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ABSTRACT 

Radon is one of the naturally occurring radioactive elements in the 

environment as a member of the natural uranium decay.   

Exposure to radon in the home and workplace is one of the main risks 

of ionizing radiation thought to cause tens of thousands of deaths from lung 

cancer each year. In order to reduce this burden it is important that national 

authorities have methods and tools based on solid scientific evidence and 

sound public health policy. The public needs to be aware of radon risks and 

the means to reduce and prevent these. 

This study presents of the studies dealing with the investigation of 

exposure from ionizing radiation. The radon levels in some selected type of 

building styles (Bricks Albulk) were investigated in Omdurman city (public 

housing). The radon level in most of the houses found to range between 

87.63 and 206 Bq/m
3
 with average value of 127 ± 23 Bq/m

3
. This is well lay 

within the allowable limit with average. The Study indicates that building 

materials used does not add significant concentration of radon to indoor. It 

can be considered as a safe type of building style from radiation protection 

point of view.  

 

 

 

 

 

 

 



 

 

 الخالصة

انزادوٌ هى واحذ يٍ انؼُبصز انًشؼخ انتً تحذث ثشكم طجيؼً فً انجيئخ ثىصفخ ػضىا يٍ        

انتؼزض نغبس انزادوٌ فً انجيىد وايبكٍ انؼًم هى واحذ يٍ , اضًحالل  انيىراَيى انطجيؼً 

.انًخبطز انزئسيخ نالشؼخ انًؤيُخ وػشزاد االالف يٍ سزطبٌ انزئخ كم ػبو   

نحذ يٍ هذا انؼتء يٍ انًهى اٌ انسهطبد انىطُيخ  تتخش اسبنيت وادواد  تستُذ انً ادنخ ويٍ اجم ا 

وانجًهىر يجت اٌ يكىٌ ػهً ثيُخ ثًخبطز غبس ,ػهًيخ راسخخ وسهيًخ وسيبسبد صحيخ ػبيخ 

.انزادوٌ ووسبئم نهحذ ويُغ هذح انًخبطز   

يستىي غبس انزدوٌ فً ثؼض . فً هذح انجحج دراسخ تتُبول انتحقيق فً انتؼزض نالشؼخ انًؤيُخ 

  .فً يذيُخ ايذريبٌ يُطقخ االسكبٌ انشؼجً ( طىة انجهك)اَىاع يىاد انجُبء

Bq/m ووجذ يستىي تزكيش غبس انزادوٌ فً يؼظى انًُبسل يتزاوح يب ثيٍ 
3
 )8..8 – 60.(. 

Bq/m 23±ويتىسط  
3 

وتشز انذراسخ اٌ يىاد انجُبء ,وهً ضًٍ انحذ انًسًىح ثخ   761

ويًكٍ اػتجبر طىة انجهك , انًستخذيخ ال تضيف تزكيش كجيز يٍ غبس انزادوٌ فً انًُبطق انًفتىحخ 

 . كُىع يٍ ًَط انجُبء االيُخ يٍ َبحيخ انحًبيخ االشؼبػيخ 
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CHAPTER ONE 

INTRODUCTION 
 

Radon is one of the naturally occurring radioactive elements in the environment as a 

member of the natural decay series (uranium series). 

The most important radon isotope is 
222

Rn with a half-life of 3.825 d, which is a 

progeny of 
226

Ra. The 
222

Rn, including its progeny, is one of the most significant natural 

sources from a viewpoint of human radiation exposure to the population (1). 

The potential hazard of radiation exposures to radon gas and its daughter products 

from natural background has been highlighted in the press and has become a matter of 

concern and a source of confusion to the public. 

The Environmental Protection Agency (EPA) has issued guidelines, published in 

reports such as the National Council on Radiation Protection and Measurement (NCRP), 

in accordance with the International Commission on Radiation Protection (ICRP) and 

other groups (2). 

Radon's primary hazard arises from inhalation of the gas and its highly radioactive 

heavy metallic decay products (Polonium, Lead, and Bismuth) which tend to collect on 

dust in the air. The problem arises when these elements stick to the delicate cells lining 

the passageways leading into the lungs. 

Although no levels of radon gas are considered safe, it is a fact of life that radon is 

found everywhere in the environment. The outside air that we breathe contains 

approximately 0.4 pCi/L (picoCuries per liter of air). Because buildings are enclosed, 

radon gas can build up inside to dangerous levels, 4pCi/L or above. A radon detector is 

an inexpensive and easy way to ensure that the air in your home or business is below this 

level (3). 

The present study aimed to evaluate the levels of radon gas in selected types of 

houses in Omdurman city. The selected houses are chosen to be of the same designed, 

and the building materials use. 

          

 

http://www.wisegeek.com/relevant/liter.htm
http://www.wisegeek.com/relevant/buildings.htm
http://www.wisegeek.com/relevant/gas-can.htm
http://www.wisegeek.com/relevant/business.htm
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 History  

Radon was the fifth radioactive element to be discovered, in 1900 by Friedrich 

Ernst Dorn, after uranium, thorium, radium and polonium. In 1900 Dorn reported some 

experiments in which he noticed that radium compounds emanate a radioactive gas which 

he named Radium Emanation (Ra Em) (4) . Before that, in 1899 Pierre and Marie Curie 

observed that the "gas" emitted by radium remained radioactive for a month (5) . Later 

that year, Robert B. Owens and Ernest Rutherford noticed variations when trying to 

measure radiation from thorium oxide. Rutherford noticed that the compounds of thorium 

continuously emit a radioactive gas which retain the radioactive powers for several 

minutes and called this gas "emanation" (from Latin "emanare"—to elapse and 

"emanatio"—expiration), and later Thorium Emanation (Th Em) (6) . In 1901, he 

demonstrated that the emanations are radioactive, but credited the Curies for the 

discovery of the element. In 1903, similar emanations were observed from actinium 

by André-Louis Debierne and were called Actinium Emanation (Ac Em) (7).  

In 1910, Sir William Ramsay and Robert Whytlaw-Grayisolated radon, determined 

its density, and determined that it was the heaviest known gas. They wrote that 

"L'expression de l'émanation du radium est fort incommode, and suggested the new name 

niton (Nt) (from the Latin "nitens" meaning "shining") in order to emphasize the property 

of gases that cause the phosphorescence of some substances (8) , and in 1912 it was 

accepted by the International Commission for Atomic Weights. In 1923, the International 

Committee for Chemical Elements and International Union of Pure and Applied 

Chemistry (IUPAC) chose among the names radon (Rn), thoron (Tn), and actinon (An). 

Later, when isotopes were numbered instead of named, the element took the name of the 

most stable isotope, radon, while Tn became 
220

Rn and 
219

Rn (9).  

 The danger of high exposure to radon in mines, where exposures reaching 

1,000,000 Bq/m
3
 can be found, has long been known. In 1530, Paracelsus described a 

wasting disease of miners, themala metallorum, and Georg Agricola recommended 

ventilation in mines to avoid this mountain sickness. In 1879, this condition was 

http://en.wikipedia.org/wiki/Friedrich_Ernst_Dorn
http://en.wikipedia.org/wiki/Friedrich_Ernst_Dorn
http://en.wikipedia.org/wiki/Pierre_Curie
http://en.wikipedia.org/wiki/Marie_Curie
http://en.wikipedia.org/wiki/Robert_B._Owens
http://en.wikipedia.org/wiki/Ernest_Rutherford
http://en.wikipedia.org/wiki/Andr%C3%A9-Louis_Debierne
http://en.wikipedia.org/wiki/Robert_Whytlaw-Gray
http://en.wikipedia.org/wiki/International_Union_of_Pure_and_Applied_Chemistry
http://en.wikipedia.org/wiki/International_Union_of_Pure_and_Applied_Chemistry
http://en.wikipedia.org/wiki/Radon-220
http://en.wikipedia.org/wiki/Becquerel
http://en.wikipedia.org/wiki/Paracelsus
http://en.wikipedia.org/wiki/Georg_Agricola
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identified as lung cancer by Herting and Hesse in their investigation of miners from 

Schneeberg, Germany. The first major studies with radon and health occurred in the 

context of uranium mining, first in the Joachimsthal region of Bohemia and then in 

the Southwestern United States during the early Cold War (10). 

2.2 Radon sources 

The 
222

Rn, including its progeny, is one of the most significant natural sources from 

a viewpoint of human radiation exposure to the population (see figure 1). 

 

 

 

Figure  (1) : Sources of radiation exposure 

 

Radon is a decay product of uranium, which is relatively common in the Earth's 

crust, but generally concentrated in ore-bearing rocks scattered around the world. Every 

square mile of surface soil, to a depth of 6 inches (2.6 km
2
 to a depth of 15 cm), contains 

approximately 1 gram of radium, which releases radon in small amounts to the 

atmosphere On a global scale, it is estimated that 2,400 million curies (90 TBq) of radon 

are released from soil annually (11). 

Radon mostly appears with the decay chain of the radium and uranium series 

(
222

Rn), and marginally with the thorium series (
220

Rn). The element emanates naturally 

http://en.wikipedia.org/wiki/Uranium_mining
http://en.wikipedia.org/wiki/Joachimsthal
http://en.wikipedia.org/wiki/Bohemia
http://en.wikipedia.org/wiki/Southwestern_United_States
http://en.wikipedia.org/wiki/Cold_War
http://en.wikipedia.org/wiki/Earth%27s_crust
http://en.wikipedia.org/wiki/Earth%27s_crust
http://en.wikipedia.org/wiki/Curies
http://en.wikipedia.org/wiki/Uranium
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from the ground, and some building materials, all over the world, wherever traces of 

uranium or thorium can be found, and particularly in regions with soils 

containing granite or shale, which have a higher concentration of uranium. However, not 

all granitic regions are prone to high emissions of radon. Being a rare gas, it usually 

migrates freely through faults and fragmented soils, and may accumulate in caves or 

water. Due to its very short half-life (four days for 
222

Rn), its concentration decreases 

very quickly when the distance from the production area increases. Its concentration 

varies greatly with season and atmospheric conditions. For instance, it has been shown to 

accumulate in the air if there is a meteorological inversion and little wind (12). High 

concentrations of radon can be found in some spring waters and hot springs. 

The towns of Boulder, Montana; Misasa; Bad Kreuznach, Germany; and the 

country of Japan have radium-rich springs which emit radon. To be classified as a radon 

mineral water, radon concentration must be above a minimum of 2 nCi/L(74 kBq/m3) 

(13). The activity of radon mineral water reaches 2,000 kBq/m
3
 in Merano and 

4,000 kBq/m
3
 in Lurisia (Italy) (14).  

Natural radon concentrations in Earth's atmosphere are so low that radon-rich water 

in contact with the atmosphere will continually lose radon by volatilization. 

Hence, ground water has a higher concentration of 
222

Rn than surface water, because 

radon is continuously produced by radioactive decay of 
226

Ra present in rocks. Likewise, 

the saturated zone of a soil frequently has higher radon content than the unsaturated 

zone because of diffusion losses to the atmosphere (15).  

  In 1971, Apollo 15 passed 110 km (68 mi) above the Aristech’s plateau on 

the Moon, and detected a significant rise in alpha particles thought to be caused by the 

decay of 
222

Rn. The presence of 
222

Rn has been inferred later from data obtained from 

the Lunar Prospector alpha particle spectrometer (16).  

Radon is found in some petroleum. Because radon has a similar pressure and 

temperature curve as propane, and oil refineries separate petrochemicals based on their 

boiling points, the piping carrying freshly separated propane in oil refineries can become 

partially radioactive due to radon decay particles. Residues from the petroleum 

and natural gas industry often contain radium and its daughters. The sulfate scale from 

an oil well can be radium rich, while the water, oil, and gas from a well often contains 

http://en.wikipedia.org/wiki/Thorium
http://en.wikipedia.org/wiki/Granite
http://en.wikipedia.org/wiki/Shale
http://en.wikipedia.org/wiki/Radon-222
http://en.wikipedia.org/wiki/Inversion_(meteorology)
http://en.wikipedia.org/wiki/Boulder,_Montana
http://en.wikipedia.org/wiki/Misasa,_Tottori
http://en.wikipedia.org/wiki/Bad_Kreuznach
http://en.wikipedia.org/wiki/Germany
http://en.wikipedia.org/wiki/Japan
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Volatilization
http://en.wikipedia.org/wiki/Ground_water
http://en.wikipedia.org/wiki/Surface_water
http://en.wikipedia.org/wiki/Aquifer
http://en.wikipedia.org/wiki/Vadose_zone
http://en.wikipedia.org/wiki/Vadose_zone
http://en.wikipedia.org/wiki/Apollo_15
http://en.wikipedia.org/wiki/Aristarchus_(crater)
http://en.wikipedia.org/wiki/Moon
http://en.wikipedia.org/wiki/Lunar_Prospector
http://en.wikipedia.org/wiki/Alpha_particle
http://en.wikipedia.org/wiki/Petroleum
http://en.wikipedia.org/wiki/Propane
http://en.wikipedia.org/wiki/Oil_refineries
http://en.wikipedia.org/wiki/Natural_gas
http://en.wikipedia.org/wiki/Oil_well
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radon. Radon decays to form solid radioisotopes which form coatings on the inside of 

pipework. In an oil processing plant, the area of the plant where propane is processed is 

often one of the more contaminated areas, because radon has a similar boiling point as 

propane (17). 

 

2. 3  Transportation into and throughout Indoor Environments 

  Under certain circumstances the concentration of radon in a building can be increased 

significantly over its normal outdoor level.  Most buildings have a confined air space 

with limited air movement and only a slow exchange with outside air. Consequently the 

concentration of any particulates or gases released into the building atmosphere will tend 

to increase above the concentration normally found in outside air.  

          Radon can enter a building in a number of ways and once inside, the concentration 

of its particulate progeny will increase as the radon decays. Thus, high concentrations of 

radon located in soil gas within soils with high transport efficiency (i.e. loose, porous, dry 

soil) can lead to elevated radon concentrations in buildings because 
222

radon is a gas, it 

can readily travel vertically throughout several meters of permeable soils before 

decaying.  

The major sources of 
222

radon in indoor air are: 

              a. Soil gas emanations from soils and rocks. 

              b. Off-gassing of waterborne 
222

radon into indoor air. 

              c. Building materials. 

              d. Outdoor air. 

2.3.1 Transport Throughout Soil 

Emanation is the process by which radon is transported from a solid to a gas or 

liquid medium. After radon is produced at the soil particulate level from the radioactive 

decay of radium, it is released into small air or water containing pores between soil and 

rock particles. This transportation of radon throughout soil is primarily accomplished 

through alpha recoil and the mechanical flow of air and water throughout the soil.  



 7 

Alpha recoil is defined as the process by which an atom (radon) recoils in the 

opposite direction from the path of particle ejection following the radioactive decay of its 

parent atom. 

Transportation throughout soil and within these pores is also somewhat facilitated 

by diffusion and convection. The diffusion constants for radon in air and water, 10
-2 

cm
2
/sec and 10

-5
cm

2
/sec, respectively, indicate that diffusion of radon is a relatively slow 

process and the movement of radon is therefore not significantly affected by this 

mechanism.  

        After radon is released into the pore spaces, the efficiency of its eventual release into 

ambient air, termed exhalation, is a function of: 

       a.) the soil porosity 

       b.) the concentration of radon in the soil/gas pore 

       c.) meteorological factors, including, precipitation and atmospheric    pressure. 

Following the release into ambient air, the dispersion of radon is primarily 

determined by atmospheric stability, including vertical temperature gradients and 

direction of wind’s force. 

  

2.3.2 Presence and Transportation through Water 

Groundwater that is in contact with radium-containing rock and soil will be a 

receptor of radon emanating from the surroundings.  

In groundwater, radon transportation is determined primarily by: 

a.) Diffusion patterns  

b.) The direction of the water’s mechanical flow.  

The solubility of radon in water is relatively low, and with its short radioactive half-

life, much of it will decay before it has the opportunity of release from the groundwater.  

When radon-containing groundwater reaches the surface by natural or man-made forces, 

the radon will inevitably be outgassed into the atmosphere. 

Although the majority of radon present in groundwater will decay prior to its arrival 

at the surface, groundwater is nevertheless considered the second most prominent source 

of environmental radon and has been estimated to contribute approximately 5x10
8
 Ci 



 8 

radon-222 per year to the atmosphere. Radon is also minimally released from water 

located at or slightly beneath the ocean’s surface. Radon concentrations in surface water 

supplies are usually relatively low. Since municipal water supplies are typically aerated, 

this results in diminished radon levels.  

Rural household wells may have potentially high levels of radon contamination. 

Deep aquifers have highly variable radon levels.  

Levels depend on: 

a.) uranium content of the rock 

b.) distribution of the aquifer relative to the rock 

c.) groundwater flow patterns. 

2.4 Radon Characteristics 

2.4.1 Physical properties 

  Radon is a colorless and odorless gas, and therefore not detectable by human 

senses alone. At standard temperature and pressure, radon forms a monatomic gas with a 

density of 9.73 kg/m
3
, about 8 times the surface density of the Earth's atmosphere  (19) , 

1.217 kg/m
3
. It is one of the heaviest gases at room temperature and the heaviest of the 

noble gases, excluding ununoctium. Although colorless at standard temperature and 

pressure, when cooled down below its freezing point of 202 K (−71 °C), radon has a 

brilliant phosphorescence which turns yellow as the temperature is lowered, and becomes 

orange-red as the air liquefies at temperatures below 93 K (−180.1 °C). 

Upon condensation, radon also glows because of the intense radiation it produces (22) .  

2.4.2 Chemical properties 

Being a noble gas, radon is chemically not very reactive. However, the 3.8 day half-

life of radon-222 makes it useful in physical sciences as a natural tracer. 

Radon is a member of the zero-valence elements that are called noble gases Figure (2) . It 

is inert to most common chemical reactions, such as combustion, because the 

outer valence shell contains eight electrons. This produces a stable, minimum energy 

configuration in which the outer electrons are tightly bound . More than 248 kcal/mol is 

required to extract one electron from its shells (also known as the first ionization energy). 

http://en.wikipedia.org/wiki/Standard_temperature_and_pressure
http://en.wikipedia.org/wiki/Monatomic
http://en.wikipedia.org/wiki/Atmosphere_of_Earth
http://en.wikipedia.org/wiki/Ununoctium
http://en.wikipedia.org/wiki/Freezing_point
http://en.wikipedia.org/wiki/Phosphorescence
http://en.wikipedia.org/wiki/Condensation
http://en.wikipedia.org/wiki/Radioactive_tracer
http://en.wikipedia.org/wiki/Valence_(chemistry)
http://en.wikipedia.org/wiki/Inert#Chemistry
http://en.wikipedia.org/wiki/Valence_shell
http://en.wikipedia.org/wiki/First_ionization_energy
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However, due to periodic trends, radon has a lower electronegativity than the element one 

period before it, xenon, and is therefore more reactive (21) .  

Radon is sparingly soluble in water, but more soluble than lighter noble gases. 

Radon is appreciably more soluble in organic liquids than in water. Early studies 

concluded that the stability of radon hydrate should be of the same order as that of the 

hydrates of chlorine(Cl2) or sulfur dioxide (SO2), and significantly higher than the 

stability of the hydrate of hydrogen sulfide (H2S) (22) .  

 

 

Figure (2) :An electron shell diagram for radon. the eight electrons in the outer shell. 

 

 

2.5 Radon Isotopes 

Radon has no stable isotopes, however, 36 radioactive isotopes have been 

characterized, with their atomic masses ranging from 193 to 228. The most stable isotope 

is 
222

Rn, which is a decay product of 
226

Ra, a decay product of 
238

U. Among the daughters 

of 
222

Rn is also the highly unstable isotope 
218

Rn.There are three other radon isotopes that 

have a half-life of over an hour: 
211

Rn, 
210

Rn and 
224

Rn. The 
220

Rn isotope is a natural 

http://en.wikipedia.org/wiki/Periodic_table
http://en.wikipedia.org/wiki/Electronegativity
http://en.wikipedia.org/wiki/Xenon
http://en.wikipedia.org/wiki/Soluble
http://en.wikipedia.org/wiki/Hydrate
http://en.wikipedia.org/wiki/Chlorine
http://en.wikipedia.org/wiki/Sulfur_dioxide
http://en.wikipedia.org/wiki/Hydrogen_sulfide
http://en.wikipedia.org/wiki/Octet_rule
http://en.wikipedia.org/wiki/Valence_shell
http://en.wikipedia.org/wiki/Stable_isotope
http://en.wikipedia.org/wiki/Atomic_mass
http://en.wikipedia.org/wiki/Decay_product
http://en.wikipedia.org/wiki/Radium-226
http://en.wikipedia.org/wiki/Uranium-238
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decay product of the most stable thorium isotope (
232

Th), and is commonly referred to as 

thoron. It has a half-life of 55.6 seconds and also emits alpha radiation. Similarly, 
219

Rn is 

derived from the most stable isotope of actinium (
227

Ac) named ―actinon‖ and is an alpha 

emitter with a half-life of 3.96 seconds (23) .  

2.6 Progenies 

       
222

Rn belongs to the radium and uranium-238 decay chain, and has a half-life of 

3.8235 days Figure (3) . Its four first products (excluding marginal decay schemes) are 

very short-lived, meaning that the corresponding disintegrations are indicative of the 

initial radon distribution (23) .  

Its decay goes through the following sequence:  

             
218

Polonium, 3.10 minutes, alpha decay. 

            
 214

Lead, 26.8 minutes, beta decay. 

            
 214

Bismuth, 19.9 minutes, beta decay. 

             
214

Polonium, 0.1643 ms, alpha decay. 

At the next step, 
214

Po decays to 
210

Pb, which has a much longer half-life of 22.3 years. 

Its progenies are: 

             
210

Bismuth, 5.013 days, beta decay. 

             
210

Polonium, 138.376 days, alpha decay. 

             
206

Lead, stable. 

 

 

         

   

 

 

http://en.wikipedia.org/wiki/Thorium
http://en.wikipedia.org/wiki/Actinium
http://en.wikipedia.org/wiki/Polonium
http://en.wikipedia.org/wiki/Alpha_decay
http://en.wikipedia.org/wiki/Lead
http://en.wikipedia.org/wiki/Beta_decay
http://en.wikipedia.org/wiki/Bismuth
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Figure (3) : uranium decay series 

 

 

 

The radon equilibrium factor is the ratio between the activity of all short-period 

radon progenies (which are responsible for most of radon's biological effects), and the 

activity that would be at equilibrium with the radon parent. 
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If a closed volume is constantly supplied with radon, the concentration of short-

lived isotopes will increase until equilibrium is reached where the rate of decay of each 

decay product will equal that of the radon itself. The equilibrium factor is 1 when both 

activities are equal, meaning that the decay products have stayed close to the radon parent 

long enough for the equilibrium to be reached, within a couple of hours. Under these 

conditions each additional pCi/L of radon will increase exposure, by 0.01 WL . These 

conditions are not always met: in many homes, the equilibrium fraction is typically 40%; 

that is, there will be 0.004 WL of progeny for each pCi/L of radon in air. 
210

Pb takes 

much longer (decades) to come in equilibrium with radon, but, if the environment permits 

accumulation of dust over extended periods of time, lead-210 and its decay products may 

contribute to overall radiation levels as well. 

Because of their electrostatic charge, radon progenies adhere to surfaces or dust 

particles, whereas gaseous radon does not. Attachment removes them from the air, 

usually causing the equilibrium factor in the atmosphere to be less than one. The 

equilibrium factor is also lowered by air circulation or air filtration devices, and is 

increased by airborne dust particles, including cigarette smoke. In high concentrations, 

airborne radon isotopes contribute significantly to human health risk. The equilibrium 

factor found in epidemiological studies is 0.4 which commonly used in dose calculations 

(24) . 

2.7 Health Risks 

Lung cancer kills thousands every year, smoking, radon, and secondhand smoke are 

the leading causes of lung cancer.  Although lung cancer can be treated, the survival rate 

is one of the lowest for those with cancer, from the time of diagnosis, between 11 and 15 

percent of those afflicted will live beyond five years, depending upon demographic 

factors.  In many cases lung cancer can be prevented. Figure (4) 

In 2003 the Agency updated the estimates of lung cancer risks from indoor radon based 

on the National Academy of Sciences’ (NAS) latest report on radon, the Biological 

Effects of Ionizing Radiation (BEIR) VI Report (1999).   EPA worked closely with the 

Science Advisory Board (SAB), an independent panel of scientific experts, to determine 

how best to apply the risk models developed by the BEIR VI committee.  The SAB’s 
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advice and recommendations were incorporated modifying and extending the methods 

and approaches used in BEIR VI to construct a single model yielding results midway 

between the results obtained using the two models preferred by the BEIR VI committee.  

The Agency's updated calculation of a best estimate of annual lung cancer deaths from 

radon is about 21,000 (with an uncertainty range of 8,000 to 45,000), which is consistent 

with the estimates of the BEIR VI Report.  A single risk model also permitted the Agency 

to calculate a numerical estimate of the risk per unit exposure [lung cancer deaths per 

working level month (WLM)] which will be used to update estimated lung cancer risks 

from radon in various publications, including ― A Citizen’s Guide to Radon― .(24) 

 

 
 

 

 

Figure (4) : Health Risks of Radon 

 

 

2.7.1 Safe level of radon gas 

Radon gas is a carcinogen which causes lung cancer. The US EPA has put it 

plainly, stating, "Any radon exposure has some risk of causing lung cancer. The lower the 

radon levels in your home, the lower your family's risk of lung cancer." The average 

person receives a higher dose of radiation from the radon levels in their home than from 

http://www.radon.com/radon/cancer_and_radon.html
http://www.ohsonline.com/articles/64371/
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their combined exposure to all other radiation sources, natural or man-made. Radon gas is 

a naturally-occurring byproduct of the radioactive decay of Uranium in the soil. 

Depending on your geographic location, the radon levels of the air you breathe outside of 

your home may be as high as 0.75 pCi/L. The national average of outside radon levels is 

0.4 pCi/L and it is estimated by the National Academy of Sciences that outdoor radon 

levels cause approximately 800 of the 21,000 radon induced lung cancer deaths in the US 

each year. Your risk of lung cancer increases substantially with exposure to higher radon 

levels. Lung cancer risk rises 16% per 2.7 pCi/L increase in radon exposure. (World 

Health Organization, 2009) Studies show that radon is the primary cause of lung cancer 

among people who have never smoked. 

 However, the absolute numbers of radon-induced lung cancers are much larger in 

people who smoke, or who have smoked in the past, due to a strong combined effect of 

smoking and radon (25).  

2.7.2 The World Health Organization 

The WHO Handbook on Indoor Radon recommends that countries adopt reference 

levels of the gas of 100 Bq/m
3
 which is equivalent to 2.7 pCi/L.  

The handbook book focuses on residential radon exposure from a public health 

point of view and provides detailed recommendations on reducing health risks from 

radon and sound policy options for preventing and mitigating radon exposure (25). 

                                  . 

2.8 Radon Measurement Method Definitions 

         Listed below are brief descriptions of each of the 15 radon measurement methods 

that have been identified by the U.S. EPA and were used in EPA's former RPP. The 

following descriptions are divided into methods appropriate for measuring radon gas and 

radon decay products, respectively (27) . 

1. AC – Activated Charcoal Canister  

2. AT - Alpha Track Detection (filtered) 

3. UT - Unfiltered Track Detection 

4. LS - Charcoal Liquid Scintillation 

http://www.radon.com/radon/radon_map.html
http://www.who.int/phe/radiation/backgrounder_radon/en/index.html
http://www.who.int/phe/radiation/backgrounder_radon/en/index.html
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5. CR - Continuous Radon Monitoring 

6. EL - Electret Ion Chamber: Long-Term 

7. ES - Electret Ion Chamber: Short-Term 

8. GC - Grab Radon/Activated Charcoal 

9. GB - Grab Radon/Pump-Collapsible Bag 

10. GS - Grab Radon/Scintillation Cell 

11. SC - Three-Day Integrating Evacuated Scintillation Cell 

12. PB - Pump-Collapsible Bag (1-day) 

13. CW - Continuous Working Level Monitoring 

14. GW - Grab Working Level 

15. RP - Radon Progeny (Decay Product) Integrating Sampling Unit. 
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CHAPTER THREE 

MATERIAL AND METHODS 
 

3.1 AC - Activated Charcoal Adsorption 

The technique used in this study is Charcoal canisters; charcoal contained in the 

space below the screen, which is held in place by a ring. The top of the canister is fitted 

over this arrangement until exposure, at which time it is removed. The top is covered and 

sealed at the end of exposure, and the entire canister is placed on a NaI gamma counting 

system for analysis.  

The concentration of radon in the air is measured in units Becquerels per cubic 

meter (Bq/m
3
). One Bq corresponds to one disintegration per second. One pCi/L is 

equivalent to 37 Bq/m
3
.  

For this method, an airtight container with activated charcoal is opened in the area 

to be sampled and radon in the air adsorbs onto the charcoal granules. At the end of the 

sampling period, the container is sealed and send to a laboratory for analysis. 

The gamma decay from the radon adsorbed to the charcoal is counted on a 

scintillation detector and a calculation based on calibration information is used to 

calculate the radon concentration at the sample site. Charcoal adsorption detectors, 

depending on design, are deployed from 2 to 7 days. Because charcoal allows continual 

adsorption and desorption of radon, the method does not give a true integrated 

measurement over the exposure time. Use of a diffusion barrier over the charcoal reduces 

the effects of drafts and high humidity. 

 

3.2 Sampling 

Samples were collected from 46 selected sites within the state of Khartoum (in 

Omdurman town). The selection was based on choosing one type of building style during 

the year 2010. Houses made of blocks were selected to represent the houses for most 

public simple living environment. The sites were also selected based on geological 
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information in order to cover areas with similar soil composition. At each site radon was 

sampled using the charcoal canister exposed for a period of 3-4 days. The exposed 

canisters are then closed and transfer to the laboratory for analyses. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Results 

          The charcoal canister technique was used to study the radon concentration in some 

Omdurman house covering 46 rooms (rooms built of masonry concrete with similar 

design). In this chapter the result of measurement using this technique is presented.  

         Background measurements were performed by measuring unexposed canister which 

gave average radon concentration of 1.5 Bq/m
3
. Each data is corrected by subtracting the 

background. that measures the gamma decay of the short lived 
222

Rn decay products once 

equilibrium has been reached (
214

Bi). It has the advantage of being able to determine 

radon concentration in air from one 4 days, 

          The highest and lowest radon concentration was found to be 206 and 36.8 Bq/m
3
 

with mean value of 124 ± 40 Bq/m
3
.   

          Figure 4.1 shows the distribution (histogram) of collected data. It is observed that 

most of the samples lay within the interval 121.5 (32.6%). The histogram data is 

presented in Table 4.4. Figure 4.2 shows scattering for the whole data. 
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CPS 

Figure (4.1): Frequency and Percent of CPS 
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Figure (4.2): scatter plot of radon levels in all rooms 
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Table )4.1( presents frequency distribution of the data. The calculations of radon 

concentration was performed according to  (Isam 2002)(28) with calibration briefly stated 

in Table 4.2. Statistical analysis (descriptive statistics) of data is presented in Table (4.3).  

 

Table (4.1) Radon-222 activity measurements 

 

Activity Bq No of  rooms 

0.39 3 

0.77 10 

1.15 15 

1.54 9 

1.92 6 

2.31 2 

3.08 1 

 

Table (4.2) radon adsorption on the charcoal  

 

Concentration 

Bq/m
3
 

Activity on charcoal 

 Bq 

63.0 1.40 

120.0 2.60 

200 40.5 
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Table (4.3) Statistical Analysis of Radon Concentration (Bq/m
3
) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                              

Statistics Concentration(Bq/m
3
) 

Median 127.13 

 

Mode 121.49 

 

Minimum 87.63 

 

Maximum 206.13 

 

STD 23.77 
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Table (4.4) Frequency and Percent of CPS and Concentration (Bq/m
3
) of 

Radon 

 

 

 

 

 

 

 

 

 

 

CPS Concentration 

Bq/m
3
 

Frequency Percent 

% 

0.05 87.63 3 6.5 

0.06 104.56 10 21.7 

0.07 121.49 15 32.6 

0.08 138.42 9 19.6 

0.09 155.35 6 13.0 

0.1 172.28 2 4.3 

0.12 206.13 1 2.2 

Total -- 
46 100.0 
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CONCLUSION 
 

 A   passive   diffusion   method   for   the   measurement   of   radon   

concentration has been used in this study. The measurements were based on 

adsorption of radon gas on activated charcoal and its subsequent 

measurement in scintillation gamma spectrometric counter.  

 The radon level in most of the houses found to be within the allowable limit 

with average of 127 Bq/m
3
. The Study indicates that Bricks Albulk does not 

add significant concentration of radon to indoor. It can be considered as a 

safe type building style from radiation protection point of view. For more 

reduction of the radon concentration it is recommended to improve 

ventilations in these types of houses as well as other types. 
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APPENDIX A 

SOME RADON GAS MEASUREMENT METHODS 

 

Alpha Track Detection (filtered) 

For this method, the detector is a small piece of special plastic or film inside a small 

container. Air being tested diffuses through a filter covering a hole in the container. 

When alpha particles from radon and its decay products strike the detector, they cause 

damage tracks. At the end of the test the container is sealed and returned to a laboratory 

for reading. 

The plastic or film detector is treated to enhance the damage tracks and then the 

tracks over a predetermined area are counted using a microscope or optical reader. The 

number of tracks per area counted is used to calculate the radon concentration of the site 

tested. Exposure of alpha track detectors is usually 3 to 12 months, but because they are 

true integrating devices, alpha track detectors may be exposed for shorter lengths of time 

when they are measuring higher radon concentrations. 

UT - Unfiltered Track Detection 

The unfiltered alpha track detector operates on the same principle as the alpha track 

detector, except that there is no filter present to remove radon decay products and other 

alpha particle emitters. Without a filter, the concentration of radon decay products 

decaying within the "striking range" of the detector depends on the equilibrium ratio of 

radon decay products to radon present in the area being tested, not simply the 

concentration of radon. Unfiltered detectors that use cellulose nitrate film exhibit an 

energy dependency that causes radon decay products that plate out on the detector not to 

be recorded. 

This phenomenon lessens, but does not totally compensate for the dependency of 

the calibration factor on equilibrium ratio. For this reason, EPA currently recommends 

that these devices not be used when the equilibrium fraction is less than 0.35 or greater 

than 0.60 without adjusting the calibration factor. EPA is currently evaluating this device 

further to determine more precisely the effects of equilibrium fraction and other factors 
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on performance. These evaluations will lead to a determination as to whether to finalize 

the current protocol or remove the method from the list of Program method categories. 

LS - Charcoal Liquid Scintillation 

This method employs a small vial containing activated charcoal for sampling the 

radon. After an exposure period of 2 to 7 days (depending on design) the vial is sealed 

and returned to a laboratory for analysis. While the adsorption of radon onto the charcoal 

is the same as for the AC method, analysis is accomplished by treating the charcoal with 

a scintillation fluid, then analyzing the fluid using a scintillation counter. The radon 

concentration of the sample site is determined by converting from counts per minute. 

CR - Continuous Radon Monitoring 

This method category includes those devices that record real-time continuous 

measurements of radon gas. Air is either pumped or diffuses into a counting chamber. 

The counting chamber is typically a scintillation cell or ionization chamber. Scintillation 

counts are processed by electronics, and radon concentrations for predetermined intervals 

are stored in the instrument's memory or transmitted directly to a printer. 

EL - Electret Ion Chamber: Long-Term 

For this method, an electrostatically charged disk detector (electret) is situated 

within a small container (ion chamber). During the measurement period, radon diffuses 

through a filter-covered opening in the chamber, where the ionization resulting from the 

decay of radon and its progeny reduces the voltage on the electret. A calibration factor 

relates the measured drop in voltage to the radon concentration. Variations in electret 

design determine whether detectors are appropriate for making long-term or short-term 

measurements. EL detectors may be deployed for 1 to 12 months. Since the electret-ion 

chambers are true integrating detectors, the EL type can be exposed at shorter intervals if 

radon levels are sufficiently high. 

ES - Electret Ion Chamber: Short-Term 

For this method, an electrostatically charged disk detector (electret) is situated 

within a small container (ion chamber). During the measurement period, radon diffuses 

through a filter-covered opening in the chamber, where the ionization resulting from the 

decay of radon and its progeny reduces the voltage on the electret. A calibration factor 

relates the measured drop in voltage to the radon concentration. Variations in electret 
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design determine whether detectors are appropriate for making long-term or short-term 

measurements. ES detectors may be deployed for 2 to 7 days. Since electret-ion chambers 

are true integrating detectors, the ES type can be exposed at longer intervals if radon 

levels are sufficiently low. 

GC - Grab Radon/Activated Charcoal 

This method requires a skilled technician to sample radon by using a pump or a fan 

to draw air through a cartridge filled with activated charcoal. Depending on the cartridge 

design and airflow, sampling takes from 15 minutes to 1 hour. After sampling, the 

cartridge is placed in a sealed container and taken to a laboratory where analysis is 

approximately the same as for the AC or LS methods.  

GB - Grab Radon/Pump-Collapsible Bag 

This method uses a sample bag made of material impervious to radon. At the 

sample site, a skilled technician using a portable pump fills the bag with air, then 

transports it to the laboratory for analysis. Usually, the analysis method is to transfer air 

from the bag to a scintillation cell and perform analysis in the manner described for the 

grab radon/scintillation cell (GS) method below. 

GS - Grab Radon/Scintillation Cell 

For this method, a skilled operator draws air through a filter to remove radon decay 

products into a scintillation cell either by opening a valve on a scintillation cell that has 

previously been evacuated using a vacuum pump or by drawing air through the cell until 

air inside the cell is in equilibrium with the air being sampled, then sealed. To analyze the 

air sample, the window end of the cell is placed on a photomultiplier tube to count the 

scintillations (light pulses) produced when alpha particles from radon decay strike the 

zinc sulfide coating on the inside of the cell. A calculation is made to convert the counts 

to radon concentrations. 

SC - Three-Day Integrating Evacuated Scintillation Cell 

For this method, a scintillation cell is fitted with a restrictor valve and a negative 

pressure gauge. Prior to deployment, the scintillation cell is evacuated. At the sample site, 

a skilled technician notes negative pressure reading and opens the valve. The flow 

through the valve is slow enough that it takes more than the 3-day sample period to fill 

the cell. At the end of the sample period, the technician closes the valve, notes the 
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negative pressure gauge reading, and returns with the cell to the laboratory. Analysis 

procedures are approximately the same as for the GS method described above. A 

variation of this method involves use of the above valve on a rigid container requiring 

that the sampled air be transferred to a scintillation cell for analysis.  

PB - Pump-Collapsible Bag (1-day) 

For this method, a sample bag impervious to radon is filled over a 24-hour period. 

This is usually accomplished by a pump Programmed to pump small amounts of air at 

predetermined intervals during the sampling period. After sampling, analysis procedures 

are similar to those for the GB method. 

CW - Continuous Working Level Monitoring 

This method encompasses those devices that record real-time continuous 

measurement of radon decay products. Radon decay products are sampled by 

continuously pumping air through a filter. A detector such as a diffused-junction or 

surface-barrier detector counts the alpha particles produced by radon decay products as 

they decay on this filter. The monitor typically contains a microprocessor that stores the 

number of counts for predetermined time intervals for later recall. Measurement time for 

the Program measurement test is approximately 24 hours. 

GW - Grab Working Level 

For this method, a known volume of air is pulled through a filter, collecting the 

radon decay products onto the filter. Sampling time usually is 5 minutes. The decay 

products are counted using an alpha detector. Counting must be done with precise timing 

after the filter sample is taken. The two counting procedures most commonly used are the 

Kusnitz and the Tsivoglou methods described in the Indoor Radon and Radon Decay 

Product Measurement Device Protocols. 

RP - Radon Progeny (Decay Product) Integrating Sampling Unit 

For this method, a low-flow air pump pulls air continuously through a filter. 

Depending on the detector used, the radiation emitted by the decay products trapped on 

the filter is registered on two thermoluminescent dosimeters (TLDs), an alpha track 

detector, or an electret. The devices presently available require access to a household 

electrical supply, but do not require a skilled operator. Deployment simply requires 

turning the device on at the start of the sampling period and off at the end. 
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The sampling period should be at least 72 hours. After sampling, the detector 

assembly is shipped to a laboratory where analysis of the alpha track and electret types is 

performed using procedures described for these devices (AT, EL, and ES) elsewhere in 

this appendix. The TLD detectors are analyzed by an instrument that heats the TLD 

detector and measures the light emitted. A calculation converts the light measurement to 

radon concentrations. 
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APPENDIX B 

THE DATA OF RADON CONCENTRATION IN HOUSES 

 

Locations 
Concentration 

Bq/m
3 

Locations 
Concentration 

Bq/m
3
 

1 87.63 25 104.56 

2 121.49 26 104.56 

3 121.49 27 121.49 

4 121.49 28 121.49 

5 104.56 29 138.42 

6 121.49 30 155.35 

7 121.49 31 121.49 

8 104.56 32 104.56 

9 87.63 33 104.56 

10 138.42 34 36.85 

11 138.42 35 121.49 

12 121.49 36 121.49 

13 155.35 37 138.42 

14 121.49 38 104.56 

15 138.42 39 138.42 

16 138.42 40 36.85 

17 121.49 41 104.56 

18 121.49 42 104.56 

19 87.63 43 206.13 

20 138.42 44 172.27 

21 138.42 45 155.35 

22 104.56 46 155.35 

23 121.49 47 172.27 

24 155.35 48 155.35 
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