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Indoor radon measurements in residential dwellings 
in Qom, Iran 

INTRODUCTION 

Radon	 (222Rn)	 with	 a	 half-life	 of	 3.8	 days	 is	

naturally	 known	 as	 a	 radioactive	 gas	 and	 it	 is	
formed	 by	 the	 decay	 of	 Radium	 (226Ra),	 in	 the	

radioactive	 series	 of	 uranium	 (238U).	 238U	 is														
existent	 naturally	 in	 soil	 and	 rock	 in	 various			

contents	(1-3).	Radon	gas	and	its	short-lived	decay	
products	 are	 the	 most	 important	 factors																			
responsible	 for	 a	 person's	 exposure	 to	 natural	

sources	 (4).	 Radon	 is	 heavier	 than	 air;	 when																
generated	 in	 earth’s	 layers,	 it	 penetrates	 the	

pores	 in	 the	 ground	 and	 migrates	 upward	 by	

distribution	 and	 convection	 to	 the	 surface.	 This	

*low	is	called	exhalation	and	its	amount	depends	
on	 air	 pressure	 and	 diffusion,	 thermal	 gradient	

and	 humidity	 of	 the	 soil	 as	 well	 (5).	 The	 main	
sources	 of	 indoor	 radon	 that	 enter	 into	 the		

houses	 are:	 soil	 through	 building	 materials,														
water,	 and	 basement	 air.	 Cracks	 in	 *loor	 slabs,	

*loor	 drains,	 joints	 and	 other	 pores	 within	 the	
foundations	 of	 dwellings	can	 elevate	 the	 indoor	

radon	concentration	(6).	When	222Rn	accumulates	
in	 closed	 places,	 it	 sometimes	 reaches	 the	 level	

that	 is	 harmful	 to	 public	 health	 (7).	 When	 radon	
and	 its	 short-lived	 progenies	 such	 as	 218Po	 and	
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ABSTRACT 

Background: Inhala�on of radon and its short-lived decay products is one of 

the  most significant sources of exposure to natural radia�on. Radon is the 

second cause  of lung cancer in the popula�ons. The present study was carried 

out under the projects of  na�onal radon, with the aim of determining the 

concentra�on of indoor in the city of Qom  located in the central semi-arid 

region of Iran.  Materials and Methods: Radon measurements were carried 

out in 123 dwellings  using passive sampling with CR-39 detectors for 90 days. 

The map of radon  concentra�on distribu�on was prepared using Arc GIS 

so+ware and the sta�s�cal  analysis was performed with SPSS version 20. 
Results: Indoor radon concentra�ons in Qom dwellings ranged from 15–259 

Bq  m
-
 . 

3  
The arithme�c mean of indoor radon concentra�ons on basement, 

ground floors,  first floors and second and upper floors were  123.43 ,87.94 ,

 63.72and 40.69    Bq m
-3

,  respec�vely. Conclusion: A correla�on was found 

between the distances from fault zones and measured  indoor radon 

concentra�on. In most of cases, radon values were lower in well-  ven�lated 

dwellings in comparison with poorly-ven�lated ones. Moreover, high radon 

 concentra�on levels were observed in basements. The results indicated that 

in 30  places (24.3% of cases), the radon concentra�ons were higher than the 

reference levels  recommended by the World Health Organiza�on                     

(100 Bq m
-3

).   
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214Po	 are	 deposited	 in	 the	 lungs,	 their	 alpha													

radiation	can	hurt	the	tissues	 (8).	After	smoking,	
radon	 is	 the	 second	 cause	 of	 lung	 cancer	 in	 the	

community	 (9).	 Epidemiological	 studies	 have	
shown	 obvious	 evidences	 of	 the	 relationships	

between	 indoor	 radon	 exposure	 and	 lung	
cancer,	even	at	low	radon	levels,	typically	found	

in	dwellings.	World	Health	Organization	(WHO)	
proposes	 a	 reference	 level	 of	 100	 Bq	 m-3	to												

minimize	 health	 hazards	 due	 to	 indoor	 radon	
exposure.	 However,	 if	 this	 level	 cannot	 be	

reached,	 the	 chosen	 reference	 level	 should	 not	
exceed	300	Bq	m-3	(10,	11).	

Each	 person	 commonly	 spends	 more	 than	
80%	of	his/her	time	at	home	or	in	closed	places	
(12).	 Therefore,	 indoor	 radiation	 monitoring	 is	

very	 important	 for	 estimating	 the	 indoor																						
radiation	 exposure.	 The	 indoor	 radon																									

accumulation	is	subject	to	many	factors	such	as	
temperature,	 humidity,	 pressure,	 ventilation,	

geological	properties,	building	materials,	type	of	
soils,	wind	speed,	and	lifestyle	of	the	people	who	

live	 in	 houses.	 There	 is	 a	 large	 variation	 in																
indoor	radon	concentrations	in	different,	even	in	

areas	of	 a	country	 because	 of	 differences	 in	 the	
anthropogenic	 factors,	 soil	 characteristics,															

climatic	 parameters	 and	 the	 characteristics	 of	
buildings	(13-15).		

Indoor	 radon	 concentration	 has	 been																												
investigated	in	some	areas	in	Iran.	In	some	cases	
the	 average	 concentration	 of	 radon	 in	 several	

dwellings	 was	 above	 100	 Bq	 m-3	 (16-22).	 Before	
this	 survey,	 there	 were	 no	 data	 available	 about	

radon	 concentrations	 in	 Qom	 region.	 The																		

present	 study	 carried	 out	 under	 the	 projects	 of	
national	 radon	 (from	 Institute	 for																								

Environmental	 Research	 (IER)	 of	 Tehran	
 University	 of	 Medical	 Sciences).	 The	 main	

objective	 of	 this	 study	 was	 to	 measure	 the																	
indoor	 radon	 variation	 in	 123	 dwellings	 in	 the	

city	 of	 Qom.	 In	 addition,	 the	 spatial	 radon																						
distribution	 and	 the	 effect	 of	 some	 factors	 such	

as	 distance	 from	 the	 fault	 lines,	 height	 from	 the	
ground	 (*loor)	 and	 ventilation	 on	 indoor	 radon	

concentration	were	also	examined.		
	
	

MATERIALS	AND	METHODS	

	

Study	area	

The	city	of	Qom	located	approximately130	km	

southwest	 of	 Tehran	 (the	 capital	 of	 Iran)	 is	 the	
capital	 of	 Qom	 province.	 It	 is	 located	 at	 34◦	 44'	

37''	 N	 latitude,	 to	 55◦	 33'	 27''	 E	 longitude	 in	 an	
arid	 and	 semi-arid	 region	 of	 the	 central	 part	 of	

Iran	 (23-26).	 The	 location	 of	 study	 area	 has	 been	
shown	 in	 *igure	 1.	 This	 city	 has	 an	 area	 of																
approximately	 730	 square	 kilometers.	 Its															

population	 is	 1,074,036.	 Qom	 has	 a	 semi-dry		
climate	with	the	annual	rainfall	of	161	mm.	The	

temperature	 in	 Qom	 varies	 from	 −2.3	 0C	 in					
January	 to	 40.1	 0C	 in	 June.	 From	 a	 geological	

viewpoint,	 the	soil	structure	 is	a	combination	of	
clay,	 sand	 and	 sandstone.	 Because	 of	 the															

presence	of	some	fault	lines	in	the	south	of	Qom,	
the	city	faces	the	threat	of	earthquakes.  
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Figure 1.  Loca�on of the area under study  
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Characteristics	of	dwellings	

Measurements	 of	 radon	 concentrations	 in	
123	 homes,	 including	 35	 basements,	 40	 ground	

*loors,	 21	 *irst	 *loors	 and	 27	 second	 and	 upper	
*loors,	 was	 carried	 out	 during	 the	 autumn	 	 of	

2013.	Dwellings	were	randomly	selected	with	an	
emphasis	 on	 coverage	 of	 whole	 investigated														

area.	Information	about	dwelling	characteristics	
was	 collected	 using	 a	 questionnaire	 completed	

by	 owners	 of	 dwellings.	 Furthermore,	 the																							
geographical	 coordinates	 of	 points	 for	 mapping	

radon	 were	 recorded	 using	 GPS.	 The	 radon																
distribution	map	was	prepared	using	the	Arc	GIS	

application	‘‘Arc	View	2009’’.	
 
Experimental	details	

This	 investigation	 was	 performed	 with														
nuclear	 alpha	 track	 detector	 (ATD)	 with	 CR-39	
as	 detector	 material	 at	 dimensions	 of	 30×30×1	

mm3,	 manufactured	 by	 Track	 Analysis	 System	
Co.	 Ltd.	 The	 CR-39	 detectors	 were	 placed	 in	 a	

plastic	container	which	permits	radon	to	diffuse	
in	 (27).	 Detectors	 were	 numbered	 and	 placed	 in	

the	selected	dwellings	according	to	the	U.S.	EPA	
protocol,	for	90	days	to	prevent	monitoring	from	

being	 affected	 by	 seasonal	 changes	 in	 the	 area.	
Detectors	were	set	at	least	1.5	m	above	the	*loor,	

at	a	distance	more	than	0.5	m	from	window	and	

at	a	minimum	of	20	cm	from	any	other	object	(28).	
Duplicate	 measurements	 were	 made	 in	 10															

percent	of	the	total	measurements	for	validation	
of	 our	 experimental	 values.	 The	 deviation	 in				

concentration	 of	 the	 duplicate	 samples	 was	
found	to	vary	from	0.2%	to	2.9	%	with	respect	to	

the	original	samples.	
After	exposure	time,	detectors	were	wrapped	

with	 aluminum	 foils	 and	 delivered	 to	 the																		
Reference	 Radon	 lab,	 Central	 Research																										

Laboratory,	 Vice	 Chancellor	 of	 Research	  and	
Technology,	 (Mazandaran	 University	 of	 Medical	

Sciences)   In	 radon	 laboratory,	 the	 detectors	
were	etched	in	6.25	N	NaOH	at	85	ᵒC	for	3	hours  
to	 magnify	 the	 alpha	 tracks.	 	 After	 removing	

them	 from	 the	 etching	 solution,	 the	 detectors	
were	 washed	 with	 distilled	 water.	 Detectors	

were	 then	 read	 by	 a	 calibrated	 semiautomatic	
system	 equipped	 with	 a	 camera	 connected	 to	 a	

personal	computer.	The	number	of	tracks	in	a	1	
cm2	area	 for	 each	 *ilm	 was	 calculated	 by	 an														

automatic	microscope	(*igure	2).	Afterwards,	the	
track	 density	 was	 changed	 to	 radon																										

concentration	in	Bq	m-3	using	calibration	factor.	
T-test,	 ANOVA	 and	 Tukey	 tests	 (with	 SPSS																

software	v.	20)	were	used	for	data	analysis. 	

RESULTS 

Table	1	shows	the	descriptive	statistics	of	the	

results	 obtained	 for	 dwellings	 on	 different	
*loors.	 The	 indoor	 radon	 concentration	 in	 Qom	

dwellings	 ranged	 from	 15	 to	 259	 Bq	 m-3.	 The	
arithmetic	mean	of	radon	concentration	in	Qom	

dwellings	 (95.83	 Bq	 m-3)	 was	 higher	 than	 the	
mean	 of	 the	 world	 (40	 Bq	 m-3)	 (29).	 The	

arithmetic	means	of	indoor	radon		concentration	

on	 basement,	 ground	 *loors,	 *irst	 *loors	 and	
second	 and	 upper	 *loors	 were	 123.43, 87.94, 
63.72 and 40.69 Bq m-3, respectively. 

The	 results	 show	 the	 higher	 mean																															

concentrations	on	basements	and	ground	*loors	
compared	to	*irst	and	higher	*loors	(*igure	3).		

Frequency	 of	 radon	 concentration	 at														

levels	of	50-100	and	100-	150	Bq	m-3	on	ground	

Figure 2. Samples of images taken by electronic microscope (magnifica�on 40); images show the alpha par�cle track on CR-39. 
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*loors	were	 higher	than	those	in	the	basements,	

but	 radon	 concentration	 in	 150	 -200,	 200-250	
and	 250-300	 Bq	 m-3	 levels,	 	 were only	 observed	

in	basements	(*igure	4).	 
In	 the	 present	 study,	 a	 major	 active	 fault	 in	

the	 south	 of	 Qom	 was	 identi*ied	 for	 evaluating	
the	 in*luence	 of	 proximity	 to	 a	 fault	 on	 indoor	

radon	concentration.	The	distance	from	the	fault	
for	 each	 dwelling	 was	 estimated	 and	 the																	

*indings	 were	 analyzed.	 Table	 2	 show	 the															
descriptive	statistics	of	radon	concentrations	on	

the	ground	*loors	and	basements	with	distances	
of	more	than	0.5	km	and	less	than	0.5	km	from	a	

fault	 and	 the	 number	 with	 the	 percentage	 of	
samples	 which	 were	 above	 100	 Bq	 m-3	(WHO	
reference	level).		

As	 shown	 in	 *igure	 5	 (a	 &	 b),	 the	 highest	

values	 of	 radon	 concentration	 have	 been			
observed	 in	 dwellings	 located	 on	 or	 near	 the	

fault	 zones.	 This	 *igure	 shows	 the	 spatial		
distribution	of	 indoor	radon	concentration	from	

basements	 and	 ground	 *loors	 in	 Qom	 dwellings	
in	 these	 *igures,	 radon	 concentrations	 are	

classi*ied	 into	 3	 ranges.	 Green	 zones	 indicate	
dwellings	 which	are	located	in	a	safe	area	whose	

radon	concentrations	are	less	than	70	Bq	m-3,	the	
yellow	  zones	 indicate	 places	 where	 radon	

concentrations	 require	 more	 attention	 (70	 to	
100	Bq	m-3). 

The	 measurements	 of	 indoor	 radon																								
concentration	 were	 done	 in	 dwellings	 with															
different	 ventilation	 conditions	 such	 as	 HVAC	

Table 1. Descrip�ve sta�s�cs of radon concentra�ons for different floors.  

Floor No. AM (Bq m
-3

) GM (Bq m
-3

) SD Max (Bq m
-3

) Min (Bq m
-3

) 

Basement 35 123.43 115.02 50.02 259.00 48.85 

Ground floor 40 87.94 83.02 26.40 141.99 43.41 

First floor 21 63.72 56.25 24.02 141.00 19.00 

Second and upper floors 27 40.69 34.68 23.46 94.00 15.00 

Sum 123 95.83 92.76 46.10 259.00 15.00 

N: Number of dwelling, AM: Arithme�c mean, SD: Standard devia�on, GM: Geometric mean. 

Table 2. Descrip�ve sta�s�cs of radon concentra�ons with different distances from fault lines. 

  Distance to fault No. AM (Bq m
-3

) GM (Bq m
-3

) SD Above 100Bq m
-3 Number (%) 

Ground floors 

 >0.5 km 14 104.57 98.36 44.24 9)64.29(%  

<0.5 km 26 78.32 76.25 44.61 5)19.23(%  

Sum 40 87.94 83.02 26.40 14)35.00(%  

  
Basements 

  

 >0.5 km 12 134.27 129.36 40.23 10)83.33(%  

<0.5 km 23 98,32 86.85 34.01 5)21.74(%  

Sum 35 123,43 115.02 50.20 15)42.86(%  

N: Number of dwelling, AM: Arithme�c mean, SD: Standard devia�on, GM: Geometric mean.   

Figure 3. The arithme�c mean of indoor radon                            
concentra�ons for different floors. 

Figure 4. The frequency of indoor radon concentra�on in 
basements and ground floors.  
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(Heating,	 Ventilating,	 and	 Air	 Conditioning)																

systems,	 fans,	 windows,	 etc.	 According	 to	 the	
collected	 evidence	 from	 questionnaires,																	

dwellings	 were	 divided	 into	 the	 two	 groups	 of	
“well-ventilated”	 and	 “poorly-ventilated”														

dwellings.	 The	 results	 of	 radon	 measurements	
with	 different	 ventilation	 conditions	 (on	 the	

ground	 *loors)	 are	 displayed	 in	 table	 3.	 In															
well-ventilated	dwellings	concentrations	ranged	

from	 43.41	 to	   141.99  Bq	 m-3	 and	 the	 arithmetic	

mean	of	radon	concentration	was	80.50	Bq	m-3.	

In	 poorly- ventilated	 dwellings,	 the	 maximum	
and	 minimum	 radon	 concentrations	 were	 215	

and	 85.25	 Bq	  m-3,	 with	 the	 arithmetic	 mean	 of	
94.83	Bq	m-3.		

Table	 4	 provides	 a	 summary	 of	 some	 of	 the	
new	 studies	 about	 the	 indoor	 radon	

investigation	 in	 the	 world	 with	 emphasis	 on	
surveys	conducted	in	Iran. 

a b 

Figure 5.  Dwellings radon concentra�on at ground floors (a) and basements (b). 

Table 3. Indoor radon concentra�ons (Bq m-3) with different ven�la�on condi�ons.  

Ven*la*on condi*on No. AM (Bq m
-3

) GM (Bq m
-3

) SD Max (Bq m
-3

) Min (Bq m
-3

) 

Well ven�lated 30 80.50 75.25 45.23 141.99 43.41 

Poorly ven�lated 10 94.83 89.47 44.47 215.39 85.25 

Sum 40 87.94 83.50 25.68 215.39 43.41 

N: Number of dwelling, AM: Arithme�c mean, SD: Standard devia�on, GM: Geometric mean 

Fahiminia et al. / Radon in Qom residential dwellings, Iran  
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DISCUSSION 

The	 arithmetic	 mean	 of	 radon	 concentration	 in	

Qom	 dwellings	 was	 95.83	 Bq	 m-3.	 According	 to	
the	 previous	 studies,	 the	 average	 amount	 of			

radon	 in	 Qom	 dwellings	 is	 higher	 than	 that	 in	
the	 cities	 of	 Gorgan,	 Shiraz	 and	 Mashhad	 and	

lower	 than	 that	 in	 the	 other	 cities	 of	 Iran																
mentioned	 in	 table	 4.	 The	 higher	 amount	 of												
radon	 has	 been	 reported	 in	 some	 regions	 of	

Cameroon	(1),	Italy	(37),	and	Portugal	(10).	
The	highest	and	lowest	radon	concentrations	

are	 observed	 on	 basement	 and	 second	 and														

upper	 *loors	 (higher	 than	 1st	 *loors)	 equaling	

123.43	 and	 40.69	 Bq	 m-3	 respectively.	 ANOVA	
tests	showed	that	the	average	concentrations	of	

various	 *loors	 are	 signi*icantly	 different														
(p	 <	 0.001).	 In	 this	 research	 indoor	 radon																

concentration	in	45%	of	the	basements,	35%	of	
the	 ground	 *loors	 and	 5%	 (only	 one	 sample)	 of	

the	 *irst	 *loors	 was	 above	 the	 WHO	 reference	
level	 (100	 Bq	 m-3)	 and	 all	 of	 the	 samples	 from	

second	and	upper	*loors	were	lower	than	100	Bq	
m-3.	 Higher	 concentration	 of	 indoor	 radon	 in	

lower	 *loors	 has	 been	 reported	 by	 other																			
researchers	as	well	 (27,	 41,	 42)	Direct	contact	with	

Table 4. Summary of  the new studies about the indoor radon inves�ga�on in the world. 

Country Area Type of dwelling 
Maximum 

concentra*on of 

radon (Bq m
-3

) 

Mean 

concentra*on of  

radon (Bq m
-3

) 

Minimum 

concentra*on of 

radon (Bq m
-3

) 
Reference 

Mexico Mexico City Family houses 155 87 NR (30) 

Turkey 81 Provinces Home 1400 81 1 (29) 

Pakistan Hazara House 254 128 41 (31) 

Pales�ne Tulkarem School 210.51 40.42 3.48 (32) 

Canada Quebec School 663 56 15 (33) 

Pakistan 
Islamabad 

Murree 
House 

181 
92 

112.5 
45.2 

45 
19 

(6) 

India Guwaha� Dwelling 43.16 21.31 9.04 (34) 

Romania Alba county House & block 624 98 24 (35) 

Eastern Sicily 5 Districts 
Schools and 

dwellings 
634 90 7 (36) 

Cameroon 
Poli 

Lolodorf 
Dwellings 

2240 
4390 

294 
200 

29 
24 

(1) 

Italy 
All Italian 
regions 

Underground 
workplaces 

4851 153 27 (37) 

Serbia 
3 districts in 

Southern 
Serbia 

Primary schools 607 119 17 (38) 

Brazil. Rio de Janeiro 
Modern chapel 
Old  art gallery 

166 
247 

136 
146 

85 
87 

(39) 

Portugal Porto Primary schools 889 197 56 (10) 

Iran 
(Northern 

cites) 

Lahijan 
Ardabil 
Sar-Ein 
Namin 

 Home 

NR 
NR 
NR 
NR 

163 
240 
160 
144 

NR 
NR 
NR 
NR 

  
(19) 

Iran Mashhad Apartment 135.2 31.9 12.3 (17) 

Iran Shiraz Apartment NR 94 NR (18) 

Iran Hamedan Home 364 108 4 (21) 

Iran Yazd province Old quarters NR 97.1 NR (22) 

Iran Yazd 
Dwellings 

underground 
747.4 137.36 5.55 (20) 

Iran Gorgan 
Bedroom of 

house 
187 48.01 NR (40) 

Iran Qom Home 259 95.83 15 This study 

NR: Not  Reported 
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soil,	plays	an	important	role	in	increasing	indoor	

radon	 concentration,	 because	 of	 the	 exhalation	
rate	of	radon	from	the	*loors,	which	depends	on	

subsoil	characteristics	(43).	
The	 highest	 values	 of	 radon	 concentration	

have	 been	 observed	 in	 dwellings	 located	 on	 or	
near	 fault	 zones.	 Statistical	 t-test	 demonstrates	

that	 basements	 and	 ground	 *loors	 with	 less	
distance	 (<	 0.5	 km)	 from	 fault,	 showed	

signi*icantly	(p<0.001)	higher	concentrations	of	
radon	 than	 on	 ground	 *loors	 and	 basements	

with	 high	 distance	 (>0.5	 km).	 	 The	 results	 of	
current	 research	 agree	 with	 those	 of	 many	

studies	 about	 the	 effect	 of	 fault	 zone	 on	 radon	
concentration	(36,	 41,	 44).	 	In	fact,	radon	migration	
is	raised	in	the	vicinity	of	 tectonic	disturbances	

which	 expand	 the	 porosity	 of	 the	 earth’s	 crust.	
On	the	 other	 hand,	 they	 are	 passages	 for	 radon	

migration.	This	has	an	impression	on	the	indoor	
exhalation	and	accumulation.	

As	 shown	 in	 *igure	 5	 in	 some	 areas	 (red	
zone),	 radon	 levels	 are	 higher	 than	 WHO	

reference	 	 	 	 level	which,	 imply	that	 appropriate	
preventive	 and	 control	 actions	 should	 be	 taken	

in	 these	 	 areas	 in	 order	 to	 prevent	 the	 above-
mentioned	 concentrations	 reaching	 the	

permitted	 limit	 (11).	 Differences	 in	 radon	
concentration	 between	 well-ventilated	 and	

poorly-ventilated	 dwellings	 are	 statistically	
signi*icant	(p	<	0.05).	The	*indings	indicate	that	
the	 average	 radon	 concentration	 is	 slightly	

lower	 for	 well-	 ventilated	 dwellings	 as	
compared	 to	 poorly	 ventilated	 dwellings.	 The	

results	of	this	study	are	consistent	with	those	of	
many	 other	 investigations	 that	 have	 been	 done	

on	 this	 topic	 (34,	 45-47).	 Because	 indoor	 radon														
concentration	 levels	 depend	 on	 indoor																						

ventilation	 conditions	 and	 in	 well-ventilated	
dwellings	 the	 radon	 can	 easily	 move	 out	 and	

does	 not	 accumulate	 inside,	 the	 indoor	 radon	
level	 goes	 down	 in	 well-ventilated	 dwellings	 in	

comparison	to	poorly-ventilated	ones	(46). 	
	

	

CONCLUSION	
	

Based	on	the	results,	in	30	places	(24.3%	of		
cases)	 the	 radon	 concentrations	 were	 higher	

than	 the	 reference	 levels	 recommended	 by	 the	

World	Health	Organization	(100	Bq	m-3).	It	could	

be	 concluded	 that	 the	 soil	 characteristics	 of	 the	
dwellings	 are	 the	 most	 important	 source	 of	

radon	 for	 the	 ground	 *loor	 and	 higher	
concentration	 of	 indoor	 radon	 observed	 on	

lower	 *loors.	 Most	 of	 the	 high	 radon	
concentrations	 have	 been	 reported	 from	 places	

near	 fault	 zones;	 hence	 the	 existence	 of	 a	
relation	between	the	exhalation	rate	from	faults	

and	indoor	radon	concentrations	is	obvious.	The	
results	 of	 the	 study	 indicate	 that	 the	 average	

concentration	of	radon	in	dwellings	which	poor	
ventilation	 condition	 is	 higher	 than	 those	 that	

have	appropriate	ventilation	conditions.	Finally,	
it	can	be	noted	that,	due	to	the	climate	of	Qom,	a	
large	 number	 of	 dwellings	 of	 this	 city	 have	 a	

basement	 and	 hence	 these	 basements	 can	
concentrate	 and	 raise	 the	 level	 of	 indoor	 radon	

in	the	dwellings. 	

	

	

ACKNOWLEDGMENT	

 
The	 authors	 are	 grateful	 to	 the	 Institute	 for	

Environmental	 Research	 (IER)	 of	 Tehran	

 University	of	Medical	Sciences	(grant	 number:	92-

01-46-20840)	 and	 Research	 Center	 for	

Environmental	 Pollutants,	 Qom	 University	 of	

Medical	 Sciences	 (grant	  number : 91335 ( for	

-inancially	 and	 technically	 supporting	 this	

research.   Moreover	 they	 wish	 to	 express	 their	

appreciation	 to	 the	Reference	Radon	lab,	Central	

Research	Laboratory,	Vice	Chancellor	of	Research	

 and	 Technology,	 (Mazandaran	 University	 of	

Medical	 Sciences)   for	 the	 technical	 and	

laboratory	support.  

 
Con�lict	of	interest:	Declared	none. 
 
	

REFERENCES	

	
1. Siaka YT and Bouba O (2014) Indoor radon measurements 

in the uranium regions of Poli and Lolodorf, Cameroon. 
Journal of Environmental Radioac�vity, 136: 36-40. 

2. BEIR V (1999) Health effects of exposure to radon.                 
CommiNee on health risks of exposure to radon, Board on 
radia�on effects research, Commission on life sciences, 
Na�onal Research Council. Publisher?? Place of                     

Fahiminia et al. / Radon in Qom residential dwellings, Iran  

337 Int. J. Radiat. Res., Vol. 14 No. 4, October 2016 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
14

.4
.3

31
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-0
7-

06
 ]

 

                             7 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.14.4.331
http://ijrr.com/article-1-1818-en.html


publica�on?? 

3. Khan F, Wazir Z, Tufail M, Nusrat M (2014) Varia�on of 

indoor radon concentra�ons in two-storey houses in   

Nowshera District, Pakistan. Radia�on Protec�on                    

Dosimetry, ncu054. Provide page numbers?? 

4. Ramola R, Kandari M, Rawat R, Ramachandran T, Choubey 

V (1998) A study of seasonal varia�ons of radon levels in 

different types of houses. Journal of Environmental            

Radioac�vity, 39(1): 1-7. 

5. Duenas C, Fernandez M, Carretero J, Liger E, Perez M, 

editors. (1997) Release of 
222

Rn from some soils. Annales 

Geophysicae, Springer. Provide place of publica�on 

6. Ali N, Muhammad W, KhaNak NU, Khan EU, Rajput MU, 

Akram M, et al. (2015) Radon doses in the indoor                      

environments of Murree and Islamabad, Pakistan: A             

comparison of ac�ve and passive techniques. Indoor and 

Built Environment, 1420326X15588567. What is this ref? 

paper? Report? Book? Provide details 

7. Mireles F, García M, Quirino L, Dávila J, Pinedo J, Ríos C, et 

al. (2007) Radon survey related to construc�on materials 

and soils in Zacatecas, México using LR-115. Radia�on 

Measurements, 42(8): 1397-403. 

8. Darby S, Hill D, Auvinen A, Barros-Dios J, Baysson H, 

Bochicchio F, et al. (2005) Radon in homes and risk of lung 

cancer: collabora�ve analysis of individual data from 13 

European case-control studies. BMJ, 330(7485): 223 - ??? 

9. Rafique M, Manzoo N, Rahman S, Rahman SU, Rajput MU, 

Ma�ullah (2012) Assessment of lung cancer risk due to 

indoor radon exposure in inhabitants of the state of Azad 

Kashmir; Pakistan. Int J Radat Res, 10(1): 19-29.  

10. Madureira J, Paciência I, Rufo J, Moreira A, de Oliveira 

Fernandes E, Pereira A (2015)Radon in indoor air of            

primary schools: determinant factors, their variability and 

effec�ve dose. Environmental Geochemistry and 

Health, ??: 1-11. Provide volume number 

11. WHO (2009) WHO handbook on indoor radon: a public 

health perspec�ve: World Health Organiza�on. Provide 

place of publica�on 

12. UnSCEAR S (1993) Effects of ionizing radia�on, United 

Na�ons Scien�fic CommiNee on the Effects of Atomic 

Radia�on, Report to the General Assembly, with Scien�fic 

Annexes, United Na�ons Publica�on sales No. E 00 IX. 3. 

13. Bochicchio F, McLaughling JP, PiermaNei S (1995)                   

European collabora�ve ac�on indoor air quality and its 

impact  on man, environment and  quality of life, Report 

No. 15 Radon and Indoor Air  .Italy.  

14. Groves-Kirkby CJ, Denman AR, Phillips PS (2009) Lorenz 

Curve and Gini Coefficient: novel tools for analysing                

seasonal varia�on of environmental radon gas. Journal of 

Environmental Management, 90(8): 2480-7. 

15. Bossew P and LeNner H (2007) Inves�ga�ons on indoor 

radon in Austria, Part 1: Seasonality of indoor radon              

concentra�on. Journal of Environmental Radioac�vity, 98

(3): 329-45. 

16. Shorabi M. Recent radiological studies of high level natural 

radia�on areas of Ramsar. 1993. 

17. Mowlavi AA, Fornasier MR, Binesh A, De Denaro M (2012) 

Indoor radon measurement and effec�ve dose assessment 

of 150 apartments in Mashhad, Iran. Environmental              

Monitoring and Assessment, 184(2): 1085-8. 

18. Hadad K, Hakimdavoud M, Hashemi-Tilehnoee M (2011)

Indoor radon survey in Shiraz-Iran using developed passive 

measurement method. Iran JRR, 9(3): 175-82. 

19. Hadad K, Doulatdar R, Mehdizadeh S (2007) Indoor radon 

monitoring in Northern Iran using passive and ac�ve 

measurements. Journal of Environmental Radioac�vity, 95

(1): 39-52. 

20. Bouzarjomehri F, Ehrampoosh M (2008) Radon level in 

dwellings basement of Yazd-Iran. Iran JRR, 6(3): 141-4. 

21. Gillmore GK and Jabarivasal N (2010) A reconnaissance 

study of radon concentra�ons in Hamadan city, Iran. Nat 

Hazards Earth Syst Sci, 10(4): 857- 63. 

22. Hadad K and Mokhtari J (2015) Indoor radon varia�ons in 

central Iran and its geosta�s�cal map. Atmospheric                

Environment, 102: 220-7. 

23. Khazaei M, Mahvi AH, Fard RF, Izanloo H, Yavari Z, 

Tashayoei HR (2013) Dental caries prevalence among 

schoolchildren in urban and rural areas of Qom province, 

central part of Iran. Middle-East Journal of Scien�fic             

Research, 18(5): 584-91. 

24. Azarakhshi M, Mahdavi M, Arzani H, Ahmadi H (2012) 

Assessment of the palmer drought severity index in arid 

and semi arid rangeland:(Case study: Qom province, Iran). 

Desert, 16(2): 77-86. 

25. Isalou AA, Litman T, Shahmoradi B (2014) Tes�ng the 

housing and transporta�on affordability index in a                 

developing world context: A sustainability comparison of 

central and suburban districts in Qom, Iran. Transport 

Policy, 33: 33-9. 

26. Khadivi-Khub A, Kameli M, Moshfeghi N, Ebrahimi A 

(2015) Phenotypic characteriza�on and relatedness 

among some Iranian pomegranate (Punica granatum L.) 

accessions. TREES, 29(3): 893-901. 

27. Kurnaz A, Küçükömeroğlu B, Çevik U, Çelebi N (2011)  

Radon level and indoor gamma doses in dwellings of  

Trabzon, Turkey. Applied Radia�on and Isotopes, 69(10): 

1554-9. 

28. EPA. United States Environmental Protec�on Agency 

(1992) Indoor Radon and Radon Decay Product                       

Measurement Device Protocols. EPA-402-R-92-004.  

Washington, DC, USA. 

29. Celebi N, Ataksor B, Taskın H, Bingoldag NA (2014) Indoor 

radon measurements in Turkey dwellings. Radia�on              

Protec�on Dosimetry, ncu329. Provide page number 

30. Espinosa G, Golzarri J, Bogard J, Gaso I, Ponciano G, Mena 

M, et al. (2008) Indoor radon measurements in Mexico 

City. Radia�on Measurements, 43: S431-S4. 

31. Khan F, Ali N, Khan EU, KhaNak NU, Raja IA, Baloch MA, et 

al. (2012) Study of indoor radon concentra�ons and             

associated health risks in the five districts of Hazara          

division, Pakistan. Journal of Environmental Monitoring, 

14(11): 3015-23. 

32. Al Zabadi H, Mallah K, Saffarini G (2015) Indoor exposure 

assessment of radon in the elementary schools, Pales�ne. 

Int. JRR, 13(3): 221-8.  

33. Poulin P, Leclerc J-M, Dessau J-C, Deck W, Gagnon F (2012) 

Fahiminia et al. / Radon in Qom residential dwellings, Iran  

338 Int. J. Radiat. Res., Vol. 14 No. 4, October 2016 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
14

.4
.3

31
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-0
7-

06
 ]

 

                             8 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.14.4.331
http://ijrr.com/article-1-1818-en.html


Radon measurement in schools located in three priority 
inves�ga�on areas in the province of Quebec, Canada. 
Radia�on Protec�on Dosimetry, 151(2): 278-89. 

34. Dey GK and Das PK (2012) Es�ma�on of radon                        
concentra�on in dwellings in and around Guwaha�.            
Journal of Earth System Science, 121(1): 237-40. 

35. Muntean L, Cosma C, Cucos A, Dicu T, Moldovan D (2014) 
Assessment of annual and seasonal varia�on of indoor 
radon levels in dwelling houses from Alba County,                
Romania. Rom Journ Phys, 59(1-2): 163-71. 

36. Catalano R, Immè G, Mangano G, Morelli D, Tazzer AR 
(2012) Indoor radon survey in Eastern Sicily. Radia�on 

Measurements, 47(1): 105-10. 
37. Trevisi R, Orlando C, Orlando P, Amici M, Simeoni C (2012) 

Radon levels in underground workplaces–results of a  
na�onwide survey in Italy. Radia�on Measurements, 47

(2): 178-81. 
38. Bochicchio F, Žunić Z, Carpen�eri C, An�gnani S, Venoso G, 

Carelli V, et al. (2014) Radon in indoor air of primary 
schools: a systema�c survey to evaluate factors affec�ng 
radon concentra�on levels and their variability. Indoor air, 

24(3): 315-26. 
39. Carneiro G, Braz D, de Jesus E, Santos S, Cardoso K, Hecht 

A, et al. (2013) Radon in indoor concentra�ons and indoor 
concentra�ons of metal dust par�cles in museums and 
other public buildings. Environmental Geochemistry and 

Health, 35(3): 333-40. 
40. Yousefi Z, Naddafi K, Tahamtan M, Zazouli MA, Koushki Z 

(2014) Indoor radon concentra�on in Gorgan dwellings 

using CR-39 detector. Journal of Mazandaran University of 

Medical Sciences, 24(113): 2-10. 
41. Brogna A, La Delfa S, La Monaca V, Lo Nigro S, Morelli D, 

Patane G, et al. (2007)Measurements of indoor radon 
concentra�on on the south-eastern flank of mount Etna 
volcano (Southern Italy). Journal of Volcanology and              

Geothermal Research, 165(1): 71-5. 
42. Alzoubi F, Al-Azzam K, Alqadi M, Al-Khateeb H, Ababneh Z, 

Ababneh A (2013) Radon concentra�on levels in the 
historical city of Jerash, Jordan. Radia�on Measurements, 

49: 35-8. 
43. Sathish LA, Nagaraja K, Ramanna HC, Nagesh V, 

Sundareshan S (2009) Concentra�on of radon, thoron and 
their progeny levels in different types of floorings, walls, 
rooms and building materials. Iran JRR, 7(1): 1-9.  

44. Abdoh A and Pilkington M (1989) Radon emana�on               
studies of the Ile Bizard fault, Montreal. Geoexplora�on, 

25(4): 341-54. 
45. Kapdan E and Al�nsoy N (2012) A compara�ve study of 

indoor radon concentra�ons between dwellings and 
schools. Radia�on Physics and Chemistry, 81(4): 383-6. 

46. Mehra R, Badhan K, Kansal S, Sonkawade R (2011)                  
Assessment of seasonal indoor radon concentra�on in 
dwellings of Western Haryana. Radia�on Measurements, 

46(12): 1803-6. 
47. Clouvas A, Xanthos S, Takoudis G (2011) Indoor radon 

levels in Greek schools. Journal of Environmental                 

Radioac�vity, 102(9): 881-5. 

Fahiminia et al. / Radon in Qom residential dwellings, Iran  

339 Int. J. Radiat. Res., Vol. 14 No. 4, October 2016 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
14

.4
.3

31
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-0
7-

06
 ]

 

                             9 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.14.4.331
http://ijrr.com/article-1-1818-en.html


 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
14

.4
.3

31
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-0
7-

06
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.14.4.331
http://ijrr.com/article-1-1818-en.html
http://www.tcpdf.org

