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The alpha-radioactive inert gas Radon exhalation is associated with presence of Radium and 

its ultimate precursor uranium in the earth crust. Uranium decay deposits radon in soil, which 

is harmful on human and environment. The exposure of population to high concentration of 

alpha radioactivity mainly of Radon for a long period leads to lung cancer. The radon activity 

concentrations, radium contents, radon exhalation rates in twenty one soil samples collected 

from Bartella region, were measured using the sealed-can technique based on the CR-39 

SSNTDs. In the present paper the estimated values for radon activity concentration in air 

space are in the range 323.2-2424 Bq/m
3
 with mean value of 1212.7 Bq/m

3
, the radon 

concentration in soil sample are 31.66-237.46 KBq/m
3
 with mean value of 118.83 KBq/m

3
, 

the radium contents were found vary between 1.36-10.24 Bq/Kg with mean value 5.11 Bq/Kg, 

the radon mass exhalation rate vary between 10.34-77.56 mBq/Kg/hr with mean 38.81 

mBq/Kg/hr, the radon surface exhalation rate are between 234.2-1756.4 mBq/m
2
/hr with mean 

value of 878.6 mBq/m
2
/hr. All values of the samples under the test are below of permissible 

values 370 Bq/Kg of radium content and 57600 mBq/m
2
/hr radon exhalation, recommended 

by Organization for Economic Cooperation and Development (OECD). Hence the area under 

investigation is safe as for as health hazards of radium and safe in radiological risks due to 

radon exposure from the soil.  
  

Keywords: Radon measurement, Radium content, Bartella region, SSNTDs, CR-39.  

  

خلاصـةال  
يرافق زفير غاز الرادون الخامل المشع الباعث لالفا وجود الراديوم وسلفه النهائي اليورانيوم في قشرة الارض . انحلال 

اليورانيوم يودع الرادون في التربة التي هي ضارة للانسان والبيئة . تعرض الناس لتركيز عالي من اشعاع الفا وبصورة 

السرطان . تراكيز فعالية الرادون ، محتوى الرادون ومعدلات زفير الرادون لاحدى اساسية الرادون لفترة طويلة يؤدي الى 

وكانت النتائج  CR-39وعشرون عينة تراب جمعت من منطقة برطللة واجريت القياسات بتقنية الاناء وباستخدام كاشف 

Bq/m 2424-323.2المحصلة لتراكيز الرادون هواء العينة داخل الاناء تقع ضمن الفترة 
3

Bq/m 1212.7وبمعدل  
3

 

KBq/m 237.46-31.66وتراكيز الرادون في التربة يتراوح بين 
3

KBq/m 118.83وبمعدل  
3

ومحتوى الراديوم وجد  

 77.56-10.34ومعدل الزفير الكتلي للرادون كان ضمن الفترة  Bq/Kg 5.11وبمعدل  Bq/Kg 10.24-1.36بالمدى 

mBq/Kg/hr  38.81وبمعدل mBq/Kg/hr 1756.4-234.2معدل الزفير السطحي للرادون كان ضمن الفترة  كما ان 

mBq/m
2
/hr 878.6 بمعدل mBq/m

2
/hr  370، كل القيم للنماذج هي اقل من القيم المسموحة Bq/Kg  لمحتوى

mBq/m 57600الراديوم و 
2
/hr  لزفير الرادون التي اوصت بها منظمة التعاون الاقتصادي والتطوير(OECD)  ان .

لناتجة من التعرض قيد البحت هي امنة من الاخطار الصحية الناتجة من الراديوم وامنة من المخاطر الاشعاعية ا المنطقة

 .للرادون الصادرة من التربة

  

Introduction 
The exposure of population to high 

concentration of alpha radioactivity mainly of 

Radon for a long period leads to pathological 

effects like there respiratory functional changes 

and the occurrence of lung cancer‎[1]. The 

radioactivity is a spontaneous decay and 

transformation of unstable nuclei accompanied 

with the emission of nuclear particles or 

photons, therefore the analysis of this processes 

may be found in wide range of complexities 

because nuclear radiation can occur in various 

types, abundances and energies‎[2]. Radiation 

plays an important role in our everyday life as 

the world is naturally radioactive therefor each 
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of us is exposed to naturally occurring 

quantities of radiation, in fact, radioactivity can 

be in the air we breathe, the soil on which we 

walk the dwellings in which we live and even 

within in our bodies‎[3]. 

Radon is found in air, rock, soil, water, and it is 

indicate the presence of radium and its ultimate 

precursor uranium in the ground. The vast 

variation in radon exposure depends on 

location considered and is mainly governed by 

the exhalation rate (i.e., the amount of activity 

released per unit area of the surface per unit 

time) from the ground‎[4],‎[5]. Measurement of 

radon exhalation rates from soil and rocks is 

useful in studying the health risks‎[6]‎[7].
 
The 

soil–gas radon concentration and its exhalation 

rate depend on the local geology of the area 

associated mineralization geophysical and 

climatological parameters‎[8]. As a gas, radon 

has three main natural isotopes; namely, radon-

222 (
222

Rn), a decay product of 
238

U, radon-220 

(
220

Rn, known as thoron), produced in the 

decay series of thorium-232 (
232

Th), and radon-

219 (
219

Rn), a decay product from the chain 

originating with 
235

U‎[9]. Both 
238

U and 
232

Th 

occur naturally in soil and rocks at variable 

concentrations of about 1PCi/g and also 
226

Ra, 

the parent of 
222

Rn‎[10]. The 
222

Rn isotope has a 

half-life of 3.82 days, while 
220

Rn isotope has 

half-life about 55 seconds and 
219

Rn isotope 

has a half-life of about 3.96 seconds‎[11]. Since 

radon 
222

Rn has long half-life time related to 

other isotopes, its considered to be the most 

significant isotope in decay series of 
238

U, this 

is show the radon problem in the 

environmental studies because tracing of 
238

U 

are found in most natural rocks, soil, and water. 

It can be measured using SSNTD (Solid State 

Nuclear Track Detector) technique‎[12].  

 The plastic SSNTD detectors are most widely 

used because they are more sensitively than 

crystal and glass. This type like CR-39 

Polymer can record all charged radiations, the 

shape and type of damage positions (tracks) on 

the film plastic detector depend on the mass, 

energy, the charge of the incident particle and 

on the type of solid state detector‎[13], and 

these tracks may be observed by optical 

microscope after enlargement by etching 

process . 

Materials and Methods 
1. Radon gas concentration in soil samples 

The radon activities, were detected by passive 

technique of solid state nuclear track detectors 

using “Sealed Can technique”‎[14]‎[17]. Twenty 

one soil samples were collected from various 

locations of Bartella region (the location of 

study area Bartella is in Iraq, 21 kilometers 

East of Mosul city, between Latitude: 36° 21' 

13.3" (36.3537°) north and Longitude: 43° 22' 

52.6" (43.3813°) east, elevation:307 meters, 

1,007 feet), these samples milled, crushed, 

sieved by 2-mm mesh, 75 gm of each sample 

was placed inside a plastic cylindrical container 

facing a CR-39 track detector into a diffusion 

chamber Figure 1.  
 

 
Figure 1: A schematic diagram of the sealed-cup 

technique in soil sample. 

 

Which was then closed for a period of 90 days 

(from 5 March 2017 to 3 June 2017) after 

getting equilibrium between radium and radon. 

CR-39 detector of area (1×1 cm
2
) were placed 

at the closed top end of a plastic cup (6.5 cm in 

diameter, 10.5 cm length) while the distance 

between the sample surface to the detector is 9 

cm and the sample thickness is 1.5 cm .  

After 90 days, the detectors are removed and 

etched by NaOH at normality 6.25 N and heat 

70 °C in water bath to reveal the tracks. The 

detectors were washed and dried, tracks were 

counted using a microscope at a magnification 

of 400x. 

The track densities were measured using the 

following equation‎[18]: 

𝑇𝑟𝑎𝑐𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝜌 =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑎𝑐𝑘𝑠

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑒𝑙𝑑 𝑜𝑓 𝑣𝑖𝑒𝑤
 (1) 
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The track density 𝜌(in track/cm
2
) is related to 

the radon activity concentration (in air space) 

𝐶𝑅𝑛(Bq/m
3
) and the exposure time T (in day) 

by the formula‎[19]: 

 
𝜌 = 𝐾𝐶𝑅𝑛𝑇 (2) 

 

Where K is the sensitivity or calibration factor 

of CR-39 its value (2.758×10
-2

 Traks.cm
-2

.day
-

1 
/ Bq.m

-3
) given by‎[20]. 

Radon concentration in the soil samples 

calculated using the relation‎[21]‎[22]: 

 
𝐶𝑠 = 𝜆𝑅𝑛 𝐶𝑅𝑛 𝐻 𝑇/𝐿 (3) 

 

Where 𝐶𝑠 Radon concentration in the soil 

samples (Bq/m
3
), 𝐶𝑅𝑛 Radon concentration in 

air space (Bq/m
3
), 𝜆𝑅𝑛 decay constant for radon 

(0.1814 day
-1

), H height of air space in the can 

(9cm), T exposure time (90 day), L thickness 

of the sample in the can (1.5cm). 

 

2. Radium content in soil samples 

Since the half-life of 
226

Ra is 1600 years and 

that of 
222

Rn is 3.82 days, it is reasonable to 

assume that an effective equilibrium (about 

98%) for radium- radon members of the decay 

series is reached in about four weeks. Once the 

radioactive equilibrium is established, one may 

use the radon alpha analysis for the 

determination of steady state activity 

concentration of radium. The activity 

concentration of radon increase with time T, 

after the closing of the can, according to the 

relation‎[23]: 
 

𝐶𝑅𝑛 = 𝐶𝑅𝑎(1 − 𝑒−𝜆𝑅𝑛𝑇) (4) 
 

Where 𝐶𝑅𝑎 is the effective radium content of 

the sample, 𝜆𝑅𝑛 is the decay constant of 
222

Rn. 

Since a plastic track detector measures the 

time-integrated value of the above expression, 

i.e. the total number of alpha disintegrations in 

unit volume of the can with a sensitivity K 

during the exposure time T, hence the track 

density observed is given by the relation‎[24]: 
𝜌 = 𝐾𝐶𝑅𝑎𝑇𝑒  (5) 

 

Where 𝑇𝑒 denotes, the effective exposure time 

given by‎[25]: 

 
𝑇𝑒 = [𝑇 − 𝜆𝑅𝑛

−1(1 − 𝑒−𝜆𝑅𝑛𝑇)] (6) 

 

The effective radium content of the soil sample 

can be calculated by formula‎[24]: 

 

𝐶𝑅𝑎(𝐵𝑞. 𝐾𝑔−1) = (
𝜌

𝐾𝑇𝑒

) (
𝐻𝐴

𝑀
) (7) 

 

Where M is the mass of the soil sample in Kg, 

A is the area of cross-section of the can in m
2
, 

H is the distance between the detector and top 

surface of the soil sample in meter, 𝑇𝑒 effective 

exposure time in day. 

 

3. Radon exhalation in soil samples 

The surface exhalation rate EA in (Bq.m
-2

.hr
-1

) 

of the sample for release of radon can be 

calculated by using the expression‎[26]: 

 

𝐸𝐴 =
𝐶𝑉𝜆

𝐴𝑇𝑒

 (8) 

 

The mass exhalation rate EM (in Bq.Kg
-1

.hr
-1

) 

of sample can be calculated by expression‎[26]: 

 

𝐸𝑀 =
𝐶𝑉𝜆

𝑀𝑇𝑒

 (9) 

 

Where in the above tow expressions 𝜆 is the 

decay constant for radon in (hr
-1

), V is effective 

volume of the can in (m
3
), C in (Bq/m

3
.hr) is 

the integrated radon exposure, A is area cross-

section of can in (m
2
), M is the sample mass in 

(Kg), Te is effective exposure time in (hr), the 

integrated radon exposure was computed using 

the relation‎[6]: 

 
𝐶 = 𝐶𝑅𝑛𝑇 (10) 

 

Where 𝐶𝑅𝑛 (Bq/m
3
) radon activity 

concentration, T the total exposure time in (hr). 
 

Results and Discussion 

The results of mass and surface exhalation 

rates of radon, the radon activity concentration 

in air space, radon concentration content in 
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soil, and radium content for twenty one soil samples are presented in Table 1. 
 

Table 1: Results of radon and radium concentrations, radon exhalation rates in soil samples. 

No. 
Sample 

number 

ρ 

Track/cm
2
 

CRn 

Bq/m
3
 

CS×10
3 

Bq/m
3
 

CRa 

Bq/Kg 

EA 

Bq.m
-2

. hr 
-1

 

EM 

Bq.Kg
-1

. hr 
-1

 

1 BART01 4520 1826 178.86 7.68 1323 58.43 

2 BART02 6000 2424 237.46 10.24 1756 77.56 

3 BART03 4133 1670 163.58 7.05 1210 53.44 

4 BART04 4573 1847 181.00 7.81 1338 59.10 

5 BART05 3906 1578 154.61 6.67 1143 50.49 

6 BART06 2933 1185 116.09 5.00 858.6 37.92 

7 BART07 2400 969.7 94.98 4.10 702.6 31.03 

8 BART08 4266 1723 168.88 7.28 1249 55.16 

9 BART09 5066 2047 200.52 8.65 1483 65.50 

10 BART10 2266 915.8 89.71 3.87 663.5 29.30 

11 BART11 1733 700.3 68.60 2.96 507.4 22.41 

12 BART12 1040 420.2 41.16 1.77 304.4 13.44 

13 BART13 3240 1309 128.23 5.53 948.5 41.89 

14 BART14 1200 484.8 47.49 2.04 351.3 15.51 

15 BART15 3600 1454 142.48 6.14 1053 46.54 

16 BART16 1600 646.4 63.32 2.73 468.4 20.68 

17 BART17 933 377.1 36.93 1.59 273.2 12.06 

18 BART18 1280 517.1 50.65 2.18 374.7 16.54 

19 BART19 2093 845.7 82.85 3.57 612.8 27.06 

20 BART20 5466 2208 216.36 9.33 1600 70.67 

21 BART21 800 323.2 31.66 1.36 234.2 10.34 

 Min 800 323.2 31.66 1.36 234.2 10.34 

 Max 6000 2424 237.46 10.24 1756 77.56 

 Mean 3002 1212.7 118.83 5.11 878.6 38.81 

 

The calculated values for radon activity 

concentration in air space are in the range 

323.23-2424 Bq/m
3
 with mean value of 1212.7 

Bq/m
3
, the radon concentration in soil sample 

are 31.66-237.46 KBq/m
3
 with mean value of 

118.83 KBq/m
3
, the radium contents were 

found vary between 1.36-10.24 Bq/Kg with 

mean value 5.11 Bq/Kg, the radon mass 

exhalation rate vary between 10.34-77.56 

mBq/Kg/hr with mean 38.81 mBq/Kg/hr, the 

radon surface exhalation rate are between 

234.2-1756.4 mBq/m
2
/hr with mean value of 

878.6 mBq/m
2
/hr. The min values found in the 

sample BART21 and max values in sample 

BART02, radium content comparable with 

2.85-4.37 Bq/Kg of ref.‎[27]. In Table 2 

comparison between the obtained results and 

the published data in different countries for soil 

samples. 
 

 

 

Table 2: The comparison with the other published data 

in different countries. 

No. Country CRn (Bq.m
-3

) References 

1 Iraq 1212.7 present work 

2 Iraq 1386.23 2014 ref.‎[28] 

3 Iraq 616.6 2014 ref.‎[29] 

4 Iraq 478 2012 ref.‎[30] 

5 India 2200 2014 ref.‎[31] 

6 India 1308.8-2105.6 2013 ref.‎[6] 

7 India 448 2010 ref.‎[32] 

8 India 457 2013 ref.‎[33] 

9 India 1117 2014 ref.‎[34] 

10 Egypt 717 2015 ref.‎[35] 

11 Egypt 136.99- 874.51 2016 ref.‎[36] 

12 Egypt 36.98- 576.18 2012 ref.‎[37] 

13 Algeria 285 2008 ref.‎[38] 

14 Libya 516 2013 ref.‎[39] 

15 Nepal 2321 2015 ref.‎[40] 

16 Turkey 1795 2006 ref.‎[41] 

 

Figure 2 represent the values of radium content 

with the samples, its vary from one sample to 

another due to radium content in sample 

location. 
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Figure 2 : Radium content ( Bq / Kg ) in samples. 

 

Figure 3 shows a good positive correlation 

(1.00) has been obtained between the radium 

content and the radon exhalation rates for soil 

samples, it is evident that as the content of 

radium increased, the exhalation rates as well 

as increase. 
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Figure 3: Variation between radium content and radon 

surface exhalation rate. 

 

The variation in radon exposure depends on 

location considered and is mainly governed by 

the exhalation rate, the soil–gas radon 

concentration and its exhalation rate depend on 

the local geology of the area associated 

mineralization geophysical and climatological 

parameters. The Bartella region is an open area 

around houses, it has large amount of wind and 

air causes raised radon gas from soil to 

diffusion to air, so the results of the 

measurements show very low values of radon 

and radium concentrations, thoron gas (half-life 

56 s) is an alpha emitter which is also present 

in soil and environments, the average diffusion 

distance of thoron gas is very small compared 

to that of radon, which means that the present 

results might also contained a small amount of 

thoron and therefore might be considered 

roughly as an upper limit results which are still 

within the allowed limit therefor the area under 

study is safe for life from natural radiation.  

 

Conclusions 
The results of this investigation showed 

considerable presence of radon and radium in 

soil samples in Bartella region. Radon 

concentrations in the soil air are known to vary 

with time due to changes in soil moisture, soil 

permeability, wind, air temperature and air 

pressure. A correlation coefficient of 1.00 

between the radium content and radon 

exhalation rate has been obtained. The obtained 

values of radium contents and radon exhalation 

were found to be less than the maximum 

permissible values of 370 Bq/Kg and 57600 

mBq/m
2
/hr as the recommendation of 

OECD‎[42]. Hence the area under investigation 

is safe as for as health hazards of radium and 

safe in radiological risks due to radon exposure 

from the soil.  
 

References 
[1] BEIR VI (Report of the committee on the 

Biological effects of Ionizing Radiation) . Natl. 

Res. Council.Natl Acad. Press, Washington, D.C, 

(1999) . 

[2] Micheal F. L. and Ann unziata “Radioactivity 

Introduction and History “1st edition USA, (2007). 

[3] Lees E M, Menezes G. and Finch E, 

”Naturalradioactivity in Building Materials in the 

Republic of Ireland” Health Physics, 86, P. 378-

385, (2004). 

[4] Barooah D , Laskar I and Goswami A K , “ Radon 

Exhalation Rate Studies in Makum Coalfield Area 

Using Track-etched Detectors”, Indian J 

Phys.,83(8)1155-1161, (2009). 

[5] Nazaroof W. W. and Doyle S. M.,” Radon Entry 

Into Houses Having a Crawl Space “ Health Phys. 

48(3), p. 265-281, (1985). 

[6] Barooah D. , Barman S. and Phukan S., “Study of 

environmental radon exhalation, radium and 

effective dose in Dilli-Jeypore coalfield, India 

using LR-115(II) nuclear track detectors” Indian 

0

2

4

6

8

10

12

1 3 5 7 9 11 13 15 17 19 21

y = 171.46x + 0.6481 

R² = 1 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 2 4 6 8 10 12

http://creativecommons.org/licenses/by-nc/4.0/


Kheder et al. Measurement of Radon Concentration Using SSNTD in Bartella Region 2018 

 

115 

 

Journal of Pure & Applied Physics , vol.51 , 

pp.690-695, (2013). 

[7] Singh B P. , Pandit B. , Bhardwaj V N. et al. , ” 

study of Radiun and Radon exhalation rate in some 

Solid Samples using solid state track detectors”, 

Indian J Pure & Appl. Phys. 48, p.493-495, (2010). 

[8] Khan A J., Singh A K. and Prasad R., ” Study of 

Radon and its Progeny Concentrations in an Oil 

Rifenery and Foundry Environment”, Indian J Pure 

and Apllied. Phys. 37(10), p. 787-790, (1999) . 

[9] Budnitz R G, “Radon -222 and its Daughters”, 

Health Phys. 26 , pp.145-163, (1974). 

[10] Baxter M S, “ Environmental Radioactivity : A 

Perspective on industrial Contributions “ 

International Atomic Energy Agency (IAEA) 

Bulletin , 35(2) , pp.33-38, (1993) . 

[11] Sumner D., Wheldon and Watson W, “Radiation 

Risks“, Glasgow, UK : the Tarragon Press, pp.32-

43, (1991) . 

[12] Mahur A K., Kumar R., Sengupta D., and Prasad 

R., “ Estimation of Radon exhalation Rate, Natural 

Radioactivity and Radiation Doses in Fly Ash 

Samples From Durgapur Thermal Power Plant, 

West bengal India”, Journal of Environmental 

Radioactivity , 99 , P . 1289-1293, (2008) . 

[13] Durrani S A. and Bull R K., “ Solid state nuclear 

Detection “ Pergamaon Press Oxford (1987). 

[14] Chen J., Rahman N M., and Itiya I A.,“ Radon 

Exhalation From Bulding Materials for Decorative 

Use“, J of Environ Radioactivity 101, P17-22, 

(2010). 

[15] Khan A J., Rajendra , Prasad., and Tyagi R K.,“ 

Measurement of Radon Exhalation Rate From 

some Building Materials “ , Nucl. Tracks Radiat. 

Meas. 20(4) P.609-610, (1992) . 

[16] Mahur A K. , Khan M S. , Naqvi A H., Prasad R. , 

and Zam A., “Measurment of Effective Radium 

content of Sand Samples Collected from 

Chhatrapur Beach, Orissa , India using track Etch 

Technique”, Radiat Meas. 43, 5520-5521 , 4824-

9671,4829-9671, (2008) . 

[17] Sonkawade R G., Kant K., Muralithar S., and 

Kumar R C.,“Natural Radioactivity in Common 

Building Constraction and Radiation Shielding 

Materials “ Atmospheric Environment , 42 , p. 

2254-2259, (2008). 

[18] Nisar, Ahmad, et al., “Measurment of Radon 

Exhalation Rate , Radium Activity and Annual 

Effective Dose from Bricks and Cement Samples 

Collected from Dera Ismail Khan”, American 

Journal of Applied Scince 11(2) p. 240-247, (2014) 

. 

[19] Hamza V Z. and Mohankumar M N., “ Cytogentic 

Damage in Human Blood Lymphocytes Exposed in 

Vitro to Radon” Mutation Research , 661, p.1-9, 

(2009) . 

[20] Marcia Pires de Campos and Elaine Wirney 

Martins,” Calibration of the Solid State Nuclear 

Track Detector CR-39 for Radon Measurments”, 

Associacao Brasileira De Energia Nuclear–ABEN, 

ISBN : 978-85-99141-02-1,(2007). 

[21] AL-Bataina B. A., Ismail A. M., Kullab , et.al,” 

Radon Measurement in different type of nature 

waters in Jorden” , Radiation Measurement, 28(1-

6); 591-594, (1997) . 

[22] Somogi G., Hafiz A., Hunyadi I. and Toth-Szilagyi 

M.,“Measurement of Exhalation and Diffusion 

Parameters of Radon in Solids by Plastic Track 

Detectors” ,Nucl. Track Radit. Meas. ,12(1-6), p. 

701-704, (1986). 

[23] Shakir , Khan M , et al. , “ Study of Radium 

Content and Radon Exhalation Rates in Soil 

Samples of Northern India “ Environmental Earth 

Scince 67(5),p.1363-1371, (2012). 

[24] Shakir , Khan , Naqvi , Azam , and Srivastava, “ 

Radium and Radon Exhalation Studies of Soil” , 

Iran J. Radiat. Res.8(4) , p.207-210, (2011). 

[25] Azam A., Naqvi A H. and Srivastava D S, “ 

Radium Content and Radon Exhalation 

Measurment using LR-115 type II Plastic Track 

Detectors”, Nuclgeophys, 9(6) , p. 653-657.,(1995) 

. 

[26] Mohamad Abd-Elzaher ,” An Overview on 

Studying 222Rn Exhalation Rates using Passive 

Technique Solid-State Nuclear Track Detectors” 

American Journal of Applied Scince 9(10): 1653-

1659, (2012) . 

[27] Baruah D M., Deka P C. and Rahman 

M.,”Measurment of Radon Concentration and 

Radon Exhalation Rate in Soil Samples Using 

SSNTDs”, the African Review of Physics 8 

pp.0032, (2013). 

[28] Ibtihaj Ahmed Kadhim,” TheUse of the Nuclear 

Detectoe Effect (CR-39) in Determining the 

Concentration of Radon in a Samples of the 

Nasiriya sity soil South of Iraq “ IMPACT: 

International Journal of Research in Applied, 

Natural an Social Scinces , Vol. 2, Issue 11, P.103-

110,(2014). 

[29] Khodier M. K. and Abdul Subber R. H., 

“Measurements of natural radon gas emitted from 

soil of areas assumed to be contaminated in Basrah 

Governorate”, J Res Basra ;40:79-87, (2014) . 

[30] Tawfiq NF., Nasir HM. and Khalid 

R.,“Determination of radon concentrations in AL-

NAJAF governorate by using nuclear track detector 

CR-39”, J Al-Nahrain Univ. ;15(1):83-7, (2012) . 

[31] Pooja Chauhan and Rishi Pal, “Variation in alpha 

radioactivity of plants with the use of different 

fertilizers and radon measurement in fertilized soil 

samples”, J Environ Health Sci Eng. ;12(70):1-8, 

(2014) . 

[32] Gupta M., Mahur AK., Ssonkawade RG., Verma 

KD., and Prasad R., “Measurement of radon 

activity, exhalation rate and radiation dose in fly 

ash samples from NTPC Dadri, India”, India J Pure 

App Phys.;48:520-3, (2010). 

[33] Sharma HK., “Radon activity and radon exhalation 

rates from some soil samples by using SSNTD”, 



Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN:2521-3520 (online) Volume 29, Issue 4, 2018 DOI: http://doi.org/10.23851/mjs.v29i4.357 

 

116 

 

 

Copyright © 2018 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons 

Attribution-NonCommercial 4.0 International License. 

 

Inter J Adv Res Elec Electr Instrum Eng. 

;2(10):5024-9, (2013). 

[34] Anil S., Ajay KM., Sonkawade RG., Sharma AC., 

Raj K., et al., “Radon exhalation in some building 

construction materials and effect of plastering and 

paints on the radon exhalation rate using fired 

bricks”, Advan App Sci Res. ;5(2):382-6, (2014) . 

[35] Youssef HA., Embaby AA., El-Farrash AH. and 

Laken HA.,“Radon exhalation rate in surface soil 

of graduate's villages in west Nile Delta Egypt, 

using can technique”, Inter Recent Scien Res. 

;4:3440-6, (2015) . 

[36] El-Farrash A. H., Hesham A. Yousef, A. Abu El-

Ala and A. Magdy, “Assessment of radon level in 

soil samples from Manzala Lake East Nile Delta, 

Egypt using passive technique“, International 

Journal of Scientific Reports, Vol 2, Issue 12, Page 

312 -318, (2016). 

[37] El-Farrash AH., Yousef HA and Hafez AF., 

“Activity concentrations of 238U and 232Th in 

some soil and fertilizer samples using passive and 

active techniques”, Radiat Meas. ;47:644- 8, 

(2012). 

[38] Belafrites A., “Natural radioactivity in geological 

samples from Algeria by SSNTD and gamma-ray 

spectrometry”, IX Radiation Physics & Protection 

Conference, Nasr City, Cairo, Egypt, 15-19 

November (2008). 

[39] Saad AF., Abdallah RM. and Hussein NA., “Radon 

exhalation from Libyan soil samples measured with 

the SSNTD technique”, App Radiat Iso.;72:163-8, 

(2013) . 

[40] Parajuli P., Thapa D. and Shah BR., “Study of 

radon exhalation rate in soil samples of kathmandu 

valley using passive detector LR115”, Inter J Chem 

Phys Sci. ;4(4):30-9, (2015) . 

[41] Baykara O. and Mahmut D.,“Measurement of 

radon and uranium concentration in water and soil 

samples from east Anatolian active fault system 

(Turkey)”,. Radiat Meas. ;41:362-4, (2006) . 

[42] OECD, ” Organization for Economic Cooperation 

and Development: Exposure to Radiation from 

natural radioactivity in building materials, Report 

by a Group of Experts of the OECD, Nuclear 

Energy Agency , OECD , Paris , France (1979) . 

 

http://creativecommons.org/licenses/by-nc/4.0/

