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Abstract: In this study, we used the can technique, containing CR-39, to estimate the radon concentration from the soils in 

Karbala city, Karbala governorate, Iraq, radon concentrations and effective dose rate in soil have been measured by using a 

long-term technique for alpha particle emission with solid state nuclear track detector type CR-39. It has been selected 

fifty-five different locations for soil houses in the city of Karbala. One detector was buried in the garden of each selected 

house at 50 cm depth. The results showed variable values for concentrations of radon gas and the effective dose  rate, the 

concentrations of radon ranged from (0.05∓0.02 to 7.80∓3.53  kBq/m3 with a mean value of 2.87kBq/m3 and a standard 

deviation of 1.80 kBq/m3. The annual effective dose values varied from (0.23 to 34.74  mSv/y with a mean value of 12.80 

mSv/y and a standard deviation of 8.03mSv/y. These results were compared with the local and global results.  

Keywords: Radon, Effective Dose Rate, CR-39, Karbala. 

 

 

1 Introduction  

Radon (222Rn  is a naturally revolving 𝛼−emitting 

radioactive noble gas. It is generated during the natural 

decay chain of uranium. As the radium decays, radon is 

formed and is released into small air or water containing 

pores between soil and rock particles. The exhalation of 

radon from soil two mechanisms, the emanation and 

transport. These mechanisms are affected by many factors, 

including the properties of the soil [1]. 

The half-life of radon isotope 222Rn is 3.82 days that are 

long enough to allow it to migrate through the soil and 

enter the atmosphere, thus, reaching the human 

environment [2]. Natural radioactivity in the soil 

measurement is large importance to many researchers all 

over the world, which led to a worldwide national survey in 

the past two decades, measurement of natural radioactivity 

in the soil is very important to determine the amount of 

change of the natural background activity with time due or 

leakage radioactive [3]. 

 Natural radionuclides in soil comes from the 238U 

series, 232Th and 40K, the concentration of radionuclides 

Taipei hive soil and found that vary greatly from one place 

to another [4]. Radon concentrations in soil gas within a 

few meters of the surface of the ground, are clearly 

important in determining radon rates of entry into pore 

spaces and subsequently into the atmosphere and it’s 

depend on the radium concentration in the bedrock and on 

the permeability of the soil [5]. The aim of the present 

study is to measure the concentrations of radon gas and the 

effective dose rate resulting from it in the soil of fifty-five 

houses were randomly selected from the city of Karbala, 

see Figure1. 

2 Geological Setting 

Karbala is the center of the governorate of Karbala, which 

is located in the middle of Iraq as a part of the alluvial 

plain, the river Al-Husseineya, a branch of the Euphrates 

(29  km, runs across its land. Geographically, it’s bordered 

by the capital Baghdad at (105  km from the city center to 

the North, Al-Anbar governorate at (112 km to the North 

and the Western North, Al-Najaf governorate at (74 km to 

the South and the Western South, and Babylon governorate 

at (45 km to the South and the Eastern South. Karbala  city 

occupies the Northern East part of Karbala governorate. In 

the North it is neighbored by Al-Hur district, the South by 

desert, at the East Al-Husseineya district and Al-Hindeya, 

while the desert and Al-Razzazah lake borders the West 

indicated in Fig. 1, with location of lati-tude (32`,34º- 

32`.37º N , and longitude (58`,43º- 60`,44º E . Karbala city 

resides on (2793  km2 [6]. 
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Figure 1.  Site soil houses on the map of the city of Karbala in this study. 

 

3 Experimental methods 
  

In this study, we used dosimeters radon passive cumulative 

for the purpose of measuring the concentration of radon in 

the soil of fifty-five houses were selected from some 

neighborhoods of Karbala city, as in table (1 , detectors 

were distributed in the soil on (31-10-2015 , dosimeters was 

buried in the garden of dwelling at a depth of 50 cm below 

the earth's surface and are covered with a tight enclosure 

and have its bottom to top, It was cutting detector to expel 

(1.5cm×1.5cm  and fixed in the bottom of the plastic box 

by adhesive two-sided so that the face engraved upon it the 

figure is heading for the highest for the purpose of 

distinguishing between places and homes that have been 

developed which then covered enclosure lid tightly the hole 

diameter of( 1.5  cm covered with a spongy thickness of( 

0.5  cm as in Figure 2.  

The detector records the tracks of 𝛼-particles emitted by 

radon gas produced through the 𝛼-decay of radium contents 

of the soil. The detectors were exposed for a period of 

about 40 days. After exposure, the detectors were retrieved 

and etched for eight hours in 6.25N NaOH solution at a 

temperature of (70 ± 1 °C in a constant temperature water 

bath to reveal the tracks. The detectors were washed and 

dried. Subsequently, 𝛼-tracks were counted using an optical 

microscope (kruss-mbl 2000  at a magnification of 400x.                                                                

 
Figure 2.  Dosimeter radon passive cumulative. 

 

In order to measure radon concentration levels in soil (CRn  

, the surface density of tracks on the employed detectors (ρ  

measured in (track/cm2  and used the following equation[7- 

10]:  

𝐶 =
 𝜌

𝐾𝑡
                               (1  

Where t is the exposure time (day  and K is the calibration 

factor to convert track density to the radon concentration [ 

(track/cm2  per (Bq. day / m3 ]. The calibration factor (K 

value was determined by the calibration process which used 

standard radon source (Radium 226Ra  and used the 

following equation [8,11] :      
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  𝐾 =
𝜌𝑜

𝐶𝑜 𝑡𝑜
                                   (2  

Where, 𝐶𝑜  is the standard radon concentration (Bq/m3  , 𝜌𝑜 

is the number of track density (track/cm2 , and 𝑡𝑜 is the 

exposure time (day  for the calibration process. The 

calibration experiment performed at nuclear laboratory, 

department of physics, collage of sciences, Kerbala 

University. 

 Five detectors were exposed to the standard radon 

concentration; the average value of calibration factor and its 

standard deviation was 0.223 ±0.011 track/cm2per (day 

.Bq/m3 .The estimated calibration factor of radon 

measurements is in good agreement with those reported by 

other investigators [9, 12, 13, 14]. 

The annual effective dose equivalent, E(WLM.y-1 , was 

related to the radon concentration C in soil   by Eq (3 [15]: 

E( WLM. y−1  =
 8760×n×F×C  

170×3700
              (3                        

Where: C is in Bq. m−3; n is the fraction of time spent 

indoors; F is the equilibrium factor; 8760 is the number of 

hours per year; and 170 is the number of hours per working 

month. The values of n = 0.8 and F = 0.4 [5]. For radon 

exposure, the effective dose equivalents were estimated by 

using a conversion factor of 6.3 mSv.WLM-1[16, 17]. 

4 Results and Discussion  

  

In the present work, we have adopted the style of the burial 

dosimeters cumulative passive containing nuclear track 

detectors and his name is known commercial CR-39 in the 

soil of the garden each house was chosen in this study. 

Table (1  shows the areas that have been randomly selected 

for the purpose of measuring the concentration of radon in 

the soil of home gardens. After that the effective dose 

resulting from radon gas rate is calculated so as to its 

impact on human health.  

Table (2  shows the range of soil gas radon concentrations 

in different soil locations for dwellings in Karbala city 

which is form(0.05±0.02 kBq/m3  in K5,which is the lowest 

value, to(7.80±3.53 kBq/m3  in K4,which is the highest 

value with an average of  2.87 kBq/m3 and a standard 

deviation of 1.80 kBq/m3,  which was as in Figure (3 . 

The average   all values of soil gas radon concentration in 

karbala city  are lower than that found in Saudi Arabia of 

6.71 kBq/m3 [18], and that recorded in Iraq of 5.74 kBq/m3 

[19], slightly lower than the value founded in Egypt of 4.35 

kBq/m3 [20] and similar to that recorded in Kassala, Sudan 

of 2.63 KBq/m3 [21] and in France of 2.71kBq/m3[22].

 

Table 1. Sites that have been selected in the city of Karbala, Karbala governorate, Iraq. 

 

Sample 

Code 

Location Sample 

Cod. 

Location Sample 

Cod. 

Location Sample 

Cod. 

Location 

K1 Tahady K15 Al 

muhandisin 

K29 Al hur K43 Al hussein 

K2 Amel K16 Askaree K30 Al hur K44 Askaree 

K3 Saif Saad K17 Yarmouk K31 Al abbas K45 Askaree 

K4 Hosainia K18 Yarmouk K32 Al abbas K46 Askaree 

K5 Alamin K19 Yarmouk K33 Al abbas K47 Askaree 

K6 Salam K20 Mamalachy K34 Hosainia K48 Askaree 

K7 Eawn K21 Mamalachy K35 Frehaa K49 Al jawad 

K8 Ramadan K22 Al hur K36 Al atibba K50 Al jawad 

K9 Benaa al jahez K23 Al hur K37 Al moadafeen K51 Yarmouk 

K10 Benaa al jahez K24 Al hur K38 Askaree K52 Frehaa 

K11 Yarmouk K25 Al hur K39 Askaree K53 Frehaa 

K12 Al muhandisin K26 Al hur K40 Askaree K54 Frehaa 

K13 Al muhandisin K27 Al hur K41 Askaree K55 Al hur 

K14 Al muhandisin K28 Al hur K42 Al hussein   

 

All values for radon concentrations in this study are lower 

than that found in Rabak town Sudan of 8.20 kBq/m3 [23] 

and  obtained in Slovenia of 40.1 kBq/m3 [24]. Table 3 

shows the comparison between concentrations of radon in 

the soil of the city of Karbala and some of the results of the 

concentrations of radon levels in the soil of some countries 

of the world. Also, from Table (2 , it can be noticed that, 

the effective dose rate varies from (0.23 mSv /y  to ( 34.74 

mSv/y  with an average value of  12.80 mSv/y  and a 

standard deviation of 8.03mSv/y, as in figure (4 . In 

addition, it can surface and ground water and drinking 

water from the main sources that contribute to the increased 

http://www.naturalspublishing.com/Journals.asp
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concentrations of radon in the soil considered, because 

some nuclei associated with natural chained radioactive 

may degrade in water, especially groundwater beneath the 

earth's surface, where the precipitant researchers in many 

studies and research to find out[25-28]. 

Figure 5 shows an excellent correlation between the 

concentration of radon in the soil and the effective dose rate 

  resulting from it. In other words, the amount of increase 

and decrease the concentrations of radon in the soil as well 

as lead to an increase and decrease the effective dose rate 

resulting from it. 

 

Table 2. Statistical summary of tracks density( 𝜌  , radon concentrations(C   and the annual effective dose rate(AED  in soil 

for Karbala city. 

Code 
 𝝆 × 𝟏𝟎𝟒   

Track/cm2       
 

C 

𝒌Bq/m3 

AED  

(mSv/y  Code 
 𝝆 × 𝟏𝟎𝟒   

Track/cm2     
 

C 

𝒌Bq/m3 

AED  

(mSv/y  

K1 2.08∓1.00 2.33∓0.90 10.37 K30 4.02∓2.42 4.51∓2.66 20.08 

K2 0.96∓0.25 1.07∓0.27 4.79 K31 0.05∓0.03 0.05∓0.03 0.25 

K3 1.59 ∓0.68 1.78∓0.74 7.95 K32 3.37∓1.94 3.77∓2.13 16.81 

K4 6.96. ∓3.23 7.80∓3.53 34.74 K33 3.00∓1.72 3.36∓1.87 14.97 

K5 0.04∓0.02 0.05∓0.02 0.23 K34 0.54∓0.13 0.61∓0.14 2.71 

K6 0.71∓0.35 0.79∓0.38 3.55 K35 3.77∓1.40 4.23∓1.52 18.83 

K7 3.12∓2.15 3.50∓2.37 15.59 K36 1.00∓0.58 1.13∓0.64 5.02 

K8 1.59∓0.90 1.78∓0.90 7.95 K37 3.78∓1.93 4.24∓2.11 18.89 

K9 6.81∓3.36 7.64∓3.67 34.00 K38 4.66∓1.64 5.22∓1.78 23.25 

K10 3.51∓2.45 3.94∓2.69 17.53 K39 5.17∓2.97 5.79∓3.25 25.80 

K11 0.19∓0.06 0.21∓0.07 0.95 K40 2.35∓1.126 2.63∓1.22 11.73 

K12 0.10∓0.01 0.12∓0.11 0.53 K41 1.28∓1.190 1.43∓1.30 6.38 

K13 1.57∓0.76 1.76∓0.83 7.87 K42 1.81∓0.65 2.03∓0.70 9.04 

K14 2.47∓1.23 2.77∓1.35 12.34 K43 0.96∓0.37 1.07∓0.39 4.78 

K15 4.37∓3.02 4.90∓3.33 21.81 K44 2.74∓1.13 3.07∓1.23 13.70 

K16 5.90∓4.42 6.62∓4.88 29.48 K45 2.48∓0.89 2.78∓0.97 12.39 

K17 2.54∓0.83 2.85∓0.90 12.69 K46 3.55∓1.94 3.98∓2.12 17.72 

K18 2.36∓1.90 2.65∓2.10 11.81 K47 3.87∓1.93 4.34∓2.10 19.34 

K19 1.12∓0.53 1.25∓0.58 5.58 K48 1.99∓0.58 2.23∓0.63 9.95 

K20 1.87∓0.75 2.10∓0.81 9.36 K49 1.31∓0.49 1.47∓0.53 6.54 

K21 1.21∓0.51 1.35∓0.56 6.03 K50 4.32∓1.00 4.84∓0.90 21.57 

K22 1.10∓0.81 1.23∓0.89 5.50 K51 2.77∓0.57 3.10∓0.60 13.83 

K23 2.15∓1.47 2.41∓1.62 10.74 K52 1.90∓1.04 2.13∓1.14 9.49 

K24 2.61∓1.76 2.92∓1.94 13.03 K53 2.80∓1.15 3.14∓1.25 13.99 

K25 3.10∓1.22 3.48∓1.32 15.51 K54 2.88∓1.82 3.22∓2.00 14.36 

K26 4.23∓3.69 4.74∓0.90 21.12 K55 4.45∓2.98 4.99∓3.28 22.21 

K27 1.46∓0.87 1.64∓0.96 7.31 mean 2.56 2.87 12.80 

K28 1.26∓0.57 1.41∓0.62 6.35 max. 6.96. ∓3.23 7.80∓3.53 34.74 

K29 3.12∓1.40 3.50∓1.52 15.59 min. 0.04∓0.02 0.05∓0.02 0.23 

Standard Deviation 1.61 1.80 8.03 

Table 3.  Comparison between concentrations of radon in the soil of the city of Karbala and some of the results of the 

concentrations of radon levels in the soil of some countries of the world. 
No. Country Radon concentration kBq/m3 References 

1 Saudi Arabia 6.71 [18] 

2 Iraq 5.74 [19] 

3 Egypt 4.35 [20] 

4 Sudan 2.63 [21] 

5 France 2.71 [22] 

6 Sudan 8.20 [23] 

7 Slovenia 40.1 [24] 

8 Karbala city ,Iraq 2.877 This study 
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Figure 3. Radon concentration kBq/m3 for different locations in Karbala city . 

 

 
 

Figure 4.  Effective dose rate values for different sites in soil in Karbala city. 

 

 
 

Figure 5. The correlation between radon concentrations and effective dose rate for soil dwellings in Karbala city. 
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5 Conclusions  
  

In this study, it was done a total of 55 measurements of 

radon concentration in the soil in the city of Karbala. The 

study was conducted using a dosimeters cumulative passive 

containing nuclear track detectors CR-39 that has been 

calibrated in the laboratory of nuclear physics at the 

University of Karbala. It was compared calculated values of 

the concentration of radon in the soil of all the houses that 

have been selected in this study with data from different 

geographic areas. Excellent correlations between 

concentrations of radon gas and the rate of effective dose 

for soil houses in the city of Karbala. It is advisable not to 

establish homes in areas that contain high concentrations of 

radon gas for the prevention of radiation exposure that 

leads to cancer morbidity. We recommend other researchers 

to carry out similar studies in other parts of Iraq, the 

importance of large studies on the health and lives of 

people.  
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