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Abstract 

 
    The present study has measured 222Rn concentration in houses and soil of 
Malka region by using a passive dosimeter containing a solid state nuclear track 
plastic detector commercially known as (CR-39), where two hundred dosimeters 
were distributed inside houses of Malka region, additionally one hundred 
dosimeters were placed in soil. Dosimeters were left behind at place of 
experiment for three consecutive months (October, November and December 
2010). Soil planted dosimeters had been gathered 21 days post plantation in 
October, and chemically etched by using 30% solution of KOH at a temperature 
of 70 ± 0.1 C° for 9 hours, then tracks generated per unit area on surface of the 
detector CR-39 were counted by a microscope. Findings revealed that the average 
indoor radon concentration in Malka region was 45.9 Bq/m3. 
    The study found that indoor radon concentration in Malka region was ranging 
from 30 ± 18.2 Bq/m3 at east area to 62 ± 27.7 Bq/m3 at south area. Moreover, the 
indoor radon concentration in the guest rooms was 52.45 ± 24.9 Bq/m3 which is 
almost the same in the bedrooms 52.13 ± 25.1 Bq/m3, whereas the indoor radon 
concentration in living rooms was 45.9 ± 20.5 Bq/m3. The study indicated also 
that radon concentration in soil of Malka region was 1.53 ± 0.4 kBq/m3, it's 
closely similar in four areas (east, west, north and south). Such a radon 
concentration levels considered to be much lower than the indoor radon action 
level of 200 Bq/m3 for Europe and 150 Bq/m3 for United States. Radon 
concentration in the study region is comparable to the national radon 
concentration. The increase in the probability of inducting lung cancer in the 
average person from Malka region was 0.48%. 
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Introduction 
 
    Radon is a natural radioactive inert gas without odor, color, taste and has 
atomic mass 222, atomic number 86, melting point 202 k, boiling point 211.3 k, 
density at 293 k is 9.73 g/cm3 and chemically unreactive with most material, so is 
free travel and can move easily through very small spaces. However, radon 
occasionally forms cathartic compounds with some organic compounds and may 
form ionic or covalent bonds with highly reactive elements such as oxygen or 
moderate soluble in cold water. 
    Twenty isotopes of radon are known. Three of them are natural and the rest are 
artificial. The natural radon isotopes are 222Rn (Radon), 220Rn (Thoron) and 219Rn 
(Actinon), which decayed from the natural decay series 238U, 232Th and 235U, 
respectively. The half lives of these isotopes are 3.82 days, 55.6 s and 3.9 s, 
respectively. Since its half life is very short and it has low abundance, 219Rn is 
ignored in tackling radon problem. However, 232Th abundance is higher than 238U 
abundance; 220Rn can contribute to the environmental radioactivity. Because it has 
short half life (55.6 s) it dies in its cradle before it reaches the man environment. 
So, 220Rn is normally ignored in the environmental studies. The decay chains for 
238U, 232Th and 235U nuclides are shown in Figures 1, 2 and 3. 
 

 
Fig.1. 238U decay series - source of 222Rn (Radon). 
 

 
Fig. 2. 235U decay series - source of 219Rn (Actinon). 
 

 
Fig. 3. 232Th series - source of 220Rn (Thoron). 
 
    In comparison to Thoron and action, radon is able to move considerable 
distances from its birth place during its life time. It can diffuse out of soil surface 
in to ambient atmosphere, basement and houses. So, 238U decay chain is paid more 
attention in the environmental and radiological studies. In general, a soil that is 
uranium enriched will also be radium enriched, even though uranium and radium 
have different geochemical properties. Radium atoms that lie deep within mineral 
grains are unable to produce radon atoms that can escape into pores and fractures. 
The mobile radon atoms are mainly produced from that has been located on the 
mineral grain surface by ground water precipitation, weathering or micro 
fracturing of the grains [1]. 
 



Health effects on public of Malka region                                                             63 
 
 
    Radon can enter a house from soil, building material and water supplies. The 
normal radon concentrations at a depth of one meter under the earth's surface are 
usually higher than 10.000 Bq/m3. Ninety five percents of exposure to radon in 
the indoor atmosphere is from soil, about one percent is from drinking water 
sources. So that, the most significant indoor radon source is the soil. Concerning 
ambient air, radon concentrations are relatively low. So, it may therefore be 
neglected as a contributor to radon exposure which is of radiological health 
significance. 
    The adverse health effects of exposure to radon are caused primarily by damage 
due to alpha particles. Radon and its daughters especially, polonium-218 and 
polonium-214, these two radioactive nuclei emit alpha particles with energies 
6.003 and 7.678 MeV, respectively. The possible effects will depend on exposure 
level, the main danger from high radon exposure is an increasing risk of lung 
cancer. Radon as a noble gas is rapidly exhaled after being breathed in, however, 
radon progenies combine with other molecules in the air and with particles of 
dust, aerosols or smoke and readily deposit in the airways of the lung while 
lodged there, the progeny emit ionizing radiation in the form of alpha particles, 
which can damage the cells lining the airway. The majority of the decay products 
actually deposit in the pulmonary region (about 25%), but the large area of the gas 
exchange region in the pulmonary compartment yields few alpha decay per unit 
area, yielding less dose [2]. So, living in an elevated level of radon concentration 
for along time means that the probability of inducting lung cancer increases [3]. 
    The radon contributes in increasing of absorption radiation dose. The ICRP 
published in its report [4] that each 1Bq/m3 of radon level means about 0.025 
mSvy-1. So, to estimate the probability of getting lung cancer from radon 
concentration Cross found it equal 1.65 × 10-2, if the radon concentration was 37 
Bq/m3 [5]. 
    An association between an excess risk of lung cancer and exposure to radon 
and its decay products has been demonstrated in uranium miners [6]. 
During recent years, several reports have appeared in monitoring the radon in the 
dwellings all over the world [4] [7] [8] [9] [10] [11]. A few studies were 
performed in Jordan used (CR-39) detectors to measure radon levels in Jordanian 
cities [12] [13] [14] [15], aiming to produce radon map for Jordan. We measure 
the levels of radon gas in the air of soil and houses of Malka region north of 
Jordan. This study aims to measure the concentration of radon gas in the guest, 
bed and living rooms and in soil of Malka region as a continuation of radon 
survey in Jordan. We measure the increase in the probability of inducting lung 
cancer in the average person from Malka region. 
 

Measuring procedures 
 
    Malka region was divided into four areas (east, west, south and north). The 
division was based on the center of Malka region to facilitate the distribution of 
the dosimeters which will be later collected and analyzed. 
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Fig. 4. Cross section of the passive  
radon dosimeter used in the study. 
 
Table 2 
Radon concentration inside Guest and Living rooms of Malka region. 

Guest room Living room 
Area name Minimum Maximum Average Minimum Maximum Average 
East Malka 34.8±4 109.5±17.5 56.7±27.3 32.8±8.1 138.6±16.7 52±32.5 
West Malka 29.5±7.9 127.4±14.8 64.8±36.7 32.4±6.2 97.8±14.7 59±18.6 
North Malka 26.3±7.9 69.2±15 43.7±13.9 16.7±5.6 66.5±10.9 33.9±15.8 
South Malka 19.5±6 100.5±12.4 44.6±21.5 21.5±8.6 68.8±25 38.6±14.9 

 
    The dosimeter consists of a cylindrical plastic cup (diameter = 6.8 cm, depth = 
4.6 cm) having a 1.5 cm hole in its lid covered with 0.5 cm thick compressed 
sponge to filter out dust and Thoron. Pieces (1.5 × 1.5 cm2) of CR-39 detectors 
were fixed at the bottom of the cup using double face adhesive tape (See Fig 4).  
    A bout 200 dosimeters were distributed inside houses of Malka region. 
Additionally, 100 dosimeters were planted in the soil of Malka region at 30 cm 
depth. Dosimeters were left behind at place of experiment for three consecutive 
months (October, November and December 2010). Soil planted dosimeters had 
been gathered 21 days post plantation in October, and chemically etched by using 
(30% solution) of KOH at temperature of (70 ± 0.1 ) C° for 9 hours, then tracks 
generated per unit area on surface of the detector (CR-39) were counted by an 
optical microscope with proper magnification. Malka lies 104 km north of 
Amman (Jordan). Its population is around 25000 people. Most of the building 
materials like cement, concrete blocks, steel and rocks are locally manufactured. 
     The succeeding Amman Silicified Limestone Formation is the youngest 
bedrock exposed in the study area. The formation consists of grey and brown, thin 
to medium bedded chert, exhibiting a variety of texture ranging from 
homogeneous to brecciate, interbedded with grey and buff limestone, dolomitic 
limestone, marl, phosphatic chert, phosphate and apatite schist. These rocks were 
deposited in a subtidal to shallow shelf environment. 
 

Bed room 
Area name Minimum Maximum Average 
East Malka 20.1± 7.4 127±20.3 51.3±28.7 
West Malka 30.7± 7.5 105 ± 13 57.5±24.3 
North Malka 15.4± 9.4 97.7±13.2 56.2±29.4 
South Malka 28.3± 8.9 85.5±12.4 43.5±17.9 

Table 1 
Radon concentration inside Bed rooms 
of Malka region 
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Fig. 5. Average radon concentration in Bed rooms, Guest rooms and Living rooms 
at Malka region. 
  
Table 3 
Radon concentration (kB/m3) in soil of Malka region at 30 cm depth 
Area name Minimum  Maximum  Average 
East Malka  0.8 ± 0.1 1.1 ± 0.02 0.9 ± 0.1 
West Malka  1.1 ± 0.2 2.5 ± 0.04 1.7 ± 0.5 
North Malka  0.9 ± 0.08 2.9 ± 0.2 1.8 ± 0.8 
South Malka  1.4 ± 0.01 2.1 ± 0.3 1.7 ± 0.2 
 
 
Result and discussions 
 
    The indoor radon levels (minimum, maximum and average) inside houses of 
Malka region according to room type are shown in Table 1 and Table 2. At Malka 
region, the average radon concentration in bed rooms was 52.13 ± 25.1 Bq/m3 and 
in guest rooms was 52.5 ± 24.9 Bq/m3, whereas the average radon concentration 
in living rooms was 45.9 ± 20.1 Bq/m3. The study showed that the rooms which 
have the longest ventilation period have the lowest average radon concentration 
(Living rooms). The highest concentration was in guest rooms in west area of 
Malka region, (See Fig. 5). This difference may be due to the long time spent in 
the living room during the day which need to be in suitable condition for setting 
there, so the ventilation by opening the windows and doors be for longer time than 
guest rooms and bedrooms which usually used during night and keeping windows 
closed most of the time to avoid the dust and some times, because the temperature 
will decrease in it. The south area of Malka region was characterized by low 
average radon concentration (42.2 Bq/m3) inside houses. This may be due to the 
big size of families who live in relatively old houses. The average radon 
concentration of Malka region was 45.9 Bq/m3 which is the same as the Jordanian  
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national level 42 Bq/m3. The average radon concentration levels of Malka region 
considered to be much lower than the indoor radon action level of 200 Bq/m3 for 
Europe and 150 Bq/m3 for the United State. 
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Fig. 6. Average radon concentration of Malka region at 30 cm depth. 
 
    Table 2 shows the radon levels (minimum, maximum and average) in soil of 
Malka region at 30 cm depth. The average radon concentration in soil of Malka 
region was 1.53 ± 0.4 kBq/m3 (See Fig 6). Ignoring other sources of radon inside 
houses, one can say that every 1000 Bq/m3 in soil contributes about 10.6 in 
houses of Malka region. 
    However, radon has a good contribution toward the natural absorption radiation 
dose. The ICRP published in its report that every 1 Bq/m3 of radon level 
contributes about 0,025 mSvy-1[4]. Cross estimated the probability of getting lung 
cancer from radon concentration to be equal to 1.65 × 10-3 if the radon 
concentration was 37 Bq/m3 [5]. So, the calculated equivalent doses were 1.15 in 
Malka region. The increase in the probability of inducting lung cancer in the 
average person from Malka region was 0.48%. 
 
Conclusions 
 
    The average indoor radon concentration in Malka region (north of Jordan) was 
45.9 Bq/m3. However, there were small differences between radon concentrations 
in Malka areas. The average radon concentration in Malka region was about 45.9 
Bq/m3 which are comparable to the Jordanian national level. The average radon 
concentration in Malka region was below the indoor radon concentration action 
level recommended by ICRP [4]. The average radon concentration in Malka soil 
was 1.53 ± 0.4 Bq/m3. Ignoring other sources of radon inside houses, one can say 
that every 1000 Bq/m3 in soil contributes about 10.6 in houses of Malka region. 
The increase in the probability of inducting lung cancer in the average person 
from Malka region was 0.48%. 
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