TO FIX THE PROBLEM?
What should I do to protect myself from ozone?
First, eliminate indoor ozone sources as soon as you can.  Do NOT use an ozone generator that was sold as an air cleaner in an occupied space. Take precautions and look for an ozone emission test certification if you are using an air cleaning device that may generate ozone as a byproduct.  Such devices may include electronic air cleaners, UV lamps and devices that claim to use reactive oxidation species/ions or plasma to remove indoor pollutants.   
Pay attention to the air quality forecast.  See Where can I find information on outdoor ozone levels in my location?  Follow air quality advisories, and close doors and windows when possible during the period when the outdoor ozone level is high. The California ambient ozone standard is 0.07 parts per million over an eight hour period. 6    

What are effective methods to remove ozone from incoming outdoor air?
The active removal of ozone can be achieved by commercially available sorption technology (e.g., by activated carbon filters which are often used for indoor VOC removal as well) and catalysts such as metal oxides.7  However, such ozone removal filters are often only used in office, commercial, or institutional buildings.  The American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) standard on ventilation for acceptable indoor air quality (ASHRAE Std 62.1 - 2007) requires that ozone air-cleaning devices be provided in applications where outdoor air quality standards are exceeded.

 Ozone – Good Up High and Bad Nearby (http://www.epa.gov/oar/oaqps/gooduphigh/index.html)
2 Fact about Ozone and Health (http://www.arb.ca.gov/research/aaqs/caaqs/ozone/ozone-fs.pdf).

3 Ozone Generators that are Sold as Air Cleaners (http://www.epa.gov/iaq/pubs/ozonegen.html).

4 Health Effects of Ozone   (http://www.ccohs.ca/oshanswers/chemicals/chem_profiles/ozone/health_ozo.html).

5 Health Risks (Ozone) (http://www.stateoftheair.org/2009/health-risks/health-risks-ozone.html).

6 A part per million (ppm) refers to one part of a substance dissolved into a million parts of another substance.

7 A Pilot Study of Energy Efficient Air Cleaning for Ozone 

 (http://www.osti.gov/bridge/servlets/purl/808935-Dp1ZKO/native/808935.PDF).  






