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Abstract 
Naturally occurring radioactive elements found in everywhere within us, such as in all rocks, 

soil, water, plants and animals in different content.  They can emit alpha, beta and gamma 

radiations. Among that radon is the heaviest natural radioactive gas found in the earth 

surface in the form of ionizing radiation which contributes more than 50% of the exposure 

from the natural radiation environment. It is odorless, tasteless and colorless gas, and 

therefore cannot be detected by the human senses. Long term exposure of inhaled or ingested 

of these elements increases the risk of developing such diseases as lymphoma, kidney 

damage, lung cancer, born defects, bone cancer, cataract teeth fracture and diseases that 

affect the formation of blood, such as leukemia and anemia, With the motivation of the 

health hazards and to get the base line data on radon concentration this work were done.  

In the present work, the indoor radon concentration, the annual effective dose rate, the 

annual dose equivalent rate to the lung and the public risk were estimated in some houses of 

Addis Ababa using Ramon radon monitor 2.2.   

The mean annual effective dose rate and the mean annual equivalent dose rate to the lung in 

the studied area were 6.41mSv/y and 1.75393E-7Sv/y, respectively. 

Measurements of radon concentration, and effective dose  rate  were  made  for  a  number  

of  33  soil samples in  Addis Ababa city.  In this survey used time-integrated passive radon 

detectors, LR-115 Type II Solid State Nuclear Track Detector (SSNTD) technique to 

estimate the radon concentration from the soils of city.  The mean results  of  radon 

concentrations  from  soil  samples  in  the  selected  areas  were  found to be 38.38 ± 

0.09Bq/m3,  

The present study represents the set of measurements for radon concentration levels in Akaki 

field well ground water using electronic radon meter (RAD7). The radon concentration in 

drinking water has been found to vary from 25 to 92Bq/m3 with an average value of 

65.92Bq/m3 

Key words:  Annual effective dose, annual exposure, LR-115 type II detector, RAD7, 

Ramon radon monitor 2.2, radon Concentration, (solid state nuclear track detector) SSNTD 
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CHAPTER ONE 

 INTRODUCTION 

1. Background of the study 
After the discovery of radioactivity in 1896 by Henri Becquerel (Santa wamaitre,vol. 619, 

2010), the science of radioactivity has been extensively studied.  Radionuclides are the 

sources of radioactivity and emit nuclear radiations which have become a part of our daily 

lives. The  most  common  forms  of  ionizing  radiation  are  alpha  particles,  beta  particles  

and gamma rays (Santa wamaitre, vol. 652, 2010).  
 

Radiation can arise not only from natural radionuclides but it can also be from man-made 

sources. The properties of radiations have been widely applied to various purposes such as 

medicine, biology, industry, agriculture, and electric power generation (Al-Sulaiti vol. 619, 

2010). As a result of the applications of radiation, humans can be exposed to the radiation 

emitting from different radioactive sources depending upon their activities and surroundings. 
 

The most obvious radiation sources to which all individuals are exposed (both in working 

and public environments) are the ionizing radiation arising from radionuclides in the earth‟s 

surroundings and the interaction of cosmic rays on the earth‟s atmosphere (NCRP).  

According to the National Council on Radiation Protection and Measurements Report 

(NCRP) No.45, the most significant source of radiation exposure to humans is due to natural 

radiation in the environment. This exposure to naturally occurring radiation also accounts for 

up to 85% of annual exposure dose received by the world population. 
 

 The International Atomic Energy Agency (IAEA) reports that the exposure from natural 

radiation is, in most cases, of little or no concern to the public, except those working with 

mineral ores and naturally occurring radioactive material (NORM). Nevertheless, the World 

Nuclear Association  (WNA) states that any dose of radiation involves a possible risk to 

human health, even though the level of  individual  exposure  from  naturally  occurring  

radioactive  elements  is  usually statistically insignificant on an individual basis, from a 

health physics point of view. In order  to  protect  the  general  public  health  against  the  
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radiation  risk  originating  from naturally occurring radiation, the measurement of 

radioactivity in the environment needs to be considered to assess the biological effect on the 

human. This has also become the focus of greater attention by the IAEA in recent years. 

1.1. The Natural Radiation Environment 
The natural sources of radiation in environment are responsible for some background 

radiation (Liesel, 2005). The major sources of external gamma radiation are K40, uranium-

238, thorium-232 and their decays products. The artificial radionuclides are those which are 

produced as  a result of nuclear weapon tests and as by products from nuclear fuel  cycle  

and  other  from  mining,  milling,  fuel  enrichment,  fuel  preparation  for reactor use, and 

plant operation disposal (Thorne, 2003). 

We live with radioactive radiation every day. Depending on the origin of the radiation one 

can distinguish between natural radioactive sources as well as manmade sources. 

1.1.1. Natural radioactive sources 
The  list of isotopes that  contribute  to natural  radiation can  be  divided into those materials 

which come from the  ground (terrestrial radioactivity) and those which are produced as a 

result of the interaction of atmospheric gases with cosmic rays (Cosmogenic radioactivity). 

1.1.1.1. Terrestrial radioactivity 
Terrestrial radioactivity in the crust of the earth came into existence with the creation of the 

planet. Although some have long disappeared to levels that are not detectable anymore, some 

radioisotopes take a long time to decay (on the order of hundreds of millions of years), they 

are still present today.  The naturally occurring radioactive  elements  are  almost  

exclusively  members  of  one  of  four  radioactive series that all begin with very long-lived 

parents that have half-lives of the order of the age of the earth  (Podgoršak, 2005).The four 

naturally occurring series are named as follows: 

1.1.1.2. Uranium series: 
The parent radionuclide in this series is 238U (abundance 99.28%), which undergoes α decay 

with a half-life 4.47×109y.  The stable product of the uranium series is 206Pb, which is 

reached after 8α and 6β-decay steps. By far, the major form of natural radiation is radon gas.  
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Radon-222  is a naturally occurring  decay  product  of  uranium-238  which  is  commonly  

found  in  soils  and rocks.  Radon-222  is  a  gas  which  is  odorless,  colorless,  tasteless  

and  chemically nonreactive. As it escapes from the soils and rocks of which it is trapped, it 

enters the water we drink and the air we breathe. 

Fig 1:  Uranium-238 decay products 

Sources: measurement and calculation of radon releases from norm residues, 2013 

1.1.1.3. Thorium series: 
This  series  has  its  origin  radionuclides 232Th,  its  abundance  100%  with  a specific  

activity  2.4×105dpm/g,  which  undergoes  α-decay  with  a  half-life 1.41×1010y. The 

terminal nuclide in this decay series is the stable species 208Pb. In this  series, the  
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transformation  from  the  original  parent 232Th  to  the  final  product 208Pb  requires  6α  

and  5β-decays.  The long-lived intermediate is 6.7y for 228Ra 

 

Fig 2: Thorium-232 decay products 

Sources: measurement and calculation of radon releases from norm residues, 2013 

1.1.1.4. Actinium series: 
The actinium series begins in nature with its longest-lived nuclide 235U, and ends with the 

stable lead isotope 207Pb.  Uranium-235  is  an  alpha-emitter  with  a complex  alpha  

spectrum  and  a  correspondingly  complex  gamma  spectrum.  The immediate decay 

product of 235U is 231Th (t1/2 26.54h).  Thorium-231 is a beta emitter with a complicated 

decay scheme (Ivanovich & Harmon, 1992). 
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Fig 3: Uranium-235 decay products 

Sources: measurement and calculation of radon releases from norm residues, 2013 

1.1.1.5. Neptunium series: 
The name comes from the longest lived nuclide 237Np which is considered as the parent 

species, it has a half-life of 2.14×106yr.  The end product of the neptunium series is 209Bi, 

which is the only stable isotope of bismuth. 7α and β-decays are required in the sequence 

from the parent 237Np to 209Bi. An important nuclide  in  the  neptunium  decay  series  is  the  
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uranium  isotope 233U,  which  has  a half-life  of  1.59×105yr  .It  is  fissionable  by  slow  

neutrons  (Choppin et. al., 1995).                              

1.1.1.6. Potassium- 40  
Natural potassium comprises three isotopes (39K, 40K, 41K) where 40K is the only radioactive 

potassium isotope having a natural isotopic abundance of 0.0118%. The beta and electron 

capture decay modes of 40K to 40Ca (89.28%) and 40Ar (10.72%) (Fig.4), respectively, the 

latter followed by the emission of a 1460.8keV gamma ray, contribute significantly to the 

natural radioactivity. Potassium in rocks is concentrated mainly in potassium feldspars and 

micas. Its distribution in weathered rocks and soils is determined by the break-up of these 

host minerals.  Potassium is soluble under most conditions and during weathering is lost into 

solution. 

 

 

 43.9, (10.72%)           (89.28%) , 1311.09 

 

    1460.859 

 

 

Fig 4: Potassium decay modes  

1.1.1.7. Carbon -14 (14C) 
Physical Characteristics (data) of carbon -14 

Carbon -14 is a radioactive element it emit beta particles  

 Beta Energy: 156keV (maximum) 49keV (average)  

 Physical Half-Life: 5730 years 

Radiological Characteristics (data) of carbon -14 

 Critical Organ: Fat Tissue 

40K 
1.277Gyr 

40Ar* 

1.12ps 
40Ca 

Stable  

40Ar 

Stable  
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  Routes of Intake: Ingestion, Inhalation, Skin Contact 

  External exposure: Deep dose from weak 14C beta particles is not a radiological 

concern 

  Internal exposure & contamination: Primary radiological concerns 

1.1.1.8. Tritium (Hydrogen-3) 
Tritium is the only radioactive isotope of hydrogen. The most common forms of tritium are 

tritium gas (HT) and tritium oxide, also called “tritiated water.” In tritiated water, a tritium 

atom replaces one of the hydrogen atoms so the chemical form is HTO rather than H2O. 

The chemical properties of tritium are essentially the same as those of ordinary hydrogen. 

The nucleus of a tritium atom consists of a proton and two neutrons; it decays with a half-life 

of 12 years by emitting a beta particle to produce helium-3. Tritium has a relatively high 

specific activity and is generated by both natural and artificial processes. 

Radioactive Properties of Tritium 

Isotope Half-

Life  

(yr) 

Natural  

Abundance  

(% 

Specific  

Activity  

(Ci/g) 

Decay  

Mode 

Radiation Energy (MeV) 

Alpha  

(α) 

Beta 

(β) 

Gamma  

(γ) 

H3 12 a trillionth 9,800 Β - 0.0057 - 

Sources: measurement and calculation of radon releases from norm residues, 2013 

1.1.2.  Cosmogenic radioactivity 
It is formed as a result of interactions between certain gases in the Earth‟s atmosphere and 

cosmic rays. Cosmic rays bombard the earth's upper atmosphere and collide with atoms such 

as nitrogen.  The most important radionuclide produced is 14C. However, many others, such 

as 3H, 22Na,   and 7Be, occur (Ajtić et al., 2008).  Carbon-14 produced in the atmosphere is 

quickly oxidized to CO2 the equilibrium concentrations of 14C in the atmosphere are 

controlled primarily by the exchange of CO2 between the atmosphere and the ocean. The 

dangerous of cosmic rays represented in the production of 14C which merges with the 

nucleus of a living cell in humans, as well as affect the bone and bone marrow. 
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1.1.3. Artificial or (man-made) radioactive sources  
These  are  the  artificial  radionuclides,  which  are  produced  as  a  result  of nuclear  

weapon  tests  and  as  byproducts  from:  nuclear  fuel  cycle  and  other  from mining, 

milling, fuel enrichment, fuel preparation for reactor use, plant operation disposal,  and  the  

use  of  radioisotopes  in  agriculture,  industry,  research,  and medicine.  The difference 

between man-made sources of radiation and naturally occurring sources is the place from 

which the radiation originates. The following information briefly describes some other 

examples of man-made radiation sources: 

1.1.3.1. Medical radiation sources:  
X- Rays are identical to gamma rays; however, they are produced by a different mechanism 

in addition to x- rays, radioactive isotopes are used in medicine for diagnosis and therapy. 

1.1.3.2. Consumer products:  
 Such as static eliminators (containing polonium-210), smoke detectors (containing 

americium-241), cardiac pacemakers (containing plutonium-238), fertilizers (containing  

isotopes from uranium and thorium decay series), and tobacco products (containing 

polonium-210 and lead-210). 

1.1.3.3. Atmospheric testing of nuclear weapons: 
 as a results of fallout radiation from the  past  atmospheric  nuclear  bomb  tests,  during  the  

1950s and 1960s, many radioactive were  produced into the atmosphere.  These materials 

have been transported around the world and eventually fall back to the earth.  A wide range  

of radioactive materials  including: carbon-14, results from  irradiation of  the atmospheric  

nitrogen by neutrons resulting from the explosion, together with a number of outputs of 

nuclear fission, such as: 131I, 137Cs, 90Sr, 95Zr 

1.2. Radon  
Natural radiation has always been part of the human environment. Its main components are 

cosmic and cosmogenic radiation, terrestrial gamma radiation from natural radionuclides in 

rocks and soil, and natural radioactive substances in our diet and in the air we breathe. Until 

the end of the 1970s the doses received by the vast majority of the general population from 
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natural radiation were considered to be "background" phenomena of little significance, and 

the average annual dose was estimated to be about 1mSv. 

               Ionizing radiation exposure to the public  
Man mad radiation sources:-       

 Medical x-ray  

 Nuclear medicines 

 Consumer products 

 Other 

Other <1% this includes 

 Occupational  0.3% 

 Fallout <0.3% 

 Nuclear full cycle 0.1%  

 Miscellaneous 0.1% 

 18% 

 
Natural radiation sources:-  

 Radon  

 Internal  

 Terrestrial 

 Cosmic  

           82% 

Fig 5: chart shows that of the total dose from natural sources of radiation  

The above chart is taken from the National Council on Radiation Protection and 

Measurements (NCRP) Report No. 93, Ionizing Radiation Exposure of the Population of the 
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United States, 1987.This chart shows that of the total dose of about 360 millirems/year, 

natural sources of radiation account for about 82% of all public exposure, while man-made 

sources account for the remaining 18%. 
 

Special situations were, of course, known to exist. For example, uranium and other 

underground miners received large doses, and consequently were subject to elevated cancer 

risks. Due to prolonged exposure to high concentrations in air of the radioactive decay 

products of the natural radioactive gas is radon (NRCP, 1988).  

Radon (Rn) is a naturally occurring radioactive noble gas which exists in several isotopic 

forms. Only two of these isotopes occur in significant concentration in the general 

environment:  

 radon222 (usually referred to as "radon"), a member of the radioactive decay chain of 

uranium238, and radon220 (often referred to as "thoron"), a member of the decay chain 

of thorium232.  Radon is the first and only gaseous and inert element of the 

radioactive chains, so that it can easily leave the place of production (soil, rock and 

building material) and enter the indoor air. The contribution made by thoron to the 

human exposures in indoor environments is usually small compared with that due to 

radon, due to the much shorter half-life (55 seconds VS 3.82 days), and it will only 

occasionally be referred to here. 

1.2.1. Properties of radon 
Radon (chemical symbol, Rn) is a naturally occurring radioactive gaseous element that is 

emitted by radioactive material in the earth‟s crust. The most abundant isotope, 222Rn is 

produced by the breakdown of uranium in the soil, rocks, and water. 
 

 Radon is found naturally in certain geological formations such as Cave limestone where 
238U occurs naturally. Radon has numerous different isotopes, but 220Rn, and 222Rn are most 

common. 222Rn is the decay product of 226Ra,  222Rn and its parent, 226Ra, are part of the long 

decay chain of U. Since uranium is found everywhere in the earth‟s crust, Ra and 222Rn are 

present in almost all rocks, soil, and water. 222Rn is the greatest source (69%) of absorbed 

dose due to natural radiation (Lario et al., 2005). If the gas is inhaled into the lungs, its decay 
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and more importantly the decay of the radon daughters that enter the lung can increase the 

chance of getting lung cancer (Nazaroff and Nero, 1988).  

1.2.2. Physical properties of radon 
Radon is a colorless, tasteless, radioactive noble gas, which means it is essentially inert. It 

has a half-life of 3.82 days and decays by alpha emission. The alphas have energy of 5.5 

MeV. Radon has all the properties of other noble gases. Its atomic number is 86. Radon has 

a high melting point of -71oC and a boiling point of -62.7oC.It has first ionization energy of 

1037Kj/mol and a density of 9.9×10-3g/cm3at 20oC (Durrani, 1997). 

1.2.3. Chemical properties of radon 
R.no  Characteristic Radon Reference 

1 Isotope(s) Recognized isotopes: 
195Rn through 228Rn  

Naturally-occurring isotopes: 
222Rn (radon) 
220Rn (thoron) 
219Rn (actinon) 

DOE 2008  

 

2 Registered trade name(s) No data  

3 Chemical formula Rn  

 Chemical structure Monatomic  

 Identification numbers:  

CAS Registry 

10043-92-2 Radon  

51712-92-6 (230Rn)  

51712-91-5 (229Rn)  

16369-95-2 (226Rn)  

14859-67-7 (222Rn)  

22481-48-7 (220Rn)  

14835-02-0 (219Rn)  

15411-71-9 (218Rn) 

Chem ID Plus 

2012(Chemical 

database is a 

dictionary of over 

400,000 

chemicals) 

CAS= Chemical Abstracts Services;  

DOE = Department of Energy;  
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1.2.4.  Sources of radon  
Radon is an abundant element found worldwide. Radon is produced by the radioactive decay 

of radium which is a member of the naturally occurring Uranium decay series. The most 

abundant isotope 222Rn is a descendant of 238U while 220Rn (thoron) and 219Rn (actinon) are 

the descendants of 232U and 235U respectively. 

1.2.5. Radon Sources in Indoor Air  
The main source of indoor radon is its immediate parent radium226 in the ground of the site 

and in the building materials (Nero, 1989). The outdoor air also contributes to the radon 

concentration indoors, via the ventilation air. Tap-water and the domestic gas supply are 

usually radon sources of minor importance, with a few exceptions. 

In most situations it appears that elevated indoor radon levels originate from radon in the 

underlying rocks and soils (Castrkn et al. 1985). This radon may enter living spaces in 

dwellings by diffusion or pressure driven flow if suitable pathways between the soil and 

living spaces are present (see Figure 5 Typical radon sources and entry routes). It should be 

noted, however, that in a minority of cases elevated indoor radon levels may arise due to the 

use of building materials containing high levels of radium226. Examples of such materials, 

used in some buildings, are by-product gypsum, alum shale and volcanic tuffs 

The United Nation Scientific Committee on the Effects of Atomic Radiations (UNSCEAR) 

has made a very simple model to try to estimate the relative contribution of these sources: 

for a "typical" house, with a radon concentration of 50Bq/m3 at ground floor, the 

contributions of soil, building materials and outdoor air are, respectively, ~60%, ~20% and 

~20%, while for the upper floors in high rise buildings, where the radon concentration is 

estimated to be "typically" 20Bq/m3, these values become ~0%, ~50% and ~50% 

(UNSCEAR ,1993). 

In the indoor environment, however, 222Rn can accumulate to significant levels. The 

magnitude of 222Rn concentration indoors depends primarily on the type of construction 

materials of the building and the amount of uranium deposition in the underlying soil. The 

soil composition under and around a house affects 222Rn levels and the ease with which 
222Rn migrate into a house.  
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Normal pressure differences between the house and the soil can create a slight under 

pressure in the house that can draw 222Rn gas from the soil into the building. 222Rn 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 222Rn to move more 

quickly.  

In a very small number of houses 222Rn levels are generally highest in basements and ground 

floor rooms that are in contact with the soil. Factors such as design, construction, and 

ventilation of the house affect the pathways and sources that can draw 222Rn indoors (Tassos 

and Haralabos, 2003). 

 
 

 

A Entry of radon from soil through:  

A1 - Cracks in solid floors  

A2 - Construction joints 

 A3 - Cracks and cavities in walls  

 A4 - Cracks in walls below ground level  

B Radon exhalation from building materials  

C Entry of radon with outdoor air  

D Radon released from water  

A5 - Gaps in suspended floors  

A6 - Gaps around service pipe 

Figure 6: Typical radon sources and entry routes 
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1.2.6. Radon in outdoor air 
Concentrations of radon in the outdoor environment are affected not only by the magnitude of 

the exhalation rates in the general area but also by atmospheric mixing phenomena. Solar heating 

during the daytime tends to induce some turbulence, so that radon is more readily transported 

upwards and away from the ground. 

At night and in the early morning hours, atmospheric (temperature) inversion conditions are 

often found, which tend to trap the radon closer to the ground. This means outdoor radon 

concentrations can vary diurnally by a factor of as much as ten. There are also seasonal 

variations related to the effects of precipitation or to changes in the prevailing winds. These 

effects must be taken into account when interpreting the available measurements (UNSCEAR, 

2000). 

1.2.7. Radon in Soil  
Approximately 80% of the radon emanating outside to the center produces the top layer of the 

Earth, of course, and the presence of radium-226, uranium-238  and thus is the reason why the 

issuance of radon in the soil. Vary the amount of radium and uranium from one place to another 

according to the geological nature. In general, the rocks in the earth‟s crust contain about 

1picocuries in grams and the soil around 0.7 picocuries grams (Knoll, 1979).   

Each of the disintegration of radium atom present in the soil or rock grains will give an atom of 

radon. If corn production this close to the soil surface, thus it can escape into the middle to the 

outside. The amount of the issuance of radon from the soil depends on several factors, including 

permeability and soil moisture, are shown in Figure 6 Mechanical emanation of radon into the 

middle to the outside, studies have calculated that about 10% of the radon generated in a meter 

closer to the surface of the soil begins to center the outside (Keneth and John, 1987) 
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Fig 7: Mechanical emanation of radon into the middle to the outside 

1.2.8. Radon in water 
Radon is also found in the water, in homes, in particular, homes that have their own well rather 

than municipal water. When the water is agitated, as when showering or washing dishes, radon 

escapes into the air. However, radon from domestic water generally contributes only a small 

proportion (less than one percent) of the total radon in indoor air. Municipal water systems hold 

and treat water, which helps to release radon, so that levels are very low by the time the water 

reaches homes. But people, who have private wells, particularly in areas of high radium soil 

content, may be exposed to high levels of radon (EPA, 2005). 

 In a few regions, such as Finland and Maine (USA), the tap- water from wells drilled in rock has 

been shown to contribute significantly to radon concentrations indoors. Radon concentrations in 

tap-water from deep wells can range from 100kBq/m3 to 100MBq/m3 (UNSCEAR, 1988). 

The world average radon concentration in all types of water supplies is assumed to be 10kBq/m3 

(UNSCEAR, 1993) 

1.2.9. Radon in construction materials  
Containing building materials from soil and rock (such as cement, block, ceramic, etc.) the 

radioactive material of natural origin such as uranium, radium and radon are therefore generate. 
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Permeability of these materials is sufficient to set off the radon generated including the outside to 

the center.   

Radon exhalation from building materials depends not only on the radium concentration, but also 

on factors such as the fraction of radon produced which is released from the material, the 

porosity of the material and the surface preparation and finish of the walls.  
 

Building materials containing by product gypsum and concrete containing alum shale may have 

much higher radium concentration (UNSCEAR, 1982). 

Building materials are the main sources of radon-220 (also called "thoron") in indoor air. Due to 

its short half-life (55second), thoron originating in soil in effect is usually prevented from 

entering buildings and therefore makes negligible contribution to indoor thoron levels. For this 

reason and due to the greater difficulties of measurement, thoron or thoron progeny 

concentration measurements are very much fewer than those for radon.  

1.2.10. Radon in Domestic gas  
In some regions, natural gas used for cooking and heating contains elevated concentrations of 

radon, which is released on combustion. Normally this source is not significant, and it can be 

monitored at transmission and distribution points. Typically the radon level in natural gas is 

about 1000Bq/m3. Natural gas as supplied usually contains gas from a number of wells and fields 

and thus can vary over time, depending on the proportions supplied by different sources 

(UNSCEAR, 1993) 

1.2.11. Radon in Dwellings  
During the 1980s in many countries surveys of indoor radon levels have been carried out 

(Hildingson et al. 1980; Put and de Meijer 1984; Schmier and Wicke 1985; rensen et al. 1985; 

Swedjemark and Mjones 1984, see for other references).  

These surveys range in type from small localized short term screening surveys to national 

surveys in which year-long average indoor radon concentrations have been determined in 

randomly chosen population weighted representative samples of national housing stock, which is 

the recommended methodology (UNSCEAR, 1993). 

The preferred method of measurement in such long term surveys is to use passive alpha track 

detectors which record the alpha activity from radon and its decay products. 
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Table 1:-gives a summary of the principal results from a number of national and regional surveys 

carried out in recent years in EU Member States, other European countries; North America, 

Japan and Australia (see also a similar table in UNSCEAR, 1993). Unless otherwise stated, the 

measuring technique in most surveys was based on the use of some form of passive alpha track 

detector.  

The summary results presented here are not always directly comparable for a number of reasons. 

In some surveys the dwellings were chosen in a random and representative fashion, while in 

others they were chosen from a specially selected group of dwellings. For a number of countries 

the surveys are still in preliminary stage and the number of houses surveyed per million 

inhabitants is rather small.  

As far as the maximum indoor radon concentration likely to be present in any country is 

concerned it is impossible to estimate its value. Concentrations greater than 100,000Bq/m3 have 

already been detected in individual dwellings in some countries. In most situations it appears that 

elevated indoor radon levels originate from radon in the underlying rocks and soils. 
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                             Table 1: Summary of radon surveys in dwellings 

Country /region 

(population in 

million) 

Number 

of house 

sampled  

Period and duration 

of exposure  

Sample 

characteristi

cs  

Radon conc.(Bq/m3) Geom. 

Std. 

dev. 

% over 

200Bq/m3 

%over 

400Bq/

m3 

References  

Average  Geom. 

mean 

Australia (17.3) 3413 1989-1990 

1year 

Stratified 

random 

11 8 2.1 < 0.1% <0.1% Langroo.et 

al.1991 

Belgium (10.0) 300 1984-1990 

3 month to 1 year 

Pop.based 
selected 
acquaintances 

48 37 1.9 1.7% 0.3% Poffjin 1993 

Canada (study 

pop=7.8) 

13457 Summer 1977-1980 

Grab sampling  

Restricted to 
19 major 
urban areas, 
excluding 
apartments   

33 15 3.6 2.3% 0.6% McGegor et 
al.1980 
Letoumeau et 

al.1984 

Czechoslovakia 

(15.6) 

1200 1982 RnD grab 

sampling  

- 140 - - - - UNSCEAR 

1993 

Denmark (5.2) 496 1985-1986 6month Random 47(dwelling 
aver.) 
53(pop aver.) 

29 2.2 2.2% <0.4% Ulbak et al. 

1988 

Finland (5.0) 3074 1990-1991 1year Random 123 84 2.1 12.3% 3.6% Castren 1993 

France  

[56.9) 

1548  1982-1992 3 month  Biased (not 

stratified ) 

85 52 2.3 7.1% 2.3% Rannou et 

al.1992 

Germany  

V.4) 

6000 1978-1983 3 months Random 50 40 - 1.5-2.5% 0.5-

1.0% 

Lehmann 1993 

Greece  

(10.2 

571 1987-1994  

6 months 

Acquaintanc

es  

92 68 2.9 3.3% 1.4% Proukaks 1994 
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Hungary  

(10.6) 

122 1985-1987 

2.5 years 

Preliminary 

survey  

55 42(me

dian 

- - - Sztanyk, 1993 

Ireland  

(3.5) 

1259 1985-1993 

6 months  

Random 60 34 2.5 3.8% 1.6% McLaughlin & 

wasiolek 1988 

italv  

(56.8) 

4800 1985-1993 1 year Stratified 

random  

77 - - 5% 1% Bochicchio et al 

1994 

Japan  

(123.9 

6300 1985-1991 1 year Random in 
selected 
group (high 
school 
teachers) 

29 23(me

dian) 

1.6 <0.4% - Kobayashi et al. 

1991 

Luxembourg 
(0.4) 

2500 1991 - - 65 - - - UNSCEAR 
1993 

Netherland (15.1) 1000 1982-1984 

1year 

- 29 24(me

dian) 

1.6 - - Put et al 1992 
UNSCEAR 
1993 

Norway(4.2) 7525 1987-1989 6 months  Random 51(uncorr. 
60(corr.for 
exposure 
period) 

26(un
cor.) 
32(cor
r.) 

- 3.7%(uncor

r) 

5%(corr) 

1.6% Strand et a11992  

Strand 1993 
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Portugal  

(10.3) 

4200 1989-1990  

1-3 months  

Volunteer in 
a selected 
group (high 
school 
students) 

81 37 - 8.6%  Faisca et 

a1.1992 

Spain  

(39.0) 

1555-2000 Winter of 1988-
1990 ,3 months  

Random 86 41-43 2.6-3.7 - 2.6% Quindos et al  
UNSCEAR 
1993 

Sweden  

(8.4) 

1360 1991-1992 3 month  Random 108 56 - 14-26% 4% Swedjemark et 

al 1993 

 

Switzerland 

(6.6) 

1540 1982-1990  

3 months  

Biased (not 

stratified ) 

80 corr.for 
sample 
bias70cor.for
expo.period 

- - 5.0% -4.8-

11% 

Surbeck et al 

1991 

UK(57) 2093 1986-1987  

1 year 

Random 20.5(correcte
d for the 
pop.housing 
stock) 

15 2.2 0.5% 0.2% Wnxon et al. 

1988 

USA (249) 5694 1986-1990 

1 year 

Stratified 

random 

46 25(me

dian) 

3.1 -3.5% -0.6% EPA 1992c 

Marcinwski et al 

1994 
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1.3. Health effects of radon 
The adverse health effects of exposure to radon are caused primarily by damage due to alpha-

particles. The possible effects will depend on exposure level. The main danger from high radon 

exposure is an increased risk of lung cancer. Radon as a noble gas is rapidly exhaled after being 

breathed in; however, radon progeny combine with other molecules in the air and with particles 

of dust, aerosols or smoke, and readily deposit in the airways of the lung. While lodged there, the 

progeny emit ionizing radiation in the form of alpha particles, which can damage the cells lining 

the airways. Experiments have confirmed that ionizing radiation affecting bronchial epithelial 

cells could cause cancer. 

1.4. Action level of radon concentration in the air and water 
Many countries have defined an Action Level of radon concentration to guide their program to 

control domestic exposure to radon. The Action Level is not a boundary between safe and 

unsafe, but rather a level at which action on reduction of radon level will usually be justified. 

Some people may choose to take action when the Action Level is approached. For example, 

many countries consider radon concentration in the air of 200Bq/m3 as an Action Level at which 

mitigation measures should be taken to reduce radon level in homes. Guideline values (action 

levels) of radon vary among countries 

The United States set a Maximum Contaminant Level for radon in drinking water of 150Bq/l for 

radon concentration in drinking water from private water supplies, The European Union 

Commission recommended Action Level of 1000Bq/l. This is set so that the risk to a typical 

person drinking such water is similar to the risk from breathing air which contains radon at the 

Action Level of 200Bq/m3 
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               Table 2: Domestic radon concentrations and Action Levels in different countries 

No Country Average radon 

Concentration in homes (Bq/m3) 

Action Level 

(Bq/m3) 

1 Czech Republic 140 200 

2 Finland 123 400 

3 Germany 50 250 

4 Ireland 60 200 

5 Israel * 200 

6 Lithuania 37 100 

7 Luxembourg * 250 

8 Norway 51-60 200 

9 Poland * 400 

10 Russia 19-250 * 

11 Sweden 108 400 

12 Switzerland 70 1000 

13 United Kingdom 20 200 

14 European 

Community 

* 400 

15 USA 46 150 

16 Canada * 800 

 

 

* not available at the moment 

Sources: US Environmental Protection Agency (http://www.epa.gov/iaq/radon/index.html) 

 

1.5. Statement of the problem 
As stated above the radiations can occur everywhere, because their sources are natural 

phenomena and also they are energies which can irradiate the living tissues in different forms. 

Especially the enhanced levels of radon gas can damage cells more than the others, because this 

gas has short life time. This leads to different disease including cancer. Most of the people spend 

about 80% of their time at home or in office. Therefore precaution is needed; several scientist 

http://www.epa.gov/iaq/radon/index.html
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and research workers are engaged in the measurement of radon -thoron and its progeny in the 

environment. Therefore the motivation of this study is the possible health risk assessment, due to 

the natural radioactive elements such as radium, radon, thorium and their short lived decay 

products in injection and inhalation. And a baseline data accumulation as there are no known 

environmental radiation measurement conducted in the study area 

1.5.1. Objective 

1.5.2. Main Objective  

 To investigate radon concentration in the study area by using different technique. 

1.5.3.  Specific Objectives 

 To investigate the radon in soil samples. 

 To investigate the radon in the  samples of drinking water 

 To investigate radon and its progeny concentration in air samples. 

 To determine annual exposure rate,  

 To determine annual effective dose rate. 

1.6. Scope of the Study 
This study was conducted in Addis Ababa city administration.  Research on Investigation of 

radon concentrations in some environmental samples, it requires a wide scale study in different 

areas of the country. But, with  the  available  time  and  resource  in  order  to  make  the  study  

more  manageable  and  due  to the more populated area, its scope  is delimited to Addis Ababa 

city 

 

1.7.  Organization of the Research Paper 
This thesis has five chapters.  Chapter  one  is  an  introduction  part  which  consists  of  the 

introduction, statement of the problem, the objectives, and the scope of the study. Chapter two 

presents the review of related literature. Chapter three describes the study area and the research 

methodology.  Chapter four contains the analysis, results and discussion parts  of  the  study  and  

the  fifth  chapter  presents  the  conclusion  and  recommendations  of  the study. 
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Chapter two 

2. Review of Related Literature  
Various literatures and previous works were reviewed for the research. Amongst these literature 

reviews previous studies. Reports by different international organizations on the different aspects 

of the issue, academic thesis, published and unpublished journals about radon measurement and 

the methodology that will be implemented on this research paper are some of them. 

The literatures that were reviewed and the previous works that are more recent and considered as 

representative were discussed below.          

The aim of this chapter is to provide details on the type of work previously work. A 

comprehensive review on the process of radon measurement method and radon migration 

through soils and rocks has been performed.  

Many techniques and instruments are available for the measurement of radon and its decay 

products, with advantages and disadvantages for different situations. For many purposes we want 

to know long-term average exposures, but for diagnostic purposes a continuous measurement 

may be appropriate. We have to decide what technique to use on the basis of the feasibility and 

cost of the measurement as well as the accuracy and applicability of the technique. 

2.1. The quantity to be measured: 
 Radon is by far the largest contributor to the radiation exposure of populations, and most of that 

exposure takes place at home. For this reason, the great majority of radon measurements are 

aimed at assessing human exposures at home. There may also be significant exposures at work 

for many people. Traditionally occupations such as mining have been regarded as being the only 

ones in which there is significant radon exposure, but more recently it has been found that above- 

ground workplaces in high radon areas can have high enough radon levels to deliver radiation 

doses that exceed international limits.  

The risk of lung cancer is related to the long-term exposure of people, so it is important that 

estimates of radon levels in homes and workplaces should be as close as possible to the long 
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term average. Estimating long-term average is complicated by the fact that radon levels can vary 

widely from day to day. 

2.2. Previous Works 
(Veiga, L.H.S., Melo, V., Koifman, S. and Amaral, E.C.S 

et.al, 2004 ) were studied the 

assessment of radon and radon decay products exposure in the underground environment of coal 

mining industry and to estimate the annual exposure to the workers in Brazil. A portable radon 

monitor “Alpha guard” (Genitron instruments) was used. As a product of this assessment, it was 

found that average radon concentrations at all sampling campaign and excavation sites were 

above the Action Level range for workplaces of 500-1500 Bq/m3 recommended by the 

International Commission on Radiological Protection ICRP 1965. The average annual effective 

dose estimated for the workers was almost 30 times higher than the world average dose for coal 

miners.  

(Mohd Zubairn,M Shakir  Khan,Deepak Verma et.al. 2011)  studied the possible health risk 

assessments, due to the radon, thoron and its short lived decay products in inhalation using LR -

115 type II plastic track detector in the” Bare” mode. The result shows that the annual effective 

dose ranges from 0.93 to 5.66 with an average value of 3.2 and standard deviation of 1.4. It is 

observed that in all the places the annual inhalation dose and annual effective dose is below the 

action levels (3-10 mSv/y) recommended by ICRP. 

(Mohd Zubair, M Shakir Khan, Deepak Verma et.al. 2011) have studied that Radium is naturally 

occurring radioactive element on the earth‟s surface and it is chemically analogous to calcium 

and is absorbed from soil by plants and passed up the food chain to humans. High intake or body 

exposure to radium causes serious health hazards and may result in bone cancer, sores, anemia 

and other disorders. Track etch technique has been used with LR-115 type II plastic track 

detector to measure the effective radium content of sand samples collected from sea coast Tirur  

of  Malappuram district of  Kerala state India. It is observed that the radioactive levels (370 

Bq/m3) of these areas are below the level specified by Organization for economic cooperation 

and development (OECD, 1979).  

 
(K.M.Abumurad and M. Al-Tamimi , et.al. 2001) determine radon concentration and emanation 

power from different types of rocks and soil collected from the northwestern part of Jordan by 
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using solid state nuclear track detectors CR-39. The concentration of radon in the soil air 

increases nearly exponentially with depth. Radon concentration changes with moisture content, 

temperature and permeability also. The highest radon level recorded was about 40kBq/m3 at 

depth of 100 cm in phosphate limestone which form 7% of the studied area and the lowest (at the 

same depth) was about1.6kBq/m3 in (WG), which forms 30% of the studied area. A continuous 

measurement system for radon exhalation, with a ventilation-type accumulation chamber was 

developed for radon exhalation rate determination. The diurnal variation of radon exhalation rate 

was found from the continuous measurements, and the values during the daytime were generally 

higher than those during the night time. 

 
(Fhulufhelo and Nemangwele et.al 2005) measured radon concentration inside the cango Cave in 

South Africa. He also tried to understand the 222Rn levels in the Cave by considering the 

diffusion and ventilation. Electrets ion chambers and the RAD7 methods were used to measure 

radon concentration in Caves. The results for the radon activity concentrations range from the 

minimum of about 800Bq/m3 to a maximum of 2600Bq/m3. The ventilation rate in the Cave has 

been estimated under certain assumptions, and it is found to be about 7 ×10−6 s−1 for the Van Zyl 

hall which is the first large chamber in the Cave. The radon concentration increases as one goes 

deeper into the Cave, but then becomes fairly constant for the deeper parts. The annual effective 

dose that the guides are exposed to in the Cave as a result of the radon concentrations, depends 

strongly on the time that they spend in the Cave and in which, halls they spend most of their time 

in the Cave. The initial results indicate an annual effective dose of 4-10mSv. 

 
(G H.Forzani and G h .soori et.al 2011) has determined the concentration of radon in water 

samples collected from west region of Iran by using the PRASSI (Portable Radon Gas Surveyor 

SILENA) system model 5S .The result shows that radon gas concentration in five samples of 

water is above the action level (10Bq/litter), determined by the Environmental Protection 

Agency America. They recommended that the drinking water must be kept in the open pools, or 

at least move as a cascade so that the radon may move out.  

(Naom ,2002) has measured radon and radium contents in different samples of tooth pastes using 

CR-39 plastic nuclear track detector. Results reveal that radon content ranged between about (24-

51) Bq/m3. 
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ICRP recommends the action level for radon and its progeny concentration is about 200Bq/m3 

and also the annual inhalation dose is about 3-10 mSv/y  

2.3.  Instrumentation  
The following are brief descriptions of the principal characteristics of the instruments or devices 

most commonly used to measure concentrations of radon and radon progeny in air. 

Radon measurement techniques are broadly classified as passive and active methods. In the 

passive methods of measuring radon the measurement is usually made over a long period of time 

and the result is reported as the average over the measured time interval. In active measurement 

method, the radon concentration is measured and provides real time dose information. 

2.3.1.  Passive Measuring Methods 
In this category of measurement methods; Solid state nuclear track detector (SSNTD), Activated 

charcoal (AC), Charcoal liquid scintillation (LS), and Electret ion chamber (EC) methods are the 

noticeable ones. 

2.3.2.   Solid State Nuclear Track Detector 
Solid State Nuclear Track Detector (SSNTD) consists of a small piece of plastic or film enclosed 

in a container. Radon diffuses into the container and particles emitted by the radon and its decay 

products strike the detector and produce submicroscopic damage tracks. At the end of the 

measurement period, the detectors are returned to the laboratory. Plastic detectors are placed in a 

caustic solution that accentuates the damaged tracks so they can be counted using an automated 

counting system. 

The number of tracks per unit area is correlated to the radon concentration in air. 

The number of tracks per unit of analyzed detector area produced per unit of time minus the 

background is proportional to the radon concentration. SSNTD is mostly made up of detection 

material and detection chamber. 

The most popular member of SSNTDs family detection material is 39CR. It has good sensitivity, 

stability against various environmental factors, and high degree of optical clarity. The detector 

chamber is a cylindrical cup. Carbon is impregnated in the wall material, polypropylene, to 

enhance electrical conductivity and to avoid the problem of electrostatic charge. Radon enters the 

holder with a half-time for entry about 1 minute, which is short compared with the radon half-life 
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of 3.82 days. This means that the radon concentration inside the detector chamber quickly 

approaches that of outside. It can be shown that the long-term average radon concentration inside 

the detector chamber is the same as that outside, despite any variations in the outside 

concentration. But the radon concentration may be overestimated because the short half-time for 

entry will allow some thoron to enter the detector (Ahn and Lee, 2005). 

The optimal use of any track detector is largely dependent on standardization of various etching 

parameter. CR-39 samples are irradiated using an alpha source. Irradiated CR-39 samples can be 

etched in a solution. NaOH solution is most popular etchant and has been extensively studied. 

Varying concentrations of NaOH solutions can be used at different temperatures and periods. 

The etched tracks can be observed using an optical microscope. Calibration experiment can be 

carried out to evaluate the relationship between the track density recorded and the radon 

concentration. (Ahn and Lee, 2005) 

2.3.3.  Activated charcoal (AC) 
In the last years, a lot of work has been done on the measurement of radon by adsorption on 

activated charcoal based on its well-known property of adsorbing different gases and vapors, 

including radon. In most cases, the quantity of 222Rn adsorbed is later measured by counting the 

gamma ray emissions of both 214Pb and 214Bi. This is possible due to the short half- lives of these 

progeny. 

ACs is passive devices requiring no power to function. The passive nature of the activated 

charcoal allows continual adsorption and the desorption of radon. During the measurement 

period, the adsorbed radon undergoes radioactive decay. Therefore, the technique does not 

integrate uniformly radon concentrations during the exposure period. As with all devices that 

store radon, the average concentration calculated using the mid-exposure time is subject to error 

if the ambient radon concentration varies substantially during the measurement period. 

A device used most commonly consists of a circular container filled with activated charcoal. One 

side of the container is fitted with a screen that keeps the charcoal in but allows air to diffuse into 

the charcoal. 

In some cases, the charcoal container has a diffusion barrier over the opening. For longer 

exposures, this barrier improves the uniformity of response to variations of radon concentration 

with time. Desiccant is also incorporated in some containers to reduce interference from moisture 
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adsorption during longer exposures. Another variation of the charcoal container has charcoal 

packaged inside a sealed bag, allowing the radon to diffuse through the bag. All ACs are sealed 

with a radon proof cover to outer container after preparation. 

The measurement is initiated by removing the cover to allow radon-laden air to diffuse into the 

charcoal bed where the radon is adsorbed onto the charcoal. 

At the end of measurement period, the device is resealed securely and returned to laboratory for 

analysis. At the laboratory, the ACs is analyzed for radon decay products by placing the 

charcoal, still in its container, directly on a gamma detector. Corrections may be needed to 

account for the reduced sensitivity of the charcoal due to adsorbed water. This correction may be 

done by weighing each detector when it is prepared and then reweighing it when it is returned to 

the laboratory for analysis. Any weight increase is attributed to water adsorbed on the charcoal. 

The weight of water gained is correlated to a correction factor. This conversion factor is used to 

correct the analytical results. This correction is not needed if the configuration of the AC is 

modified to reduce significantly the adsorption of water and if the user has demonstrated 

experimentally that, over a wide range of humidity, there is negligible change in the collection 

efficiency of the charcoal within the specified exposure period. 
 

The advantage of this technique is that it is completely passive, of very low cost, higher 

efficiency and a lower detection limit compared with gamma spectrometry methods. This 

measurement method can be fully automated and is completely independent of humidity till 7 

days of exposure. 

2.3.4.  Charcoal liquid scintillation (LS) 
The frequently used type of LS device is a capped liquid scintillation vial which contains 

charcoal. In some cases, the vial contains a diffusion barrier over the charcoal which improves 

the uniformity of response of the device to variations of radon concentration with time, 

particularly for longer exposures. Some LS devices include a few grams of desiccant which 

reduces interference from moisture adsorption by the charcoal. All LS devices are sealed with a 

radon proof closure after preparation. A measurement with LS device is initiated by removing 

the radon proof closure to allow radon-laden air to diffuse into the charcoal where the radon is 

adsorbed. At the end of the exposure (typically two to seven days), the device is resealed 

securely and returned to the laboratory for analysis. 
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At the laboratory, the devices are prepared for analysis by radon adsorption techniques. This 

technique transfers reproducibly a major fraction of the radon adsorbed on the charcoal into a 

vial of liquid scintillation fluid containing the dissolved radon are placed in a liquid scintillation 

counter and counted for a specified number of minutes (e.g., 10 minutes) or until the standard 

deviation of the count is acceptable (e.g., less than 10 percent) 

2.3.5. Electret ion chamber (EC) 
There are short-term and long-term ECs. They require no power, and function as true integrating 

detectors, measuring the average concentration during the measurement period. The EC contains 

a charged electret (an electrostatically charged disk of Teflon) which collects ions formed in the 

chamber by radiation emitted from radon and radon decay products. When the device is exposed, 

radon diffuses into the chamber through filtered opening. Ions which are generated continually 

by the decay of radon and radon decay products are drawn to the surface of the electret and 

reduce its surface voltage. The amount of voltage reduction is related directly to the average 

radon concentration and the duration of exposure period. 

 ECs can be deployed for exposure periods of two days to 12 months, depending upon the 

thickness of the electret and the volume of the ion chamber chosen for use. These deployment 

periods are flexible, and valid measurements can be made with other deployment periods 

depending on the application. 

 

The electret must be removed from the EC chamber and the electret voltage measured with a 

special surface voltmeter both before and after exposure. To determine the average radon 

concentration during the exposure period, the difference between the initial and final voltages is 

divided first by a calibration factor and then by the number of exposure days. A background 

concentration equivalent of ambient gamma radiation is subtracted to compute radon 

concentration. Electret voltage measurements can be made in a laboratory or in the field. 

2.4. Active Measuring Methods 
Grab radon sampling method, Pump/collapsible bag method and Three-day integrating evacuated 

scintillation cells method are the prominent radon measurement methods in this category. Brief 

description of these methods is presented in this section. 
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2.4.1. Grab radon sampling 
In this method three techniques which are frequently used. These are Grab radon / scintillation 

cell (GS) method in this method sample is collected by pumping air through an activated 

charcoal. A sample of air is drawn into and sealed in a flask or cell that has zinc sulfide phosphor 

coating on its interior surfaces. One surface of the cell is fitted with a clear window that is put in 

contact with a photomultiplier tube to count scintillations resulting from alpha disintegrations 

from the air sample interacting with the zinc sulfide coating. The number of pulses is 

proportional to the radon concentration in the cell. The cell is counted about four hours after 

filling to allow the short lived radon decay products to reach equilibrium with the radon. 

Correction factors are applied to the counting results to compensate for decay during the time 

between collection and counting and for the decay during counting if the counting time is long 

(>one hour).  

In a variation of this method, used in some portable instruments, air is pumped continuously 

through a flow-through type scintillation cell for just a few minutes. Alpha particles resulting 

from the decay of radon gas and decay products are counted as the gas is swept through. Grab 

radon/ activated charcoal (GC) method Air pumped through activated charcoal to collect the 

sample is used in this method. A charcoal-filled cartridge is placed into a sampler and air is 

pumped through the carbon cartridge. 

The pump with a charcoal cartridge is not flow dependent but must remain operational at the 

sampling location until the charcoal collects enough radon to be in equilibrium with the radon at 

the sampling collection. A sampling duration of one hour has been found to be optimal for most 

systems. The cartridge must be weighed prior to and after sampling in order to correct for the 

reduced sensitivity of the charcoal due to adsorbed water. The cartridges are analyzed by placing 

them on a sodium iodide gamma scintillation system or a germanium gamma detector. Grab 

radon pump / collapsible bag (GB) method.  This method uses the same technology described in 

the pump / collapsible bag devices (PB) which will be discussed in the next subsection. The GB 

method discussed here differs only in that the bag is filled over a much shorter collection period 

than the PB. Grab radon and thoron progeny sampling using Geiger-Muller counter. This is 

another method of grab sampling which is based on direct beta counting of filtered aerosol 

sample over successive time intervals by end-window Geiger Müller counter. This method can 

be used for simultaneous measurement of radon and thoron decay products. The experiment 
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which will be discussed in this paper was done using this method. So the method will be 

explained in detail in the next chapter. 

2.4.2. Pump/collapsible bag (PB) 
One of the older and simpler methods of making an integrated measurement of the concentration 

of radon over a period of time is to collect a sample of the ambient air in a radon-proof container 

over the desired sampling time period and measure the resulting radon concentration in the 

container. One practical method is to use a small pump with a very low and uniform flow rate to 

pump ambient air into an inflatable and collapsible radon proof bag. 

2.4.3. Three days integrating evacuated scintillation cells (SC) 
This method typically uses Lucas type scintillation cells that have been outfitted with a restricter 

valve attached to the main valve. Samples are collected by opening the valve on an evacuated 

cell. The restricter valve is set so that the cells fill from a 30-inch mercury (Hg) vacuum to about 

80 percent of its capacity over a three day period. At the end of the measurement period, the 

valve is closed and returned to the analysis laboratory. Since the volume of the cell is known, the 

exact volume of filtered air collected over the three day measurement period can be calculated 

from the vacuum gauge reading at the end of the sampling period. 
 

The sample is analyzed on an alpha scintillation counter. Prior to counting, the pressure in the 

cell is brought to one atmosphere by adding radon-free air so that the sample is analyzed under 

the same conditions that prevailed during calibration of the cell. To allow radon and progeny to 

grow into equilibrium and to allow any radon decay products that may have been collected to 

decay, the sample should be collected no sooner than four hours after the end of the 

measurement. 

The detectors used in this study are a radon continues monitor Ramon radon monitors 2.2, RAD7 

and plastic track detector (LR-115 type II). The choice of these techniques was based on the time 

over which an instrument can be devoted to measurements at a single location, the kind of the 

information required, and the desired accuracy with which measurements can be related to an 

estimate of risk (Paulus and Thompson, 2003). 
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2.5. RADON-222 in ground water 
Radon-222 can migrate away from its source in rock materials because of differences in 

physical and chemical properties. Radon-222 is a virtually inert gas and the only member of 

the uranium-238 decay series that is in the gaseous state under standard temperature and 

pressure conditions. 

Differences in the chemical properties of radio-nuclides within a decay series may result in 

partitioning of the radionuclides within a closed physical-chemical system. In a closed 

ground-water system, where no intermediate decay product of the uranium-238 or other 

radionuclide decay series is lost, secular equilibrium is reached after a period based on the 

half-life of the longest-lived intermediate radionuclide of the decay series.  

Secular equilibrium describes a state in which activities of parents and daughter products in a 

decay series are equal, and mass ratios are fixed at some constant value. Radon-222 reaches 

99-percent equilibrium with its parent, radium-226, after about 25.4 days (Durrance, 1986). 

In an open system, if partitioning results in transport of some decay products or parent 

radionuclides out of the system, secular equilibrium no longer prevails. 

 

The dominant means of radon-222 migration from sources in aquifer materials is mechanical 

transport as a solute in flowing ground water (Durrance, 1986). Radon can physically enter 

the ground-water system from aquifer materials by  

 alpha recoil of radon-222, the product nucleus of alpha decay, resulting in ejection 

from the parent radium-226 atom in a solid (crystal structure or disordered surface 

condition); 

  diffusion through mineral grains; and 

  Diffusion and transport in rock mass, including fractures (Durrance, 1986). 

Many studies have shown that radon-222 is not supported by its parent radium-226 in 

solution, which means that the amount of dissolved radium-226 generally is insufficient to 

generate the observed amount of radon-222 in ground water. 

Radon-222 commonly is present in ground water in concentrations that are greater than that 

of any of its parents because solubility limits on these radionuclides are greater than those for 

radon-222 in most ground waters. 
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Radon222 concentrations in ground water vary because of variable concentrations of sources 

in the aquifer materials, emanation rates from mineral sources, aquifer porosity, and 

permeability. (King and Connor, 1989) published calculations that show for a given 

radium226 (or uranium-238) content of rock, variations in the normal range of emanation 

coefficients (10 to 30 percent) and aquifer porosity (5 to 35 percent) can cause radon 

concentrations to vary by up to an order of magnitude. In this study, the spatial distribution of 

elevated radon222 concentrations in ground water is described. 
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Chapter three 

3. Materials and Methods 

3.1. Materials  

Instruments used in this study  

The measurements of radon concentration inside the house were made using a radon continuous 

monitor Ramon radon monitor 2.2; RAD7 and LR-115 type II plastic detectors were also done. 

The measurements using the radon continuous monitor Ramon radon monitor 2.2 and LR-115 

type II plastic detectors were taken during the day and overnight. The map of the Addis Ababa 

was used as a guideline to decide where the instruments were to be placed  

Various kinds of software‟s, equipment, and maps were used for the specific research.  These 

different materials and tools which were used for the research are listed below categorized into 

the following parts:- 

Software’s  

 Arc-GIS 10.3 

 Microsoft Office, (MS-word, MS-excel) 

 CAPTURE v5.2.9 

Equipment  

 Ramon radon monitor 2.2 

 optical microscope   

 LR-115 type II plastic detectors 

 Digital beam balance  

 Mortar and Pestle (grinder) 

 scientific sieve of 200 micron-mesh 

size 

 Camera for field work.  

 Garmin GPS- Vista (hand GPS) 

 oven used for drying samples 

 RAD7 with water accessary   

Different maps  

 Topographic maps 

Chemicals 

 Silica gal  
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 2.5 N NaOH solutions  

The research paper was executed by using all the above methodologies and tools in such a way 

that they are implemented in an appropriate manner.  

  

Figure 8:  Photo shows different equipment and chemicals were used on the study (Photo: Habtamu 

Demissie Dec 02, 2015). 

 

3.2. Description of the Study Area 

3.2.1. Geographic location  
Addis Ababa, founded in 1886, is the political and economic capital of the country located at 90 

1‟ 48‟‟N and 380 44‟ 24‟‟E, It has an area of about 540.1 km2 with an altitude range from its 

lowest point of 2,326 meters around bole airport to its highest point of around 3200 meters at 
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Entoto Mountains. Its population has been increasing at an alarming rate reaching around 3 

million according to (2007) population census.  

Addis Ababa is the capital city of Ethiopia, with the total population of 2,917,295 (1,389,817 

males and 1,527,478 females). The city has three layers of administration; the City 

Administration at the top, 10 Sub cities Administration in the middle and 116 Woredas at the 

bottom  Each sub city administration has the estimated population of 300,000 and each Woreda 

administration has the population of 30,000.  

Location map of the study area: 

 

Figure 9: Location map of the study area 

Source: Central Statistical Authority, 2014 Shape file data 

3.2.2.  Climate  
Addis Ababa is located in a tropical zone but it is influenced by the altitude, from 2000 to 3200 

meters, which tempers the temperature. This climate is characterized by a wet season, from June 

to the end of September, dry season specially from December to the end of February and the rest 

of the month have little amount of rain. But temperature depending on the altitude, decrease from 

the south (Akaki) to the north (Gulele, Yeka) (Tamiru , 2003).  
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The main rainfall season in the study area is from June to September, but there is relatively small 

rainfall during the month of March and April. The most beneficial rain is essentially of 

orographic type, produced from condensation of vapors driven by winds against marginal 

escarpment on the plateau. In summer, mainly Jun to September, the rain is very heavy with 

sporadic thunderstorm causing high runoff. Where as in autumn,(late September, October and 

November) and spring (March, April and May) the rain has less intensity. During winter (from 

December to February), it is sunny and dry with a very little or no rain fall. The meteorological 

data shows the total rainfall of Addis Ababa is about 1076.6mm per year, with the high rainfall 

occurring in July to August , While in April , Jun and September moderate concentration of 

rainfall, In march and May small concentration and the remaining months (January, February, 

October , November And December) Are dry months (Tamiru,  et. al., 2003). 

Table 3: Mean monthly rainfall of Addis Ababa 

month Jan Feb Mar April May Jun Jul Aug Sep Oct Nov Dec total 

Amount 

of 

rainfall 

F(mm) 

15.8 37.3 68 88.6 77.3 118.1 250.4 238.8 137.6 32.9 6.2 5.6 1076.6 

 Source: Ethiopia Metrological Agency, 2015 

                          Dry season 

                          Rain season 

3.2.3. Temperature 
The minimum mean monthly temperature of the Addis Ababa ranges between 7.50c in December 

to 11.70C In May, while the maximum mean monthly temperature varies between 20.10C In 

August to 24.60C in March, throughout the year in the last ten years. 

Table 4: Min and Max Monthly Temperature of Addis Ababa in(C°) 

Month Jan Feb Mar April may Jun Jul Aug Sep Oct Nov Dec Total 

Max(Tco) 24 24.1 24.6 23.9 24.6 22.9 20.3 20.1 22.4 22.6 22.6 22.8 22.8 

Min(Tco) 10.3 9.5 10.9 11.5 11.7 10.8 10.8 10.8 10.5 9.2 7.9 7.5 10.1 

   Source: Ethiopia Metrological Agency Annual Report, 2015. 
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3.2.4.  Wind Speed and Direction 
Average monthly wind speed data is available only at the Addis Ababa Observatory. The 

average monthly wind speed is generally low. The monthly maximum wind speed is 0.7 m/sec 

and the minimum is 0.3 m/sec. There is a seasonal variation in the wind speed data with the rainy 

season (June - September) has low values.  

Table 5: Mean Monthly Wind Speed of Addis Ababa (m/sec)   

month Jan Feb Mar April may Jun Jul Aug Sep Oct Nov Dec year 

Wind 

Speed(m/s) 

0.6 0.7 0.7 0.6 0.6 0.4 0.3 0.3 0.4 0.6 0.6 0.6 0.5 

Source: Ethiopia Metrological Agency Annual report, 2015. 

3.2.5. Soil of Addis Ababa  
According  to  Ministry  of  Agriculture  (2007),  the  soil  of  Addis  Ababa  is  classified  in  to  

seven categories  namely  chromic  vertisols,  pellic  vertisols,  calcic  xerosols,  chromic  

luvisols,  eutric nitisols,  leptosols,  and  ortic  solonchaks.  Each  soil  types  and  their  areal  

coverage  are  clearly shown  in  the  following  soil  map  of  the  study  area.  Each of the soil 

type area coverage was extracted from the respective attribute table in the Arc GIS environment. 

The soil types and area coverage of the study area are clearly presented in the following Table: 6 

below:  

Table 6: type’s soil and area coverage 

R.No  Soil types  Area in (ha) Area in (%) 

1 Pellic Vertisols 27,914.5 51.7 

2 Chromic Vertisols 4,626.4 8.6 

3 Calcic Xerosols 4,176.9 7.7 

4 Chromic Luvisols 1,365.9 2.5 

5 Eutric Nitisol 11340.5 21.0 

6 Leptosols 469.9 0.9 

7 Ortic Solonchaks 4105.9 7.6 

 Total 54,000 100 

Source: Ministry of Agriculture, 2007 
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Based  on  the  above  (Table :6),  the  study  area  soil  is  dominated  by  Pellic  vertisol  

(51.7%) which is found in the southern and north east part of the study areas, Eutric Nitisol 

(21%) is the dominant soil type in the central and North West parts, and Chromic Vertisols 

(8.6%) which is the  most  available  soil  type  in  the  central  part  of  the  study  area.  On the 

other hand, the least available soil types of the study area are Leptosols (0.9%), and Chromic 

Luvisols (2.5%) which are found in the north and North West parts of the study area 

respectively. 

 

 

Fig 10: Soil map of the study area (Source: Ministry of Agriculture, 2007). 

3.2.6. Geology of the area  
Addis Ababa is located in the western margin of the rift valley and consists of different volcanic 

rocks that range from basic to acidic composition.  The  vicinity  of  the  city  is  surrounded  by 

trachyte  and  rhyolite  hills  and  mountains.  In  the  northern  part,  the  Entoto  mountain  

chains  are composed  of  trachyte  and  rhyolite  which  are  called  the  Entoto  silicic  of  the  

Addis  Ababa  area. Volcanism  initiating  the  Alaji  cycle  occurred  in  late  Oligocene  early  
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Miocene  periods.  This period coincides with the well-known phase of rifting in the red sea 

(Zenettin et. al., 1974).   
 

Volcanic  mountains  such  as  Wechecha  in  SW,  Furi  in  southern  part  and  Yerer  in  SE  

part  of Addis  Ababa  are  mainly  trachyte  in  composition.  These volcanic cases are situated 

at western side of the Ethiopian rift escarpments. Volcanic activity giving these trachytic hills is 

related to the Ethiopian rift.  The  source  of  ignimbrites,  tuff  and  trachy  basalts  of  Addis  

Ababa  was volcanic hills. The basalts are outcropping in the central part of the city; to the south 

and north of Entoto hills some small patches of basalts are capping the Entoto silicic. The basalts 

outcropping on tops of Intoto silicic are product of the Termaber basalt but basalts at the center 

of the city are called Addis Ababa basalts and they are younger than Termaber basalt (Mohr, 

1967) 

Table 7: Types of geology and area coverage: 

No Geology types Area in (ha.) Area in (%) 

1 Ti3- Wchecha–Yerer- Furi 
Ignimbrite 

13,823.4 25.6 

2 Tt2- Wechecha-Yerer-Furi 
Terachyte 

4,284.2 7.9 

3 Ti1- Intoto Mixed Rocks 6,785.8 12.6 

4 Tb1- Foota Basalt 953.7 1.8 

5 Qs -Quaternary eluvial 
sediments 

294.1 0.5 

6 Qsc-Quaternary Scoria 188.2 0.3 

7 Tt1-Intoto Trachyte 737.1 1.4 

8 Qb-Quaternary Basalt 9,737 18.0 

9 Tb3-Repi Basalt 8,328.6 15.4 

10 Ts-Tertiary Sediments 7,72.6 1.4 

11 Ti2-Lower Ignimbrite 4,642.2 8.6 

12 Tb2-Chelekleka Basalt 3,453.1 6.5 

 Total  54,000 100 

Source: GSE, 2015. 

Based  on  the  above  geology  and  areal  coverage  (Table 7),  the  largest  part  of  study  area  

is covered by Ti3- Wchecha–Yerer- Furi Ignimbrite (25.6%) which is found in the Eastern, 
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central and  south  western  parts.  The  second  most  available  geological  unit  which  is  found  

in  southern and  northern  parts  of  the  study  area  is  Qb-Quaternary  Basalt  (18%),  and  the  

third  dominant geological  unit  is  Repi  Basalt  (15.4%)  that  covers  western,  northern,  and  

central  parts  of  the study  area.  The  least  geological  units  of  the  study  area  are  found  in  

the  southern  parts  namely Qsc-Quaternary  Scoria  (0.3%),  Qs  -Quaternary  eluvial  sediments  

in  the  south  (0.5%),  and  Ts-Tertiary Sediments (1.4%) 

3.2.7. Demography of the Study Area 
The first census in Addis Ababa was made by the Central Statistics Authority (CSA) of Ethiopia 

in 1984. The population of the city was estimated to 1.4 million inhabitants (Central Statistical 

Authority, 1984). According to the last census of CSA 2007 the population of Addis Ababa was 

enumerated as 2.7 million inhabitants. The population nearly doubled in 23 years (Central 

Statistical Authority, 2007). Since Addis Ababa is a center of national and international 

organizations, the current estimated population is over 3million inhabitants, with annual 

demographic growth rate of 2.6% (Central Statistical Authority, 2008) 

Table 8: Population distribution by sub city 

No Sub city name  Area in (ha) Population 
size  

Percentage (%) Population 
density/Km2  

1 Addis ketema  898 255,092 9.3 28,407 

2 Akaki kalty 12614 181,202 6.7 1,437 

3 Arada  1156 212,009 7.78 18,340 

4 Bole  12094 308714 11.2 2,553 

5 Gulele  3273 267,381 9.76 8,169 

6 Kirkos 1626 220,991 8 13,591 

7 Kolfe keraneo 6510 428,654 15.6 6,585 

8 Ledeta  1240 201,613 7.4 16,259 

9 Nifas silk 6359 316,108 11.5 4,971 

10 Yeka  8230 346,484 12.6 4,210 

 Total  54,000 2,738,251 100 5,071 

(Source: CSA, 2007) 
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From  the  above  table  8,  there  is  a  disparity  in  Sub  City  population  distribution  which  

shows uneven  distribution.  The  majority  of  the  city  population  lives  in  Kolfe  Keranyo  

(15.6%),  Yeka (12.6%), and Nefas silk Lafto (11.5%) whereas; Arada and Kality have the 

smallest share from the  City‟s total population. Regarding  density,  Addis  Ketema  has  the  

highest  (28,407  persons/ km²)  followed  by  Arada  (18,340  persons/  km²)  and  Lideta  

(16,259 persons/km²)  while, Akaki Kality (1,437 persons/ km²) is the most sparsely 

populated Sub City of Addis Ababa. 

3.3. Sample collection and preparation 

3.3.1. Soil sampling  
The soil samples were collected from different location in study area. Samples were taken 

from a depth of 25-30cm after removing the possible contamination on the top surface of 

undisturbed soil (IAEA, 2003). After the collection, the organic material pebbles, roots and 

vegetation were separated from the soil sample and all samples were cursed into a fine 

powder. The samples were then dried in microwave oven at 600C for 90 minute and a fine 

quality of the sample powder was obtained using a sieve of 150 micron size mesh. The dried 

samples of weight 250gm were packed in air tight beakers for about one month in order to 

allow the secular equilibrium between 226Ra, 222Rn and their short lived decay products, Once 

the radioactive equilibrium is over, The plastic track detector (LR-115 type II) is a cellulose 

nitrate film of 12 µm thickness with the size of 1.5×1.5 cm. manufactured by Kodak Path, 

France the detector is fixed inside the top of the „can‟ with the help of transparent adhesive 

tape. And then kept for 60 days, after the exposure period the detectors were etched in 2.5 N 

NaOH solutions at 60˚C for a period of 50 minutes in a constant temperature (50°C) water 

bath used for visualization of tracks.  

The detectors were washed and dried for ten minutes. The tracks was observed and counted 

by using microscope with a magnification of 400×.   

Once the radioactive equilibrium is over after closing the „can‟ the activity concentration of 

radon begins to increase with time T   (Azam, 2008.)  

)1.....(..............................).........1( RnT
RaRn eCC   

Where  
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 CRa is the radium content of the sample  

 λ is the decay constant for radon  

Formulations with the purpose of radon concentration measurement, the radon track density 

was calculated using the following formula 

)2........(..................................................
 area total

 tracksofnumber 


 

                           Where 

 ρ is track density 

The track detector efficiency depends on the radius and height of the used can (Azam, A. 2008.)   

The radium concentration was calculated by using this formula 

)3........(..................................................
KTeM

hA
CRa


               

Where,   

 ρ is track density (track /cm2),  

 h is distance between the detectors and top of the sample in cm, 

  A is surface area of the sample in cm2,  

 K is the sensitivity factor, (0.02 track.cm-2d-1/Bq.m-3) 

 M is the mass of the soil sample (250g) and 

  Te is the effective exposure time which is related with the actual exposure time T and 

decay constant λRn for 222Rn with the relation. 

)4......(..............................)]........1([ 1 RnT
Rne eTT  

         

Where  

 Te is the effective exposure time 

 λRn   is decay constant for 222Rn 

 T  is actual exposure time  

Potential alpha energy concentration (PAEC) has been calculated as following (Eappen and K.  

Nambi, 1998) 
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)5........(..................................................)3/(
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Rn
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Where      

 KRn is the calibration factor for radon (0.02 track/cm2/d/Bq/m3) as measured by  

(Eappen and Mayya, 2004) ; 

 T is exposure time in days;   

  (mWL) is mili working level which is the unit of Cp (PAEC); 

  ρRn is track density (track /cm2)  

And radon concentration has been calculated using the following equation: 

)6........(..................................................7.3)
3

(
F

C

m

Bq
C

p

Rn   

Where  

 F =0.4 is the equilibrium factor 

3.3.2. Annual Effective Dose Rate 
In order to estimate the annual effective dose rate Received by the population, one has to take 

into account the conversion coefficient from the absorbed dose and the indoor occupancy factor. 

According to the (UNSCEAR, 2000) report, the committee proposed 9x10-6mSv/h per  Bq/m3 to 

be used as a conversion factor, 0.4 for the equilibrium  factor of Rn222 indoors and 0.8 for the 

indoor occupancy factor. Calculating the annual effective dose to the population, the equation 

below is used (ICRP, 1993). At a certain radon concentration CRn in Bq /m3, the annual absorbed 

dose, DRn is usually expressed in the unit of mSv from the following relation below: 

 

)7.......(..................................................)( TFHDC
y

mSv
D RnRn   

Where, 

 CRn is the measured Rn222 concentration (in Bq/m3);  

 F is the Rn222 equilibrium factor indoors (0.4);  

 T is the indoor occupancy time 24 h ×365 = 8760 h/y; 

 H is the indoor occupancy factor (0.4), and  

 D is the dose conversion factor (9.0×10-6mSv/h per Bq /m3). 
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Now to calculate the annual equivalent dose and Effective dose, one has to apply a tissue and 

radiation weighting factors according to ICRP, 1991. The equivalent dose is the radiation- 

weighted absorbed dose. The radiation weighting (WR) factor for alpha particles is 20 as 

recommended by (ICRP, 1991).With the effective dose, a tissue weigh ting (WT) factor is 

applied. According to ICRP, the tissue weighting factor for lung is 0.12. The annual effective 

dose is then calculated according to the equation below:  

)8.......(..................................................)( TRE WWD
y

mSv
H Rn   

Where  

 DRn is Annual Absorbed dose;  

 WR is Radiation Weighting Factor for Alpha Particles, 20; 

 WT is  Tissue Weighting Factor for the Lung 0.12. 

It is, however, apparent that the time spent by individuals in the home varies widely globally. 

The occupancy factor of 0.8 (ICRP, 1993) over estimates the excess lung cancer risk in the 

tropical regions but may be valid for the inhabitants of the cold climate zone. In the tropical 

regions, people spend most of their time in open air and only go indoors to sleep at night. In this 

present study, the occupancy factor that was used for the annual absorbed dose calculation will 

be 40% (0.4) 

The indoor occupancy factor used was calculated, based on the fact that dwellers spend only 

about 9hours indoors out of the 24 h in a day. 

In the case of the annual equivalent dose to the lungs, the radon content of the lung air has to be 

taken into account, which results in the equation below according to UNSCEAR 

)9....(........................................*10*8)( 10
Rninairlungs CSvH   

3.3.3. Radon concentration in indoor air in some dwellings of Addis 

Ababa; 
In the present investigations the indoor 222Rn concentration has been studied in 29 houses. 

The houses were selected randomly so that the construction and operation do not vary 

significantly. The dwellings under study were built, in general using different materials, 

cement, sand, stones, wood, mud and bricks, iron structure, marble and concrete as the 



 
47 

 

construction materials. Several of these materials are expected to contribute significantly to 

sources of indoor radon. Each house having from one to three rooms with size approximately 

(3 × 4 ×3) m3. A room without window is considered to be poorly ventilated while that with 

one or more windows with ventilators is well ventilated. Dwellings  were  selected  randomly  

some dwellings  were  ventilated  and  others  were  unventilated 

In the present investigations I have utilized the active method using the Ramon radon 

monitors 2.2 electronic active detectors with measuring range 1-9999Bq/m3 in the 

temperature difference 50C- 350C which are sensitive to alpha particles in the energy range of 

the particle emitted by Radon. Ramon also have the advantage to be mostly unaffected by 

humidity, low temperatures, moderate heating and light 

 

3.3.4. Water Samples  
Akakai well water supply has totals 83 holes from this 43 holes is under construction the 

active 40 holes water collected into four distribution points and then discharge into 

customers house . 

Four Water samples were taken from akaki well distribution point used for drinking, 

radon concentrations in samples were measured with RAD7 an electronic radon detector 

connected to a RAD-H2O accessary (durridge co.,USA)  with three cycles for a period  

15 munities.   
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Chapter four 

4. Data Analysis and Discussion 
The major objectives of this study is investigate radon concentration in soil samples by using 

“sealed can technique”, investigate radon and its progeny concentration in indoor air samples and 

investigate the radon concentration in the  samples of drinking water. 
 

 In order to achieve the above listed objectives of the study, a different technique has been 

employed. For the soil sample was used sealed can technique, for indoor air and water sample 

make in situ actual measurement  

Table 9: indoor Radon concentration, annual effective dose and the annual equivalent dose rate to 

the lung in the environment of Addis Ababa  

 

No  Sample 

code 

Radon 

concentration 

(Bq/m3) 

annual effective 

dose (mSV/yr 
annual 

absorbed 

dose ,mSv/y 

annual equivalent 

dose rate to the 

lung(Sv) 

1 A1 78 ± 0.05 2.35872 0.9828 6.24E-08 

2 A2 103± 0.05 3.11472 1.2978 8.24E-08 

3 A3 53± 0.05 1.60272 0.6678 4.24E-08 

4 A4 117± 0.05 3.53808 1.4742 9.36E-08 

5 A5 67± 0.05 2.02608 0.8442 5.36E-08 

6 A6 61± 0.05 1.84464 0.7686 4.88E-08 

7 A7 118± 0.05 3.56832 1.4868 9.44E-08 

8 A8 224± 0.05 6.77376 2.8224 1.792E-07 

9 A9 58± 0.05 1.75392 0.7308 4.64E-08 

10 A10 175± 0.05 5.292 2.205 0.00000014 

11 A11 223± 0.05 6.74352 2.8098 1.784E-07 

12 A12 1393 ± 0.05 42.12432 17.5518 1.1144E-06 
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13 A13 1397 ± 0.05 42.24528 17.6022 1.1176E-06 

14 A14 124 ± 0.05 3.74976 1.5624 9.92E-08 

15 A15 108 ± 0.05 3.26592 1.3608 8.64E-08 

16 A16 321 ± 0.05 9.70704 4.0446 2.568E-07 

17 A17 263 ± 0.05 7.95312 3.3138 2.104E-07 

18 A18 82 ± 0.05 2.47968 1.0332 6.56E-08 

19 A19 123 ± 0.05 3.71952 1.5498 9.84E-08 

20 A20 267 ± 0.05 8.07408 3.3642 2.136E-07 

21 A21  92 ± 0.05 2.78208 1.1592 7.36E-08 

22 A22  87 ± 0.05 2.63088 1.0962 6.96E-08 

23 A23 56 ± 0.05 1.69344 0.7056 4.48E-08 

24 A24 97 ± 0.05 2.93328 1.2222 7.76E-08 

25 A25 356 ± 0.05 10.76544 4.4856 2.848E-07 

26 A26 47 ± 0.05 1.42128 0.5922 3.76E-08 

27 A27 39 ± 0.05 1.17936 0.4914 3.12E-08 

28 A28 103  ± 0.05 3.11472 1.2978 8.24E-08 

29 A29 87 ± 0.05 2.63088 1.0962 6.96E-08 

Min  39 1.17 0.49 3.12E-08 

Max  1397 42.24 17.60 1.1176E-06 

mean 217.89 6.41 2.67 1.75393E-07 

Variance  109448.36 100.08 17.37 7.03 E -14 

Standard 

deviation  

330.82 10.003 4.16 2.65 E -14 
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4.1. Radon concentration in indoor air some dwelling of Addis Ababa 
Table 9: gives a summary of the results of the Ramon radon monitor 2.2, indoor radon 

concentration levels, the annual effective dose rate and the annual dose equivalent rate measured 

in 29 different houses in Addis Ababa for the present study where the measurement were taken 

from October, 2015 to May, 2016. The houses were selected at random situated at different 

areas, at least three km away from each other in the town.   

 

The present survey show that the indoor radon concentration obtained varied from 1397Bq/m3 to 

39Bq/m3 with an overall mean value and standard error of 217.89 ± 0.05Bq/m3 which is within 

the recommended ICRP action level of 200-600Bq/m3 (ICRP, 1993). 

 

The lowest value radon concentration was found to be 39q/m3; this is due high diffusion from 

indoor air to outdoor air since in the outdoor air there is heavy rain which dissolves the outdoor 

radon atoms; 

 The altitude of the area is high compare with other sampled places;  

 During day- time the room has good ventilation, whereas the highest concentration was 

found to be 1397Bq/m3. When the measurement was taken the building was closed for 

four consecutive days for days and night; 

  The size of room is very large (12*10*3.20)m3; 

 The building is new;  

 Construction materials may has NORM; 

  The weather condition during measurement was sunny.  

The annual effective dose from the corresponding measured radon concentration in the different 

houses has been calculated using Equation 8, which varies from (1.17 to 42.24)mSv/y with a 

mean value of 6.41mSv/y which  is within the recommended ICRP intervention level of (3-

10)mSv/y (ICRP, 1993). 

The highest value was observed in the house of Ethiopian revenue and custom authority head 

office with an indoor radon concentration of 1397Bq/m3 and an annual effective dose rate of 

42.24mSv/y. 
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 The lowest value was found in Entoto at Ethiopian spaces sciences society building with an 

indoor radon concentration of 39Bq/m3 and an annual effective dose of 1.17mSv/y which is 

probably due to adequate ventilation.  

 

Although most of the indoor radon concentration is within the ICRP action level, (200-

600Bq/m3) and the two higher values almost ten times the new reference level (100Bq/m3) set by 

WHO (WHO, 2009; ICRP, 2007), Also, the average value is higher than the world average radon 

concentration of 40Bq/m3 (UNSCEAR, 2000) and global average 39Bq/m3 reported by WHO 

(WHO, 2005) 
 

The results of the study indicate that radon concentrations in most of the rooms investigated were 

low. Although the houses were constructed mainly from the same skeletal building materials 

(concrete and cement blocks), the finishing materials used in such house differ from house to 

house. Another factor explaining the high levels of radon these houses are the poor ventilation 

status due to the relatively narrow openings.  
 

Windows are opened only when dwellers are in the house. Also, most of the houses in the 

present study areas serve as both living rooms and bed rooms for the residents.  This could also 

account for the high radon concentration levels since most of the residents valuables are kept in 

one room making the room non-spacious for inflow of air. The various dwellings and their 

corresponding radon concentrations, annual effective dose rate, annual dose equivalent to the 

lungs are represented graphically in Fig.11  



 
52 

 

 
 

Fig. 11: A bar chart of sample code and their corresponding radon concentration in Bq/m3, 

annual effective dose rate (mSV/y), annual absorbed dose(mSV/y), annual equivalent dose rate 

(mSV/y),  and annual equivalent dose rate to the lung (SV/y),   
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The various dwellings and their corresponding minium, maxium, mean, variance and standard 

devation of radon concentrations, annual effective dose rate, and annual dose equivalent to the 

lungs are represented graphically in Fig.12  

 

 
 

  Fig. 12: A bar chart of minium, maxium, mean, variance and standard devation of radon   

concentrations annual effective dose rate, and annual dose equivalent to the lungs 
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4.2. Radon concentration in soil samples of Addis Ababa 

Table 10: Radon concentrations, track density, potential alpha energy concentration (mWL) annual 

effective dose and annual dose equivalent rate, from the soil samples of Addis Ababa,  

No  Sample 

code  

 Number 

of tracks 

Track density 

(track per 

cm2) 

Radon 

concentrati

on 

(Bq/m3) 

potential alpha 

energy 

concentration(

mWL) 

annual 

absorbed 

dose 

mSv/y 

annual 

effective 

dose 

(msv/yr) 

1 S1 253 112.4 36.07±0.09 3.9  0.45   1.09  

2 S2 172 120.8 38.77±0.09 4.19  0.49   1.17  

3 S3 301 133.77 42.95±0.06 4.64  0.54   1.30  

4 S4 147 65.33 20.97±0.13 2.26  0.26   0.63  

5 S5 230 102 32.74±0.09 3.54  0.41   0.99  

6 S6 212 94 30.15±0.09 3.26  0.38   0.91  

7 S7 264 117 37.55±0.09 4.06  0.47   1.14  

8 S8 237 105.3 33.81±0.09 3.65  0.43   1.02  

9 S9 233 103 33.07±0.09 3.57  0.42   1.00  

10 S10 263 116.8 37.48±0.09 4.05  0.47   1.13  

11 S11 234 104 33.37±0.09 3.611  0.42   1.01  

12 S12 314 139.55 44.80±0.05 4.84  0.56   1.35  

13 S13 317 140.88 45.21±0.05 4.89  0.57   1.37  

14 S14 341 151.55 48.65±0.05 5.26  0.61   1.47  

15 S15 238 105.77 33.96±0.09 3.67  0.43   1.03  

16 S16 279 124 39.81±0.09 4.3  0.50   1.20  

17 S17 294 130.66 41.95±0.06 4.53  0.53   1.27  

18 S18 351 156 29.34±0.09 3.17  0.37   0.89  

19 S19 209 92.88 29.82±0.09 3.22  0.38   0.90  

20 S20 295 131.11 42.08±0.06 4.55  0.53   1.27  
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21 S21 337 149.77 48.1±0.05 5.2  0.61   1.45  

22 S22 321 142.66 45.78±0.05 4.95  0.58   1.38  

23 S23 253 112.44 36.11±0.09 3.9  0.45   1.09  

24 S24 356 158.22 50.81±0.05 5.49  0.64   1.53  

25 S25 159 70.66 22.69±0.13 2.45  0.29   0.69  

26 S26 298 132.44 42.53±0.07 4.59  0.54   1.29  

27 S27 284 126.22 40.53±0.07 4.38  0.51   1.23  

28 S28 278 123.55 39.68±0.07 4.28  0.50   1.20  

29 S29 297 132 42.39±0.06 4.58  0.53   1.28  

30 S30 311 138.22 44.39±0.06 4.79  0.56   1.34  

31 S31 278 123.55 39.68±0.07 4.28  0.50   1.20  

32 S32 304 135.11 43.39±0.06 4.69  0.55   1.31  

33 S33 264 117.33 37.68±0.07 4.07  0.47   1.14  

MIN 20.98 ±0.2 2.26  0.26  0.63  

MAX 50.81±0.05 5.49 0.64 1.53 

Mean 38.38  4.15  0.48  1.16  

Variance  6.87 0.55  0.10  0.20  

SD 47.23  0.74 0.01  0.04  

  

      Table 10: gives a summary of the results of the track densities soil sample radon concentration 

levels, the annual effective dose rate and the annual dose equivalent rate measured in thirty 

three different soil sample in Addis Ababa for the present study where the measurement were 

taken from November, 2015 to January, 2016.  The sample was selected at random situated at 

different areas, at least five km away from each other in the town. Each sample was collected by 

employing a template method.   
 

An average value of Radon concentration in Bq/m3 was calculated for each sampling point. All 

the results were listed in table 10: The radioactive level of 222Rn for soil samples, as shown in 

table, the maximum Radon concentration is (50.81±0.05)Bq/m3 sample No. 24 at Arada sub city 

around Addis Ababa restaurant at depth 30cm underground surface, minimum radon 
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concentration was 20.98±0.2Bq/m3with an overall mean value and standard error of 

(38.38±0.07)Bq/m3 which is within the recommended ICRP action level of 200 - 600Bq/m3 

(ICRP, 1993). 
 

The annual effective dose from the corresponding measured radon concentration in the different 

soil sample has been calculated using Equation 8 which varies from (0.63 to 1.53)mSv/y with a 

mean value of 1.16 mSv/y which  is within the recommended ICRP intervention level of (3-10 ) 

mSv/y (ICRP, 1993). 

The highest value was found in soil sample No 24 with radon concentration of 50.81Bq/m3 and 

an annual effective dose rate of 1.53mSv/y. 

 The lowest value was found in soil sample No 4 with radon concentration of 20.98Bq/m3 and an 

annual effective dose of 0.63mSv/y.  
 

Almost all radon concentration is within the ICRP action level, (200-600Bq/m3) and the higher 

values is less than by 49.19Bq/m3from the new reference level (100Bq/m3) set by WHO (WHO, 

2009; ICRP, 2007).  

The results of the study indicate that radon concentrations in most of the soil samples 

investigated were low. The numbers of soil samples and their corresponding radium, radon 

concentrations, potential alpha energy concentration, annual effective dose rate and annual 

absorbed dose are represented graphically in Fig13. 
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Fig13: A bar chart of sample code and their corresponding radon concentration Bq/m3, 
potential alpha energy concentration (mWL), annual absorbed dose rate (mSv) and annual 
effective dose rate (mSv) 
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  Fig. 14: A bar chart of minium, maxium, mean, variance and standard devation of radon   

concentrations annual effective dose rate (mSv/y), potential alpha energy concentration (mWL) 

and annual dose absorbed dose rate (mSv/y) 
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Radon Decay Chain 
 

The decay chain of radon-222 as it is illustrated in the diagram below, eventually decays through 

the sequence polonium-218, lead-214, polonium-214, and lead-210. With each transformation 

along this path the nucleus emits characteristic short lived radiations: -particles and -particles.  

 

(Source: RAD7 Radon Detector User Manual. Durridge, 2015) 

Figure: 15, Radon decay chain. 

The half-life of each of the radioactive elements in the decay chain of Radon-222 is clearly 

illustrated in the diagram above. 

Radon-222 with a half-life of 3.82 days first decays into polonium-218 (3.05 minute half-life) by 

emitting α radiation with energy value that is equal to 5.49MeV. Then it will decay to lead-214 

(26.8 min half-life) by emitting α=6.00MeV. Lead-214 will decays into polonium-214 (164 μ 

secs) in which during this transition there exists an element Bismuth-214(19.8 min half-life, 

emits  particle) which is a daughter of lead-214 and decays into polonium-214 by emitting 

another  particle. 

Polonium 214 decays into lead-210 by emitting an α particle (7.69MeV) into lead-210 (22.3 

years half-life).This radioactive element lead-210 will decay into Bismuth-210 (5.01 days half -
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life) by releasing  ray which then decays into a stable isotope lead-206 by emitting α radiation 

that have an energy amount which is equivalent to 5.31 MeV.  

Radon measurement in water  
There are different techniques of radon measurement in water. Since the objective of the research 

is focus mainly on determination of radon concentration on groundwater; the measurement of 

radon were taken in water, from groundwater.  

As it is described in the above diagram the four daughters to Po-214 equilibrate with Rn-222 

within 4 hours. Therefore, most analytical techniques actually determine either all 5 

radionuclides or the three  emitters (Polonium-218, Polonium-214 & Polonium-210).  

There are several types of continuous radon monitors on market. Nearly all of these are designed 

to detect alpha radiation, but not beta or gamma radiation. This is due to the reason that it is very 

difficult to build a portable detector of beta or gamma radiation that has both low background 

and high sensitivity. 

About the different alpha particle detectors i.e. electronic radon monitors, etc 

Three types of alpha particle detectors are presently used in electronic radon monitors: 

 Scintillation cells or "Lucas cells". 

 Ion chambers 

 Solid state alpha detectors. 

Each of these types has advantages and disadvantages relative to the others. All of these types 

can be used for low background alpha particle counting (RAD7).   

The radon in water activity concentrations are conventionally detected by means of liquid 

scintlation counting (LSC). This method detects radon concentration by applying either water 

soluble scintlators or organic scintlation liquids after radon extraction into these organics. 

However if the radon activity concentrations are low, laboratory measurements are required, due 

to the fact that it is likely to be hard to rely on LSC results that are obtained by means of mobile 

LSC equipment. 
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It was based on application of stripping of radon from the water into a carrier gas concentration 

that it becomes possible to do continuous radon- in- water measurements in streams and lakes. 

The radon in water concentration measurement technique was introduced by Burnett Dulaiova in 

2003 (Scmidt, 2008). In this technique, the water is sprayed through a nozzle into the head space 

of an air filled extraction chamber that is combined with a mobile radon in air monitor. 

This detection technique as described above uses an extraction chamber (RAD-aqua, Durridge 

company, Inc., in the case of this specific research) in which a part of the radon degasses from 

water sprayed into the air volume. In this chamber the equilibration of radon activity 

concentration between water and air is facilitated by the very fine droplets leaving the nozzle. 

After radon equilibrium conditions between air and water are reached, the gaseous radon 

concentration determined is converted into the aqueous radon concentration in the water 

(Schubert, 2005). 

The RAD-Aqua extraction chamber was combined with a mobile radon in air measurement tool 

RAD7 which uses solid state alpha detectors. A solid state alpha detector is a semiconductor 

material (usually silicon) that converts alpha radiation directly to an electrical signal. One 

important advantage of solid state devices is ruggedness. Another advantage is the ability to 

electronically determine the energy of each alpha particle. This makes it possible to tell exactly 

which isotope (polonium-218, polonium-214, etc.) produced the radiation, so that one can 

immediately distinguish old radon from new radon, radon from thoron, and signal from noise 

(http://www.durridge.com/service).  

This study which is done in the four well fields: Akakai well water supply has totals 83 holes 

from this 43 holes is under construction, So far about 40 deep wells are drilled with a capacity of 

yielding 73,000m3/d, collected into four distribution points namely South west Akaki well field, 

Hana well field, East Akaki well field and central Akaki well field,    

Four Water samples were taken from akaki well distribution point used for drinking, radon 

concentrations in samples were measured with RAD7 an electronic radon detector connected to a 

RAD-H2O accessary (durridge co.,USA)  with three cycles for a period  15 munities.   
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Table: 11; Statistical parameter of temperature, relative humidity and radon 222 
concentration in akaki field well water  
No Parameter  Temperature  Relative humidity (%) CRn (Bq/m3) 

1 Sample 1 cycle 3  29.5 OC 9 89.7±38.7 

2 Sample2 cycle 3 29.7 OC 3 92. ±91 

3 Sample3 cycle 3 29.6OC 7 57 ±10 

4 Sample4 cycle 3 27.7 OC 11 25 ±12 

5 Minimum 27.7OC 3 25 ±12 

6 Maximum  29.7 OC 11 92. ±91 

7 Mean  29.12OC 7.5 65.925 

 

Table: 11; presents the overall radon concentration levels in water and statistical parameters of 

temperature, and relative humidity. The reason for variation in radon concentration could be a 

function of the geological structure of the area; depth of the water source, climate condition is 

also an important factor.  

 
Fig 16: Statistical parameter of temperature, relative humidity and radon222 concentration in 

Akaki field well water 

0

20

40

60

80

100

 29.5 OC 29.7 OC 29.6OC 27.7 OC 27.7OC 29.7 OC 29.12OC
Hana

Maryam
station

South east
Akaki
station

Central
Akaki
station

north akaki
station Minimum Maximum Mean

9 
3 7 11 11 

3 7.5 

89.7 92 

57 

25 25 

92 

65.925 

Relative
humidity (%)

 CRn (Bq/m3)



 
63 

 

The mean value of Radon concentration in Bq/m3 was calculated, so that, the maximum Radon 

concentration was 92±91Bq/m3 and the minimum radon concentration was 25±12Bq/m3with an 

overall mean value 65.92Bq/m3 which is within European Commission Recommendations on the 

protection of the public against exposure to radon in drinking water supplies (Euration, 2001), 

which recommends action levels of 100Bq/m3 for public water supplies. However, the measured 

value was almost above the United Nations Scientific Committee on the Effects of Atomic 

Radiation (UNSCEAR) has suggested a value of radon concentration in water for human 

consumption between 4 to 40Bq/m3 (UNSCEAR, 1993). 

 

Comparison with Other Areas of the World 
The indoor radon concentration determined in Addis Ababa university physics lab in average is 

19.12Bq/m3(Bemenet, 2006) and other researcher found that the average radon concentration in 

the same place were 23.9Bq/m3. (Tsega Brihane, 2007) in this work the average radon 

concentration in the same place is 47Bq/m3. It is about 20.5% greater than the global average 

39Bq/m3 reported by WHO (WHO, 2005).the overall indoor radon concentration in the present 

work is 217.8Bq/m3, in the present work radon concentration in soil samples was 38.38Bq/m3 

and Akaki field well water supply samples radon concentration was 65.92Bq/m3  which is within 

European Commission Recommendations on the protection of the public against exposure to 

radon in drinking water supplies (Euration, 2001), which recommends action levels of 100Bq/m3 

Table 12: Indoor, soil and drinking water radon concentrations and Action Levels in different 
countries 
Country Average 

radon 

Concentration 

in homes 

(Bq/m3) 

Action 

Level 

(Bq/m3

) 

Country  Average 
radon 
Concentratio
n in soil 
samples 
(Bq/m3) 

References  Country Average radon 

Concentration 

in drinking 

water Bq/m3 

References 

Czech 

Republic 

140 200 Sudan  211  Abd-

Elmoniem, 

2015 

Egypt 6.65 Mehra 
,2010 
Nasr City 
Cairo, 
Egypt 

Finland 123 400 Indian  
(Garhwal 
University

417 

, 

Manjulata,2

014 

Iran  591 Forozani 

and Soori 
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, Badshahi 
Tahul 
Campus, 

et.al 2011 

Germany 50 250 Brazil  

2088   
mine area  

Talita and  

Zildete et.al 

2013 

Brazil  ranged from 

113 to 8171  

ground water  

Talita and  

Zildete 

et.al 2013 

Ireland 60 200 Turkey 

(Dikili 

geotherma

l area, ) 

1920   Tabar, 

Kumru and  

İçhedef , 

et.al.2013 

   

Israel * 200       

Lithuania 37 100       

Luxembou

rg 

* 250       

Norway 51-60 200       

Poland * 400       

Russia 19-250 *       

Sweden 108 400       

Switzerlan

d 

70 1000       

United 

Kingdom 

20 200       

European 

Communit

y 

* 400       

USA 46 150       

Canada * 800       

* not available at the moment 

Sources: US Environmental Protection Agency (http://www.epa.gov/iaq/radon/index.html (for indoor radon part 
only) 

Radon concentration in soil in different countries 

http://www.epa.gov/iaq/radon/index.html
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Fig 17 Radon concentration in soil in different countries 

 

 

Fig 18 A bar chart avarage radon concentration in homes in different cantries  
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Fig 19 A bar chart avarage radon concentration in drinking water in different cantries  
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Chapter Five  

5. Conclusion and Recommendation   

5.1. Conclusion  
This work investigates the radon concentration in 33 soil samples, 4 drinking water samples and 

indoor radon concentration in 29 houses at Addis Ababa. The radon activities were measured 

from November, 2015 to January, 2016, June 06, 2016 and October, 2015 to May 2016 

respectively. The results of the present research led to the following conclusions:  

The mean radon concentration in some dwelling of Addis Ababa for the seven months period 

was (217.89±0.05)Bq/m3 with a range of (39 to 1397)Bq/m3. The mean annual effective dose 

rate and the mean annual equivalent dose rate to the lung in the studied area were 2.67mSv/y and 

6.41mSv/y, respectively. 

The study showed considerable presence of radon in Addis Ababa soil, Most of the values were 

less than with other study in the world.  The area under investigation is safe as for as health 

hazards of radon are concerned and indicate thus the safe use in construction of dwellings 

without exceeding the proposed radioactivity standard level.  

The obtained maximum value of radon contents in the soil were found 50.89Bq/m3, be less than 

the maximum value recommendation per (ICRP, 2010), which is 300Bq/m3. 
 

The mean value of Radon concentration in Bq/m3 was calculated, so that, the maximum Radon 

concentration was 92±91Bq/m3 and the minimum radon concentration was 25±12Bq/m3with an 

overall mean value 65.92Bq/m3 which is within European Commission Recommendations on the 

protection of the public against exposure to radon in drinking water supplies (Euration, 2001), 
 

This investigation has also verified that the annual effective dose due to inhalation of radon less 

than ICRP reference levels 17mSv/y. Measurement obtained stresses the need for a more 

extended survey on radon risk all over the country. 
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5.2. Recommendation   
 

Based on the research findings the following recommendations have been made: 

The main perspectives for future work are:- 
 

 Investigation of radon concentration in soil, by taking a very detail sampling of radon 

inventory i.e. spatial and temporal inventory, it will be easy to understand and quantify 

the level of radon and other natural radioactive materials. Detail radon sampling 

inventory with a closer area distribution and at different depth of land, detail radon 

sampling of construction Martials, radon in air sampling will help for obtained a very 

accurate radon concentration result.   
 

 In order to get a precise experimental result all the parameters are controlled and 

measured can be designed and set up, to improve the indoor radon concentration result 

the measurements shall take based on  seasonal variation, 
 

 Radon inventory and sampling at different periods within a month and year (continuous 

radon monitoring) helps to understand and quantify radon concentration level of drinking 

water from akaki well field (groundwater). 

 

 Study of correlation between incidence of Earthquake and radon level in earthquake 

prone areas of the country 
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Appendices 
Table description sample area for indoor radon concentration measurement, in the samples code 
A stands for indoor air   

 
 

ventilation  Constructio
n materials  

Name of place  X coordinate  Y coordinate  duration of 
measurement  

average radon 
concentration 
Bq/m3 

A1 one door and 
window  

mud, wood 
and cement  

Akaki kaliti  
gebrial police 
station  

8 54 33.59N 38 45 54.79E Oct 
,12/2015,8:00am-
Oct ,18/2015,4:12 
pm 

78 

A2 two doors and 
one window  

mud, wood 
and cement  

Akaki kaliti 
advents school  

8°52'18.35"
N 

 
38°47'21.63"
E 

Oct,19/2015,8:52am
-Oct ,26/2015,5:42 
pm 

103 

A3 one door and 
two windows  

bricks, 
cements  

akaki kaliti gelan 
condominium 
ground floor    

8 52 55.30N 38 46 4.10E Oct,26/2015,6:56pm
-Nov  
,02/2015,7:15am 

53 

A4 Two door and 
two windows 

wood mud 
cement 

akaki kaliti 
wereda 06 Saris   

N 0856.994 E038 45.665 Nov,02/2015,8:03a
m-Nov  
,08/2015,5:11am 

117 

A5 one door  Mud, 
cement  

Bole bulbula 
medhanialem 

N08 56.796 E038 46.434 Nov,09/2015,7:026a
m-Nov  
,16/2015,7:15am 

67 

A6 two doors and 
three  
windows  

Bricks 
,cement  

Bole bulbula 
kebele  

08 57.590 038 47.127 Nov,17/2015,7:026a
m-Nov  
,24/2015,7:15am 

61 

A7 one doors and 
five windows  

metals 
,cement  

bole airport 
ICAS werehouse  

N08 59.281 E038 47.705 Nov,25/2015,8:00a
m-Dec,1/2015,4:12 
pm  

118 

A8 five windows 
and one door 

bricks, 
cements  

bole 
medhanialem 
dangote cement 
office first floor   

N08 58.787 E038 46.447 Dec,2/2015 1:30pm 
– 10/2015 3:37pm  

224 

A9 four windows 
and two doors  

Bricks 
,cement 

kebena 
medhanialem 

09 1 54.39N 38 46 37.52E Dec,11/2015 
,8:07am  - 18/2015, 
12:22pm  

58 

A1
0 

 two doors 
and two 
windows  

Mud, wood 
,cement 

ferencay kela 09 3 27.64 
N 

038 46 
33.26E 

Dec, 19/2015, 
8:17am – 26/2015 , 
12:34pm  

175 

A1
1 

one door 
mony 
windows  

Bricks 
,cement , 
glass 
windows  

senga tera 
Ethiopian road 
authority office 
second floor  

N09 00 736 E038 44.875 Dec, 27/2015, 
9:02am – Jan, 
3/2016, 11:15 am  

223 

A1
2 

one door 
mony 
windows  

Bricks 
,cement, 
glass 
windows   

Ethiopian 
revenue and 
custom head 
offices block C 
first floor 
(Megenagan )  

N09 00.869 E038 48.035 Jan, 3/2016, 
12:10pm  – 7/2016, 
3:49am  

1393 

A1
3 

one door 
mony 
windows  

Bricks 
,cement,gla
ss windows  

Ethiopian 
revenue and 
custom head 
offices block B 
first floor 

N09 00.95 E038 48.039 
N 

Jan, 8/2016, 8:10am  
– 15/2016, 10:13am 

1397 
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(Megenagan  ) 
A1
4 

two doors and 
four windows  

Mud, 
cement 

wuha lemat 
worku sefer 
bulbula primary 
school   

08 56 11.96 38  46 18.03E Jan, 16/2016,4 
:10pm  – 23/2016, 
10:13am 

124 

A1
5 

one door and 
two windows  

Bricks 
,cement 

gotera 
condominium 
third floor   

N08 59. 346 E038 45.555 Jan, 24/2016, 
6:21pm  – 31/2016, 
11:59pm 

108 

A1
6 

bricks, 
cement  

Bricks 
,cement 

22(misrak 
primary  School 
) 

N09 00.867 E038 47.705 Feb, 01/2016, 
3:18am  – 09/2016, 
11:59pm 

321 

A1
7 

one doors  wood ,mud 
cement  

58 kebela(around 
Ginbot 20 high 
school)  

N08 56.703 E038 44.334 Feb,10/2016, 
3:18am  – 17/2016, 
11:59pm 

263 

A1
8 

one door two 
windows  

Bricks 
,cement 

Gemo two  
condominium 
ground floor  

N08 57.606 E038 43.77 Feb,18/2016, 
8:17am- 25/2016 
9:23am  

82 

A1
9 

one door  mud wood  Ayertana  N0860 117 E038 43.865 Feb, 25/2016, 
7:21pm- mar,3/2016 
9:12pm  

123 

A2
0 

three 
windows and 
two doors  

cement, 
stone and 
bricks  

Betel  wyira 
sefer  

N09 00.323 E038 42.588 Mar,4/2016 , 
7:53am -10/2016, 
4:59pm 

267 

A2
1  

two doors and 
two  windows  

mud, stone 
,cement 
and wood  

Merkato addis 
ketema 
secondary school  

9°26‟03N 38°43‟59.49”
E 

Mar,11/2016,7:02a
m -17/2016,1:36pm 

92 

A2
2  

one door wood ,mud  Addisu gebya N09 02.461 E038 44.326 Mar, 17/2016, 
3:27pm- 23/2016, 
9:27pm  

87 

A2
3 

One door  cement 
stone 
bricks 

In front of Saris 
abo church  

- - Mar 24/2016, 
7:05am-31/2016 
7:52am 

56 

A2
4 

one doors and 
one windows  

cement 
stone 
bricks 

pizza  afencho 
ber 

N09 02.076 E038 45.187 April 01/2016 9:04 
pm -    April 
,08/2016 3:42pm 

97 

A2
5 

one door  cement 
stone 
bricks  

Nearby Kotebe 
university 
college  

09 2 27.05N 038 50 
34.39E 

April 09/2016 10:04 
pm -    April 
,17/2016 3:42pm 

356 

A2
6 

one door and 
more than 
five glass  
windows 

cement 
stone 
bricks  

AAU 4Killo  
physics lab first 
floor  

- -   April 18/2016 
12:30pm -  April 
,25/2016  4:30pm 

47 

A2
7 

one door and 
five  windows 

cement 
stone 
bricks  

Entoto ESSS 
Building  

- 38°48‟26.76”
E 

April 26/2016 10:00 
am- may 03/2016, 
8:40 am  

39 

A2
8 

one door and 
two windows 

cement 
stone 
bricks  

CMC 
condominium 
graound floor  

9° 
1‟13.20”N 

38°51‟3.34”E May 04/2016 3:22 
pm 11/2016 , 5:13 
pm  

103 

A2
9 

Three  door 
and two 
windows 

 kolefe keranio 
randa  

- - may 12/2016 , 9:00 
am – may 20/2016 
5:57pm  

87 
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Table description of soil sample code and the area it collects, in the samples code S stands for 
soil samples    

No  sample code  name of place  X coordinate  Y coordinate  date  

1 S1 Akaki kaliti   tulu 
dimtu 

8°51'20.81"N 38°48'42.31"E 28-Nov-15 

2 S2 Akaki kaliti  kfeden 
cenema   

  8°55'15.88"N 38°46'22.26"E 28-Nov-15 

3 S3 Akaki kaliti besika     8°51'20.81"N  38°47'6.71"E 28-Nov-15 

4 S4 Akaki kaliti saris  N 0856.992 E038 45.663 28-Nov-15 
5 S5 Bole bulbula  N 0856.863 E038 47.332 28-Nov-15 
6 S6 Bole  Mikael N 0858.767 E038 48. 443 28-Nov-15 
7 S7 Bole  It village  N 09 00 02 E038 48.030 28-Nov-15 
8 S8 Nifas silk lafto 

Mikael church 
8°58'11.62"N 38°43'28.52"E 28-Nov-15 

9 S9 Akaki kaliti stadium  8°53'15.57"N 38°46'38.42"E 28-Nov-15 

10 S10 Nifas silk lafto sub 
city worda 5 youth 
center  

8°58'26.50"N 38°44'30.14"E 28-Nov-15 

11 S11 Akaki kaliti aba 
samuale 

8°49'17.39"N 38°42'46.56"E 28-Nov-15 

12 S12 Kirkos  N 09 00.224 E038 45.103 29-Nov-15 
13 S13 Kirkos  church  9°0'37.77"N 38°42'46.56"E 29-Nov-15 
14 S14 Yeka  meganagna 

area british embassy 
road  

9°1'21.17"N 38°47'56.45"E 29-Nov-15 

15 S15 Yeka washa Mikael 
rock church  

9°2'23.20"N 38°48'25.23"E 29-Nov-15 

16 S16 Yeka  kotebe 
university college  

9°2'23.69"N 38°50'14.50"E 29-Nov-15 

17 S17 Kolfe keranyo fistula 
hospital  

9°0' 21.01"N 38°42'54.21"E 29-Nov-15 

18 S18 Kolfe keranio 
Mikala land 
condominium 

9°0'16.94"N 38°45'12.73"E 29-Nov-15 

19 S19 Kolfe keranio 
awelya mosque    

9°3'39.47"N 38°42'41.21"E 29-Nov-15 
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20 S20 Lideta  mariyam  
church  

9°0'37.77"N 38°44'13.30"E 29-Nov-15 

21 S21 Lideta  tikur anbssa 
hospitals   

9°1'19.35"N 38°44'58.98"E 29-Nov-15 

22 S22 Lideta       30-Nov-15 
23 S23 Arada giworgis 

church 
N 09 02.218 E038 45.092 30-Nov-15 

24 S24 Arada Addis Ababa 
restaurant  

N 09 02 657 E038 45.051 30-Nov-15 

25 S25 Arada  St. Paul 
hospital  

9°2' 51.90"N 38°43'40.97"E 30-Nov-15 

26 S26 Gulele Entoto 
mariyam  

9°4' 51.46"N 38°45'48.75"E 30-Nov-15 

27 S27 Gulele shegole  9°4'2.46"N 38°44'25.94"E 30-Nov-15 

28 S28 Gulele ESS 
observatory and 
research center 

9° 6'30.17"N 38°48'26.76"E 30-Nov-15 

29 S29 Ayer tena secondary 
school, kolefe 
keranio  

8° 59'1.84"N 38°41'42"E 30-Nov-15 

30 S30 Yaka , yaka abado 
condominium  

9° 01'1.84"N 38°47'92"E 30-Nov-15 

31 S31 mikale churcuch 
addis ketema  

9°22'4.24"N 38°45'57.49"E 30-Nov-15 

32 S32 addis ketema  
amanual mental 
hospital  

9°1'46.24"N 38°43'22.14"E 30-Nov-15 

33 S33 Addis ketema 
secondary school  

9°26'03N 38°43'59.49"E 30-Nov-15 
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                  Annexes  
 

Sample 

code 

Radon 

concentration 

(Bq/m3) 

annual 

effective 

dose 

(mSV/yr 

annual dose 

equivalent 

rate mSv/y 
x-mean  

(x-mean) 

squre          

A1 78 2.35872 0.9828 -139.89 19569.2121 -4.221 17.8192048 -1.7972 3.22992784 

A2 103 3.11472 1.2978 -114.89 13199.7121 -3.465 12.0081655 -1.4822 2.19691684 

A3 53 1.60272 0.6678 -164.89 27188.7121 -4.977 24.7733162 -2.1122 4.46138884 

A4 117 3.53808 1.4742 -100.89 10178.7921 -3.042 9.25327729 -1.3058 1.70511364 

A5 67 2.02608 0.8442 -150.89 22767.7921 -4.554 20.7381874 -1.9358 3.74732164 

A6 61 1.84464 0.7686 -156.89 24614.4721 -4.735 22.4236343 -2.0114 4.04572996 

A7 118 3.56832 1.4868 -99.89 9978.0121 -3.012 9.07021642 -1.2932 1.67236624 

A8 224 6.77376 2.8224 6.11 37.3321 0.1938 0.03754294 0.0424 0.00179776 

A9 58 1.75392 0.7308 -159.89 25564.8121 -4.826 23.2910482 -2.0492 4.19922064 

A10 175 5.292 2.205 -42.89 1839.5521 -1.288 1.658944 -0.575 0.330625 

A11 223 6.74352 2.8098 5.11 26.1121 0.1635 0.02673879 0.0298 0.00088804 

A12 1393 42.12432 17.5518 1175.11 1380883.512 35.544 1263.39868 14.7718 218.206075 

A13 1397 42.24528 17.6022 1179.11 1390300.392 35.665 1272.0122 14.8222 219.697613 

A14 124 3.74976 1.5624 -93.89 8815.3321 -2.83 8.01025846 -1.2176 1.48254976 

A15 108 3.26592 1.3608 -109.89 12075.8121 -3.314 10.9831262 -1.4192 2.01412864 

A16 321 9.70704 4.0446 103.11 10631.6721 3.127 9.77837916 1.2646 1.59921316 
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A17 263 7.95312 3.3138 45.11 2034.9121 1.3731 1.88545853 0.5338 0.28494244 

A18 82 2.47968 1.0332 -135.89 18466.0921 -4.1 16.8126241 -1.7468 3.05131024 

A19 123 3.71952 1.5498 -94.89 9004.1121 -2.86 8.18234583 -1.2302 1.51339204 

A20 267 8.07408 3.3642 49.11 2411.7921 1.4941 2.23227505 0.5842 0.34128964 

A21 92 2.78208 1.1592 -125.89 15848.2921 -3.798 14.4241963 -1.6208 2.62699264 

A22 87 2.63088 1.0962 -130.89 17132.1921 -3.949 15.5955488 -1.6838 2.83518244 

A23 56 1.69344 0.7056 -161.89 26208.3721 -4.887 23.8784686 -2.0744 4.30313536 

A24 97 2.93328 1.2222 -120.89 14614.3921 -3.647 13.2985668 -1.5578 2.42674084 

A25 356 10.76544 4.4856 138.11 19074.3721 4.1854 17.517908 1.7056 2.90907136 

A26 47 1.42128 0.5922 -170.89 29203.3921 -5.159 26.612392 -2.1878 4.78646884 

A27 39 1.17936 0.4914 -178.89 32001.6321 -5.401 29.1669124 -2.2886 5.23768996 

A28 103 3.11472 1.2978 -114.89 13199.7121 -3.465 12.0081655 -1.4822 2.19691684 

A29 87 2.63088 1.0962 -130.89 17132.1921 -3.949 15.5955488 -1.6838 2.83518244 

  
 

      3174002.691   2902.49333   503.939191 

Min  39 1.17936 0.4914   109448.3687   100.085977   17.3772135 

Max 1397 42.24528 17.6022             

mean  217.896552 6.589191724 2.745496552             

variance  109448.369 100.085977 17.37721349             

standard 

deviation  330.82 10.003 4.16             
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sample 

code  

Radon 

concentration 

Bq/m3 

potential alpha 

energy 

concentration(mWL) 

 annual 

dose 

equivalent 

rate 

mSv/y  

 annual 

effective 

dose 

(msv/yr)  

S1 36.075 3.9       0.45            1.09  

S2 38.776 4.19       0.49            1.17  

S3 42.957 4.64       0.54            1.30  

S4 20.979 2.26       0.26            0.63  

S5 32.745 3.54       0.41            0.99  

S6 30.155 3.26       0.38            0.91  

S7 37.55 4.06       0.47            1.14  

S8 33.818 3.65       0.43            1.02  

S9 33.078 3.57       0.42            1.00  

S10 37.481 4.05       0.47            1.13  

S11 33.374 3.611       0.42            1.01  

S12 44.807 4.84       0.56            1.35  

S13 45.21 4.89       0.57            1.37  

S14 48.655 5.26       0.61            1.47  

S15 33.966 3.67       0.43            1.03  

S16 39.812 4.3       0.50            1.20  

S17 41.958 4.53       0.53            1.27  

S18 29.34 3.17       0.37            0.89  

S19 29.822 3.22       0.38            0.90  

S20 42.08 4.55       0.53            1.27  

S21 48.1 5.2       0.61            1.45  

S22 45.78 4.95       0.58            1.38  

S23 36.11 3.9       0.45            1.09  
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S24 50.81 5.49       0.64            1.54  

S25 22.69 2.45       0.29            0.69  

S26 42.53 4.59       0.54            1.29  

S27 40.53 4.38       0.51            1.23  

S28 39.68 4.28       0.50            1.20  

S29 42.39 4.58       0.53            1.28  

S30 44.39 4.79       0.56            1.34  

S31 39.68 4.28       0.50            1.20  

S32 43.39 4.69       0.55            1.31  

S33 37.68 4.07       0.47            1.14  

 

 

 


