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Abstract 
Radon ( 222Rn ) levels were determined in caves and houses in Umm Qais (ancient Jadara) 

north of Jordan using passive diffusion dosimeters consisting of nuclear track detectors CR-39. 
The average radon concentrations are reported for different periods of times. The overall radon 
average is comparable to radon levels in other locations in Jordan and within the internationally 
acceptable values. Domestic caves are reported to have higher average concentrations than houses 
and field caves. 
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Introduction:

Raised radon levels are known to exist in mines and show caves. For indoor radon, 
the main sources are soil, building materials and water supplies. The outdoor radon 
concentration is typically low and less than average indoor levels, it may therefore be 
neglected as a contributor to radon exposures of radiological health significance. In most 
countries, the source of indoor radon is in the soil or rock subjacent to the house  

The earth and its rock grains contain uranium 238U and thorium 232Th. 222Rn and 
220Rn are produced as a result of 238U and 232Th decay. 222Rn has a half life of 3.82 days. 
220Rn has a half life of 55 seconds. Because of its short half life, 220Rn disappears rather 
quickly after its production and therefore has little consequences in terms of radiological 
health. The term radon will then refer to 222Rn exclusively unless otherwise stated. 
Radon is produced within rock grains that contain uranium. Its immediate parent is 
226Ra. For a given radium concentration in various rock specimens the amount of radon 
that escapes is different depending on various parameters such as grain size, thermal 
history, etc. 

Radon and its daughter products are identified as a radiation hazard causing health 
problems such as lung cancer for those exposed to high levels of radiation such as 
underground miners [1-5]. 

It has not been clear if radon posses a similar risk of causing lung cancer in humans 
exposed to generally lower levels found in homes and caves. However for people who 
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live near caves or visit caves, the presence of this heavy radioactive gas is a point of 
concern.  

Radon levels in the air of caves vary with underlying geology, structure of the soil 
(porosity, and permeability), weather conditions and ventilation. Many researchers have 
studied radon levels in caves [6-12]. For example, Solomon [6] found radon 
concentration in Australian caves ranged from 20 Bqm-3 up to 9000 Bqm-3. The summer 
season was marked with the highest value. Jovanovic [13] in Slovenia found radon levels 
in caves ranged from several 100 Bqm-3 up to 27 kBqm-3. Higher values were measured 
in summer time. Gillmore [8] reported high radon levels for caves and mines in Devon 
and Cornwall, England. 

This study is an attempt to evaluate and gather fresh data related to radon 
concentration in dwellings and both domestic and field  caves at Umm-Qais area. In 
addition, the collected data could be of interest for world pooling on caves and to 
characterize dwellings and caves with radon levels in excess of 1000 Bqm-3 as an action 
level. Also, the collected data will be used to estimate the absorbed dose by people who 
use these caves as dwellings and/or storage for house hold things.  

Experimental Procedure  

 Study Area Discription 
The study area, Umm-Qais (Jadara), is one of the Decapolis cities located about 100 

km North of Amman. It lies on a mountain of 600 m elevation and it looks down west 
onto the Jordan River. Most of the dwellings under consideration consist of one story 
house, built of black cement and lime stone rock materials. As a rustic area, the 
ventilation habit during hot seasons is opening widows and doors with or without fans. 
Similarly, most studied caves are internally connected, horizontally extended with two or 
more entrances which provide good air exchange. These caves were engraved in  
limestone rocks with relatively small chamber volume ranging from 500 to 1500 m3.
Most of the caves under investigation are internally plastered so radon exhalation is 
minimized. In the past, these caves were used as dwellings or storage for house hold 
things, cattle and their food stuff.     

Dosimeters and Calibration 
Passive integrated closed can technique was used to measure radon concentration in 

the dwellings and caves of Umm-Qais. The dosimeters consist of pieces (1.5 x 1.5 cm2)
of nuclear track detectors (CR-39) mounted in the bottom of a cylindrical cup which is 
described elsewhere [14]. The prepared dosimeters were distributed in 31 houses and in 
the caves belonging to those houses (domestic caves) and in some caves in the fields far 
away from the houses (field caves). Two dosimeters were placed inside  each cave and 
one dosimeter was placed inside each house one meter below the ceiling in the 
bedrooms. 

The study period started in the beginning of October 2002 and it lasted for one 
month for caves and three months for dwellings. This period is characterized of being 
meteorologically moderate (temperature, humidity and pressure were about the average) 
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in the study area. The study was repeated one year later (October 2003) for places 
showed high radon concentration in the first study. The dosimeters in caves and houses 
in the second experiment were left for three months. 

Detector Treatment and Analysis 
The retrieved detectors were chemically etched using 30% KOH solution for 9 

hours in a temperature controlled water path fixed at 70oC. An optical microscope was 
used to count the alpha track density,  (tracks cm-2), on the exposed detectors. This type 
of dosimeters was previously calibrated in the school of physics and space research at 
Birmingham University, UK, using a chamber of standard radon concentration (Co= 90 
kBqm-3) and the irradiation period, to, was 48 hrs. These dosimeters were treated as those 
exposed in the study area.  

Results and Discussion 
To calculate 222Rn concentration, the radon activity density   was determined by 

measuring the tracks densities on the detector according to the following relation 

                              t
tCC

 ........................................................................... (1) 

Where  Co, to were defined earlier and o is the average surface density of tracks on 
the calibrated detector (3.302 x104 tracks cm-2),    is the average surface density of 
tracks on the exposed detectors, and t is the exposure time. 

Samples collected from domestic caves after two weeks have radon concentration 
level ranged between 26 and 114 Bq/m3 with an average of 65±12 Bq/m3 and the 
estimated dose 1.78 mSv. The samples collected from field caves after two weeks have 
radon concentration levels ranged between 9 and 54 Bq/m3 with an average of 33±8 
Bq/m3 and the corresponding dose was 0.75 mSv. 

Samples collected from domestic caves after four weeks have radon concentration 
ranged between 43 and 260 Bq/m3 with an average of 130±16 Bq/m3 and the related 
dose was 2.95 mSv. The samples collected from field caves after four weeks have radon 
concentration ranged between 39 and 172 Bq/m3 with an average of 101±10 Bq/m3 and
the estimated dose was 2.3 mSv. Samples collected from houses after three months have 
radon concentration levels ranged between 40 and 109 Bq/m3 with an average of 63±14 
Bq/m3 and the related dose was 1.43 mSv. Values of average concentrations are 
summarized in Table 1. 
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Table1: Average concentration (Bqm-3) in dwellings' caves for different periods

              during 2002. Numbers between brackets are doses in mSv.  

location 2 weeks 4 weeks 3 months 

houses - - 63 (1.43) 

Domestic caves 65 (1.48) 130 (2.95) - 

Field caves 33 (0.75) 101 (2.30) - 

It is important to know that domestic caves are taken care of. The caves are 
provided with doors which are locked for the safety of stored goods or animals so they 
are poorly ventilated, while the field caves (caves outside the village of Umm Qais) are 
always wide open and better ventilated. This fact explains the lower concentration of 
radon in the field caves. 

Similarly when comparing concentration in houses to the respective domestic 
caves, one finds that even after three months the concentration in houses (63 Bqm-3)
almost equal to the concentration  of domestic caves (65 Bqm-3) in two weeks. Houses 
are definitely better ventilated, beside that houses are full of furniture rather than rocks 
and soil, the potential host of radon.  

 Table 2 shows the results radon concentration in some houses and their respective 
caves having in mind that this table does not show results for caves where detectors were 
lost along with their respective houses. 

Table 2: Average radon concentration in houses and their respective domestic  

caves (Bqm-3) for different periods. 

Location Radon Concentration (Bqm-3)

Houses (3 months) 64 62 57 40 60 40 54 109 60 51 

Domestic Caves (2 weeks) 46 40 20 30 114 45 32 82 80 52 

Domestic Caves (4 weeks) 160 94 43 85 260 94 80 225 168 125 

Table 3 shows the results of a second experiment carried out on ten houses and their 
caves during 2003. These houses were selected from areas, in Umm-Qais, showed high 
radon concentration in the first study. It is clear that the concentration level in the second 
observation of the same order except in very few cases, which means that radon level 
can vary from day to day and from one location to another depending on many factors 
such as temperature, humidity, pressure, elevation, etc…. However, the average 
concentration of radon in these houses was about 162±30 Bqm-3 and for the caves was 
about 192±35 Bqm-3. These areas, including the caves in it,  are characterized by thin 
exposed phosphatic limestone layer, which is considered a potential source of  238U, the 
grandfather of radon.  

Table 3: Average radon concentration (Bqm-3) in houses and their respective 
caves.
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Location Concentration 

Houses (3 months) 160 165 155 168 153 225 130 160 148 160 

Caves (3 months) 180 168 160 180 160 240 230 220 200 190 

It is important to note that houses with higher concentration are constructed 
according to modern style which is interconnected rooms with corridors, contrary to the 
other houses with less concentration which are constructed according to the old style; 
houses are consist of a row of rooms open to the atmosphere usually facing due south for 
a better sun exposure. The latter mentioned houses are obviously better ventilated. 

Conclusion
Most of the studied caves and houses show in general low radon levels. Results 

were highly correlated with the degree of ventilation. Houses built according to modern 
style having interconnected rooms (poorly ventilated) have higher radon levels than 
those built according to old style having rooms arranged in rows. Domestic caves (caves 
in the village) with doors have higher radon levels than field caves (outside the village) 
of wide open entrances. So if a cave is well ventilated, there will be a little to worry 
about unless one stays in the cave for a long period of time. Two or four weeks as an  
exposure time for CR-39 in the dwellings and caves is not enough to judge radon 
concentration in these places. However, the average radon levels measured in houses and 
in both kinds of caves are within the internationally acceptable values. 
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