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Assessment of radon gas using passive dosimeter in 
Amman and Al-Rusaifa cities, Jordan 

INTRODUCTION 

People	 are	 used	 to	 be	 exposed	 to	 different	

types	of	 radiations	during	 their	daily	 life.	 Some	

of	 these	 radiations	 are	 harmful	 to	 the	 human	

body	if	they		exceed	speci�ic	limits.	The	origin	of	

these	radiations	varies	between	natural	sources	

that	result	from	the	existence	of	many	radiating	

elements	 within	 the	 earth’s	 crust	 and	 arti�icial	

sources	 that	 result	 from	 industry	 and	 other				

human	scienti�ic	and	military			activities.	One	of	

the	natural	sources	of	radiation	is	the	radon	gas	

which	 is	 considered	 as	 a	 main	 cause	 of	 lung			

cancer	in	addition	to	smoking	(1).	This	gas	exists	

in	 all	 places	 around	 us	 at	 different	

concentrations	 varies	 according	 to	 the	 type	 of	

soil	as	well	as	the	type	of	building	blocks.	During	

breathing,	 radon	 may	 stick	 to	 the	 lung	 tissues	

and	start	emitting	alpha	particles	that	will	result	

in	a					serious	biological	damage.		

Many	 studies	 have	 carried	 out	 around	 the	

world	 to	 measure	 radon	 concentration	 indoor,	

soil	 and	water	 as	well	 as	 to	 verify	 its	 exposure	

effects	on	human	health	(2-8).	In	Jordon,	there	are	

several	studies	reported	a	survey	of	radon	levels	

in	 soil	 and	 indoor	 at	 different	 cities	 and												

geological	regions,	for	example,	Khatibeh	et	al.	(9)			

measured	 the	 radon	 concentration	 in	 different	

cities	 in	 Jordan.	 Their	 measurements	 showed	

that	 the	 average	 concentration	 of	 radon	 in						

Amman	 city	 was	 43	 Bq/m3.	 Kullab	 et	al.	(10)				

performed	a	study	on	radon	 	 in	 the	KG’s	school	

in	Amman	 	 and	 found	 that	 the	concentration	of	

radon	was	 76	Bq/m3.	 Kullab	 et	al.	 (11)	measured	

the	 radon	 concentration	 in	 three	 regions	 in	 the	

west	of	Amman	and	seven	regions	 in	Al-Rusaifa	

using	 an	 active	 and	 passive	 radon	 monitors.	

They	 found	 that	 the	 average	 concentration	 of	

radon	 gas	 in	 Amman	 and	 Al-Rusaifa	 in	 the	

ground	 and	 �irst	 �loor	 was	 about	 199.3	 Bq/m3	

and	 138.2	 Bq/m3	 during	 the	 summer	 season,	

while	 the	average	concentration	of	radon	 in	 the	
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ABSTRACT 

Background: Radon concentra�on was measured in the soil and indoor of 

Amman and Al- Rusaifa ci�es in Jordan during summer season. Materials and 

Methods: The measurement was performed using �me-integrated passive 

radon dosimeters, containing a solid state nuclear track plas�c detector, 

commercially known as CR-39. Results: Radon concentra�on levels in the soil 

ranged from 2.8 ± 1.2 to 6.9 ± 1.5 (kBq/m
3
) with an average  4.0 ± 1.6 (kBq/

m
3
)  in Amman and  from and  6.5± 1.1 to  22.4 ± 5.2 kBq/m

3
  in Al- Rusaifa  

with average 14.2 ± 2.5 (kBq/m
3
). The average indoor radon concentra�on in 

the first floor in Amman was 44.8± 5.3 (Bq/m
3
); while the average 

concentra�on in Al- Rusaifa, in the first floor, was 187± 16.35 (Bq/m
3
). In Al- 

Rusaifa, our results in the ground floor and the first floor were about 11% - 26 

% higher than the reported values, while this ra�o reaches to 56% of the soil.  

Conclusion: The average indoor radon concentra�on indoor in Al-Rusaifa 

exceeds the ac�on radon level recommend by WHO (100 Bq/m
3
). The 

poten�al health impact in this city is considered high. High radon level in Al- 

Rusaifa may be due to the phosphate content in its soil. A correla�on 

between the radon concentra�on in the soil and indoor was observed.  
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RESULTS	AND	DISCUSSION	

 

The Radon concentrations in the soil of 

Amman regions and Al-Rusaifa in unit Bq/m3 are 

listed in the table 1. The radon concentration in 

Amman’s soil ranged from 2.9 ± 0.8 (kBq/m3) to 

6.9±1.5kBq/m3. The highest radon concentration 

in Amman was in Al-Nassir region (6.9 ± 1.5 

(kBq/m3) where the type of the rocks is 

limestone. The concentration of radon in 

Suwaileh and Al-Nuzha are slightly the same 

2.97 ± 0.7 and 3.2 ± 0.9 (kBq/m3) respectively, 

this can be attributed to similarity of the soil 

content of both regions. 

The average of radon gas concentration in the 

soil of Amman is equal to 4.0 ± 1.6 (kBq/m3), 

which falls within the accepted limits (50 kBq/

m3) (14). 

Several factors in�luence the value of the    

soil was 6.0 kBq/m3.  

Although, Al-Rusaifa was built close to an old 

phosphate mine and highly populated (500,000     

inhabitations in 50 Km2), a limited radiological    

studies (8, 11) were performed to measure the 

radon concentration and the radionuclides 

content in its environment. 

In this study, we measured the concentration 

of radon gas in Al-Rusaifa city (15 Km from    

Amman) and in three districts within the east of 

Amman city that are close to Al-Rusaifa and high 

populated as well. This part of study is 

continuation of the previous study (11) which 

covered the west of Amman. Variation of radon 

concentration versus �loor elevation was 

investigated. The present study is a part of 

national project to build a database and map of 

radon distribution in Jordan.  

 
 

MATERIALS	AND	METHODS	

	

Three hundred dosimeters; which previously 

calibrated by Al-Bataina et	al. (12); were prepared 

using plastic sheets made of digycol carbonate 

(CR-39).  The CR-39 sheets cut into small pieces 

of 1.5 cm ×1.5 cm. Each dosimeter was given a 

certain number and a code, to recognize it. 

Every piece was �ixed in the bottom of the 

plastic can and sealed by a cover which has a 

hole of diameter 1.5 cm which �illed with a piece 

of sponge of thickness 1 cm to prevent 

impurities and short–life Radon isotopes from 

leaking into the dosimeter. Dosimeters were 

distributed over the studying area, �igure 1, in 

July 2013. 

80 dosimeters were buried upside down in 

the soil for 14 days at a depth of 50 cm while 

220 dosimeters distributed indoors for 70 days. 

After collecting the dosimeters; the detectors 

were removed and soaked in a chemical solution 

in a process known as chemical etching (13). 

The tracks of alpha particle on CR39 were 

manually counted by taking 30 different �ields of 

view for each detector using optical microscope, 

and then the average track density and standard 

deviation were calculated. The radon 

concentration in units Bq/m3 was calculated by 

using the following equation 1 (12). 

   
   )1(  

 

Where: 

Co: The radon concentration of the calibration 

chamber (90KBq / m3) 

to:	The calibration exposure time (48 hours) 

ρ0: Tracks density on calibration dosimeters in 

unit (tracks /cm2) and its value is 33400 

ρ: The measured tracks density on calibration 

dosimeters in unit (tracks /cm2)  

t: The exposure time 	
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Figure 1. Loca�on of the study area.  
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indoor	 radon	 concentration,	 such	 as	 building	

materials,	ventilation,	geological	formations,	and	

water	 supply.	 Variation	 of	 indoor	 radon										

concentration	 in	 Amman	 according	 to	 �loors			

level	 is	 presented	 in	 table	 2.	 The	 highest	 value	

recorded	in	the	air	in	Amman	was	on	the	ground	

�loor	 of	 Al	Nassir,	 and	 it	was	 85.2±8.3	 (Bq/m3)	

while,	the	lowest	value	was	recorded	at	the	third	

�loor	in	Al	Nuzha	and	it	was	8.43±0.9(Bq/m3).	It	

is	clear	that	the	lowest	average	concentration	of	

radon	gas	in	Amman		was	found	in	Suwaileh.	The	

height	 of	 this	 region	 (1100	 m	 above	 the	 sea				

level)	 gives	 a	 natural	 ventilation	 source	 that			

reduces	 Radon	 concentration.	 	 In	 addition,	 the	

buildings	 in	 this	 area	 are	made	 of	 sedimentary	

rocks.	

In	 general,	 the	 concentration	 of	 radon	 in	

ground	 �loor	 was	 about	 2.5	 times	 the	 radon			

concentration	 in	 the	 third	 �loor	 in	 the	 area	 of	

study.	 One	 of	 the	main	 objectives	 of	 this	 study	

was	to	�igure	out	the	radon	concentration	in	Al-

Rusaifa	city	due	to	its	richness	of	phosphate	ore.	

Table	1	shows	that	the	maximum	value	of	radon	

concentration	in	the	soil	of	Al-Rusaifa	was	22.4	±	

5.2	(kBq/m3),	and	the	minimum	value	was	6.5	±	

1.1	 kBq/m3	 	 	 	while	 the	 average	 concentration	

was	14.2	±	2.5	kBq/m3.	This	result	is	about	56%	

higher	 than	 the	 previous	 study	 performed	 by	

Kullub	 (11)	 who	 found	 that	 radon	 concentration	

was	about	6	kBq/m3			during	the	summer	season.	

Table	 2	 summarizes	 the	 results	 of	 indoor			

Radon	 concentration	 in	Al-Rusaifa	 as	 a	 function	

of	 �loor	 level.	 It	 is	 clear	 that	 the	 maximum						

Radon	concentration	was	in	the	ground	�loor	300	

±	 25.5(Bq/m3),	 and	 the	 minimum	 value	 was	

recorded	 in	 the	 third	 �loor	 35.4	 ±	 2.5	 (Bq/m3).		

From	 table	 2,	 we	 found	 that	 the	 radon														

concentration	 in	 the	 ground	 �loor	was	 almost	3	

times	 its	 value	 in	 the	 third	 �loor.	 In	 this	 region,	

the	radon	level	in	the	ground,	�irst,	second	�loors	

exceeds	 the	 recommended	 level	 of	 radon	 by	

WHO	(100	Bq/m3)	(15)	but	it	is	still	less	than	the	

Jordanian	level	(200	)	Bq/m3.	

Our	 results	 in	 the	 ground	 �loor	 and	 the	 �irst	

�loor	 were	 about	 11%	 -	 26	 %	 higher	 than	 the	

radon	 concentration	 in	 the	 previous	 study.	 The	

reason	 for	 the	 difference	 between	 our	 results	

and	 Kullub’s	 (11)	 study	 	 may	 be	 due	 to	 the	 fact	

that	 they	 computed	 the	 average	 of	 radon								

concentration	 in	 Amman	 and	 Al-	 Rusaifa	

together,	 which	 reduce	 the	 value	 of	 	 the	 radon										

concentration.		

Figure	2	 shows	 that	 the	 radon	concentration	

in	 the	 �irst	 �loor	 in	 the	 regions:	 Al-Nusha,	 Al										

Alqadi et al. / Assessment of radon gas using passive dosimeter  

Table 1. Radon gas concentra�on in the soil. 

Region's name 
Min. value concentra�on      

(KBq/m
3
) 

Max. value concentra�on 

(KBq/m
3
) 

Avg. value concentra�on for all 

samples (KBq/m
3
) 

 

Al-Nuzha 2.9  ±0.8  5.8  ±1.3  3.2  ±0.9   

Al-Nassir 3.4  ±0.7  6.9  ±1.5  5.4  ±1.3   

Suwaileh 2.8  ±1.2  4.6  ±1.1  2.97  ±0.7   

Al-Rusaifa 6.5  ±1.1  22.4  ±5.2  14.2  ±2.5   

Figure 2. Average radon gas concentra�on in the first floor in Amman and Al Rusaifa ci�es. 
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-Nassir,	Suwaileh	and	Al-Rusaifa.	 It	 is	clear	 that	

there	 was	 a	 slightly	 difference	 in	 the	 radon	

concentration	 among	 the	 regions	 in	 Amman.	 It	

can	 be	 seen,	 the	 concentration	 of	 radon	 in	 Al-

Rusaifa	is	four	times	the	concentration	of	radon	

in	 Amman.	 	 In	 general,	 the	 variation	 of	 radon	

concentration	 among	 the	 regions	 may	 be	

attributed	 to	 three	 main	 factors:	 the	 nature	 of	

soil,	 the	 building	 Materials,	 and	 the	 ventilation	

conditions.	

Cross	 (16)	 estimated	 the	 probability	 to	 have	

lung	 cancer	 due	 to	 radon	 gas	 exposure	 by														

3.5	 x	 10-3		when	 the	 concentration	 of	 radon	was	

1pci/L.	 Our	 estimations	 for	 this	 probability	 in	

Amman	 and	 Al-Rusaifa	 were	 4.3	 x	 10-3	 and																

18.1	 x	 10-3		respectively,	 that	 means	 43	 or	 181	

individuals	out	of	10000	are	probable	to	get	lung	

cancer,	 especially	 for	 people	 aged	 between	 70-

76	 years	 old	 residing	 in	 both	 Amman	 and	 Al-

Rusaifa.  

 
	

CONCLUSION 

 

There	 are	 considerable	 variations	 in	 radon	

concentration	 between	 the	 east	 of	 Amman	 and	

Al-Rusaifa	due	to	the	difference	in	the	geological	

formation	 of	 soil. A	 slightly	 difference	 in	 radon	

concentration	 among	 the	 areas	 of	 study	 in						

Amman	was	found.	In	Al-Rusaifa,	the	average	of	

indoor	 radon	 concentration	 exceeds	 the	 action	

radon	 level	 recommend	 by	WHO	 (100	 Bq/m3).	

Therefore,	 increasing	 a	 public	 awareness	 to	

health	 impact	 of	 radon	 risk	 should	be	provided	

in	this	region.		
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