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Abstract 
In this work, Effective radium content and radon exhalation rates in soil samples have been 

measured by using long-term technique for alpha particles emission with solid state nuclear track 

detectors type CR-39. 

The soil samples were collected from twenty different places of Al-Hindiyah city of Karbala 

government, Iraq. The values of effective radium content were found to vary from (0.383 to 

2.696) Bq/kg with a mean value of 1.420 Bq/kg and a standard deviation of 0.668. The values of 

mass exhalation rates of radon vary from              to                        with a 

mean value 1.141                 and standard deviation 0.537     , while the surface 

exhalation rates of radon vary from                                       with a mean 

value of 3.561                 and standard deviation 1.675     .  

All the values of radium content in soil samples of study area were found to be quite lower than 

the permissible value of 370 Bq/kg recommended by Organization for Economic Cooperation 

and Development. 
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 الخلاصة
فٍ هذا انؼًم جى قُاس يححىي انزادَىو ويؼذل اَبؼاخ انزادوٌ  فٍ ػُُات انحزبة باسحخذاو جقُُة انقُاس طىَهة الايذ لاَبؼاخ 

. وجًؼث ػُُات انحزبة يٍ يىاقغ يخحهفة يٍ يذَُة انهُذَة فٍ CR-39جسًُات انفا باسحخذاو كاشف الاذز انُىوٌ انصهب َىع 

( Bq/Kg 2.696انً  (Bq/Kg 0.383حافظة كزبلاءوسط انؼزاق. حُد وجذ اٌ يححىي انزادَىو انفؼال َحفاوت يٍ ي

      . ووجذ اٌ قًُة يؼذل اَبؼاخ انزادوٌ انكحهٍ جحفاوت يٍ 0.668وباَحزاف يؼُارٌ  Bq/Kg 1.420وبًؼذل 
     Bq/Kg.d)  ًان.d            Bq/Kg وبًؼذل )           Bq/Kg.d  ٌوباَحزاف يؼُار

Bq/m          . فًُا كاٌ يؼذل اَبؼاخ انزادوٌ انسطحٍ َحفاوت يٍ          
2 

.d )  ًان       
    Bq/m

2 
.d   وبًؼذل             Bq/m

2 
.d  (  ٌوباَحزاف يؼُار            . 

حسب  Bq/Kg 370قُى يححىي انزادَىو انًقاسة فٍ ػُُات جزبة يُطقة انذراسة اقم يٍ انقًُه انًسًىحة  وكاَث جًُغ

 .(OECD) جىصُات يُظًة انحؼاوٌ وانحًُُة الاقحصادَة
 

Introduction 
Radium (

226
Ra) and radon (

222
Rn) mainly come from naturally occurring uranium (

238
U), which is 

present in all types of rocks, building materials and soils in parts per million (ppm). The global 

average of uranium content in the earth’s crust is about 4 ppm. Radium, being a member of uranium 

radioactive series, is present everywhere in the earth’s crust; therefore, radon, which is the daughter 

product of radium, is also found everywhere in varying levels. Radium mainly enters the body 

through the food chain. Radium, being chemically similar to calcium, tends to follow it in metabolic 

processes and becomes concentrated in bones. The alpha particles given off by radium and radon 

bombard the bone marrow and destroy tissues that produce red blood cells. It may cause bone 

cancer. The radium content of a sample also contributes to the level of environmental radon as 

radon is produced from 
226

Ra through  -decay. Higher values of 
226

Ra in soil contribute 

significantly to the enhancement of indoor radon [1]. 
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The largest contributor of ionizing radiation to the population is natural radioactivity. It is present 

everywhere within us and in surrounding environment in varying concentrations because of its 

natural presence. Soil is the main source of continuous radiation exposure to the human beings. It 

acts as a medium of migration for the transfer of radio-nuclides into the environment; hence, the 

soil is the basic indicator of radiological contamination [2]. 

Radon and its daughter progeny attached to aerosols when present in the ambient air constitute an 

important radioactive hazard to human lungs. During respiration radon progeny deposit in the lungs 

and irradiate the tissue thereby damaging the cells and may cause lung cancer [3]. Radon (
222

Rn) is 

a naturally occurring            radioactive noble gas. It is produced during the natural decay 

chain of uranium. As 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 involves two 

mechanisms, the emanation and transport. These mechanisms are affected by many factors 

including the properties of the soil [4]. 

The radon isotope 
222

Rn has its half-life of 3.82 days that is long enough to allow it to migrate 

through the soil and enter the atmosphere, thus, reaching the human environment [5]. 

Radium is present everywhere in the earth’s crust so radon is found everywhere in varying quantity. 

It can move freely from the place of its origin through pores in soil and cracks in walls. Radon 

transportation is mainly due to diffusion and forced flow. 

Radon continuously undergoes radioactive decay spontaneously into four solid short lived 

radionuclides, viz., 
218

Po, 
214

Pb, 
214

Bi and 
214

Po, in which polonium isotopes are alpha emitters. The 

dose due to inhaled radon progeny accounts for more than 50% of the total radiation dose to the 

public from natural sources [6]. 

In the present study, we have used solid state nuclear track detectors (CR-39) for the analysis of 

radium content and radon exhalation rates in twenty of soil samples collected from various locations 

in Al-Hindiyah city. Which is located in the middle of Iraq on the Euphrates River. This city is 

surrounded by Karbala from west, Babylon from east, Saddat Al-Hindiyah from north and Al-

Haidariyah from south. The map of studied area is shown in Fig. (1). 

 

 
 

Fig.(1): The map showing Al-Hindiyah city 

 

Al-Haidariyah 
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Experimental methods 
In the present investigations, ‘‘sealed can technique’’ has been used for the measurement of radium 

content and radon exhalation rate in soil samples [7]. The experimental set-up is shown in Fig.(2). 

Solid State Nuclear Track Detectors (SSNTD) with sheet thickness 300    were used in this study, 

which is usually known as CR-39 [8]. 

The twenty soil samples were collected by the grab sampling method from different places of Al-

Hindiyah city is located in the Karbala Governorate. A dried and sieved sample (120 g) was placed 

at the bottom of a cylindrical sealed can of 7-cm height and 7-cm diameter. The mouth of the 

cylindrical can was sealed with a cover and fitted with CR-39 plastic track detectors (1 cm ×1 cm)  

at the top inner surface [9]. The detector records the tracks of  -particles emitted by radon gas 

produced through the  -decay of radium contents of the samples. The detectors were exposed for a 

period of about 88 days (from 25-10-2012 to 20-1-2013). After exposure, the detectors were 

retrieved and etched for six hours in 6.25N KOH solution maintained at a temperature of (70 ± 1) 
•
C 

in a constant temperature water bath to reveal the tracks. The detectors were washed and dried.  

Subsequently,  -tracks were counted using an optical microscope (kruss-mbl 2000) at a 

magnification of 400x (40x objective and 10x eyepiece). 
 

 
 

Fig. (2) Experimental setup for measurements of effective radium content and radon exhalation 

rates in soil samples. 
 

Theoretical considerations 
The mathematical expression for track density is given by the relation [10]: 

                                          
∑   

 
   

   
                         (1) 

Where                                    ∑   
 
     Total number of tracks,     Total 

number of field counted,       Area of the field of view. 

The track density ρ (in track/cm
2
) is related to the radon activity concentration CRn (in Bq/m

3
) and 

the exposure time T by the formula [11, 12]: 

                                                                        (2) 

 Where K is the sensitivity factor of CR-39 plastic track detector, the value of K is        
                            . 

Since the half-life of 
226

Ra is1600 years and that of 
222

Rn is 3.82 days, it is reasonable to assume 

that an effective equilibrium (about 98%) for radium-radon members of the decay series is reached 

in about three weeks. Once the radioactive equilibrium is established, one may use the radon alpha 

analysis for the determination of steady state activity concentration of radium. The activity 

concentration of radon begins to increase with time T, after the closing of the can, according to the 

relation [1]: 

                                                               (3) 

CR-39 

 

7cm 

Soil sample 
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Where CRa is the effective radium content of the sample and     is the decay constant of 
222

Rn. 

Since a plastic track detector measures the time-integrated value of the above expression i.e. the 

total number of alpha disintegrations in unit volume of the can with a sensitivity K during the 

exposure time T, hence the track density observed is given by [5]: 

                                                                           (4) 

where    denotes, by definition, the effective exposure time given by[5,13]: 

                                   
  (        )                 (5)     

 

Effective radium content  
The effective radium content of the soil sample can be calculated by the formula [8, 14]: 

             (
 

   
) (

  

 
)                    (6)                               

Where M is the mass of the soil sample in kg, A is the area of cross-section of the can in m
2
; h is the 

distance between the detector and top surface of the soil sample in meter(0.045m). 
 

Radon exhalation rates 
The mass exhalation rate of the sample for release of the radon can be calculated by using the 

expression [14]: 

                                           (
   

   
)

 

  
        (7) 

The surface exhalation rate of the sample for release of radon can be calculated by using the 

expression [14]: 

                                   *   (
   

   
)

 

  
+

 

 
        (8) 

                                        (
 

 
)               (9) 

where     is the decay constant of 
226

Ra. 
 

Alpha index (Iα) 
Several indexes dealing with the assessment of the excess  -radiation due to radon inhalation 

originating from building materials (called ‘‘alpha indexes’’ or ‘‘internal indexes’’) have been 

developed [15]. Alpha index (Iα) which is defined as follows [1, 16]: 

                                   
   

         
                                 (10) 

The recommended exemption and recommended upper levels of 
226

Ra concentrations in building 

materials are 100Bq /kg and 200 Bq/kg [17]. When the 
226

Ra activity concentration of building 

materials exceeds the value of 200 Bq/kg, it is possible that radon exhalation from this material may 

cause indoor radon concentration greater than 200 Bq/m
3
. On the other hand, if 

226
Ra concentration 

is less than 100Bq/kg, than       resulting indoor radon concentration is less than 200 Bq/m
3
.  These 

considerations are reflected in the alpha index. The recommended limit concentration of 
226

Ra is 

200 Bq/kg, for which Iα = 1 [17, 18]. 
 

Results and discussion 
Table 1 depicts the values of effective radium content and the mass and surface exhalation rates of 

radon for soil samples collected from different places of Al-Hindiyah city of Karbala government in 

mid of Iraq . It is seen that the value of effective radium content in collected samples varies from 

0.383 to 2.696 Bq /kg with a mean value of 1.420 Bq /kg and a standard deviation of 0.668. 

Radon flux density (i.e., 
222

Rn exhalation rate) depends upon a number of parameters that behave in 

a stochastic and independent fashion, such as the radioactive disintegration of 
226

Ra to produce 

radon, the direction of recoil of radon in the grain, the interstitial soil moisture condition in the 

vicinity of the ejected radon atom and its diffusion in the pore space [19]. A series of radon 

exhalation measurements, including the present one, have demonstrated that radon flux density 

distribution is better represented by a log-normal distribution than by a normal distribution [20]. 
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This behavior indicates that the random variables involved in radon exhalation interact in a 

multiplicative rather than an additive manner. 

 Table 1 also presents the value of mass exhalation and surface exhalation rates of radon of soil 

samples. The mass exhalation rates has been found to vary from              to              

          with a mean value of 1.141      Bq /kg .day and standard deviation of 0.537     .  

The surface exhalation rates has been found to vary from                               
      , with a mean value of            Bq /m

2
 day, and standard deviation of           . 

Figure 3 have shown the distribution of radium content in the different soil samples of Al- Hindiyah 

city. While figures 4 and 5 have shown the distribution values of mass exhalation rates and surface 

exhalation rates of radon for all soil samples, respectively, These figures and Table 1 show that the 

value of radium content and radon exhalation rates for soil samples are less than the values reported 

by many researchers [1, 2, and 5]. 

The fifth column from Table 1 shows the values of alpha index(Iα) for soil samples from the 

various locations in Al-Hindiyah city. The values of Iα ranged from 0.003 to 0.026 for soil samples 

with a mean values of 0.013and standard deviation of 0.006. 

There are a number of indexes dealing with the estimation of alpha-radiation due to the inhalation 

of radon and its short-lived decay products present in the natural environment. Since all the values 

of alpha indexes for these samples are much less than unity, it means that the soil samples from 

these locations cannot produce dangerous levels of indoor radon when used as building materials.  

The values of effective radium content are less than the permissible value of 370 Bq/kg as 

recommended by Organization for Economic Cooperation and Development (OECD)[ 21]. Hence, 

the result shows that this study area is safe as for as the health hazards of radium are concerned. 
 

Table 1: Effective radium content, mass exhalation rates of radon       , surface exhalation rates 

of radon        and alpha index values for different soil samples. 

Samples 
  

         

    Bq 

/kg 

             

Bq/kg .day 
             

Bq  /m
2
 .day 

   

1 2061.585 0.600 0.482 1.504 0.006 

2 6530.877 1.901 1.528 4.766 0.019 

3 1316.703 0.383 0.308 0.961 0.003 

4 2558.173 0.745 0.598 1.867 0.007 

5 5041.113 1.468 1.180 3.679 0.014 

6 6779.171 1.974 1.586 4.948 0.019 

7 3303.055 0.962 0.773 2.410 0.009 

8 4792.819 1.395 1.121 3.498 0.013 

9 1813.291 0.528 0.424 1.323 0.005 

10 9262.107 2.696 2.168 6.760 0.026 

11 7027.465 2.046 1.644 5.129 0.020 

12 6034.289 1.757 1.412 4.404 0.017 

13 7524.052 2.190 1.761 5.491 0.021 

14 7772.346 2.263 1.819 5.672 0.022 

15 4544.525 1.323 1.063 3.316 0.013 

16 5537.701 1.612 1.296 4.041 0.016 

17 4047.937 1.178 0.947 2.954 0.011 

18 3799.643 1.106 0.889 2.773 0.011 

19 6282.583 1.829 1.470 4.585 0.018 

20 1564.997 0.456 0.366 1.142 0.004 

mean 4879.722 1.420 1.141 3.561 0.013 

Max. 9262.107 2.696 2.168 6.760 0.026 

Min. 1316.703 0.383 0.308 0.961 0.003 

SD 2237.854 0.668 0.537 1.675 0.006 
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Fig. 3: Effective radium content for different soil samples. 

 

 
 

Fig. 4 Mass exhalation rates of radon for different soil samples. 
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Fig. 5:- Surface exhalation rates of radon for different soil samples. 
 

Conclusion 
Radium content and radon exhalation rates (both the mass and surface exhalation rates) have been 

measured successfully using CR-39 plastic track detectors by the sealed can technique.  

Radon exhalation study is important for understanding the relative contribution of the material to 

the total radon concentration found inside the dwellings. The values of radon exhalation rate and 

radium content are found under the safe limit recommended by Organization for Economic 

Cooperation and Development. Hence it can be concluded that the study area is safe from the health 

hazard of radium point of view. 

The calculated values of alpha indexes for all soil samples are much less than unity in each soil 

samples. Therefore, it is concluded that the soil samples of this region are quite safe to be used as 

building materials. They will not produce dangerous radon levels in dwellings. 
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