
Jameel                                                          Iraqi Journal of Science, 2022, Vol. 63, No. 2, pp: 517-523 

                                                                    DOI: 10.24996/ijs.2022.63.2.9   

_______________________________________ 

*Email: athraanaje@uomustansiriyah.edu.iq 

517 

Measurements of Radon Concentrations in Some Dried Fruit and Grain 

Samples by (CR-39) Nuclear Track Detector 
 

Athraa Naji Jameel 
Department of Physics, College of Education, Mustansiriyah University, Baghdad, Iraq 

 

Received: 17/11/2020                             Accepted: 29/4/2021 
 

Abstract   

       The purpose of this study was to measure the radon concentration of some dried 

fruit and grain samples which were consumed as a meal. This is performed by 

counting the alpha tracks emitted from radon by exposing the CR-39 detector. 

Measurements indicated that the highest concentration of radon in dried fruit 

samples was in dried coconut sample 69.89247 Bq/m
3
, and the lowest concentration 

of radon was in figs 50.40323 Bq/m
3
, while the highest concentration of radon was 

in grain samples in oats was 61.82796 Bq/m
3
, The lowest concentration of radon 

was in Iraqi bulgur was 48.3871 Bq/m
3
, These results are due to the type and 

characteristics of the soil. Also shows that the behavior of the surface exhalation rate 

is higher than the mass exhalation rate.The concentration of radon gas and the rate 

of exhalation of radon for samples of Dehydrated fruit and cereals are within the 

permissible global limit, and eating these foods will be healthy and safety for the 

public. 
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تراكيز الرادون في بعض عينات الفواكه المجففة والحبوب بواسطة كاشف الاثر ياسق  
ي النوو  (CR-39) 

 

 عذراء ناجي جميل
 قسم الفيزياء ، كلية التربية ، الجامعة المستنصرية، بغداد ، العراق

 الخلاصه
والحبهب التي تم تناوليا  الغرض من ىذه الدراسة ىه قياس تركيز الرادون لبعض عينات الفهاكو المجففة       

بسبب جسيمات الفا المنبعثة من  CR-39المسارات عمى كاشف   سابعن طريق ح كهجبة. يتم إجراء ذلك
أشارت القياسات إلى أن أعمى تركيز لمرادون في عينات الفهاكو المجففة كان في عينة جهز اليند  الرادون 

، بينما كان أعمى Bq/m 34.943.3 3في التين، وكان أقل تركيز لمرادون  Bq/m3 78.98.96المجفف 
أقل تركيز لمرادون في البرغل كان ، و 3Bq/m 79.9.687تركيز لمرادون في عينات الحبهب في الشهفان 

، وتعهد ىذه النتائج إلى نهع وخصائص التربة . كما يهضح أن سمهك معدل 3Bq/m 99.3969العراقي 
، فتركيز غاز الرادون ومعدل زفيرغاز الرادون لعينات من  يالكتمالزفير السظحي أعمى من معدل الزفير 

تناول ىذه الأطعمة ضمن الحدود العالمية  انالفاكية والحبهب المجففة ضمن الحد العالمي المسمهح بو، و 
  .عمى الانسان المسمهح بيا وآمنة
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Introduction 

     There are certain concentrations of radionuclide within the human body.These either 

caused by constant exposure to natural radiation (cosmic rays, terrestrial sources, and radon) 

and to man-made sources of radiation, or are naturally present within the body from birth, 

such as 
40

K, 
14

C and 
210

Pb [1]. Nuclei can undergo a variety of processes which result in the 

emission of radiation.  Internal radiation exposure, affecting the respiratory tract is due to the  

inhalation of radon and its daughters[2, 3]. Radon is the decay product of the naturally 

occurring radionuclide 
226

Ra, which in turn is a decay product of 
238

U. Since radon is a gas, it 

can escape from the substance in which it is produced into the air, and since uranium and 

radium exist commonly in soil, rocks, and water, the inhaled air contains radon Radon gas is 

pervasive both outdoors and indoors, so it is considered as radiation health hazard that causes 

excess lung cancer [4, 5]. More attention has been paid to the impact of radiation exposure on 

animals and plants than before[6]. Radiation damage in plants is due to irregular form, low 

growth or yield, loss of reproductive ability, wilting  and death (in high-exposure cases).When 

inhaled, radionuclides are distributed among body organs in accordance with the metabolism 

of the part concerned, which typically shows different radiation sensitivities[7-10]. 

     With increasing of recognition and application of irradiation as a sanitary treatment of food 

based on the provisions of the Agreement on the Application of sanitary measures of the 

World Trade Organization, it is therefore important that appropriate dosimetry systems be 

used, to ensure that the trade in irradiated foodstuffs complies with national and international 

standards [11, 12]. Therefore, the main effect of the particles charged on these detectors such 

as (CR-39) is their degradation; these effects reflect substantial changes in the properties of 

the polymer detector. The fall of radiation leads to the irritation and ionization of these 

molecules in generaland thus severs the bonds between them and damage [13, 14, 15]. 

2. Experimental Work 

2.1. Samples Preparation: The practical part 

     Twelve samples were collected, six samples of dried fruit  and six samples of grains , 

purchased from local Iraqi markets, as shown in the Table (1). These samples were milled, 

sieved, and  placed inside a plastic cans(one sample per can). The can  is 13cm high and 8 cm 

in diameter. A square piece (1 cm x 1 cm) of  CR-39 detectors (British made) with a thickness 

of 500μm 250 gm of NaOH was used in the solution preparation process were positioned  on 

the inner surface of the can covers, as shown in  Figure 1. The samples were placed at a 

height of 3 cm inside these cans which were then sealed for 60 days to achieve the radioactive 

balance, After this time, the CR-39 detectors were etched in 6.25N NaOH solution at a 

temperature of 60 ˚C for 5 hours to reveal the alpha particles tracks.  
 

Table 1- Dried fruits and cereals sample code, origin and date of manufacture. 

No. Sample Code 
Sample of 

origin 
Date of manufacture 

1 

D
ri

ed
  

F
ru

it
 

Figs 
F1 Turkey 9112 

2 F2 Iraq 9112 

3 Apricot F3 
Iraq 

 
9115 

4 Raisin F4 
Iraq 

 
9112 

5 Dried cocout F5 Iran 9112 

6 Dates F6 Iraq 9112 

7 

C
er

ea
ls

 

Oats C7 Iraq 9112 

8 
Barley 

C8 Iraq 9115 

9 C9 Turkey 9112 

10 
Millet 

C10 Iraq 9115 

11 C11 Egypt 9112 

12 Bulgur(Wheat crushed) C12 Iraq 9115 
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                               Figure -1 the dimensions of the used cans.  
                       
2.2 Density of the tracks 

    The density of the tracks (ρ) on the CR detector  was calculated according to the following 

relation [16,17]. 

  Tracks density (ρ) =                                                                        (1) 

2.3 Calculation of Radon Exposure  

    The  radon gas concentration in  some dried fruit and grain samples were obtained, using 

the following relation [18]. 

   CRn(sample) / ρRn(sample) = Cs(standard) / ρs(standard)             

   Where:  

     CRn: is the radon gas concentration in  unknown sample (Bq/m
3
).  

CS: is the radon gas concentration in  standard sample (Bq/m
3
). 

ρRn : is the track density of the unknown sample (track/mm
2
).  

ρS : is the track density of the standard sample (track/mm
2
).  

Figure 2 shows the relationship between  track density (ρRn) and  radon exposure. 

Therefore, from the slope of the graph  k where   CRn = ρRn / k 
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Figure 2-Relation of radon gas concentration and track density of the dried fruit samples and 

the grain samples. 
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2-4 Determination of Radon Exhalation Rate in Samples  
 The surface and mass exhalation rate (EA, Em) can be calculated as follows [19,20]: 

              EA    =                                                                             (2) 

 

             Em    =                                                                              (3) 

Where: 

C: is integrated radon emission as measured by the plastic detector, (Bq.m
-3

). 

V: is the volume of air in cup (m
3
) =452.16 cm

3
= 0.000452 m

3
 

λ :is the decay constant for 222Rn (h
-1

) = 0.1812 day
-1

 =0.00755 h
-1

 

A: is sample surface area (m
2
) = 2.5

2
×3.14=19.62 cm

2
=0.001962 m

2
. 

M:the mass of test sample. 

T: is the time of exposure (h) = 30day =720 h. 

3. Results and Discussion 
   Radon gas concentration, for the dried fruits and grain  samples, was measured and the 

results  are shown in  Table (2). The mean radon gas concentration was shown to be higher in 

the dried fruit samples than in the grain samples, as shown in  Figure 3. The concentration of 

radon gas  in some dried  fruits samples ranged from 50.40 Bq/m
3
 in sample F1 to 69.89 

Bq/m
3
 in sample F5, while  the concentration of radon gas  in the grain samples varied from 

48.387 Bq/m
3
 in sample C11 to 61.827 Bq/m

3
 in sample C7. 

 

Table 2-The radon gas concentration CRn  and radon exhalation rate( EA,Em) of the dried 

fruits and grain samples. 

No. Sample 

CRn 

(Bq/m
3
) 

 

EA 

(Bq/m
2
.h) 

Em 

(Bq/Kg.h) 

1 

d
ri

ed
 F

ru
it

 

Figs 
50.403 6.7 5.2×10

-6
 

2 54.435 7.2 5.6×10
-6

 

3 Apricot 59.139 8.7 6.1×10
-6

 

4 Raisin 62.5 8.3 6.52×10
-6

 

5 Dried coconut 
69.89 

 
9.2 7.2×10

-6
 

6 Dates 64.516 
8.5 

 

6.7×10
-6

 

 

Mean±S.D 
60.14 

±2.6 

4.54 

± 0.035 

6.05×10
-6

 

± 0.21 

7 

C
er

ea
ls

 

Oats 61.827 8.0 6.3×10
-6

 

8 
Barley 

60.483 7.6 6.03×10
-6

 

9 57.795 7.2 5.6×10
-6

 

10 Millet 

 

54.435 6.7 5.2×10
-6

 

11 48.387 6.4 5.0×10
-6

 

12 Bulgur 50.403 7.5 5.2×10
-6

 

Mean±S.D 
55.5 

±2.02 

7.2 

±0.22 

5.5×10
-6 

±0.19 

Limit 

ICRP, 2009 [21] 

200-300 
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Figure 3-Mean radon gas concentration of the dried fruits and gain samples. 

 

     The exhalation rate of radon was measured where the surface exhalation rate and the mass 

exhalation rate are shown in  Table 2 and  Figures 4 and 5.   

   The surface exhalation rate for the dried fruits samples varied  from 6.7 Bq/ m
2
.h in sample 

F1(figs) to 9.2 Bq/m
2
.h in sample F5 (dried coconut). While the surface exhalation rate for the 

grain samples varied  from 6.4Bq/ m
2
.h in sample C11 (Millet) to 8.0 Bq/m

2
.h in sample C7 

(Oats).  

Also,  mass radon exhalation rate was calculated . The  mass exhalation rate varied  from 

5.2×10
-6

(Bq/Kg.h) in sample F1 (figs) to the highest value of 7.2×10
-6

Bq/Kg.h in a sample F5 

(Dried coconut) with mean values of 6.05×10
-6

 ± 0.12 Bq/Kg.h. While the mass exhalation 

rate varied  from 5×10
-6

Bq/kg.h in millet sample(C11) to the highest value 6.3×10-6 Bq/kg.h 

in Oats(C7),  with mean values of 6.05×10
-6

 ± 0.12 Bq/Kg.h and 5.5×10
-6

± 0.19 Bq/kg.h, 

respectively. 

 
Figure 4-Surface exhalation rate in the dried fruits and the grain samples. 
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Figure 5-Mass exhalation rate in some dried fruits and grains samples. 

 

CONCLUSUONS 
    The Iraqi figs among the dried fruit samples and Iraqi bulgur among the grain samples 

showed the lowest concentration of radon gas. Also, they showed the lowest surface 

exhalation rate and mass radon exhalation rate. The findings showed that all the dried fruit 

and grain samples under study had  radon gas concentration at the acceptable global limit 

recommended by ICRP. 
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