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Abstract Key words 

    Measurement of radon concentration level was carried out in 40 

houses in Al – Najaf city during summer season of 2012. Long term 

measurement of indoor of old building radon concentrations have 

been taken, using a previously calibrated passive diffusion 

dosimeters containing CR – 39 solid state nuclear track detectors 

which are very sensitive for alpha particles. The measurement of the 

indoor radon concentration obtained in summer in these regions 

ranged from 11.654±4.216 Bq.m
-3

 to 53.610±8.777 Bq.m
-3

. The 

results were within universally permitted levels.       
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 العراق\في مدينة النجف ض المساكن قياس تراكيز الرادون في بع

بد ابوجاسمعلي ع
1

حسين محسن ناصر ،
1

أسيا حميد حمد ،
2

الأمير د الحسين عبد، عب
2

          

1
 لية العلوم، جامعة الكوفةقسم الفيزياء، ك

2 
 قسم الفيزياء، كلية العلوم، جامعة بغداد

 الخلاصة 

تم في هذا البحث قياس مستويات تركيز الرادون             
222

Rn  منزلا في مدينة النجف خلال فصل الصيف لعام  04في

ادونية تراكمية خاملة تمت معايرتها ،  من خلال الكشف عن جسيمات إلفا الصادرة عن الرادون باستعمال مجراعات ر2412

. إن القياسات التي تم الحصول عليها لتراكيز CR-39مسبقا ومحتوية على كواشف الحالة الصلبة للمسارات النووية نوع 

Bq.mالرادون في المنازل خلال الصيف تراوحت بين 
-3

Bq.m, إلى   11.654±4.216
-3

وبينت الدراسة  53.610±8.777

 حصلنا عليها هي ضمن المستوى المسموح به عالميا لهواء داخل الدور السكنية. إن النتائج التي

 

Introduction 

           Although there are several different 

isotopes of radon, the one that is of greatest 

concern as a potential human health threat is 

Radon Rn-222. Rn-222 gas is formed 

naturally during a chain of radioactive 

disintegrations. The decay series begins 

when uranium-238 decays; uranium is 

widely distributed in rocks and soil 

throughout the earth’s crust, with half-life of  

 

4.5 billion years, which means a very slow 

disintegration. Because Rn-222 is a gas, it 

moves freely in the air spaces between rocks 

and in soil. It becomes a human health 

concern when it leaks from the underlying 

soil into houses and other buildings. If it 

builds up to high concentrations in indoor 

air, radon and its decay products where 

inhaled and cause lung cancer. Some 
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amounts of radon can enter the buildings 

from the construction materials itself and 

some can also be carried in by the water 

supply, cannot escape back to the outside 

because of restricted ventilation. Restriction 

of ventilation is exacerbated in the modern 

homes and buildings. As far as human 

dwellings are concerned the possible 

enhanced risk could be expected only in a 

rather small action of houses depending 

essentially on the building materials 

ventilation features and soil characteristics. 

These factors are directly responsible for 

enhanced input and subsequent stagnation of 

Rn-222 in indoor air[1]. 

          The solid state nuclear track detectors 

have been widely used for the measurement 

of radon levels in dwellings under different 

conditions many studies of radon 

concentration have been performed [2-6].  

        Solid state nuclear track detectors (CR-

39) were used in this work, to measure radon 

concentration in old buildings of Al-Najaf 

city. Thirty CR-39 detectors were distributed 

in old building in ten different locations in 

the city. 

 

Experimental Part 

         A schematic diagram, for the technique 

used for long period indoor air radon 

measurement, is shown in Fig.(1). Each cup 

container is 5 cm height, 7 cm in diameter 

and contains (1×1) cm square, thickness 

(250 μm) of CR-39 nuclear track detector 

fixed with double sided adhesive tape to the 

bottom of the cup with its sensitive side 

upward [6]. The CR-39 detectors are capable 

of detecting alpha particles of all energies 

emitted from radon and its daughters. Alpha 

particles reaching the detector leave tracks, 

the number of which is proportional to the 

average radon concentration. The detectors 

were collected after approximately five 

months of exposure and were chemically 

etched to gather using 6.25 N NaCH at 70
0
C 

for 12 hours. An optical microscope with 

magnification of (10×40) was used to count 

the number of tracks in each detector as 

shows in fig.(3). 

The density of the tracks (ρ) in the detectors 

was calculated according to relation [7]. 

 viewfield of Area

(tracks) pits  totalofnumber  Average

)/((density Track 2 cmTracks
       (1) 

       Determination of indoor radon 

concentration (in unit Bq/m
3
, since most 

regulatory reference are specified with this 

unit)  with standard deviation (S.D.) are 

carried out by the following equations [8]. 

det

2

2

3

3

)(

).(

).(

)..(
).(


















dayt

cmTrack

cmTrack

mdayBqC
mBqC

o

o 


    (2) 

1

)(
.).(

_

2







n

XX
DS

n

i i

n
                                      (3) 

where: 

C : 
222

Rn concentration within the seals-cup 

air above the detector in (Bq/m
3
).  

Co : The activity of standard sample in 

(Bq.day.m
-3

). 

ρo : Track density (number of track .cm
-2

) on 

the detector, exposed to  standard source.  

ρ : Track density (number of track .cm
-2

) of 

the detectors exposed to the samples under 

study. t : Exposure time (days).  

σn (S.D.) : Standard deviation. 

        A number of detectors were exposed to 

a known dose of a standard radon source for 

a period of time. Then those dosimeters 

were collected and treated chemically 

(etching). The average numbers of tracks in 

cm
-2

 were observed. These detectors were 

considered as the calibration standard [9, 

10]. 

        A constant (k) can be defined as 

calibration constant which is : 

)..(
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Writing this in eq.(2): 
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where k : is called the calibration factor in 

terms of track.cm
-2

/Bq.d.m
-3

, or the 

calibration coefficient which was 

determined experimentally.  

             The calibration factor for dosimeters 

exposed for 40 days to Radium 
226

Ra (Radon 

source) of activity 0.33 x 10
4
 (Bq) was 

calculated to be (
k

1
=0.27± 0.00335) [ (Bq. 

d. m
-3

) per (track.cm
-2

)]. The value is the 

same as that reported in many works [10-13] 

using the same calibration method. 

)./..(2745.0
1 23  cmTrackmdBq
k

         (5) 

Substituting the reversed calibration 

constant in equation (4): 











t
mBqCa


2745.0).( 3                        (6) 

This equation was used to determine the 

radon concentration in air in the present 

work. 

            The annual effective doses are 

derived by using Eq.(7) [14].  

DRn = CRn of n DfRn                                  (7) 

            The dose conversion factors values 

(DfRn) for indoor and outdoor which are 

used to calculate the annual effective dose 

for 
222

Rn in the present study are 3.6 and 5.4 

(nSv/h)/(Bq/m
3
) respectively 

 where: DRn is the annual effective dose from 

indoor 
222

Rn exposure (mSv/year), CRn is the 

concentration of 
222

Rn indoor air in Bq/m
3
, 

of is the occupancy factor 7000 hours indoor 

[14] . 

 
Fig.1: A schematic diagram of the sealed-cup 

technique.  

 
Fig. 2: Picture of track in Al.Wafaa sample. 

 

Results and Discussion 

            The table and Fig.3 shows the 

measurements obtained, it includes 

minimum, maximum radon concentrations 

for different study areas in unit (Bq.m
-3

), 

with the annual effective dose in (mS.y
-1

). 

            From table, it can be seen that indoor 

radon concentrations varied from               

53.61±8.777 Bq/m
3
 in location Al.Wafaa 

sample to 11.654±4.216 Bq/m
3
 in location 

Al.Moalmen sample in Al-Najaf government 

city. The observed variations of radon 

concentrations among various regions can be 

attributed to many factors like geological 

structure of the sites, the various types of 

building materials used for the construction 

of the houses, the heating systems and 

ventilation rates, and the aging effect on the 

building as well as the social habits of the 

dwellers. 

         The average 
222

Rn concentrations 

indoors in Al-Najaf city are much lower than 

the recommended ICRP indoor 

concentration of radon (200-300) Bq/m
3 

[15]. Comparing these results with those of 

some Arabic countries, the range of average 

radon concentration in Jordan (west of Iraq) 

buildings is 9.95 – 68.15 Bq/m
3
 [16] and in 

some regions in Egypt, the average radon 

concentration in air of buildings was 

reported to be about 79.505 Bq/m
3
 in range 

from (38.62-120.39)Bq/m
3
 it can be seen 
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that the values given in this paper are 

less[17].  

         The annual effective dose calculated 

using eq.(7) has the highest value at 

Al.Wafaa region of (1.353mSv.y
-1

) which 

still it is less than those reported of  (3-10  

mSv.y
-1

 ) [18].  

 

Conclusions 

1. The maximum allowed indoor 

concentration levels are between (200 – 

300) Bq/m
3
 as proposed by ICRP, 

therefore the results obtained in this 

study are less than the allowed 

concentration levels. 

2. The maximum allowed annual effective 

dose indoor concentration levels are 

between (3– 10) mSv.y
-1

[18],  therefore 

the annual effective dose in buildings 

air of Al-Najaf city is less than the 

allowed maximum concentration level 

in buildings air. 

 

 
Table 1: Radon concentration indoor of old building samples. 

Name of location 
Radon concentration in (Bq.m

-3
) Annual Effective 

Dose (mS.y
-1

) Min. Max. Mean 

Al.Motanaby 18.647 32.633 26.805±4.919 0.676 

Al.Askary 27.971 41.956 33.798±4.500 0.853 

Al.Jamhoriaa 9.324 23.309 15.151±3.696 0.383 

Al.Shoarah 13.985 23.309 18.647±3.442 0.471 

Messan 1 18.647 27.971 23.697±3.696 0.598 

Al.Wafaa 41.956 69.927 53.611±8.777 1.353 

Al.Jazera 13.985 41.956 22.920±8.990 0.578 

Al.Ameer 13.985 41.956 24.474±7.470 0.618 

Al.Adala 18.647 65.265 30.302±13.554 0.765 

Al.Moalmen 4.662 18.647 11.654±4.216 0.2941 
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Fig.3: The average concentration of radon indoor of old building samples for study areas. 
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