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The present study is carried out to investigate the influence of grain size on the level of 

radon radioactivity for calcium silicate (Ca2SiO4) ore rocks, which are used widely in 

many construction materials, particularly cement. The polymeric nuclear detector is used 

to determine radon activity concentration and assessment of the radiological impact of 

(Ca2SiO4) ore rocks. In addition to explaining the influence and quantification of grain 

size on radon radioactivity hence acts as a great radiological impact assessment and 

radiation protection to specify if it poses a risk to human health, moreover environmental 

safety. The investigated samples were analyzed by alpha trace detector (LR-115 NTD) to 

measure the radioactivity concentration of radon, which is produced in the continental 

crust by the natural decay series of uranium-238 and penetrates the pore spaces where it 

is imparted by diffusion and sent out into the atmosphere. The research results explained 

the correlation of grain size which influences the radon exhalation rate. The study 

indicated a normal radiation level (>1000 Bqm-3) regarding the international limitation 

and permissible levels recommended by IAEA, ICRP, and UNSCEAR. 
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1. INTRODUCTION 

Nuclear decay is a physical process that occurs off-

hand, in a stochastic manner, when atomic nuclei of an 

isotope undergo internal processes to reach a more stable 

energy state. Radioactivity is the macroscopic 

representation of nuclear decay. The process of decay is 

attributed to the effect of nuclear particles or photon 

emissions, which carry the surplus energy. Because 

nuclear radiation can occur in a variety of kinds, 

abundances, and energy that are unique to each 

radionuclide, radioactivity analysis is a sophisticated 

process aimed at identifying and quantifying radioactive 

isotopes [1]. Relying on the geographical and geological 

aspects of the environment, naturally occurring 

radionuclide deposits in the sediments and rocks [2]. 

Calcium silicates are used in many industries stuff and 

building materials are their common applications, 

especially cement and glass. Also, Calcium silicates are 

extensively involved in the accessory materials and 

finishes of dwellings such as bricks, and tiles. In 

addition, it is a supplement material in paper and some 

plastics manufacturers [3-5]. Furthermore, it’s also used 

in some medical applications as a dental filler 

application [6, 7] Solid state nuclear track detectors are 

widely functional in experimental nuclear and particle 

measurements to detect the charged particles and 

radiation dosimetry [8, 9]. The benefits of NTDs are 

their low cost, accuracy, and facilitated setup. There are 

numerous types of SSNTDs have been enabled to 

measure radon radioactivity concentration. The 

cultivated NTD has a distinctive resolution of charged 

particles [1, 10-13]. Numerous literature studies 

accomplished to explore the encompasses of some 

physical and chemical factors, for example, bulk etching 

and optical properties of the NTDs [8, 14-16]. Passive 

techniques NTDs are used widely for measuring the 
222Rn radioactivity concentration in sediment and rock 

samples [17]. 226Ra is the product of the 238U series 

which decays by alpha-emitting into 222Rn radionuclide. 

This new daughter is mischievous to people's health as a 

result of the ionization energy of alpha particles [18-24]. 

Current work aims to determine 222Rn activity 

concentration and, studies the influence of physical 
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parameters on 222Rn exhalation rate using LR-115 NTD 

for traditional Ca2SiO4 rocks which are used in 

construction and building material in Egypt.  

2. MATERIALS AND ANALYSIS 

2.1. Sampling and Preparation 

The Wadi Feiran–Solaf metamorphic complex constitutes 

an elongated folded belt in southern Sinai, Egypt, that is 

about 40 km long and 5–11 km wide, trending NW–SE 

parallel to the orientation of the Najd fault system as 

shown in Fig. (1). It has evolved and was exhumed in 

close connection with the activity of this shear zone 

system [25, 26]. Calcium silicate rocks were gathered 

from ore quarries in the Sinai Peninsula, and their most 

notable use is in building materials such as some forms 

of pottery, glass, and cement of all types. The chemical 

composition of investigated samples was measured by 

using X-ray fluorescence analysis (XRF) and Table (1) 

gives the oxide content of detected elements. The collected 

rock samples were dehydrated for 60 min. at 110 °C in the 

electric oven and Table (2) shows the strategy of 

preparation samples which followed the sequence 

geological methodology and specifies technical 

requirements and corresponding test methods for test 

sieves and International Organization for Standardization 

(ISO) 3310-1:2016 to obtain target size domain, which 

applies aperture grain (500 µm down to 0.001 µm),       

ISO 565. [27, 28]. After the sieving process, each sample 

was stored for 28 days with the selfsame volume         

(471.23  cm3 ± 5%) in the closed stainless-steel cans, and 

detectors fixed perpendicularly to the sample surface with 

11 cm free space as shown in Fig. (2).  

Table (1): Chemical composition of the investigated samples from XRF analysis 

Oxide CaO Na2O MgO Cl SiO2 K2O SO3 Fe2O3 Al2O3 

wt% 63.51 0.043 0.24 0.023 0.05 0.007 0.022 0.019 0.017 

 

 

Fig. (1): Location and geological map of investigated area [25, 26] 
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  Table (2): The sampling strategy and domain of investigated samples 

No. Domain 
Standardization 

diameter (µm) 

Experimental 

diameter (µm) 
Geometric status 

1 D1 5.00E+08 bulk bulk scale 

2 D2 4.00E+08    S ≤ 500 large pebble 

3 D3 3.00E+08    400 ≤ S < 500 medium pebble 

4 D4 2.00E+08    300 ≤ S < 400 small pebble 

5 D5 1.00E+08    200 ≤ S < 300 fine pebble 

6 D6 5.00E+07    100 ≤ S < 200 very fin pebble 

7 D7 2.50E+07   0.50 ≤ S < 100 sand 

8 D8 1.25E+07    0.25 ≤ S < 0.50 fine sand 

9 D9 6.25E+06  0.125 ≤ S < 0.25 very fine sand 

10 D10 3.13E+06  0.0625 ≤ S < 0.125 1st crushed 

11 D11 1.56E+06  0.03125 ≤ S < 0.0625 2nd crushed 

12 D12 7.80E+05  0.015625 ≤ S < 0.03125 3rd crushed 

13 D13 3.90E+05 0.0078125 ≤ S < 0.015625 1st mashed, powder 

14 D14 1.95E+05 0.00390625 ≤ S < 0.0078125 2nd mashed, fine powder 

15 D15 9.75E+04 0.001953125 ≤ S < 0.00390625 3rd mashed, absolute powder 

 

2.2. Experimental and Analysis techniques 

The solid-state nuclear track detector LR-115 NTD; 

(type II with thickness 112 µm) was used to measure 

radon activity concentration. The emulsion sheets of 

cellulose nitrate carbonate C6H8O9N2 specified with one 

sensitive face which is very sensitive for any heavy 

charge particle falling with energy range (1.6 - 4.6) 

MeV. A texture of LR-115 NTD sheets (1.5 x 1.5 cm) 

was prepared and fixed at the internal topside to be 

perpendicular to each sample surface, and the containers 

were closed firmly as shown in Fig. (2). An emptied 

closed cans were used to determine the radiation 

background and all samples were stored for 28 days at a 

dry and dark place to reach secular equilibrium. The 

detectors were taken away accurately from the cans and 

excavated in 100 ml sodium hydroxide solution (10 mg 

 2.5 N) within a water bath at 60±1 oC for 110 minutes. 

Then they were taken out from the solution, washed with 

distilled water for 5 minutes, and then, irradiated sheets 

placed in 100 ml solution with an equal ratio of water 

and ethyl alcohol for 5 minutes to stop the interaction 

and chemical etching process. After that, irradiated LR-

115 NTD sheets were washed again with distilled water.  

Finally, the LR-115 detectors were dried with fine-

drying paper tissue and placed in aluminum sheets. 

Alpha track counting for each sample was performed by 

using an optical microscope with a magnification of 640x 

taking into consideration the background [10, 11, 13, 29].  

For the actual summation of alpha tracks, the 

radiation background was counted and eliminated from 

the total count of investigated samples [30-32]. Equation 

(1) gives the radon activity concentration 
RnC  in Bqm-3 

at secular equilibrium [10, 11, 13, 29, 33-36]: 

2

Rn

f r
C

T T





 
=            (1) 

where   is the density of alpha tracks (tracks/cm2) and 

equation (2) was used to calculate the distribution 

density of alpha tracks [32]: 

2 2f r f r

 


 
=          (2) 

where  is the total number of alpha tracks, f is the 

matrix fields, 
2r  is the fields calibration area, T is the 

irradiation cycle (28 days), and η is the calibration 

coefficient of LR-115 [29, 32]. 
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The radon surface exhalation rate 
AE was calculated by 

the equation (3): 

2

1 1
[ ( 1)] [ ( 1)]

Rn

A
T T

V
C V f r

E

A T e TA T e 




 


 

− −

= 

+ − + −

  (3) 

where 
AE  is the radon exhalation rate (Bqm-2h-1), λ is 

the constant of radon decay (0.00756 h−1), 
RnC is the 

activity concentration of radon (Bqm-3), V is the 

investigated sample volume (m3), A is the surface area 

(m2), and T is irradiation cycle [37-39].   

3. RESULTS AND DISCUSSION 

The results of the investigated different domains 

mentioned in Table (2) indicate that the emission of 

radon depends on the physical dimension of grain size. 

The values of track density and radon activity 

concentration rather than exhalation rate were 

proportional to the growth in the grain size as shown in 

Table (3). The values of track density ranged from 

129.92 ± 30.62 to 1082.69 ± 81.66 (track/cm2).  

 

 

Fig. (2): Set-up system of cans technique used to measure radon activity concentrations 
 

  

Fig. (3): Comparison of CRn values into different 

domain sizes of investigated samples 

Fig. (4): Comparison of EA into different domain 

sizes of investigated samples 
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The values of 222Rn concentration ranged from 

117.05 ± 27.59 to 825.40 ± 73.57 (Bqm-3) and Fig. (3) 

show the comparison between values of CRn of different 

sample domain in addition, the histogram of Fig (5) 

shows the statistical frequency of three categories of 

radon concentration based on samples domine. The 

calculations of surface exhalation rate values ranged 

from 26.98 ± 11.73 to 261.64 ± 7.19 (mBqm-2h-1) which 

demonstrates the reverse proportion between of physical 

grain size domain of investigated samples and both of 

radon concentration and its exhalation rate. Figures (4 

and 6) show the comparison between the values of EA of 

different sample domains and the statistical frequency, 

respectively. 
 

Table (3): The values of track density ρ, radon activity concentration CRn, and exhalation 

rate EA of investigated samples 

No. Domain ρ (Track cm-2) CRn (Bqm-3) EA (mBqm-2h-1) 

1 D1 1082.69 ± 81.66 825.40 ± 73.57 261.64 ± 7.19 

2 D2 822.84 ± 77.07 741.30 ± 69.43 190.05 ± 6.88 

3 D3 779.53 ± 75.01 702.28 ± 67.58 172.58 ± 6.6 

4 D4 678.48 ± 69.98 611.24 ± 63.05 144.20 ± 6.33 

5 D5 620.74 ± 66.94 559.23 ± 60.31 126.84 ± 6.09 

6 D6 577.43 ± 64.56 520.21 ± 58.16 113.60 ± 5.86 

7 D7 519.69 ± 61.25 468.19 ± 55.18 102.24 ± 6.07 

8 D8 476.38 ± 58.64 429.17 ± 52.83 93.72 ± 6.07 

9 D9 375.33 ± 52.05 338.14 ± 46.89 73.84 ± 6.47 

10 D10 295.93 ± 46.22 266.60 ± 41.64 58.22 ± 7.68 

11 D11 209.32 ± 38.87 188.58 ± 35.02 41.18 ± 9.10 

12 D12 158.79 ± 33.86 143.05 ± 30.50 31.24 ± 10.31 

13 D13 137.14 ± 31.46 123.55 ± 28.34 26.98 ± 11.73 

14 D14 137.14 ± 31.46 123.55 ± 28.34 26.98 ± 12.13 

15 D15 129.92 ± 30.62 117.05 ± 27.59 25.56 ± 12.94 

 

  

Fig. (5): The histogram of three categories of radon 

concentration based on sample domine 

and comparison of its frequency 

Fig. (6): The histogram of three categories of radon 

exhalation rate based on sample domine and 

comparison of its frequency 
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Fig. (7): Exponentially correlation between CRn and EA 

 

 

Fig. (8): Exponentially correlation between CRn and standardization domain 
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Fig. (9): Logarithmic correlation between EA and standardization domain 

 

Figures (8 and 9) prove the mentioned reverse 

proportion which strongly depends on the physical 

sample domain parameters and its frequency, rather wide 

spaces catalyze CRn and EA diffuse respectively. Fig. (7) 

shows a significant exponential linkage between CRn, 

and EA for the investigated samples. The linkage is 

exponential because the EA equation hinges on CRn since 

the surface area of samples, volume of cans, and decay 

constant of radon gas are the same parameters for every 

sample [17, 36, 40-47].  

The result of the present research project is 

compatible with the IAEA radiological survey that 

concerns radon concentration in dwellings [17, 36, 42], 

in addition to ICRP recommended the admissible 

threshold of radon concentration range (200 to 600) 

Bqm-3 [40, 41, 43]. 

CONCLUSION  

The study is carried out to investigate the 

radiological impact of calcium silicate rocks which are 

used widely in building materials and other industrial 

proposes. The study explained the exponential relation 

between CRn and EA which indicated the grain size 

domain is the most physical parameter that influence on 

radioactivity of radon and accesses quantification of its 

exhalation rate. Alpha track sheets LR-115 NTD is a 

good detector for monitoring radon concentration 

radioactivity and helps in the appreciation of possible 

radiological hazards. Regarding to exponential 

correlation relation between radon concentration and 

exhalation rate, cement material or other industrial 

products of infrastructures must be in the domain range 

(D10:D15) mentioned in Table (2) this is because to 

avoid and scale down of radon exhalation rate process 

from the building materials. The study's findings aid in 

recognizing any changes in the radioisotope background 

level caused by hydrothermal and geological processes 

related to the exploration and mining of calcium silicate 

ore. 
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