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ABSTRACT
Radon is a naturally occurring, odorless, colorless and radioactive inert gas produced by the
breakdown of uranium in soil, rock, and water. Because radon is a gas, it can enter buildings through
openings or cracks in the foundation. The radioactive radon gas itself decays into radioactive solids,
called radon daughters. The radon daughters attach to dust particles in the air, and can be inhaled.
The inhalation of radon daughters has been linked to lung cancer. As a result of this, radon has been
identified as the second leading cause of lung cancer next to smoking in the United States and other
parts of the world. ‘WHO has suggested that homeowners take action when radon levels exceed 2.7
pCi/l in order to save themselves from lung cancer that can be caused by radon and its daughters’-
This Paper presents a review on the production of radon, its mode of release into the home and
environment, exposure route and potential health effects. It also highlights the need to conduct
nationwide radon survey in order to generate detailed data bank on radon exposure.
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INTRODUCTION

Attention to the problem of radon exposure and the associated health risks has been
growing around the world. According to the assessments made by the United Nations
Scientific Committee on the Effects of Atomic Radiation [1], radon in the natural
environment constitutes about 53% of the human exposure to natural radiation. In
underground mining, mainly uranium mining, incidence of excess lung cancer has been
observed in the United States (Colorado) the Czech Republic, and Canada (Ontario). This
also has been the case among underground fluorspar miners and in iron ore miners in
Sweden. Today, the scientific community agrees on the link between the incidence of
excess lung cancer among underground miners and exposure to radon and its daughters.
Current knowledge of potential health effects from radon exposure in dwellings, on the
other hand, is rather limited. The relationship between the incidence of excess lung
cancer among underground miners and exposure to radon cannot be sensibly used to
understand potential health risks to the public. This is because the level of exposure in
dwellings is much lower than in mines. There are opinions that the incidence of excess
lung cancer among early uranium miners may be explained by synergistic effects of heavy
smoking, ore dust, toxic fumes, etc and extremely high radon exposures. These places are
varied in nature, such as waterworks, caves and closed-out mines open to visitors,
underground stores and shopping centres, spas, kindergartens, schools, factories, shops,
public buildings, residential buildings and offices. For this reason, the two organizations
considered it necessary to prepare a joint Safety Report on radiation protection in places
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other than mines. Also in the late 1980s, the IAEA and Commission of the European
Communities initiated a 5-year co-ordinated research programme (CRP) on radon in the
human environment. More than 50 countries now have ongoing projects, an indication of
the high level of interest in this subject.

RISK OF RADON EXPOSURE

Radon and thoron are noble gases which can migrate from the soil either by molecular
diffusion or by convection and enter the atmosphere and water bodies. The distribution of
radon in the air depends on meteorological conditions. Radon gas is ubiquitous-outdoors
as well as indoors, the air that we inhale contains radon. Radon decays to a number of
short lived decay products (progeny) that are themselves radioactive. These may attach
to available aerosol particles in the atmosphere, thereby forming what are termed
‘attached’ radon progeny. Those radon progenies that do not attach to aerosols remain in
what is termed the ‘unattached’ state. If inhaled, both unattached and attached radon
progenies may deposit in the lungs and irradiate lung tissue as they decay. In lung
dosimetry models, in which deposition sites of radioactive material and locations of target
cells are taken into account, the risk per unit of inhaled radioactive material is considered
to be much greater for radioactive material in the unattached state than for radioactive
material in the attached state [2]. While it is the radon progeny rather than radon gas
itself that presents the greater risk, the word ‘radon’ is also used generally as a convenient
shorthand for both the gas and its progeny. Radon has been recognized as a radiation
hazard causing excess lung cancer among underground miners. Consequently radon has
been classified as a human carcinogen. Since the 1970s, evidence has been increasing that
radon can also represent a health hazard in non-mining environments [3, 4]. Since
environmental radon on average accounts for about half of all human exposure to
radiation from natural sources increasing attention has been paid to exposure to radon
and its associated health risks in both industrialized and developing countries. Radiation
hazard causing excess lung cancer among underground miners [5].

GENETIC DAMAGE CAUSED BY RADON:

The increased risk of lung cancer from radon primarily results from alpha particles
emitted by the short lived radon daughters, which penetrates the cell nucleus. The
passage of these energetic alpha particles may damage the DNA, the inherited compound
that controls the structure and function of cells. The alpha particles initiate the DNA
damage by breaking the electron bonds that hold molecules together. The DNA damage
may occur directly by displacement of electrons from the DNA molecule, or indirectly by
changing the structure of other molecules in the cell, which may then interact with the
DNA. When one of these events occurs, a cell can be destroyed quickly or its growth or
function may be altered, thus causing genomic changes typically in the form of point
mutations and transformations [6].

HEALTH EFFECTS CAUSED BY ROS RESULTING FROM RADON EXPOSURE:

Radon exposure may also cause toxic health effects through production of oxygen radicals
otherwise known as ‘Reactive Oxygen Species’ (ROS). ROS consists of chemically reactive
super-oxide (pair of oxygen atoms) and hydrogen peroxide, the later being electrically
charged. These intermediate molecules damage nucleotide bases and form DNA lesions as
secondary by-products of formation [7]. Therefore, these molecules could be the source of
damage within a cell that sparks the onset of cancer, since they can persist and continue
to cause mutations in DNA. This negates the widely held assumption that alpha particles
cause genetic changes only through direct traversals of cell nuclei. The interaction of
alpha particles with the fluids that line the lungs damages the DNA of nearby cells.
Exposure even to the lowest doses of alpha emission produces the very reactive chemicals
within cells and their production increases with the alpha-particle dose. This confirms
that radon is dangerous even at very low exposure levels i.e. no safe threshold. A study by
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Day (1999) provides clear evidence that a single alpha particle can induce mutations and
chromosome aberrations in cells that received no direct radiation exposure to their DNA.
These results indicate the need to re-assess the potential genotoxic effect of low dose
radiation and suggest that the adoption of direct proportionality in radiation may
significantly underestimate the risk of low-dose radiation. Radon gas is soluble in lipids
and accumulates in lipid tissue throughout the body with the highest concentration in the
brain, bone marrow, and nervous system. But none of its heavy metal daughters are
soluble in the lipids and consequently, remain trapped in the brain and bones, where they
continue to emit gamma radiation and alpha particles. This may result in development of
leukemia, which is a cancer of the blood and other types of cancers.

RADON IN DWELLINGS

In buildings with high radon levels, the main mechanism for the entry of radon is the
pressure driven flow of gas from soil through cracks in the floor. This flow arises because
buildings are normally at a slight under-pressure with respect to their surroundings. This
under-pressure is a consequence of the air inside buildings being warmer than that
outside, especially in temperate and cold regions, and also of the drawing effect of the
wind blowing over chimneys and other openings. However, various other mechanisms
can affect the concentrations of radon in dwellings depending on how such houses are
built and ventilated, radon may accumulate in basements of dwellings. Radon can also
seep into an indoor environment through cracks in construction joints, cracks in walls,
gaps in suspended floors, gaps around service pipes, cavities inside walls, and the water
supply. The concentration in one room of a building may be significantly different from
the concentration in an adjoining room. Most building materials produce some radon but
building materials of certain types can act as significant sources of indoor radon. Such
building materials have a combination of elevated levels of 226Ra and a high porosity that
allows the radon gas to escape. Examples are light weight concrete made with alum shale,
phosphogypsum and Italian tuff. Levels of radon can be high in groundwater, particularly
in areas of granite rock. Radon levels may be high in workplaces such as laundries and
restaurant kitchens as a result of the use of such water. Since many municipal water
supplies are provided from surface reservoirs filled by rain catchment, radon levels in
public water supplies are not normally high. Generally, the annual exposure time of
workers in these workplaces is low, but several such water treatment plants are subject
to monitoring. Some countries have issued recommendations on radon concentrations in
drinking water [8]. Elevated levels of radon have been found in workplaces in various
countries.

SELECTED MAJOR INDOOR RADON STUDIES

Nationwide surveys have been undertaken by Europe and North America and many East
European countries to determine radon levels in homes and to assess consequent risks of
lung cancer. Many countries in temperate zones, including China and Japan, have put into
place large programmes on radon in dwellings and in workplaces. Among tropical
countries, significant interest has been noted and radon survey programmes on varying
scales have been undertaken. The high level of interest in radon further can be noted from
the scientific literature. At the International Symposium on the Natural Radiation
Environment (NRE IV) held in Lisbon, Portugal, in 1987, 65% of the 110 published papers
dealt with radon alone. Similarly, at NRE- V held in Salzburg, Austria, in 1991, about 70%
of the 163 papers dealt with radon issues. Moreover, some 55 countries are participating
in the IAEA/CEC coordinated research programme on radon. While it is not possible to
present survey results from radon studies from so many countries, several are
particularly noteworthy.
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UNITED STATES:

A survey carried out in the late 1980s by the United States Environmental Protection
Agency (EPA) and announced by the US Public Health Service has indicated that indoor
radon problems in the USA are more serious and widespread than previously suspected.
According to the US Public Health Service, an estimated 5000 lung cancers among non-
smokers each year are believed to be due entirely to indoor radon exposure; among
smokers, indoor radon exposure played a role in 15 000 deaths from lung cancer. Some
later estimates indicate even higher figures. The statistics indicate that indoor radon's
human toll ‘probably exceeds by 10 times the problem of outdoor air pollution’, the US
Public Health Service said. EPA's recommendation for a further survey to test more
houses was supported by the US Surgeon General, the American Medical Association, the
American Lung Association, and other health organizations. A national residential radon
survey programme carried out by EPA from 1989 to 1991 estimated the frequency
distribution of average annual radon concentrations in occupied housing units across 50
states. A 22-page questionnaire collected information on various factors. The results
indicated that the arithmetical average annual radon concentration was 46 plus or minus
2Bq/m3. It also indicated that about 6 million housing units exceeded the action level of
150 Bq/ms.

UNITED KINGDOM:

An estimate made by the National Radiological Protection Board (NRPB) in 1989 on the
incidence of lung cancer from indoor radon exposure in the United Kingdom suggested
that ‘radon may be responsible for anything up to 2500 or more lung cancers in a year out
of the total of 4100’. Indoor radon accounts for half of the average exposure of the UK
population to ionizing radiation. Up to the summer of 1991, measurements of radon in 58
000 homes were carried out in anticipation of follow-on epidemiological studies, plus
implementation of remedial and preventive measures. Radon concentrations above the
action level of 200 Becquerels per m3 have been discovered in so far in about 10% of
homes. Despite this successful start, about 90% of potentially affected homes remain to be
identified.

CHINA:

An epidemiological investigation was started in 1972 in areas having high levels of
background radiation near Yangjang, China. A high background radiation area (HBRA)
was chosen where natural radiation levels are three times higher than in a nearby control
area. About 80 000 inhabitants in each area whose families have lived there for two or
more generations were studied. The annual averaged effective dose equivalents in the
HBRA were 5.4 mSv and 2 mSv in the control area from combined exposure to external
gamma radiation and radon and its daughters. Environmental carcinogens and mutagens
other than natural radiation, as well as host compounding factors, were studied. Results
of the study found no increase of cancer mortality in the HBRA as compared to the control
area. On the contrary, there was an observable trend of lower cancer mortality in the
HBRA.

IRELAND:

Radon levels have been measured in a total of 320 workplaces. The maximum radon
concentration measured was 2900 Bq/m3. Because of the diversity of the workplaces
surveyed, their wide geographical distribution and the non-random nature of their
selection, a calculated mean value is considered to have almost no meaning from a
practical perspective.

FINLAND:

About 7000 radon measurements have been made in above ground workplaces in the
areas where the highest radon concentrations had been previously found in dwellings [9].
About 740 work sites have been issued injunctions to begin measures aimed at reducing
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radon concentrations. In areas where over 25% of dwelling measurements exceeded 400
Bq/ms3, a total of 3050 workplace measurements yielded a mean concentration of 255
Bq/m3, with 19% of the measurements exceeding 300 Bq/ma3. In areas where 10-25% of
measurements in dwellings exceeded 400 Bgq/ms3, a total of 993 building measurements
yielded a mean concentration of 171 Bq/ms3, with 12% of the measurements exceeding
300 Bq/ms.

GERMANY:

It is estimated that there are 60000 people in buildings with radon concentrations
exceeding 1000 Bq/m3. An estimated 2300 people in the water supply and distribution
industry in Germany are exposed to radon concentrations above 1000 Bq/m3 in the office
building. In a recent small study of 36 workplaces in Saxony, indoor radon levels were
found to range from 25 to 7000 Bq/m3, with 90% < 1000 Bq/ma3.

INDIA:

In India, the Environmental Assessment Division of Bhabha Atomic Research Centre
(BARC) measured radon concentration and gave a call for National Radon Surveys (NRS)
in 1991. There after, several research groups in India started measuring radon
concentrtions in different parts of the country. In some workplaces, research surveys
have shown very high concentrations particularly in hilly areas like Tehri, Garhwal,
Kumaun etc. In this region the radon concentration was found more than 400Bq/m3
which is more than world recommended action level. In a national radon survey done by
BARC, Mumbai and published by Head, Library and Information Services Division in
September 2003, the minimum and maximum concentration of radon in India was
reported 4.6 Bq/m3 and 147 Bq/m3 respectively. Radon concentrations of several
hundreds of Bq/m3 have been measured in other part of the country particularly those
attached with hilly regions.

CANADA:

New Health Canada research indicates there are hundreds more cases annually of lung
cancer caused by indoor radon exposure than first determined in the late 1970s,
prompting the agency to urge Canadians to check radon levels of in their homes. Health
Canada tests conducted in the late 1970s estimated that 10 per cent of lung cancers
resulted from indoor radon gas. However, the federal agency more accurately determined
the levels of radon through tests of 14,000 homes across the country for two years
starting in 2007. The testing, using long-term alpha track detectors, determined that more
Canadians are exposed to radon concentrations above acceptable levels than previously
recorded. As a result, the new estimate of lung cancers attributable to radon exposure is
now 16 per cent. Roughly the same numbers of homes were tested in both undertakings.
But the most recent testing is much more accurate than the 1970s ‘grab-sample testing,’
the only method available at the time. Based on Health Canada's latest testing, indoor
exposure to the gas can be expected to cause more than 3,000 lung cancer deaths each
year. If all homes with dangerous radon levels were ‘remediated to the outdoor level,’ 927
of the anticipated 3,261 radon-induced lung cancers could potentially be prevented per
year. The two-year testing also found seven per cent of the 14,000 homes had levels of
radon above the acceptable level of 200 Bq/m3 of air (Bq/m?), up from three to five per
cent in the 1970s testing.

PRCTICES, INTERVENTIONS AND ACTION LEVELS

One basic concept of radiation protection is to divide activities into practices and
interventions. A ‘practice’ is Any human activity that introduces additional sources of
exposure or exposure pathways or extends exposure to additional people or modifies the
network of exposure pathways from existing sources, so as to increase the exposure or
the likelihood of exposure of people or the number of people exposed. An ‘intervention’ is
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Any action intended to reduce or avert exposure or the likelihood of exposure to sources
which are not part of a controlled practice or which are out of control as a consequence of
an accident. The use of action levels is helpful to clarify the basis for this distinction. The
action level is the radon concentration at which remedial or protective actions will need
to be undertaken to reduce excessive exposures to radon in dwellings. Over the years,
governments and international bodies have set ‘action levels’ for radon exposures.
According to the International Commission on Radiological Protection (ICRP), they are
meant for initiating intervention in order to help in deciding when to require or advise
remedial action in existing dwellings. The choice of an action level is complex, depending
not only on the level of exposure, but also on the likely scale of action, which has
economic implications for the community and for individuals. It is thus not to be expected
that the same action level will be appropriate in all countries. Action levels that have been
adopted appear to differ. Similarly, the upper bound of radon concentrations for future
new buildings differs from country to country. The IAEA, in its current revision of the
Basic Safety Standards, recommends 200 Becquerels of radon-222 per m3 as the action
level for dwellings and 1000 Bq/ms3for workplaces.

CONCLUTION

The processes of radon production and transport in the environment indicated that radon
can be found in all homes worldwide, particularly in areas having soil and rocks that are
very rich in uranium. Radon has been conclusively implicated as a carcinogen as a result
of alpha radiation associated with its daughter nuclei and the effects of genomic changes
caused by interaction of these alpha particles with oxygen radicals present in lung cells.
Epidemiological studies of underground miners, which indicated a markedly increased
risk of lung cancer also provides additional evidence. The risk of lung cancer is further
increased by cigarette smoking since cigarette smoking and exposure to radon are
complimentary agents of lung cancer risk. On the basis of these findings, exposure to
radon in homes is expected to be a cause of lung cancer risks in the general population.
This therefore confers on various governments the responsibility of setting action
guideline for radon exposure and putting in place a well articulated environmental radon
monitoring initiative aimed at reducing radon exposure levels in the general population
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