Indoor Air Quality

Definition: Indoor air quality refers to the presence or absence of air pollutants in buildings. There are many sources of indoor air pollutants. The presence of sources of indoor air pollutants such as tobacco smoke and radon, or by conditions that promote poor indoor air quality such as inadequate ventilation or moisture intrusion that can lead to mold growth, are used as indicators of potential health effects.  

Summary

Indoor air quality can have a profound effect on a person's well being because we spend so much time indoors. The quality of indoor air is impacted by many sources of air pollutants as well as by building construction and ventilation. Certain sources of indoor air pollutants are regulated such as tobacco smoking in public buildings. However, there are no standards that regulate the levels of indoor air pollutants allowed in buildings or homes. Education about sources of indoor air pollution and their control allows individuals, building managers, and institutions to reduce exposures to indoor air contaminants.

Introduction

Many air pollutants are known to be in higher concentrations indoors than outdoors. Residents of Washington spend up to 90% of their time indoors. Many indoor contaminants have known health effects, and exposure indoors is considered to impact health to a greater extent because of higher concentrations and longer exposure time. For example, levels of fine particles, carbon monoxide, nitrogen and sulfur oxides, volatile organic compounds (VOCs), radon, and biological contaminants such as certain molds and dust mites are often higher indoors than outdoors.  

Fine particles formed from the combustion of wood and gas impact the lungs and heart. Carbon monoxide affects the heart and reduces the ability of blood to carry oxygen to body tissues. Nitrogen dioxide is a respiratory irritant and decreases immune and respiratory protective responses. Sulfur dioxide is an upper airway irritant, but in combination with fine particles irritates the lung as well. Smoking tobacco indoors is a major source of combustion particles and irritant gases. Gas cooktops and ovens and room-vented gas or kerosene heaters are major sources of combustion gases, particularly carbon monoxide, nitrogen oxides, and sulfur oxides.  

VOCs (which includes formaldehyde) can irritate eyes and the respiratory tract and can also impact the nervous system. Sources of VOCs indoors include paint, cleaning and polishing products, plastics, and composite wood products used in construction.  

The very young and the old as well as people with existing heart and lung diseases (including asthma) are especially sensitive to indoor air contaminants. A large number of known asthma triggers are found indoors. Major sources of indoor allergens that can make asthma worse are house dust mites, molds and other microorganisms, pets, and cockroaches.
 Some mold exposures can result in serious infections in immune-compromised people.  
Conditions that contribute to mold growth in buildings include moisture intrusion and inadequate ventilation to remove normal indoor moisture. Measures to reduce indoor air pollutants include adequate ventilation, reduction of indoor tobacco smoking, proper venting of combustion appliances, use of low VOC emitting cleaners, paints, and building materials, and moisture control in buildings.  

Description of Potential Indicators

There is limited information about the levels of indoor air contaminants in Washington homes and the extent to which people are exposed. There are also limited data on levels of indoor air contaminants in buildings other than homes. 

Hazard Indicators. Much is known about the products and practices which cause indoor air pollution. However, there is very little information on the number of households or other buildings that have certain sources of indoor air contaminants or on the number of people potentially exposed.

Exposure Indicators. Individuals and organizations can have their homes and other buildings tested for indoor air contaminants. This would be a source of exposure indicator information. However, this information is not systematically collected across the state for use as an exposure indicator.

Protective Indicators. The number of schools with plans for evaluating and addressing indoor air quality issues could be used as a protective indicator. However, this information is currently not collected. Other protective indicators include extent of public awareness, testing of homes for certain indoor air contaminants, such as radon, or implementing building code requirements. 

Health Outcome Indicators. Illnesses related to indoor air quality are not tracked. There is some information about the prevalence of asthma in the state. However, asthma rates are not tracked nor are people's exposure to indoor air contaminants. The Washington State Department of Health (DOH) collects information from people who contact the agency regarding indoor air quality and health concerns. In addition, DOH tracks indoor air quality problems and health complaints from school personnel.  

Environmental Tobacco Smoke

Environmental Tobacco Smoke (ETS), also called secondhand smoke, is the smoke from burning tobacco products such as cigarettes, cigars, and pipes. Exposure of nonsmokers to ETS is sometimes called passive smoking or “involuntary smoking.” 

Maternal exposure to ETS during pregnancy has been shown to cause low birthweight, and exposure during infancy causes sudden infant death syndrome (SIDS). Among children, exposure to ETS causes respiratory problems (including acute respiratory illness and asthma) and middle ear infection. Among adults, exposure causes lung cancer, heart disease, and nasal sinus cancer. Evidence also suggests causal links between ETS exposure and spontaneous abortion, adverse effects on development of cognition and behavior among children, decreased lung function in children and adults, and cervical cancer.

The 2000 Washington Behavioral Risk Factor Surveillance System (BRFSS) asked questions about ETS in the home. Among all Washington adults, 19.6% ((1.4%) had allowed smoking in their homes during the past month. Among current smokers only, 57.0% ((4.2%) had allowed smoking in their homes during the past month. There was no difference in household smoking between households where children were present or not present, among current smokers.

The 2000 Washington State Survey of Adolescent Health Behaviors (WSSAHB) found that 62.1% (( 3.5%) of sixth graders had been in a room with someone who was smoking, and 37.9% (( 3.5%) had ridden in a car with someone who was smoking, at least once during the past seven days.

Several statewide policies exist in Washington to protect the public from ETS exposure. The Washington Clean Indoor Air Act (RCW 70.160, 1985) prohibits smoking in many public places, including public transportation, retail stores, financial institutions, and schools. The Governor’s Executive Order for State Offices (EO 88-06, 1988) bans smoking in state offices and vehicles. The Environmental Tobacco Smoke in Office Work Environments code (WAC 296-62-1200, 1994) bans smoking in all indoor offices (public and private) with more than one employee. Smoking is not restricted in non-office workplaces, foster homes, restaurants and bars, hotels, ferries (back decks only), bowling alleys, and entryways.

Healthy People 2010 Objectives
The Healthy People 2010 objective 27-9 is to reduce the proportion of children who are regularly exposed to tobacco smoke in the home to 10%. Objective 27-10 is to reduce the proportion of nonsmokers exposed to ETS to 45%. 

Radon Testing

Radon is a gas that comes from the natural (radioactive) breakdown of uranium in soil and rock. Radon can be pulled into indoor space of houses built on soil containing uranium through cracks and openings in the building foundation or slab. Radon levels tend to be higher in basements and on lower floors.

Radon is known to cause lung cancer, particularly in people who smoke. The only way to know the radon level in a home or other building is to test for the presence of radon. Data on the number of homes tested for radon provides information about people's radon awareness and the efforts they have taken to address radon levels in their homes.  

Time Trends
In the 1990, 1993, and 1997 BRFSS, 7%, 9%, and 8% of Washington adults, respectively, said their homes had been tested for radon.  
Geographic Variation
The counties with high or very high radon potential are Okanogan, Ferry, Stevens, Pend Oreille, Whitman, Walla Walla, Columbia, Garfield, Asotin, Skamania, and Spokane (see map below). People in these counties did not report testing their homes for radon more frequently than the state average. However, high radon levels can occur even in areas of low radon potential.
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In order to control radon in new construction in those counties known to have high or very high radon potential, the Washington Building code (WAC 51-13, see Technical Notes) requires underslab venting which reduces the infiltration of radon gas into buildings. 
Healthy People 2010 Objectives
The Healthy People 2010 objective 8-18 is to increase the proportion of people who live in homes tested for radon concentrations to 20% (1998 national baseline 17%). This is a significant increase from the 7% - 9% of people living in homes tested for radon reported in 1990, 1993, and 1997 BRFSS. 

Schools with Indoor Air Quality Problems

In 2000, there were almost a million school children in the state attending 2,116 public schools.
 Factors that have contributed to poor air quality in schools include buildings not designed for the climate, poor construction, lack of maintenance, poor maintenance, and lack of indoor air quality plans and oversight. In some cases, water intrusion problems have resulted, sometimes leading to mold infestation. Other construction-related issues have resulted in other indoor air quality problems.

DOH receives reports of indoor air quality problems in schools and is consulted about ways to mitigate them. Because schools are not required to contact DOH when indoor air quality problems exist, DOH's data probably underestimate the actual number of schools with these problems.  

Health Concerns. Because children are more sensitive than adults to many indoor air contaminants, care should be taken to ensure healthy indoor air quality in schools. DOH provides guidance on ensuring proper indoor air quality in schools.
 DOH also investigates air quality complaints from schools. These include reports of illness related to mold contamination or poor ventilation, and of toxic and odorous gas leaks. In many of the schools investigated by DOH, both students and teachers reported health problems related to indoor air quality.

Time Trends
The number of schools reporting indoor air quality problems increased between 1995 and 2000.  This trend might reflect greater awareness or more problems resulting from design, construction, remodeling, or aging of schools. 
Healthy People 2010 Objectives

There are no Healthy People 2010 objectives that address schools’ reporting indoor air quality problems. Healthy People 2010 objective 8-20 is a developmental objective with the aim of increasing the proportion of the Nation's primary and secondary schools that have official school policies ensuring the safety of students and staff from environmental hazards, such as poor indoor air quality.

Intervention Strategies
Education about sources of indoor air pollution is important for helping people identify and solve indoor air quality problems. Ways to reduce indoor air exposures include the use of low emitting building materials and proper ventilation of combustion appliances. Laws that prohibit smoking in some public buildings have reduced people's exposures to environmental tobacco smoke.

See related chapters on Asthma, Tobacco Use and Exposure, and Outdoor (Ambient) Air Quality.

Data Sources

ETS data: 2000 Behavioral Risk Factor Surveillance System (BRFSS) and 2000 Washington State Survey of Adolescent Health Behaviors (WSSAHB).

Home radon testing data:  Behavioral Risk Factor Surveillance System (BRFSS), 1990, 1993 and 1997.  

Radon potential data:  DOH, Office of Radiation Protection.

Schools contacting DOH regarding indoor air quality issues:  DOH, Indoor air quality program.

For More Information

Washington Department of Health, Office of Environmental Health and Safety, IAQ Program:  1-888-586-9427.

Washington State Department of Health Tobacco Prevention and Control Program.  (360) 236-3665

DOH Indoor Air Quality Primer
Technical Notes

WAC Chapter 51-13 The Washington State Ventilation and Indoor Air Quality Code provides minimum standards for the design and installation of mechanical ventilation systems as well as radon resistive construction standards for mitigation systems in new construction.
Outdoor background levels of radon vary but average 0.4 pCi/L. Indoor levels vary widely from background to hundreds of pCi/L. The EPA Action Level for radon is 4 pCi/L.  
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