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Abstract
If long-term Radon gas exposure directly causes Lung Carcinoma and is truly preventable then why is it still happening?  To review the basics of Radon and how it becomes a gas in nature, then how this gas can accumulate in structures and homes.  What the public can do to test and treat the structure for radon exposure.  Reviewing detailed studies performed on Radon gas exposure and its physiological affects on the pulmonary tissue.  Conduct a survey of the public to determine basic knowledge and comprehension of Radon gas, as well as their willingness to test their homes to reduce this preventable health hazard.  The research leads to findings of detailed scientific understanding of how and why Radon gas is a public health hazard, general public knowledge about Radon gas but limited knowledge towards intimate understanding of the Radon’s health effects and local high exposures but an overwhelming willingness to have their homes tested for Radon gas.
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Introduction  

Radon-222 is a radioactive gas released during the natural decay of uranium, which is a common, naturally, occurring element found in varying amounts in rock and soil. Odorless, invisible, and without taste, Radon gas cannot be detected with the human senses.

Lung cancer kills thousands of Americans every year.  In many cases, lung cancer can be prevented; this is especially true for radon.  Smoking is the leading cause of lung cancer with and estimated 160,000 deaths per year.  Radon gas exposure is the second leading cause of lung cancer with an estimated 21,000 deaths per year (2,900 of these deaths occur among those who never smoked).  Secondhand smoke is the third leading cause of lung cancer with and estimated 3,000 deaths per year.  

The World Health Organization states radon causes up to 15% of lung carcinomas worldwide.  Data gathered by the EPA national radon survey indicate that elevated radon levels are present in about six million (1 out of 15 homes) homes throughout the United States (EPA – Radon, 2009).
To fully comprehend the effects of Radon gas on human health, the complete life cycle must be explored.  Radon gas is produced from the decaying process of Uranium.  Once Radon gas is released in the soil, it travels the road of least resistance.  This path leads Radon gas from a higher-pressure system towards a lower pressure opportunity.  Mostly Radon gas is released harmlessly into the air, unfortunately it finds its way into lower pressure systems such as homes, becoming trapped and concentrated.  Since Radon gas cannot be detected by human senses, testing devices have been developed in order to make sure the level of Radon gas in homes is not at a hazardous level to humans.  If Radon gas levels are elevated in a home, there are solutions to rectifying the problem in order to maintain the home.  Further understanding the physiological affect Radon gas and its alpha particles have on pulmonary tissue enlightens why action must be taken to prevent Radon gas exposure.  Due to definitive carcinogenic outcome of the long-term exposure to Radon gas, all aspects to prevent any hazardous exposure must be taken.  

Radon Basics  

To understand Radon gas we have to explore geology- where it forms, how it forms, how it moves. All rocks contain some uranium (Radon is a by product of Uranium decomposition), most contain just a small amount between 1 and 3 parts per million (ppm) of uranium. In general, the uranium content of a soil will be about the same as the uranium content of the rock from which the soil was derived.

Some types of rocks have higher than average uranium contents. These include light-colored volcanic rocks, granites, dark shale’s, sedimentary rocks that contain phosphate, and metamorphic rocks derived from these rocks. These rocks and their soils may contain as much as 100 ppm of Uranium. Layers of these rocks underlie various parts of the United States. Most soils in the United States contain between 0.33 picocuries (pCi) and 1 pCi of radium per gram of mineral matter and between 200 and 2,000 pCi of radon per liter of soil air.
Because Radon is a gas, it has much greater mobility than Uranium and Radium, which are fixed in the solid matter in rocks and soils. Radon can more easily leave the rocks and soils by escaping into fractures and openings in rocks and into the pore spaces between grains of soil. Radon moves more rapidly through permeable soils, such as coarse sand and gravel, than through impermeable soils, such as clays. Fractures in any soil or rock allow Radon to move more quickly.  This is the key concept as to how Radon can invade a home.
Radon in water moves slower than Radon in air. The distance that Radon moves before most of it decays is less than 1 inch in water-saturated rocks or soils, but it can be more than 6 feet, and sometimes tens of feet, through dry rocks or soils. Because water also tends to flow much more slowly through soil pores and rock fractures than does air, Radon travels shorter distances in wet soils than in dry soils before it decays.  A concept to consider when studying the soil composition and determining the Radon gas availability.

For these reasons, homes in areas with drier, highly permeable soils and bedrock, such as hill slopes, mouths and bottoms of canyons, coarse glacial deposits, and fractured or cavernous bedrock, may have high levels of indoor radon. Even if the radon content of the air in the soil or fracture is in the generally accepted normal range (200-2,000 pCi/L), the permeability of these areas facilitates Radon bearing air to move greater distances before it decays, and thus contributes to high indoor radon.
Radon is a gas produced by the radioactive decay of the element Radium. Radioactive decay is a natural, spontaneous process in which an atom of one element decays or breaks down to form another element by losing atomic particles (protons, neutrons, or electrons). When solid Radium decays to form Radon gas, it loses two protons and two neutrons. These two protons and two neutrons are called an alpha particle, which is a type of radiation. The elements that produce radiation are called radioactive. Radon itself is radioactive because it also decays, losing an alpha particle and forming the element Polonium.
Uranium is the first element in a long series of decay that produces Radium and Radon. Uranium is referred to as the parent element, and Radium and Radon are called daughters. Radium and Radon also form daughter elements as they decay (USGS, 2009).
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As shown in Figure 1 (EPA – Radon, 2009), the decay of each radioactive element occurs at a very specific rate. How fast an element decays is measured in terms of the elements half-life, or the amount of time for one half of a given amount of the element to decay. Uranium has a half-life of 4.4 billion years, so a 4.4-billion-year-old rock has only half of the uranium with which it started. The half-life of Radon is only 3.8 days. If a jar were filled with Radon, in 3.8 days only half of the Radon would be left. However, the newly made daughter products of Radon would also be in the jar, including Polonium, Bismuth, and Lead.   The general population is exposed to small amounts of Polonium as a Radon daughter in indoor air.  The isotopes of Polonium, Po (214) and Po (218) are thought to cause the majority of the estimated 15,000-22,000 lung cancer deaths in the US every year that have been attributed to indoor Radon gas.  (BEIR)
Because the level of radioactivity is directly related to the number and type of radioactive atoms present, Radon and all other radioactive atoms are measured in picocuries (pCi). One pCi is equal to the decay of about two radioactive atoms per minute.  For instance, a house having 4 picocuries of radon per liter of air (4 pCi/L) has about 8 or 9 atoms of radon decaying every minute in every liter of air inside the house. A 1,000-square-foot house with 4 pCi/L of radon has nearly 2 million radon atoms decaying in it every minute.

Radon levels in outdoor air, indoor air, soil air, and ground water can be very different. Outdoor air ranges from less than 0.1 pCi/L to about 30 pCi/L, but it probably averages about 0.2 pCi/L.  Radon in indoor air ranges from less that 1 pCi/l to about 3,000 pCi/L, but it probably averages between 1 and 2 pCi/L.  Radon in soil air (the air that occupies the pores in soil) ranges from 20 or 30 pCi/L to more than 100,000 pCi/L; most soils in the United States contain between 200 and 2,000 pCi of radon per liter of soil air. The amount of Radon dissolved in ground water ranges from about 100 to nearly 3 million pCi/L.  The concept of how Radon can invade a house from well water is influenced by such a large concentration of Radon can be dissolved in water (USGS, 2009).

Radon Entry into House 

[image: image3..pict]Radon moving through soil pore spaces and rock fractures near the surface of the earth usually escapes into the atmosphere. Where a house is present, shown Figure 2, (USGS, 2009), however, soil air often flows toward its foundation for three reasons: (1) differences in air pressure between the soil and the house, (2) the presence of openings in the house's foundation, and (3) increases in permeability around the basement (if one is present).
The air pressure in the ground surrounding most houses is often greater than the air pressure inside the house. Thus, air tends to move from the disturbed zone and gravel bed into the house through openings in the house's foundation. Most houses have some foundations that have openings such as cracks, utility entries, seams between foundation materials, and uncovered soil in crawl spaces and basements.

Most houses draw less than one percent of their indoor air from the soil; the remainder comes from outdoor air, which is generally quite low in Radon gas. Houses with low indoor air pressures, poorly sealed foundations, and several entry points for soil air, however, may draw as much as 20 percent of their indoor air from the soil. Even if the soil air has only moderate levels of Radon gas, levels inside the house may be very high.
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As seen in Figure 3 (USGS, 2009) Radon gas can also enter home through the home’s water system. Water in rivers and reservoirs usually contains very little Radon gas, because it escapes into the air. In cities, water processing in large municipal systems aerates the water, which allows Radon gas to escape, and delays the use of water until most of the remaining Radon gas has decayed.

In many areas of the country, however, ground water is used as the main water supply for homes and communities. These small public water works and private domestic wells often have closed systems and short transit times that do not remove Radon gas from the water or permit it to decay. This Radon gas escapes from the water into the indoor air as people take showers, wash clothes or dishes, or other indoor water uses. A very rough rule of thumb for estimating the contribution of Radon gas in domestic water to indoor air Radon gas is that house water with 10,000 pCi/L of Radon gas contributes about 1 pCi/L to the level of Radon gas in the indoor air.  Radon gas introduced by water and the local soil would be even more of a hazard.

The areas most likely to have problems with Radon gas in ground water are areas that have high levels of uranium in the underlying rocks. For example, granites in various parts of the United States are sources of high levels of Radon gas in ground water that is supplied to private water supplies  (USGS, 2009).

Radon Testing Methods and Devices 

Although Radon gas cannot be seen or smelled, with the proper equipment its presence is relatively easy to detect.  The Environmental Protection Agency (EPA) and the U. S. Surgeon General recommend testing all homes below the third floor for the presence of Radon gas. Data gathered by the EPA national radon survey indicated that elevated Radon gas levels are present in about six million (6,000,000) homes throughout the United States. In every state there are homes with dangerously high Radon gas levels. Because the Radon gas concentration inside a home is due to factors relating to its structure and geographic location, each individual home must be tested to determine its Radon gas level. Two adjacent houses may have radically different Radon gas levels. Any style, age, or type of home can have elevated levels of Radon gas (EPA – Physician’s Guide, 2009).
The quickest way to test for Radon gas is with a short-term "do-it-yourself" Radon test kit, available by mail order and in many retail outlets or by hiring an EPA qualified or state-certified Radon tester. Common short-term test devices are charcoal canisters, alpha track detectors, liquid scintillation detectors, electret ion chambers, and continuous monitors. A short-term testing device remains in the home for two (2) to ninety (90) days, depending on the type of device. Because Radon gas levels tend to vary from day to day and season to season, a long-term test is more likely than a short-term test to measure the home's year-round average Radon gas level. Long-term test devices, comparable in cost to devices for short-term testing, remain in the home for more than three (3) months. Alpha track detectors and electret ion detectors are the most common long-term test devices.  If results are needed quickly, however, a short-term test followed by a second short-term test may be used to determine the severity of the Radon gas problem (NRPP, 2009).

During a short-term test, doors and windows are closed twelve (12) hours prior to testing and throughout the testing period. (A short-term test lasting two (2) or three (3) days should not be conducted during unusually severe storms or periods of unusually high winds.) The test kit is placed in the lowest lived-in level of the home, at least twenty (20) inches above the floor, in a room that is used regularly, but not in the kitchen or bathroom where high humidity or the operation of an exhaust fan could affect the validity of the test. At the end of the test period, the kit is mailed to a laboratory for analysis; results are mailed back within a few weeks.  

If the short-term test result is 4 pCi/L or higher, conduct a follow-up test to confirm the results; follow-up with either a long-term test or a second short-term test.  The higher the initial short-term result, the more certain the homeowner can be to conduct a short-term rather than a long-term follow-up test. If the first short-term test result is several times the action level - for example, about 10 pCi/L or higher - a second short-term test should be taken immediately.  If the second short-term test is elevated then conduct a long-term follow-up test result and if the house is contains Radon gas greater than 4 pCi/L, fix the home.

No Radon gas level is considered "safe". The risk of developing lung cancer is directly proportional to the levels and duration of exposure to radon: the higher the radon concentration, the higher the lung cancer risk. The 4 pCi/L "Action Level" is based on current mitigation technology. Today, mitigation technology can usually reduce high Radon gas concentration levels to below 4 pCi/l (around 2 pCi/L or below) 70-80 percent of the time. The average Radon gas level in homes is about 1.25 pCi/L. Although Congress passed legislation in 1988 establishing a national goal that indoor Radon gas levels not exceed ambient outdoor Radon gas levels (0.2-0.7 pCi/L), this goal is not yet technologically achievable (EPA – Physician’s Guide, 2009).
Radon Mitigation Techniques 

Radon gas in soil is drawn indoors by the differential between the relatively low air pressure in the house and the higher air pressure in the soil. Therefore, Radon gas reduction strategies fall into two basic categories: those that prevent the entry of Radon gas into the home, and those that attempt to remove the Radon gas once it has entered the home. In most situations, the first approach, preventing Radon gas entry is the most effective.

Although sealing cracks and other openings in the foundation is a basic part of most approaches to Radon gas reduction, sealing alone is not recommended; it is best done in conjunction with other mitigation techniques to enhance their effectiveness.
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The most popular Radon gas mitigation technology is called "sub-slab depressurization" or "sub-slab suction” as shown if Figure 4 (USGS, 2009).  The "sub-slab depressurization" technique removes Radon-laden air from beneath the foundation and vents it outside the house by installing a fan and inserting a pipe through the foundation into the aggregate below, running it to a point outside the shell of the house. A similar technique, "sub-membrane depressurization," which is effective in buildings with earth-floored crawlspaces or basements, uses a plastic barrier over the soil as a collection cover. Another depressurization technique for preventing radon entry, "blockwall depressurization," uses a fan and ductwork to draw suction on the hollow interior cavities of a concrete block wall. By keeping the air pressure within the block wall lower than the air pressure in the basement, the soil gas is removed before it can enter the basement (EPA – Physician’s Guide, 2009).

Radon Health Effects

Health effects observed in animals exposed to Radon gas and Radon decay products include lung carcinomas, pulmonary fibrosis, and emphysema (AJRCCM, 1997).

There are four main types of lung cancer based on the histological appearance of the cancer cells:

· Small cell carcinoma (20% of cases) 

· Large cell carcinoma (10% of cases) 

· Squamous cell carcinoma (25% of cases) 

· Adenocarcinoma (30% of cases) 

Collectively, the latter three types are referred to as non-small cell lung cancer (NSLC).  Non-small cell lung cancers generally grow and spread more slowly than small cell cancers, which grow rapidly and are highly metastatic and so invade other body organs more quickly.

Radon gas escapes easily from the ground into the air and disintegrates through short-lived decay products called Radon daughters or Radon progeny. The short-lived progeny, which decay emitting heavily ionizing radiation called alpha particles, can be electrically charged and attach to aerosols, dust and other particles in the air inhaled for respiration. As a result, Radon progeny may be deposited on the cells lining the airways where the alpha particles can damage the DNA and potentially cause lung cancer.

If inhaled, radon decay products (polonium-218 and polonium-214, solid form), unattached or attached to the surface of aerosols, dusts, and smoke particles, become deeply lodged or trapped in the lungs, where they can radiate and penetrate the cells of mucous membranes, bronchi, and other pulmonary tissues. The ionizing radiation energy affecting the bronchial epithelial cells is believed to initiate the process of carcinogenesis.
To develop lung cancer from Radon gas, the radiation released from its decay has to strike a lung cell, and within that lung cell, it has to strike a specific location.  If the alpha particle hits a live cell's nucleus and damages the cancer suppressant gene in the cell's DNA, an increased risk for contracting lung cancer can exist.  In addition to causing direct physical damage to DNA, the alpha particle can also cause ionization of material around the DNA (BEIR VI).

Chronic exposure to harmful substances, such as Radon gas, is thought to cause bronchial mucosal cells to undergo changes. The injury elicits a compensatory and inflammatory response. Mucosal basal cells respond by proliferating to generate mucus-secreting goblet cells, and columnar epithelial cells are replaced by stratified squamous epithelium (metaplasia). Cellular atypia and increased mitotic activity that leads to mucosal dysplasia signals the development of neoplasia. Pre-invasive lesions are defined as morphological changes within the basal mucosa that are not invasive carcinomas but that may represent the initiation of carcinogenesis  (AJRCCM, 1997).

More is known about the health risk of Radon gas exposure to humans than about most other human carcinogens. This knowledge is based on extensive epidemiological studies of thousands of underground miners, carried out over more than 50 years worldwide, including miners in the United States and Canada. In addition to the miner data, experimental exposures of animals confirm that radon and its decay products can cause lung cancer. The EPA's radon danger line of 4 picocuries, 10 times the amount of radon generally found in outdoor air, is a nonenforceable public health guideline (BEIR VI). Exposure to that much radon is the same as absorbing up 200 chest X-rays per year, and creates a cancer risk similar to that for a smoker who puffs on half a pack of cigarettes per day (Santaniello, Neil, 2004).  

In studies done on miners, variables such as age, duration of exposure, time since initiation of exposure and especially the use of tobacco have been found to influence individual risk. In fact, the use of tobacco multiplies the risk of radon-induced lung cancer enormously. 

Female Iowa residents, age 40-84 years, both non-smokers and smokers, who had lived in their current home for at least 20 consecutive years and completed year-long radon measurements. "The risk estimates obtained in this study suggest that cumulative [total] radon exposure in the residential environment is significantly associated with lung cancer risk." After adjusting for age, smoking, and education, and using categorical radon exposure levels, a 15-year exposure at levels equivalent to EPA's action level of 4 pCi/L yielded excess odds of 0.50 i.e., an increase in lung cancer risk of 50%  (EPA – Iowa Radon Lung Study, 2009).

The research on lung cancer mortality in miners exposed to Radon progeny is substantial and consistent. Studies of thousands of miners, some with follow-up periods of 30 years and more, have been conducted in metal, fluorspar, shale, and uranium mines in the United States, Canada, Australia, China, and Europe. These studies have consistently shown an increase in lung cancer occurrence with exposure to radon decay products, despite differences in study populations and methodologies (BEIR VI).

The miner studies produced some interesting findings.

· At equal cumulative exposures, low exposures in the range of EPA's 4 pCi/L action level over longer periods produced greater lung cancer risk than high exposures over short periods.

· Increased lung cancer risk with radon exposure has been observed even after controlling for, or in the absence of, other mine exposures such as asbestos, silica, diesel fumes, arsenic, chromium, nickel, and ore dust.

· Nonsmoking miners exposed to radon have been observed to have an increased risk of lung cancer.

Radon Public Knowledge

Between November 1995 and January 1997, a Radon awareness, testing, and remediation survey was conducted to measure general awareness and factual knowledge about Radon and prevalence of Radon testing and remediation among New York State residents. The survey found that 82% of 1,209 respondents had heard of Radon, but only 21% were knowledgeably aware of Radon. With regard to Radon testing, only 15% of respondents who were aware of Radon had their homes tested. The percentage of respondents who were aware or knowledgeably aware of Radon increased with increasing education level (NYS Program, 2009).

Other surveys conducted have shown similar results with regards to Radon gas.  In general, most of the population has at least heard of Radon but their knowledge is lacking as to Radon’s health effects.  Most states have varying guidelines for testing public facilities but not personal homes.  The problem may lay in the public’s lack of knowledge about Radon’s health effect.  If the public was more aware of the potential risk of Radon then they may be more willing to test for Radon in their homes. Working against radon awareness is its lack of a signature in cancer cases. There is no telltale clue pointing to Radon in a biopsy or autopsy.  Just that it is cancer and how it got there is not usually a concern.

In general, most people do not think there is a Radon problem in Florida.  There are no basements for the accumulation of Radon.  Most homeowners do not bother testing. Some cling to the perception that Radon is mainly a hazard oozing out of rockier northern areas, where houses are dug right into the earth -- not in sandier Florida, where most homes are built on top of flat, supporting concrete slabs. Indeed, radon tests around South Florida have found potentially harmful levels of radon dotting the tri-county map, levels that regulators say should provoke changes to homes to reverse the condition. The results were gathered by the health department's office of Radon and Indoor Air Toxics from state-certified radon testing.  
The state department of health, however, calculates that about 750 Floridians a year die of Radon exposure. Of 3,468 Palm Beach, Broward and Miami-Dade residences measured for radon for the first time from 1999 to 2003, 37 percent, or 1,290, had Radon at or above the EPA action level of 4 picocuries per liter of air, state records show (Santaniello, Neil, 2004).

Independent Survey

In general, what is the public knowledge about Radon?  Have they even heard of it?  If so, then how much they know about Radon gas and its health effects would be very informative.  The thought of public interest in a preventable circumstance such as Radon exposure is very intriguing.  If the public is informed, are they willing to do anything about it?  What about the knowledge of people living in Florida, there are no large granite deposits underground?

The independent designed Survey (see Radon Survey) was to ascertain local public knowledge about general concepts concerning Radon.  It was a broad range survey of basic to in depth knowledge questions.  The focus was to use a captive audience from all levels of education.  The goal of the survey was to sample the average South Florida resident, not to sample someone who was already educated in the field of public health or sciences. 

	Independent Survey Results

	Percentage of people surveyed who knew about Radon
	77%

	Average total answers of ‘yes’ to any question of people surveyed
	6

	Average total answers of ‘no’ to any question of people surveyed
	12

	Percentage of people surveyed who would have their home tested for Radon after taking the survey
	81%

	Percentage of people surveyed who wanted more information about Radon after taking the survey
	68%


Discussion
The overall picture of how and why Radon is a health hazard is well established.  There are many contributing factors to the role Radon gas may play in public health, such as contributing Radon gas with cigarette smoking.  By reviewing the geological formation of Radon, the source is quite clear.  Exactly how Radon gas and its alpha particle radiation contributes to the formation of lung cancer is still being studied.  The very fact that Radon can accelerate the formation of any Non Small Cell Lung Carcinoma establishes a premise that Radon seems to be a propellant and other factors such as genetics, lifestyle, and co morbid factors must be involved.  If Radon gas were a specific pathogen to one type of human cell then there would be a specific effect on the pulmonary tissue displayed after chronic exposure.  The health cost reduction national due to decreasing exposure to Radon gas is staggering besides the overall effect on human suffering and quality of life.

The techniques for testing and mitigating Radon once found in a home are clear.  Since Radon gas is a soil issue and no one seems to be passing a law to test all homes soil site before or after construction then it is up to the public to test for themselves.  The testing is simple and there are services that are affordable for all levels of income.  The mitigation solution is open for debate as to seal and prevent or air reduction but this is all interdependent upon the evaluation of the Radon gas cause and level of exposure.

The alarming factor concerning the issue of Radon is public knowledge.  It seems that most of the U.S. population has heard of Radon but not too sure as to its exact cause or health effect.  It would be interesting to survey miners in the U.S. to see what their knowledge and risk exposure to Radon gas is.  The general population is not directly linking Radon gas with lung cancer, a thought that must be an instantaneous when Radon is mentioned.  Overall, the problem lies with time; Radon gas exposure and cigarette smoking both take time to create a health effect.  As to exactly how long is determined by many factors but it is well established that the risk increases with time.  The concern is that Radon is overlooked and many people feel that it is not a problem high on their agenda.  Getting people to stop smoking is a difficult task but testing your home for Radon seems to be quite simple.  So, what is stopping the home tests from happening?  Cigarette smoke you can see and smell, Radon gas is invisible to all human senses.  That must be a contributing factor.  When people think of cigarette smoking they are aware of its health risks but because Radon does not create some specific cancer for the public to relate to it is over looked.  If Radon testing were mandated by the county for at least all new homes built, this would reduce some impact and raise public awareness.  It would be nice to pass a law for all homes to have a Radon test but to whom would it be reported and how would it be enforced.  Unfortunately, many homes across the country are below standards of living, Radon fails in comparison to the overall immediate health concern.  

We have smoke and carbon monoxide detectors available but Radon detectors are not sitting in the display aisle at a major home repair store.  Maybe that is a way for the public to get more involved in Radon is by having a large chain of home improvement stores put out a display for all to see, including literature and have it affordable.  Accessibility has to be an issue for Radon testing.  Polling the public about their knowledge and then seeing a random local test show that one out of three homes have a Radon level greater than acceptable is proof why public awareness is key.  Which is confusing since the Surgeon General recommends all homes be tested below the third level, Florida residents do not have basements but Radon gas is still and issue, the stance should be to test all homes.  What are the percentages of those residents living in those homes with elevated levels of Radon gas over twenty years?  The odds are high and then the issue of chronic exposure to a radioactive carcinogen becomes evident.   No reasonable person would take that chance with his or her life.  No one wants to say if ‘I had only known’ but this is all to often the statement.  

Conclusion
Radon gas exposure will continue to happen regardless of how we build homes as long as there is earth beneath its foundation.  Removing Uranium from soil particles is an incredible thought so prevention must be the resolution.  Soil must be tested before building any new building and testing must be done properly in homes that are established.  Radon gas exposure is not a new issue but one that is being ignored beyond the point of reason.  

Radon gas exposure risks due not require an immediate panic for everyone to start testing today but it should spark an interest to be resourceful and think about long term exposure health effects.  Having Radon gas be an issue in roughly one out of fifteen homes is unacceptable.  Exposure such as this is creating a health hazard that is not being properly identified because Radon gas does not create a specific type of disease process.  

The more homes, more inhabitants, greater the risk of Radon contributing to one more patient with lung cancer, and it is preventable.  There are many ways to prevention and many needs to getting there but overall it will take time on a national and local scale for people to realize that Radon gas is a public health hazard and all efforts should be made to ensure that Radon does not become ‘your cause to your disease’.

Recommendations

Surveying U.S. miners would be very enlightening as to what their perception is to Radon gas and comparing this to the public.  It would also be valuable to survey all state and national congressman to see the results, since their perception is what can influence the laws that could help rectify the Radon gas problem.  Once these types of surveys were taken into account, a general reform hearing on public health in Congress would be well served for the public’s interest.  This could lead to the financial funding needed to institute a national monitoring program.  This program could filter down to the county level and be initiated through local building codes and be required as part of a yearly service.  The public is overwhelmed with everything is has to do just to survive the day and leaving testing up to them is not a valid solution.  A national program would not be to judge but to serve for the public’s best interest.
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EPA - The Iowa Radon Lung Cancer Study (Residential Radon Gas Exposure and Lung Cancer) Retrieved March 1, 2009. http://www.epa.gov/radon/iowastudy.html
Female Iowa residents, age 40-84 years, both non-smokers and ever smokers, who had lived in their current home for at least 20 consecutive years and completed year-long radon measurements. Included 413 lung cancer cases (86.4% ever smokers) and 614 controls (32.5% ever smokers). The Iowa radon lung cancer study had four major components: 1) rapid reporting of cases; 2) a mailed questionnaire followed by a face-to-face interview; 3) a comprehensive radon exposure assessment; and, 4) independent histopathologic review of lung cancer tissues. After adjusting for age, smoking, and education, and using categorical radon exposure levels, a 15 year exposure at levels equivalent to EPA's action level of 4 pCi/L yielded excess odds of 0.50 i.e., an increase in lung cancer risk of 50%.
National Academy of Sciences 1999 (BEIR VI) Report The Mechanistic Basis of Radon-Induced Lung Cancer pgs. 36-68 (http://www.nap.edu/openbook.php?record_id=5499&page=36)

The Committee on Health Risks of Exposure to Radon cover the mechanistic basis of Radon induced Lung cancer, models and risk projections, health effects of Radon progeny on non-lung cancer outcomes, modeling for uncertainty, comparative dosimetry, smoking and its interaction with Radon, and the Miner studies.
National Radon Proficiency Program (NRPP) Retrieved March 2, 2009.  http://www.radongas.org/
A Radon Professional training program that certifies professionals for proper measurement, mitigation and laboratory techniques as well as background information on Radon and state requirements.

New York State Radon Program (NYS Program) Retrieved March 7, 2009. http://www.nyradon.org/index.html
A study of New York state, tables and data, indoor radon reduction and other important links.  The site also includes a collection of studies performed in the state at schools, on well water and even a survey of public knowledge of Radon.

Radon Levels for Florida (Fl Radon) Retrieved March 2, 2009.  http://fl-radon.info/
Within this site you will find information about radon levels of every Florida county. This includes radon level maps and radon level graphs specific to Florida.

Santaniello, Neil The Sun Sentinel Nov. 21, 2004 Retrieved March 2, 2009.  http://www.sun-sentinel.com/news/local/southflorida/sfl-pradon21nov21,0,2229732.story
A local article on the Radon problem in Florida, from why it exists, to how to mitigate, interviews from University professors, and a small study of 3,468 homes measured for Radon gas finding 37% of home were at or above the 4 picocuries mandated for action.

United States Geological Survey (USGS) – Radon in Earth, Air, and Water Retrieved on March 1, 2009. http://energy.cr.usgs.gov/radon/georadon/3.html
This is a broad overview of geological survey and how Radon works in the environment and public health.  It site specific geological studies from Wisconsin, glacial deposits in Upper Midwest, Washington D.C., Wisconsin, and Potomac River Basins.
Appendix (Independent Survey)

[image: image1.wmf]                  Radon Questionnaire

This is a questionnaire to examine your basic knowledge of Radon gas and its public health effects.  This is a survey for a paper for an Environmental class at Harvard University.  The survey is anonymous.  There will be a brochure from the Environmental Protection Agency provided upon request for further information.  Thank you for your participation.

Please read each question and circle Yes or No.



Did you know that Radon is an odorless, colorless, tasteless, and invisible gas produced by the decay of naturally occurring uranium or radium in soil and water?    YES  /  NO

Did you know that the EPA estimates that about 20,000 lung cancer deaths each year in the U.S. are radon related?    YES  /  NO

Did you know that the Surgeon General of the U.S. issued a Health Advisory warning in 2005, urging citizens to test their homes for Radon?   YES  /  NO

Did you know that the World Health Organization estimates that Radon causes up to 15% of worldwide lung cancers?    YES  /  NO

Did you know that Radon is a proven carcinogen; lung cancer is the only known effect on human health?    YES  /  NO

Did you know that Radon could enter a home through cracks in the floors, joints and gaps in construction, gaps around utility pipes entering the home?    YES  /  NO

Did you know that Radon could enter your home through well water (not city) by being released into the home’s air as a particulate via the shower, faucet, and washing machine?   YES  /  NO

Did you know that homes right next to each other could have different levels of Radon (one in recommended guidelines and the other outside)?    YES  /  NO

Did you know that a Radon problem could be fixed relatively inexpensive, by sealing leaks and cracks in the home or soil depressurization?    YES /  NO

Did you know that there are affordable, individual home Radon test kits and licensed professionals that can test your home’s Radon level?    YES  /  NO

Did you know that the Radon particles, once inhaled, could be trapped in the tissue of the lungs?  Once the particles are in the lung tissue, they emit alpha particles that damage the DNA of the surrounding cells.    YES  /  NO

Did you know that lung cancer occurs after 10 to 25 years of prolonged indoor Radon exposure (depending upon environmental circumstances)?    YES  /  NO

Did you know there are no immediate medical symptoms (i.e. cough, rash, etc.) associated with Radon exposure?    YES  /  NO

Did you know that the National average indoor Radon level is about 1.3 picoCuries per liter (pCi/L) and the average outdoor level is about 0.4 pCi/L ?    YES  /  NO

Did you know that 4 pCi/L (similar to having 200 chest x-rays per year or smoking a half a pack of cigarettes per day) is the recommended Radon level to take action if detected in your home?    YES  /  NO

Did you know that the State Department of Health calculates that about 750 Floridians a year die due to Radon exposure?    YES  /  NO

Did you know that 3,468 homes were tested in South Florida for Radon levels (Palm Beach, Broward, and Miami-Dade) and 37% (1,290 homes) were at or above the take action level of 4 pCi/L ?    YES  /  NO

Did you know the peak record in the state of Florida for Radon level is 267 pCi/L (Gainesville)?    YES  /  NO



Was this Survey informative?    Definitely    /    Somewhat    /    No

After taking this survey, rate your Radon knowledge:  Poor   /    Fair    /    Good

After this survey, are you more inclined to have your home tested?    YES  /  NO

Would you like further resource information on Radon?    YES  /  NO

Any other comments, please write in box:

	









