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Abstract 
 
     Risk of lung cancer in some homes of Al- Mafraq city (north east of Jordan) 
has been studied using solid state nuclear tracks detectors (SSNTDs) by 
calculating the increase in the probability of lung cancer without taking account of 
the first cause of lung cancer (smoking). Measurements of radon gas 
concentrations were from 1 December, 2011 and the ended in 1 March, 2012. 
About 600 dosimeters were distributed in the study site (Al-Mafraq city).       
Distributions for the dosimeters were from centre of Al-Mafraq city to facilitate 
the distribution which will be later collected and analyzed. Three dosimeters were 
distributed inside each house in each region from the study site. Dosimeters 
distributed in living rooms, guest rooms and bed rooms. Additionally 200 
dosimeters were planted in soil of Al-Mafraq city at 50 cm depth to reach a 
relationship between the concentration of radon in homes and concentration in 
soil 
     The maximum average radon concentration was recorded in R2 region, while 
the maximum average radon concentrations according to the room type were in 
the guest rooms. Average radon concentration in Al-Mafraq soil range between 
1.4 ± 0.5 kBq.m-3 in R4 region and 1.7 ± 0.8 kBq.m-3 in R3 region. There were no 
statistically significant differences among the results for the various parts of the 
city, but one can say that 1000 Bq.m-3 in soil air of radon contributes about 29, 26, 
28, 29 and 35 Bq/m3 in homes air of R1, R2, R3, R4 and R5 regions, respectively. 
Average radon concentration indoor homes of Al-Mafraq city were 49 ± 17 Bq.m-

3 which is comparable to nation radon concentration (42 Bq.m-3). Such radon  
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concentration levels considered to be much lower than the indoor radon action 
level of 200 Bq.m-2 for Europe and 150 Bq.m-3 for United States. Increase the 
concentration of radon gas in homes means increase the risk of lung cancer, 
therefore the increase in the probability of lung cancer in an average person from 
R1, R2, R3, R4 and R5 regions are 0.45%, 0.63%, 0.53%, 0.47% and 0.37%, 
respectively. 
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1. Introduction 
 
     Radon is a gaseous highly radioactive element discovered by English physicist 
Ernest Rutherford in 1899. The discovery is also credited to German physicist 
Friedrich Ernst Dorn in 1900. More specifically, Rutherford discovered radon's 
alpha radiation and Dorn discovered that radium was releasing a gas. 
     Radon is not produced as a commercial product. It is a naturally occurring 
radioactive gas and comes from the natural breakdown (radioactive decay) of 
uranium. It is usually found in igneous rock and soil, but in some cases well water 
may also be a source of radon. 
     Radon has no taste or smell and can not see, but it may be a problem in your 
home. Radiation emitted by the radon causes the lung cancer. The Surgeon 
General has warned that radon is the second leading cause of lung cancer in the 
United States today. If you smoke and your home has high radon levels, you are at 
high risk for developing lung cancer. Some scientific studies of radon exposure 
indicate that children may be more sensitive to radon. This may be due to their 
higher respiration rate and their rapidly dividing cells, which may be more 
vulnerable to radiation damage. 
     Radon has been used in some spas for presumed medical effects. In addition, 
radon is used to initiate and influence chemical reactions and as a surface label in 
the study of surface reactions. It has been obtained by pumping the gases off of a 
solution of a radium salt, sparking the gas mixture to combine the hydrogen and 
oxygen, removing the water and carbon dioxide by adsorption and freezing out 
the radon. We measured concentrations in the homes and soil of Al-Mafraq city 
which lies about 51 km east north of Amman (capital of Jordan). This study aims 
to measure the concentration of radon gas in Al-Mafraq city as a continuation of 
radon survey in Jordan and calculate the increase in the probability of lung cancer 
in some homes of Al- Mafraq city. 
     Solid state nuclear track detectors (SSNTDs) were used in this study 
commercially known CR-39. Its an ally1 glycol carbonate plastic that has the 
unique properties of being inert to light, X-ray , gamma and beta radiation, but 
reactive with alpha particles, when an alpha particle strikes the plastic surface it 
produces a path of damage to a depth of approximately 40 nm.  
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2. Previous studies 
 
     In the past years many studies were conducted on radon gas and its relation 
with lung cancer. Field obtained that cumulating radon exposure in the residential 
environment is significantly associated with lung cancer [1]. Toth found that 
medium high radon between 110 and 165 Bq.m-3 causes cancer risk [2]. A study 
by kohli and others show a strong association between radon and childhood 
leukemia especially with continued residence in areas of high radon risk [3]. 
 
 
Table 1 
Radon concentration (Bq.m-3) inside homes of Al-Mafraq city according to the 
room type 
 

 
 
 

 
 
 
 
 
 
     In Jordan Many studies were performed used SSNTDs detectors to measure 
radon levels in Jordanian cities during four seasons. The average radon 
concentration ranged from 29.3 to 99.7 Bq.m-3 [4] [5] [6]. 
 

Guest room Living room Bed room 
Region 
name 

Minimum Maximu
m 

Average Minimum Maximum Average Minimum Maximum Average 

R1 20 ± 7 127 ± 20 51 ± 29 36 ± 5.7 100 ± 19 42 ± 10 22 ± 5 102 ± 6.1 45 ± 4 
R2 31 ± 14 143 ± 25 68 ± 30 25 ± 15 112 ± 19 55± 20 29± 23 122 ± 25.4 58 ±22 
R3 15 ± 9 98 ± 13 56 ± 29 29  ± 8 59 ± 9 41± 11 27 ± 9 52 ± 11.3 44 ± 8 
R4 28 ± 9 86 ± 12 43 ± 18 28  ± 9 55 ± 15 38± 10 23± 10 78 ± 13.4 40 ± 12 
R5 31 ± 8 105 ± 13 58 ± 24 32 ± 11 72  ± 11 51± 15 28± 15 82 ± 12 50 ± 17 

Fig 1 Average radon concentration in 
Guest rooms, Living rooms and Bed 
rooms in Al-Mafraq city 
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Fig 2 Average radon concentration in 
Al-Mafraq city. 
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Table 2 
Radon concentration (Bq.m-3) inside homes of Al-Mafraq city according to the 
region 
Region name Distributed 

number 
Collected 
number 

Minimum Maximum Average 

R1 120 114 20.1 ± 7.4 127.2 ± 20.3 46.1 ± 14.2 
R2 120 120 39.8 ± 7.9 151.4 ± 22.3 60.1 ± 24.4 
R3 120 118 15.4 ± 9.4 97.7 ± 18.2 47.1 ± 16.2 
R4 120 118 28.2 ± 8.9 85.9 ± 15.8 40.4 ± 13.5 
R5 120 120 30.7 ± 7.5 105.4 ± 15.8 52.7 ± 18.6 

 
 
3. Study Site 
 
     Al Mafraq, Jordan is located at 32.3429 [latitude in decimal degrees], 36.208 
[longitude in decimal degrees] (See Fig 3). The average elevation of Al Mafraq, 
Jordan is 696 meters. It's about 51 km east north of Amman (capital of Jordan). 
The population of Al Mafraq, Jordan is 114.550 according to the Population 
estimate 2008. This area consists from rocks in different quantities like phosphate, 
marl and limestone which refer to the Upper Cretaceous and Tertiary in selected 
places in Mafraq Governorate. Measurements radioactivity content in the named 
rocks didn’t exceed the recommendations of the International Corporation for 
Protection from Radioactivity. 

 E  

 
 
 
 
4. Measuring procedures 
 
     Al Mafraq city was divided into five regions from the centre and coded R1, R2, 
R3, R4 and R5. This division of Al Mafraq city to facilitate the distribution of the 
dosimeters which will be later collected and analyzed. SSNTDs detectors were 
used in the study site. These detectors are very durable, pose no great handling 
problems and are not fogged by exposure to light or affected by moderate degrees  
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Fig. 4 Average radon concentration in 
soil of Al-Mafraq city at 50 cm depth 

Fig. 3.  Map of Jordan shows study site 
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of heating. Their simplicity and durability makes them particularly valuable and 
their robustness enables them to be used in personal dosimetry. SSNTDs have the 
extra advantage of retaining their record after readout and that led to their rapid 
application in a wide variety of fields. Solid state nuclear track detectors have 
become an important tool in the investigation of the presence of radon gas not 
only in indoor air but also in soil [7] [8]. 
 
 
Table 3 
Radon concentration (kBq.m-3) in soil of Al-Mafraq city at 50 cm depth 
Region name Distributed 

number 
Collected 
number 

Minimum Maximum Average 

R1 40 40 0.9 ± 0.3 3.0 ± 0.3 1.6 ± 0.5 
R2 40 40 1.4 ± 0.2 1.7 ± 3.1 1.7 ± 0.8 
R3 40 38 0.1 ± 0.1 2.0 ± 0.2 1.7 ± 0.3 
R4 40 40 0.9 ± 0.1 2.1 ± 0.1 1.4 ±0.5 
R5 40 40 1.2 ± 0.1 2.4 ± 0.3 1.5 ± 0.5 

 
     A detector with dimension (1.5cm × 1.5cm) fixed on the bottom of can use 
double-face adhesive tape in each dosimeter, the dimensions of container 7.0 cm 
in diameter, 4.6 cm in depth. The container has been covered by lid and was made 
a circular hole of diameter 1.5 cm at the center of lid. The hole is covered by a 
piece of sponge with area of (2 cm × 2 cm) and a thickness of 0.5 cm, sealed on to 
the interior surface of lid. A bout 800 dosimeters were distributed in the study site 
(inside homes and soil of Al-Mafraq city). The study started from 1, December, 
2011 and the ended in the 1 March, December, 2012. 
      Al-Mafraq city consists from rocks in different quantities like phosphate, marl 
and limestone which refer to the Upper Cretaceous and Tertiary in selected places 
in Mafraq city. The radon concentration C in units of Bq.m-3 was measured using 
the following formula [6]: 

                    
Where: co is the radon concentration of the calibration chamber (90 × 103 Bq.m-3). 
to: the calibration exposure time (48 hours). 
ρ: the measured track number density/cm2 on the SSNTDs detectors inside the 
dosimeters used in the study (Tracks/cm2). 
ρo: density of tracks on the detector calibration ( 3.3 × 104 Tracks/cm2). 
t: the exposure time in hours (3 months  = 2184 hours). 

       

Where: x  is the average number of tracks in a dosimeter observed through the 
microscope; 
A: the Area seen under the microscope; 

(1)  

)2(  
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Using the values of co, to and ρo in equation (1), so that the equation will be: 

       

Where: Am the Area seen under the optical microscope at magnification m        
(A40 = 0.5 × 10 -2 cm). 
 
 
Table 4 
Percentage of the concentration of radon gas inside homes of Al-Mafraq city 
 
 
Region 
name 

number 
of 

Collected  

Number of detectors 
that radon 

concentration is 
below average 

Percentage 
Below 

average 
(%) 

Number of detectors 
that radon 

concentration higher 
than average 

Percentage 
Above 

average  
(%) 

R1 114 72 63.3 42 36.7 
R2 120 54 45 66 55 
R3 118 70 59.3 48 40.7 
R4 118 80 67.8 38 32.2 
R5 120 68 56.7 52 43.3 

 
 
     In this study we measured radon gas concentration inside homes of Al-Mafraq 
city using SSNTDS detectors and then calculated the increase in the probability of 
lung cancer in Al- Mafraq city using the following equation: 
 
 CP = Cavg x 9.7x10 -5                                                                                             (4) 
 
Where: CP is the cancer probability (%) caused by radon. 
Cavg: is the average radon concentration in Bq.m-3 and the conversion factor 
(cancer probability / Bq.m-3) comes from Cross [9]. Radon gas concentration was 
measured in soil of the study site to reach a relationship between the concentration 
of radon in homes and concentration in soil in order to be broader and more 
comprehensive study. Each region of Al-Mafraq city containing 4 dosimeters 
(three in the house and one in soil of the house garden). The indoor dosimeters 
were collected after three months while soil dosimeters were collected after 21 
days. The retrieved detectors were chemically etched under the conditions (30% 
KOH, 70 ± 0.1 C° and 9 hours). Same conditions were applied for calibration 
dosimeters. After the completion of etching, detectors were washed by distilled 
water and then dried out. An optical microscope was used to measure the nuclear 
alpha track density on the detectors surfaces. 
 
 
 
 

 )3( 
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Table 5 
Ratios in the concentration of radon in the air of homes and soil of each region 

Region name (Csoil) Bq/m3 (Chome) Bq/m3 Chome/Csoil 
R1 1600 46.1 0.029 
R2 1650 60.1 0.026 
R3 1700 47.1 0.028 
R4 1400 40.4 0.029 
R5 1500 52.7 0.035 

 
 
5. Result and discussion 
 
     The maximum average radon concentrations according to the room type were 
in the guest rooms because the guest rooms remain closed most of the times, lack 
of use and poor ventilation (See Table1). Table 2 shows the indoor radon levels 
(minimum, maximum and average); maximum average radon concentration was 
recorded in R2 region 60.1 ± 24.4 Bq.m-3. This rise in concentration due to near 
the houses of each other, age houses and lack of ventilation [9]. The average 
radon concentration in Al-Mafraq soil range between 1.4 ± 0.5 kBq.m-3 in R4 
region and 1.7 ± 0.8 kBq.m-3 in R3 region (See Table 3). No statistically 
significant differences in the concentration of radon in the soil were found in Al-
Mafraq city (See Fig4). The reason is that the soil areas are similar in terms of 
porosity, moisture and geological arrangement of the rocks. 
     Table 4 shows that 63.3% of the houses in R1 region contain concentrations of 
less than average and also 45%, 59.3%, 67.8%, 56.7% in the regions of R2, R3, R4, 
R5, respectively. 
 

Fig. 5 Ratios in the concentration of 
radon in the air of homes and soil of 
Al-Mafraq city 

Fig. 6 Increase in the probability of 
lung cancer causes by radon gas for 
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Table 6 
Increase in the probability of lung cancer caused by radon gas for residents in   
Al-Mafraq city  

Al-Mafraq city 
Region name Average concentration 

(Bq.m-3) 
Increase the probability of lung cancer due to 

radon (%) 
R1 46 ± 14 0. 45 
R2 60 ± 24 0. 58 
R3 47 ± 16 0. 46 
R4 40 ± 14 0. 39 
R5 53 ± 19 0. 51 

      
     Increase the concentration of radon increases the risk of lung cancer if we took 
the coefficient of lung cancer caused by natural radiation [9]. Therefore, the 
increase in the probability of lung cancer in an average person from R1, R2, R3, R4 
and R5 regions are 0.45%, 0.63%, 0.53%, 0.47%, 0.37 %, respectively             
(See Table 6). 
 
 
6. Conclusions 
 
     The average radon concentration in the living rooms in Al-Mafraq city was 
45.4 ± 13.2 Bq.m-3 almost the same as in the bedrooms 47.4 ± 12.6 Bq.m-3, 
whereas the average radon concentration in the gust rooms was 55.2 ± 26 Bq.m-3 
(See Fig 1).  
     The average radon concentration in Al-Mafraq city was 49.3 ± 17.4 Bq.m-3 
which is comparable to nation radon concentration (42 Bq.m-3) (See Fig 2). Such 
radon concentration levels considered to be much lower than the indoor radon 
action level of 200 Bq.m-2 for Europe and 150 Bq.m-3 for United States. Fig 4 
shows no statistically significant differences in the concentration of radon in the 
soil of areas in Al- Mafraq city, but one can say that 1000 Bq.m-3 in soil air of 
radon contributes about 29 , 26, 28, 29 and 35 Bq.m-3 in homes air of R1, R2, R3, 
R4 and R5 regions, respectively (See Table 5) . The increase in the probability of 
lung cancer in an average person from R1, R2, R3, R4 and R5 regions are 0.45%, 
0.63%, 0.53%, 0.47%, 0.37%, respectively (See Fig 6). 
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