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Abstract 
This study aimed to measure the natural radioactivity concentration in soil, air and in the 

dwelling of Eidon area. The study began in late of winter and ended in the beginning of spring. 
The study results show that radon concentration in soil increases with depth. The averages were 
4.62+0.053 kBq/m3 and 9.35+0.01 kBq/m3 at depths of 30 cm and 60 cm, respectively. We found 
that, the mean value of radon concentration was 98.1 Bq/m3 in rooms without ventilation while it 
was 58.3 Bq/m3 in well-ventilated rooms (18-24 hours daily). The averages were 61.8, 73.6 and 
67.5 Bq/m3 in the living rooms, bedrooms and kitchens, respectively. In addition to that, the radon 
concentration was found to be higher in buildings made of stones (81.3 Bq/m3) than those made of 
blocks (57.9 Bq/m3). On the average, the radon concentration in Eidon was found to be 60.4 Bq/m3

with the mean value of the risk of lung cancer was 3.3  10-3.
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Introduction:

Humans have been exposed to radiation from natural sources since the dawn of 
time. The sources include the ground we walk on, the air we breathe, the food we eat and 
the solar system on the whole. Everything in our space contains small amounts of 
radioactive atoms like Radium 226, Radon 222 and Potassium 40. These are either left 
over from the creation of the universe (like Uranium and Radium) or made by interaction 
with cosmic radiation (like Carbon 14 and Tritium)                          

The natural sources of radiation make up approximately 87 percent of the average 
annual dose to the public. The exposure to natural radioactivity affects the human health 
where radon and its decay products nowadays are considered to be the second leading 
cause of lung cancer in the United States [1]. In fact, most of our actual dose comes from 
the decay products of radon since these radon daughters are heavy particles and not 
gases so can easily be deposited onto the tissues of our lungs as we breathe, and since 
their half life times are very short they have a good chance of decaying before our lungs 
can get rid of them, resulting in undesirable radioactive dose. Therefore, monitoring 
radon gas inside the dwellings and in the soil surrounding them becomes extremely 
important for the cause of human health. However, radon surveillance program in Jordan 
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was going on since the beginning of 1990’s. Many Jordanian scientists had measured 
radon concentrations in air inside dwellings [2-8,16].  In addition to that, the 
concentrations of radon in soil were measured in some regions of Jordan [5] and radon 
exhalation rates from building materials were measured too [9,10].  

Most of these works were carried out by using time-integrated passive dosimeters 
containing solid state nuclear track detectors (SSNTDs) like CR-39. This kind of 
technique was found to be the most appropriate one and most widely used because of its 
simplicity as well as the economy of the technique, besides the ability of such monitors 
to average out –by virtue of integration over a period- the effects of seasonal and 
environmental-related variations in radon levels in the dwellings [11,12,15]. The CR-39 
detectors are more sensitive to alpha particles. They can detect alpha particles with 
energies from about 0.1 MeV to about 20 MeV.  

In this work, we present the results of radon surveillance in Eidon town (north of 
Jordan) for radon levels inside dwellings and in soil too.   

Measurement Technique  
In our survey we divided the Eidon area into five regions coded by E (Eastern), W 

(Western), N (Northern), A (Alia) and C (Central) region, where 466 pre-calibrated 
passive dosimeters (in the School of Physics and Space Research at Birmingham 
University, England) containing CR-39 detectors of high quality were distributed 
randomly among the dwellings of the different regions and in soil surrounding them at 
depths of 30 and 60cm. Inside each dwelling, the dosimeters were placed at 2m above 
the floor in the bedroom, living room and in the kitchen. The structure of these 
dosimeters had been described in previous study [2,3]. 

On the other hand, monitoring radon in subsoil was carried out by putting the 
dosimeters upside-down in the bottom of hole in the soil at a depth of 50 cm, protected 
by PVC tubes inserted in the cavities. The soil dosimeters were collected after two 
weeks of exposure while the indoor dosimeters lasted for three months.  The collected 
dosimeters were chemically etched using 30% KOH for 8 hours at 700 C, and an optical 
microscope was used to count the number of tracks per cm2 registered on each detector.                              

The radon activity density C, in units of Bq/m3, is then calculated using the 
following formula [6]:                    

t
tCC  ------------------------------------------------------------------------------ (1)

where Co is the radon activity density of the calibration chamber (90 kBq/m3), to is 
the calibration exposure time (48 hours),  is the measured track number density per cm2

on the CR-39 detectors inside the dosimeters used in the study, o is the measured track 
number density per cm2 on those of the calibrated dosimeters and t is the exposure time. 
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Results and Discussion 
The results of our work along with the statistical errors are presented in Tables 1-7. 

The average value of radon concentration inside the dwellings was found to be 
60.4±12.3 Bq/m3, which is nearly the same level as that of our national average. While 
the mean values of radon levels in soil were 4.62±0.053 kBq/m3 and 9.35±0.01 kBq/m3

at depths of 30cm and 60cm, respectively.   

Table (1) presents the overall radon concentrations inside dwellings in the five 
regions of the study area regardless of the type of building materials, ventilation and 
other factors that affect the radon level in air inside the dwellings. The Western region 
(W) was found to have the lowest radon level (57.8 12.99 Bq/m3 in average), while the 
Central one (C) had the highest level of radon concentration (79.8 11.86 Bq/m3 in 
average). These results seem to be fairly reasonable since the Western region is 
relatively the highest region in Eidon area with relatively higher wind speed. On the 
other hand the Central region is characterized by crowded buildings and considered to be 
the lowest region in the area. 

Table 1: Concentrations of radon in the five regions of Eidon area. 
Region Code Concentration (Bq/m3)

Maximum        Minimum          Average 
Standard Deviation 

W 144.0 33.6 57.8 12.99 
A 106.0 32.4 59.3 14.61 
E 121.0 35.1 65.2 11.75 
N 249.5 41.7 73.9 11.57 
C 203.6 32.3 79.8 11.86 

Table (2) shows that the mean value of radon concentration inside the ground floors 
of the dwellings varies from room to room where we note that the type of use of the 
room has an effect on the radon level, the average values of radon activity were 
61.8±12.3, 73.6±11.5 and 67.5±12.6 Bq/m3 in the living rooms, bedrooms and kitchens, 
respectively. It is clear that the radon concentration is relatively high in bedrooms and 
low in the living rooms. This is because the residents usually spend most of the daytime 
in the living rooms and consequently need more ventilation while the bedrooms kept 
closed most of the time and did not get enough ventilation.   

Table 2: Radon levels in air inside different rooms. 
Room Concentration (Bq/m3)

Maximum              Minimum          Average 
Standard 
Deviation 

Bedroom 249.5 34.2 73.6 11.57 
Living room 191.2 32.3 61.8 12.34 

Kitchen 217.3 33.6 67.5 12.62 

Table (3) showed that the radon concentration level was relatively high 81.3±11.8 
Bq/m3 in buildings made of stones while concentration was low 57.9±13.0 Bq/m3 in 
buildings made of blocks. This can be attributed to the fact that some of the stones used 
in structure of buildings contain a small amount of radium [10].  
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Table 3: Radon levels inside dwellings of different building materials. 
Dwelling 
Structure 

Concentration (Bq/m3)
Maximum              Minimum          Average 

Standard 
Deviation 

Block 117.3 32.3 57.9 12.99 
Stone 249.5 33.9 81.3 11.86 
Concrete 146.9 34.2 73.3 11.57 

Table (4) showed that the mean value of the concentration was about 98.1±10.6 
Bq/m3 in rooms without ventilation, while the concentration was about 58.3±13.0Bq/m3

in well-ventilated rooms (18-24 hours daily). These results were clearly reasonable since 
the ventilation always decreases the radon activity level indoors. 

Table 4: Correlation of radon levels with the ventilation time. 
Ventilation 
Time (hr) 

Concentration (Bq/m3)
Maximum             Minimum              Average 

Standard 
Deviation 

0 249.5 43.2 89.1 10.6 
1-6 217.3 32.4 70.7 12.0 

6-12 149.9 32.3 68.8 12.6 
12-18 121.0 42.0 66.4 12.6 
18-24 132.6 33.6 58.3 12.99 

Table (5) shows the radon concentration at two depths in Eidon area. These data 
show that radon concentration in soil range from 1.14 to 25.11 kBq/m3 at depth of 30 cm 
and from 1.99 to 27.34 kBq/m3 at depth of 60 cm. The mean values were 4.62±0.053 
kBq/m3 and 9.35±0.01 kBq/m3 at depths of 30cm and 60cm, respectively.  These results 
showed that radon concentration in soil increases with depth. 

Table 5: Radon concentrations in soil at different depths. 
Depth (cm) Concentration (Bq/m3)

Maximum          Minimum          Average 
Standard 
Deviation 

30 25110 1140 4618 53.6 
60 27342 1993 9353 109.9 

Table (6) shows the radon concentration in soil of different regions in the study 
area. From these data the highest radon levels were in regions N and C, which are 
characterized by hard muddy soils that prevent radon gas from escaping from the ground 
and consequently increase the radon level. However, the lowest radon levels were in 
regions E and W, which are relatively the highest regions in the study area and 
characterized by high porosity, therefore the high-speed winds there along with the high 
porosity of the soil would enable the diffusion of radon gas from the ground into air [13].  
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Table 6: Distribution of radon concentrations in soil in various regions of the study area. 
Region Code Concentration (Bq/m3)

30 cm                                             60 cm 
W 3133 10674 
A 3455 10707 
E 2543 4199 
N 5915 11559 
C 9410 12492 

Finally, in Table (7), a correlation between the average values of radon 
concentration in the ground floors of each region with that in soil was presented. We 
found that the mean values of the ratio between the radon concentration in soil at depths 
of 30 and 60 cm to that in the ground floors were 83 and 184, respectively. 

Table 7: Correlation of radon levels in soil with that in the ground floors. 
Region Code X Y1 Y2 Y1/X Y2/X

W 65 4449 13540 86 261 
A 61 6892 15060 112 246 
E 54 2531 4369 46 81 
N 57 5589 9800 98 171
C 78 8399 12834 107 164 

X is the average radon concentration in the ground floors in Bq/m3,
Y1 is the corresponding average radon concentration in soil at depth of 30 cm in Bq/m3,
Y2 is the corresponding average radon concentration in soil at depth of 60 cm in Bq/m3

Conclusion
The average indoor radon concentration in studied areas of Eidon was found to be 

about (60.4±12.3 Bq/m3) which is about the level of the national average and about 1.5 
times the worldwide average. This level is much below the action level recommended by 
some countries (200 Bqm-3 in the UK and 150 Bqm-3 in the USA). This study proofs that 
radon levels in indoor air depends on underlying geology, structure of the soil (porosity 
and permeability) and ventilation. According to the results obtained and the model 
proposed by Cross [14], the mean value of the risk of lung cancer was calculated to be 
3.3  10-3. One can say that Eidon area is not a radon-affected one. 
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