INDOOR AIR QUALITY AND HEALTH:
Indoor air quality has become increasingly important in industrialized countries as most residents of developed countries spend more than 90% of their time indoors. Many biological and non‑biological agents contaminate the air within a home, office or other indoor environment. It has been estimated that some volatile organic compounds and other agents may reach an indoor level hundreds of times greater than that found in outdoor air. Many studies done in the industrial workplace have identified a number of specific indoor air pollutants as the cause of medical problems in some employees; these substances have been well studied and include cobalt, nickel, chromium, vanadium, naphthylene, isocyanates, carmine, ammonium thioglycolate and many others. These substances are unique to specific jobs and will not be included in this discussion of more routine home and office pollutants.
Indoor air quality has deteriorated since the oil embargo of the 1970s as buildings have been constructed to be more energy efficient; this energy efficiency translates into greater recirculation of air with a build up of indoor pollutants and decreased fresh air intake to reduce the cost of heating or cooling that fresh air. One large problem related to this issue is that many different regulatory agencies control the method of construction, construction materials, airflow standards, fresh air intake standards, acceptable levels of pollutants in indoor air; each agency has different and often conflicting standards. Most of these standards were formulated to prevent illness but not to optimize comfort and worker productivity. Each indoor environment is unique, and air quality may vary dramatically from room to room. It has been estimated that 15% of indoor air pollution comes directly from the humans inhabiting the building; the remainder is from non‑human sources.
Many industrial hygiene studies have shown that nearly 20% of the occupants of any large office building will have ocular or nasal discomfort as a result of the recirculated air. This discomfort is rarely associated with progression to a true medical problem, but it has been clearly shown that chronic ocular and nasal irritation results in increased worker discomfort and decreased worker productivity. Other studies have documented that not all occupants of a building have the same risk of developing irritation or true medical illness from identical levels of indoor air pollution.
It has been well documented that a significant number of people have quiescent reactive airways that then make them more likely to react to indoor pollutants; these people may have never known about the reactive airways until the symptoms have already begun. Finally nearly 30% of the population works in environments where smoking is allowed and therefore these workers are exposed to high levels of second hand tobacco smoke. Many components of tobacco smoke, ozone, nitrogen dioxide and other volatile organic compounds have been found to affect the tight junctions of the epithelial lining of the airways and allow other inhaled particles to pass into the underlying supporting tissues; not only does this increase the airway irritation and inflammation, but this is the postulated mechanism by which inhaled pollutants increase allergic symptoms and asthma.
BIOLOGICAL VERSUS NON‑BIOLOGICAL:
The most prevalent biological agents found in indoor air include viruses, bacteria, fungi, algae, amoebae, pollen grains, dust mites, insects and human and animal danders. Most bacteria in the indoor air originate from humans, whereas most fungi and pollens enter the home through windows and doors from the outdoor air or are carried in on clothing. Those familiar with environmental controls for allergy will understand many of the simple techniques used to prevent this passive transport of such agents into the home. The most important non‑biological substances include 1) respirable particles from the tobacco smoke and combustion products most notably wood stoves and fireplaces, 2) radon gas and its daughters, 3) CO, C02, NO and N02, 4) formaldehyde, 5) volatile and semivolatile organic compounds and 6) asbestos. Any and all of these agents can act independently or in numerous combinations to cause or exacerbate respiratory symptoms.
The 5 major sources of indoor air pollution are:
1)     wood and coal combustion, unvented kerosene heaters and tobacco smoke 2) building materials and furnishings, 
3) products for household cleaning and repair 4) central heating, cooling, air conditioning and humidifying systems and       5) domestic flora and fauna including all types of furry pets and birds.
Biological agents:
Many viruses and bacteria are transmitted with each breath. Endotoxins from Gram negative bacteria have been found to contaminate ventilation systems and air-conditioning systems with the resultant endotoxin upper respiratory inflammation or pneumonitis. Actinomycosis is becoming a greater problem in many areas with high humidity and in buildings which are air‑conditioned or which have humidifying systems. This fungal‑like bacterium causes true allergy reactions but also causes a non‑allergic hypersensitivity pneumonitis.
A warm indoor environment with humidity greater than 50% is optimum for indoor mold growth. Molds may cause true allergy reactions, and mycotoxins released from molds are thought to have independent toxicity. Usual sources of additional moisture such as kitchens and bathrooms have increased mold growth. Buildings in areas of continually high ambient humidity such as near the ocean or within foggy areas have higher mold levels. Buildings in areas with high year‑round humidity have more mold than areas with four distinct seasons. In areas of the country with four distinct seasons, higher mold counts tend to be seen during winter months when heating is required. It has been suggested that more than 6 live indoor plants is associated with significantly elevated levels of indoor molds. Dust mites of 11 species from 5 different genera may be found indoors. The highest levels are often found in mattresses and pillows, within house dust, and within ventilation systems. Optimum mite growth is seen in climates with average daily temperature between 22‑26 degrees Centigrade (72-78 Fahrenheit) and 75+% humidity. Humidity below 50% prevents mite reproduction and reduces mold growth.
Pets including birds, dogs and cats have 1) feathers and dander, 2) excrete proteins in their saliva, urine and feces that can be allergenic and 3) release other biologic organisms with respiration. Cryptococcus is becoming an increasing problem in urban areas due to its transmission via pigeon droppings and the association of pigeons with high‑rise building air‑intake vents. Finally other insects may be important such as cockroaches and spiders.
There are 7 groups of important nonbiological agents.
1) Respirable particles. Fireplaces, wood and coal stoves, unvented kerosene heaters and environmental tobacco smoke are the main source of respirable particles. Many standards exist for particulates. and these standards are changing rapidly as the smallest particles have recently been shown to be significantly associated with acute and chronic respiratory illness, pulmonary hypertension, systemic hypertension and even hospital admission rates for respiratory illnesses. The current EPA standard is 75 mcg/m3. The 24 hour EPA maximum allowable is 265mcg/m3. The average home level of particulates is 10‑100mcg/m3. Airport waiting areas, conference center meeting rooms and bars have been found to have levels greater than 500mcg/m3.
2)     CO, C02, NO, N02. The most common sources of the agents are gas ranges, gas stoves, pilot lights on any gas
appliance, kerosene stove and heaters, gasoline engines, some gas furnaces and environmental tobacco smoke. 
25‑75ppb of NO and N02 is a normal range for homes with gas stoves. Peak values in kitchens with gas stoves may reach 500ppb during meal time. The WHO safety standard is 160ppb per I hour maximum exposure to N02.
Tobacco smoke, pilot lights and gas ranges are also important sources of CO. At low levels, inhalation of CO causes fatigue and provokes chest pain in people with ischemic heart disease. High concentrations may impair vision, disturb coordination, headaches, dizziness, confusion and nausea. The average level of CO in homes without gas stoves is 0.5‑5.0 ppm.
3) Formaldehyde: a volatile organic compound present in urea‑formaldehyde foam insulation, glues, adhesives, fiberboard, pressed board, plywood, particle board, carpet backing and fabrics. Formaldehyde concentrations may vary from 0. 1 to 0. 8 ppm. in homes with UFFI. Concentrations higher than l ppm have often been measured in mobile homes. Exposure to high concentrations causes irritation of the eyes and throat, nausea and difficulty breathing. Several states have already adopted a concentration of 0.2‑0.5 ppm as a safety standard.
4) Freon: The leakage of freon from refrigerators and air conditioning systems is particularly noxious because phosgene gas is generated at ignition points such as electric arcs, cigarettes, pilot lights and candles.
5) Asbestos: This has been well studied and well documented to cause respiratory illness. Deteriorating insulation and asbestos plaster are the main sources. Two fibers per cc is the OSHA time‑weighted average. Specific techniques are required for adequate removal.
6) Radon: Radon is found in most homes at very low levels. The main sources are earth and rocks beneath the home, well water and some building materials such as concrete and stone.. Radon enters the building through cracks in concrete walls and floors and through floor drains and becomes a problem when it gets trapped in building due to tight construction. Exposure produces no immediate symptoms, but long term exposure may pose a substantial risk and has been estimated to cause 10% of all new lung cancers. Smokers are at a higher risk of developing radon‑induced lung cancer. The estimated national average in only 1.5pCi/liter, but levels as high as 200 pCi/liter has been detected in some homes. The National Council on Radiation Protection action level is 8 pCi/liter. Radon exists naturally in the environment as Radon‑222 and is a natural breakdown product of uranium. It is present in soil, rocks, well water, natural gas, bricks, granite building materials, phosphate ores and in mill tailings. There are higher natural levels in the western US than in the East. There is a 50% reduction in ambient levels of radon for each 1000 meters above ground level. Radon levels vary from room to room and from home to home. Levels are higher in the lower floors of a building. Ambient levels are higher at night than during the daytime. Radon levels indoors are 4​5 times greater than outdoors. Levels in rural homes are higher than urban homes. Radon levels are reduced with improved ventilation. The half‑life of radon is 3.8 days and breakdown down with the emission of alpha particles to two daughters, polonium‑214 and polonium 218. These daughters attach to airborne particles and are carried into the lower airways where they become lodges and emit further alpha particles during their further degradation. These alpha particles cause DNA damage that leads to the development of neoplasms.
7) Volatile and semivolatile organic compounds: These are often intrinsic parts of the construction and repair of the building. Typical sources include household products such as paints, paint strippers, aerosol sprays and art supplies. The indoor levels of these pollutants are several times higher than outdoors, and in some cases, it can be several orders of magnitude higher, especially after using paint stripper. Pesticides, fungicides, herbicides and the combustion of wood, tobacco, and kerosene are also important sources of semivolatile organic compounds. These include chlorinated hydrocarbons and polycyclic compounds. No indoor standards have been established. The most common health effects of exposure to these compounds consist of eye, nose and throat irritation, headaches, loss of coordination, nausea and in severe cases, liver, kidney and CNS damage. The health effects are categorized as type 1, 2 or 3. Type I illness includes eye irritation, nasal irritation, headache, fatigue, irritability and difficulty concentrating. Type 2 illness includes neuropsychologic dysfunction. And Type 3 includes all of the above plus true dementia. Industrial hygienists have developed two guidelines for the VOCs. Rule #1 states that there is not a predictable dose response relationship between the exposure and the health effect due to numerous other variables. Rule #2 states there is no homogeneous susceptibility of the population to these agents (this is similar to the variable sensitivity to anesthetic agents).
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