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ABSTRACT

This study was conducted primarily to contribute radon data for radon map in 

Sudan and identify regions with elevated radon levels and improve data 

collection and analysis for the future radon levels evaluation.

This study partially covered three states of Sudan (Red Sea -  Khartoum -  

South Kordofan). Previous work done has been considered in this study which 

focused and investigated the levels of radon concentration in ( indoor radon 

gas and water ) by using gamma spectrometry equipped with (HPGe detector ) 

or (Nal(TI) detector).

The results obtained are within the acceptable levels and does not poses any 

risk from radiation protection point of view.

Red Sea state ( port-Sudan): (124.39±6.21) Bq/m3

Khartoum state (Suba): (151.52) Bq/m3

(Omdurman): (127 ± 23) Bq/m3

Radon in water :(59) Bq/L

South Kordofan State: (102.8) Bq/m3

In water(Kadugli):(3_139)) Bq/L

in



^ة م د ف ا

ي منها االستفادة يمكن التي المعلومات لتوفير اجريت الدراسة هذه  السودان في للرادون خريطة ف
 من وتحليلها البيانات جمع وتطوير لتحسين وذلك للرادون، المرتفعة المستويات نات المناطق لتوضيح

ل ج ٠المختلغة الرادون مستويات تحديد أ

ي الدراسة هذه ط غ ي واليات ثالث جزئيأ ت البحراألحمروالية الخرطوم_والية (والية السودان ف
ب و ن جن فا د ر و ).ك

ى الرادون مستويات عن تحرت السابقة الدراسات جاما تطييغا جهاز باستعمال والمياه الهواء ف
ز ه ج م ف ال ش كا وم ب ني ما ر ج ف او )HPGe( ال ش وديد كا م ي و ودي ص ١ ال

 الوقاية ناحية من خطر اي تشكل وال للرادون مقبولة مستويات أعطت عليها المتحصل والنتائج
عية. شعا األ

ة الي م و و ط ر خ ل ل) 151.52):(سوبا( ا ري ك ي ر/ب  3مت

ن( ما ر د م ل )127 ±23 ):(ا ري ك ي ر/ب  3مت

ن و د را ل زا كي ر م( العاء في ت و ط ر خ ل ر )59):(ا ت ل ا د ي ر ك ي  ب

ة الي ر و ح ر الب ع ح ال ن(ا ودا س ر و ل )124.39±6.21):(ب ري ك ي ر/ب 3هت

ة الي ب و و ن جن فا د ر ل )102.8:(ك ري ك ي ر/ب  3مت

ن و د را ل زا كي ر ي( الماء في ت وقل د بيكريدالتر )3_139):(كا
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CHAPTER ONE

LITERATURE REVIEW

1.1 Introduction:

222 * • • • • •Radon ( Rn) is a naturally occurring radioactive gas emitted from soils, rock, building

materials and water. It has no colour, odour, or taste. It has a half-life of 3.8 days, and 

emits an alpha particle of 5.5 Mev.

222 • • * • ♦ •Rn is a noble gas, i.e. It is essentially inert, and does not combine with other chemicals.

It has three different isotopes, but Rn and Rn are the most common.

Almost all risk from radon comes from breathing air with radon and its radioactive decay 

products which are the actual cause of lung cancer.

222Most of the inhaled radon gas is also exhaled, but Rn decay products are all metallic 

solids (Po, Pb, Bi), and when radon decay occurs in air, the decay products can cling to 

aerosols and dust, which makes them available for inhalation into the lungs. Some of 

radon's decay products attached to dusts and aerosols in the air and then readily deposited 

in the lungs where they decay, particularly emitting alpha particles. (1)

Radon tends to be accumulated in homes, sometimes to very high concentrations and it is 

the largest source of exposure to naturally occurring radiation. Although no levels of radon 

gas are considered safe, it is a fact of life that radon is found everywhere in the 

environment. The outside air that we breathe contains approximately 0.4 pCi/L (Pico 

Curies per litter of air). Because buildings are enclosed, radon gas can build up inside to 

dangerous levels, 4pCi/L(150- 200Bq/m3) or above. A radon detector is an inexpensive and 

easy way to ensure that the air in your home or business is below this level (2).

The International Agency for Research on Cancer (IARC - www.iarc.fr), that is part of the 

World Health Organization (WHO), considers 222Rn as a surely cancerogenic agent, on the 

basis of the epidemiological evidences on cohorts of miners. For this reason IARC 

classifies radon in Group 1 of the cancerogenic substances, together with tobacco, benzene, 

asbestos and many others cancerogenic agents.

1
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222Rn is the decay product of 226Ra. and together are part of the long decay chain for 238U.

Since uranium is essentially ubiquitous in the earth's crust, 226Ra and 222Rn are present in 

almost all rock, soil, and water.

There is a large variation of indoor air concentrations of this gas, depending mainly on the 

geology of the area and factors that affect the pressure differential between the inside and 

outside of the building, such as ventilation rates, heating within the building and 

meteorological conditions. (ICRP 7)(3).

Exposure to indoor radon as a result of soil gas ingress into buildings is the most 

significant contributor of radiation dose to members of the public. Many countries have 

carried out radon surveys to establish the extent of this problem. In some cases these 

surveys allow radon maps to be produced. The availability of comprehensive radon maps 

indicate areas where radon is likely to be present in enhanced concentrations and facilitates 

national authorities in targeting resources in dealing with this problem. In many countries 

radon risk maps are used to increase awareness of the hazards of exposure to radon and to 

target future radon surveys. In addition, several countries have introduced regulations to 

prevent radon ingress into new buildings. In such countries the radon risk map is used to 

ensure that radon preventive measures are fitted to new buildings in high risk areas. The 

installation of radon preventive measures in new buildings at the time of construction is a 

key strategy to reduce radon concentrations into the future. (4)
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214PoIonium, 0.1643 ms, alpha decay.

At the next step, 214Po decays to 2l0Pb, which has a much longer half-life of 22.3 years. Its 

progenies are:

210Bismuth, 5.013 days, beta decay.

2l0Polonium, 138.376 days, alpha decay

206Lead, stable.

Figure ( 1.1 ) : uranium decay series.
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1.4 Radon sources :

The 222Rn, including its progeny, is one of the most significant natural sourc 

viewpoint of human radiation exposure to the population (see figure 1.2),

es from a

y  Radon
Medic a* X.i ay 

u  Consumer products
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* Nuclea: Fuel Cycle 0.1

Figure(1.2): Sources of radiation exposure

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

generally concentrated in ore-bearing rocks scattered around the world. Every square mile 

of surface soil, to a depth of 6 inches (2.6 km2 to a depth of 15 cm), contains approximately 

1 gram of radium, which releases radon in small amounts to the atmosphere on a global 

scale, it is estimated that 2,400 million curies (90 TBq) of radon are released from soil 

annually (8).

Radon mostly appears with the decay chain of the radium and uranium series (222Rn), and 

marginally with the thorium series (220Rn). The element emanates naturally from the 

ground, and some building materials, all over the world, wherever traces of uranium or 

thorium can be found, and particularly in regions with soils containing granite or shale, 

which have a higher concentration of uranium. However, not all granitic regions are prone 

to high emissions o f radon. Being a rare gas, it usually migrates freely through faults and 

fragmented soils, and may accumulate in caves or water. Due to its very short half-life 

(four days for 222Rn), its concentration decreases very quickly when the distance from the
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production area increases. Its concentration varies greatly with season and atmospheric 

conditions. For instance, it has been shown to accumulate in the air if there is a 

meteorological inversion and little wind (9).

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

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

have radium-rich springs which emit radon. To be classified as a radon mineral water, 

radon concentration must be above a minimum of 2 nCi/L(74 kfiq/m3) (2). The activity of 

radon mineral water reaches 2,000 kfiq/m3 in Merano and 4,000 kBq/m3 in Larisa (Italy) 

(10).

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

contact with the atmosphere will continually lose radon by volatilization. Hence, ground 

water has a higher concentration of *22Rn than surface water, because radon is continuously 

produced by radioactive decay of 226Ra present in rocks. Likewise, the saturated zone of a 

soil frequently has higher radon content than the unsaturated zone because of diffusion 

losses to the atmosphere (2).

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

detected a significant rise in alpha particles thought to be caused by the decay of 222Rn. 

The presence of 222Rn has been inferred later from data obtained from the Lunar Prospector 

alpha particle spectrometer (11).

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

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

the piping carrying freshly separated propane in oil refineries can become partially 

radioactive due to radon decay particles. Residues from the petroleum and natural gas 

industry often contain radium and its daughters. The sulphate scale from an oil well can be 

radium rich, while the water, oil, and gas from a well often contains radon. Radon decays 

to form solid radioisotopes which form coatings on the inside of pipe work. In an oil 

processing plant, the area of the plant where propane is processed is often one of the more 

contaminated areas, because radon has a similar boiling point as propane (12).
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1.5 Health risk and epidemiology:

Health risk of radon produces from alpha particles emitted from the decay products. 

During the past years, scientists believed that radon has causes the infection to humans. 

Scientists working in the Environmental Protection Agency in the United States reported 

that about 5.000 to 20.000 deaths annually as a result of the lung cancer can be attributing 

to radon exposure via inhalation of radon (EPA-1986)(13). The general effects of radon to 

the human body are caused by its radioactivity and consequent risk of radiation-induced 

cancer. Figure (1.3)

A
*

Figure (1.3): Estimated Annual Cancer Deaths

As an inert gas, radon has a low solubility in body fluids, which leads to a uniform 

distribution of the gas throughout the body. Radon gas and its solid decay products are 

carcinogens. The greatest health risks come from exposure to the inhaled radon gas decay 

products that are produced during its radioactive decay. Two of these decay products. 

polonium-218 and polonium-214, present as a significant radiologic hazard. Once the 

radioactive decay products are inhaled into the lung, they undergo further radioactive 

decay, releasing small bursts of energy in the form of alpha particles that can either cause 

DNA breaks or create free radicals(Filed-1999)(14).

It is not known whether radon can cause health effects in other organs besides the lungs. 

The effects of radon, if found in food or drinking water, are unknown. Radon particles
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have sufficient energy to penetrate human tissue and damaged cells. There were two ways 

of radon and daughters to enter the human body either through inhalation or ingestion. It is 

believed that the ingesting is not a danger in the presence of food in the stomach even 

thickness not exceeding 1.5 mm can stop most of alpha particles produced from the 

disintegration of radon and daughters (LWRC-1986)(15). Researchers found that the 

biological half-life of radon is the 30 minutes when the stomach empty and 70 minutes 

when full stomach (Hursh~1965)(16).

Radon have a large half-life compared with the respiratory system , either it moves to the 

circulatory system, or backs out from the lung through exhaled. Disintegration product of 

radon attaches itself to the trachea has a great potential to enter the lung and disintegrate 

and harts the lung. Studies have shown that the dose received by the lung greater than 2 to 

3 times, those received by the stomach due to digestion (McPherson-1980)( 17), (Crawford- 

1987)(18). It has been estimated that about 6% of the cases of lung cancer in the UK can 

be attributed to radon (Green-1992)( 19). There are many reports pointed the biological 

influence of ionizing radiation that approximately 10% of cancer are the result of radon 

(NRC-1988)(20),( Durrani- 1993)(21).Although there is so far no evidence linking radon 

ingestion and increased cancer cases diseases (Prichard-1981)(22).But Some studies have 

shown that radon can be attributed to some types of cancers such as leukemia, kidney 

cancer and prostate cancer(Lucie-1989)(23).

1.6 Limits of excessive rado

Generally speaking, the slightly elevated radon levels normally, found in most homes is 

considered inconsequential or at least not more hazardous than other normally acceptable 

risks. A significant fraction of homes have what some authorities considered to be 

unacceptable levels of indoor radon (UNSCEAR,1988)(24).

In some countries 4.0 p Ci/L (150- 200Bq/m3) is generally used as a guideline. .

The intake limits are expressed in terms of potential a-energy resulting from the inhaled 

daughters as recommended by International Commission on Radiological Protection 

(ICRP Publication 32) and in International Atomic Energy Agency (IAEA) safety series 

No.9, 1982 edition. The annual limit is 0.02 J for the 2!2Rn daughter or 5.0 WL.M ((IAEA, 

1982)).The potential alpha energy of 222Rn is defined as the total alpha energy emitted 

during the decay from ^ R n  to 210Po, amounts to 13.7 MeV (2.3pj) per atom of 222Rn

8



(IAEA, 1987).The recommended annual limit on intake for 222Rn daughters based on 

limiting the effective dose equivalent to 50 mSv is 20 MJ (IAEA, 1987), which 

corresponds to 850 WL.h or 5WL.M . It has been estimated that the internal annual 

effective dose equivalent for (222Rn to 2I4Po) is 0.1 mSv (25).

1.7 Reducing radon concentration:

The best approach to reduce radon in the home is to install Active Soil Depressurization 

system (ASD) and reduce the entry of radon coming from the soil. In some cases, 

increasing the entry of outdoor air to the home is an appropriate method to reduce radon 

levels by dilution and improve indoor air quality . Both of these methods require a 

qualified radon mitigation professional to design and install the appropriate radon

reduction system. Only in extreme cases would removal of the granite be necessary to
*

reduce the radon concentration, assuming appropriate measurements confirm it as the 

significant source (AARST.2008)(26).

1.8 Mapping organizations and their national standing:

Radon maps are used by municipal authorities and radiation protection agencies to publicly 

highlight areas of high radon potential and to hopefully encourage more householders to 

carry out radon measurements. Radon maps also provide valuable information in the 

targeting of future radon measurement surveys which will increase the chances of finding 

dwellings with high radon concentrations. The construction of radon resistant buildings is 

becoming an established practice in many countries and radon maps are being increasingly 

used to highlight areas of high radon potential where it would be prudent to incorporate 

radon preventive measures into new buildings at the time of construction. (27)

Radon surveys and mapping programs are always carried out within the boundaries of 

individual countries and the methodologies employed reflect the resources available 

within countries. Radon maps are used for three main purposes :

-  Increasing public awareness of radon.

-  Planning further radon campaigns.

-  Radon prevention in new buildings.

9



1.9 Gamma-ray Spectroscopy

Gamma-ray spectroscopy is the quantitative study o f the energy spectra of gamma-ray 

sources. Most radioactive sources produce gamma rays o f various energies and intensities. 

When these emissions are collected and analyzed with a gamma-ray spectroscopy s\stem. 

typically used to determine the identity and quantity o f gamma emitters present in the 

source. The gamma spectrum is characteristic of the gamma-enutting nuclides 

contained in the source, just as in optical spectroscopy, the optical spectrum is 

characteristic o f the atoms and molecules contained in the sample.

The equipment set-up used in gamma spectroscopy includes an energy-sensitive radiation 

detector, a pulse sorter (i.e., multichannel analyzer), and associated amplifiers and 

readout devices. The instrumentation set-up is given in Figure (1.4).

Various types o f detectors differ in their operating characteristics, but all are based on the 

same fundamental principle: the transfer o f part or all the radiation energy to the detector 

mass where it is converted into an electrical pulse. The form in which the converted energy 

appears depends on the detector and its design.

Scintillation detectors use crystals that emit light when gamma rays interact with the atoms 

in the crystals. The intensity o f the light produced is proportional to the energy deposited in 

the crystal by the gamma ray. The mechanism is similar to that o f a thermo luminescent 

dosimeter. The detectors are joined to photomultipliers that convert the light into electrons 

and then amplify the electrical signal provided by those electrons.(28)

1

Amplifier M CA

PC

Figure (1.4): Na (Tl) detector instrument
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1.10 Previous studies:

(1) Investigation of radon concentration in Suba houses. By Hgbal Omar Different tv pes o! 

building were chosen ,covered 40 rooms, measurements were performed during the 

period (April- June 2013). The rooms were open and the concentration level of radon in 

Suba’s houses was found to be (89.13_213.91 Bq/m ) with a mean of (151.52 Ba m ) . 

The maximum annual effective dose was estimated to be (3.78 mSv/y) 'Hie radon 

concentration levels in Suba's houses was higher than recommended level (150 200 

Bq/m3) . The reason was attributed due to low ventilation rates during that time of the year 

and the study was conducted in the high temperature (summer).(25)

(2) Investigation o f radon concentration in port Sudan houses. By Mohammed Morgan i 

The study covered 50 rooms where measurements were performed during the period 

July-September 2011. The annual effective dose in port-Sudan state was (4.29±0.21mSv<y) 

and the concentration level of radon in port-Sudan houses in the study was found to be

(37.28±1.9__243±12.2 Bq/m3) with mean (124.39±6.21 Bq/trT). The radon concentration

levels in port-Sudan houses was higher than recommended level .Because of the port- 

Sudan geographical location where it is surrounded by a mountains. Rang Bladafah to 

ground water near the surface and the study was conducted in the temperature and high 

humidity (summer).(28)

(3) , (4) Environmental study for radio nuclides at Nuba mountains ( Kurun -  L'ro ) area 

By Salah Mohamed.

The activity concentration of radon in indoor air samples from Kurun -  L'ro area was 

found to be (66.7 Bq/m3), (85 Bq/m3) respectively. Nuba mountains ( Kurun -  l :ro ) area 

has a high natural background radioactivity in Sudan. The elevated levels of 222Rn can be 

explained by the predominance of granite in the underlying rocks in the Nuba

Mountains.(29)

(5) Environmental radon monitoring in Khartoum dwellings by Isam Salih 

Mohamed. (30)

(6) study o f radon concentration in soil gas and ch'vnatic parameters around South 

Kordofan State. Journal of Earth Science, JES-05-2012 0135 by Hajo I dr iss. and others.

11



Measured activity concentration of radon in 30 different locations around South Kordofan 

State using radon meter. Activity concentration of radon ranged from 40 to 1359 Bq/m 

with geometric mean of 102.8 Bq/m3 (31) .Shown in table (3.1)

(1) Environmental radon monitoring in Khartoum dwellings 

By Isam Salih Mohamed.(1992)

The study of radium activity in building materials showed that the "clay" contains more 

radium-activity than " red brick" and "concrete". This may be due to the fact that the 

"bricks", under treatment, is heated. Due to this heating some of radon escapes. The 

concrete is made up of a mixture of cement, sand and small stones which are of low radium 

activity.(30)

(2) Measurements reported in Khartoum by Osman Mustafa . (1991)

The houses that were made of (red brick) showed significant higher values of the indoor 

radon concentration than those made of other type of building material, more reduction of 

the radon concentration was recommended to improve ventilations in these types of houses 

as well as other types.(32)

(3) Radon monitoring in ceramic theatres and storages in Khartoum .

By Sara Ali Elnur. (2011)

The availability of radon in indoor (theatres and storages) mainly depends on its source in 

the building materials, the soil beneath the building, the quantity and types of ceramic and 

the ventilation of rooms. Fifty locations (theatres and storages) within state were 

investigated during the period July 2010 to February 2011.The results showed that radon 

concentration varies between 70.8 and 291.7 Bq/m3 with a mean value of (154 ± 38) 

Bq/m3. The received dose (effective dose) for people who were working in ceramic 

theatres due to inhalation of radon gas was been calculated to be 5.2 mSv/y. (33)

(4) Investigation of indoor radon concentration in block houses in Omdurman by: Hajer 

Abd Elmohsin .(2010)

The radon levels in some selected type of building styles (Bricks Albulk) were investigated 

in Omdurman city (public housing). The radon level in most of the houses found to be 

between 87.63 and 206 Bq/m3 with an average value of (127 ± 23) Bq/m3 which was

12



Objectives of the Study

• To collect information about the previous studies of radon concentration (indoor & 

ground water) in different areas of Sudan.

• To comparative between the results to showed the higher values of the radon 

concentration in the study areas.

• To come up with recommendations for future researches to fill the gaps.

14



CHAPTER TWO 
METHOD

2.1 Radon measurement by gamma spectrometry:
Radon decays into many daughter isotopes, emitting different kinds of radiation (alpha, 

beta, and gamma), and its concentration levels may be determined by several different 

techniques. Among these techniques gamma spectrometry was used by Previous studies , 

which enables to measure the activity of its daughters that emit gamma radiation. In this 

manner the charcoal canister techniques was used.

Radon molecules reach the interior surfaces of charcoal grains by diffusion.

Radon decays on the charcoal into its daughters. Two of these daughters are lead-214 

(214Pb) and bismuth-214 (214Bi). They emit gamma radiation of energies 352 KeV and 609 

KeV respectively. Identification of these lines and their activities was calculated. Then the 

activity of radon was obtained.

The charcoal canisters were prepared, heated in an oven at 60°c for about 10 minutes in 

order to anneal the charcoal from the radon gas or daughters might be present. Before 

using it, the canister was measured to ensure that no radon daughters exist on the charcoal 

{background sample). Natural background measured using empty canister of similar 

geometry as the canister of the samples and then subtracted the value of the natural 

background from every measured value.

At sampling location the cap of the canister was removed and radon was allowed to adsorb 

on to the charcoal for a period of four days. Then the canister was closed and sealed to the 

laboratory for the gamma spectrometry measurements.

The canister was loaded to the gamma spectrometry system for measurement. It was put 

directly on the top of the detector. The pulse channel analyzer (PCA) was set for the 

measurement for a period of 10800 seconds as collection time. Counts were then allowed 

to be collected from the detector. The spectrum was then stored in the computer. The 

analysis and the activity calculation of the stored spectrum were done using target software 

(winTMCA32). Online analyses were performed by calculating net areas (area under the 

peak) of line 609 keV. Efficiency calibration factors (obtained by measuring a standard 

with same geometry) were used to convert the count rates into activity.

Energy calibration and efficiency calibration was important for the qualitative and

15



quantitative analysis of the samples containing radioactive nuclei. Knerg> «.aiihraiu . I '•

defined as the exact identity o f photo peak present in the spectrum produced n. u e

detector system is a necessary requirement for the measurement of gamma-emitter I : > c

energy calibration is the establishing of the number of me channels present m .  • ! ♦  •

channel analyzer (MCA) or plus height analyzer in relation to gamma-rays energy. i ni
♦ «

calibration was made using various lines having different gamma energies ‘Pb ut 2'->5

keV and 352 keV), (214Bi at 609 keV and 1764.5 keV).

Charcoal canister technique was used in most of previous studies, except in one stud> in 
Kurun -Uro area . The air samples were collected from outdoors and indoors using the .dr 

samplers type 315/86 AFC 133. The filters of the air samplers were dissolved in a solution 

of blank +20ml nitric and 35ml hydrochloric acids. These solutions were digested on net 

plate, cooled to room temperature and then 5 ml of deionized water were added. Each 

sample was filtered before the determination on gamma spectrometer.

For 222Rn measurement in water, each water sample was carefully transferred (slow flow 

method) to a 500mL cylindrical screw capped plastic container and sealed tightly. The 

measurements o f samples were performed, at least 3 h after sampling to attain secular 

equilibrium between radon and its short-lived progeny. The system was calibrated in terms 

of energy, resolution and efficiency for the bottle geometry using identical bottles filled

with distilled water and spiked with a traceable 226Ra standard (obtained from Amersham). 

Typically 0.5 L of water sample (Ra concentration of 0.37 Bq/ L) was sealed in the bottle 

and set aside to allow gaseous 222Rn (half-life, 3.8 days) and its short-lived decay products 

(214Pb and 2,4Bi) to reach equilibrium with the long-lived 226Ra precursor in the sample.

2.2 Method of the study:

In this study we collected information of radon concentration from previous studies, and 

analyzed the data and used Excel sheet to produced a diagram of radon levels to 

comparative between the results.
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CHAPTER THREE 
RESULTS AND DISCUSSION

3.1 Results:

Table(3.1): Indoor radon concentration and the annual effective dose (AED).

SAMPLE AREA C(Bq/m3) AED (mSv/y) THE YEAR OF STUDY

MEAN VALUE FAMILY NAME

SUBA (1) 151.52 3.78 (Omar) 2013

PORT SUDAN (2) 124.39 4.29 (Mergani) 2011

KURUN (3) 66.70 — (Mohamed) 1995

URO (4) 85.00 — (Mohamed) 1995

KHARTOUM (5) 34.00 1.20 (Salih Mohamed) 1992

SOUTH KORDOFAN (6) 102.80 — - (ldriss_et.al) 2012
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Locations

Figure (3.1) Indoor radon concentration in different location.
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Table(3.2): Indoor radon concentration due to type of building material.

SAMPLE AREA BUILDING MATERIAL RANG C(Bq/m3) THE YEAR OF STUDY 

FAMILY NAME

Clay (29_60) (Salih Mohamed)
i
•

Concrete (19_54) 1992 (1) !

Red brick (24_40)
i

}

Khartoum Red brick (10_170) (Mustafa)

Mud {13_87) 1991 (2)

Red brick + Mud (10_170)
r

Ceramic 154 (Elnur) 2011 (3)

Omdurman Block 127 Abdalmohsen 2010 (4)
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y  MAX

180
160

140
120
100

80

60
40

20

0

i

^  ^ S / y  .t|  y  A ^  M  <A,A,A,. AMAMA / 4  AAAA, X X y  ̂ /A

y  m in Clay Concrete Red brick Red brick Mud Redbrick Block Ceramic
+ Mud

i
s
t
s
1
s

s

>

A

s>

mm 4 . 1 IM III III

BUILDING MATERIAL
*

!
✓
✓
*!

Figure (3.2) Indoor radon concentration due to type of building material.
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Table(3.3): Activity of radon concentration in w ater.

SAMPLE AREA TYPE OF DETECTOR i RANG C(Bq/L)
i
1

1
<

1

! THE YEAR OF STUDY 
i FAMILY NAME

Khartoum (1) HPGe Ground water (Idriss) 2009

(1.58_345.10)

Kadugli (2) Nal(TI) Ground water (Osman_et.al) 2008
1

(3_139)

Surface water
i

1
1 (8.5_16.5)

Figure (3.3) Activity of'radon concentration in around water.
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3.2 Discussion:

The charcoal canister techniques was used, which is considered to have low cost, 

convenience and accuracy advantages over some other methods. Because charcoal allows 

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

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

the effects of drafts and high humidity.

Radon concentration in building material differ between researches because of differences 

in construction material Techniques, and from season to season (effect of temperature).
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3.3 Map of Radon in Sudan

Figure (3.4) : Map of Sudan showing Radon levels.

3.4 Explanation of the map

This map used for focusing interest and targeting limited resources toward areas where 

they will have the most impact.
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Table(3.4): Radon concentration of the three states which covered by studies

Region Rn C(Bq/m3) 

Indoor air

i

i
l

Rn C(Bq/L)
1
|

Water range

RED SEA 12439
i

KHARTOUM (Omdurman) 127.00
s

KHARTOUM (Suba) 151.52 1.58-345.1
1

SOUTH KORDOFAN 102.80 3.00-139.0

Figure (3.5) : Radon concentration of the three states which covered by studies
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Conclusion

Based upon the results obtained in this study the following concluding remarks can be 

drawn:

❖  The compared between the different states showed that Khartoum state have the 

highest radon concentration ,next the Red sea and South Kordofan state 

respectively.

❖  In the present research, study showed that there are no risk values.

Recommendations

• In order to be more sure about our life, this study must repeated for more locations.

• Aafter this study recommended to perform monthly measurements, and further 

investigated places that showed high values.
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