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 The calibration factor and diffusion are essential parameters in the solid state nuclear 

track detectors dosimeters. In the present work, experiments were carried out to measure 

the calibration factors for different modes of measurement in indoor radon dosimetry and 

diffusion coefficient of gas filter used in the experiments. The calibration chamber 

provides with standard radium source and radon vision instrument, was used as hybrid 

combination between active and passive methods. The calibration factor was determined 

through the relation between standard radon concentration, track density and exposure 

time. The values of calibration factors was 0.020±0.005 Tr.cm-2/Bq.m-3.d  for sponge cup 

mode, 0.021±0.006 Tr.cm-2/ Bq.m-3.d for filter cup mode and 0.029±0.008 Tr.cm-2/ Bq.m-

3.d for bare mode respectively. The calibration factor for bare CR-39 was found to be 

0.384±0.102 Tr.cm-2/ Bq.m-3.d. The diffusion coefficients are 7.1x10-13 m2/sec for filter 

paper and 4.6x10-9 m2/sec for sponge. The calibration of SSNTDs using hybrid method 

between active and passive can be used to minimize the uncertainty in the calibration 

factors. 
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Introduction 
 Solid State Nuclear Track Detectors (SSNTDs) has been used for many decades of detecting alpha 

particles emitted from natural radioactive decay series [1-7]. Charge particle leaves narrow damage trials 

during their passage through detector (latent tracks). These tracks are making visible for a microscope by 

using chemicals etching. The track density rate per unit area converted to alpha particle concentration per 

meter cubic by a conversion factor called the Calibration Factor (CF). The calibration factors (CFs) are the 

quantities, which are used to convert observed track density rates of activity concentration of species under 

study. Many attempts have been made to calculate and measure CF factors [8-14]. Different modes of 

calibration experiments have been performed in many radiation centers [15-18]. The calibration factor 

estimated experimentally as well as theoretically for different modes of simulations. Even though SSNTDs 

give a better long – term average of radon concentration, and to make accurate meaningful measurement 

using any of the measuring techniques, it is necessary to calibrate the detector under known radon activity 

concentration usually within an enclosed purpose built radon chamber [14]. 
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The present work was performed for measuring the calibration factor of LR-115 type-II, used in the 

indoor twin cup mode, the calibration factor of indoor bare mode CR-39 and the diffusion coefficient with 

transmission factor of sponge and filter paper.  

Materials and methods 

The chamber used in these measurements was built in the Environmental Pollution Laboratory, of 

College of education University of Basrah. It is consist of 50cm arc of cubic PVC chamber contains 

radioactive source 226Ra (185kBq). After the completion of preparation the calibration radon chamber, it will 

be ready to measure the calibration factors for any dosimeters. According to criteria that, if you have 

instrument measured alpha particles concentration per unit volume and the equivalents track number, then 

the calibration factor is simply the average of dividing the track density to the equivalents concentration. In 

order to start measuring the radon concentration inside the chamber after inserting the radon source (226Ra) 

and sealed all opening of the chamber by cold silicon, we switched on the radon monitor (Radon Scout). 

Radon Scout instrument from SARAD (Germany), shown in Figure 1, focused on the detection of 

Radon (Rn-222) in the air. The chronological data sets will be available for transfer to PC using comfortable 

software for read out the radon concentration each hour. No mechanical part like a member pumps an 

external power supply is required. Therefore, the use and exposition at home or at workplace is possible 

without any disturbance. A total duration of measurement of up to four month with continuing data recording 

is possible.  

 

Figure-1 Radon Scout enstrument From Sarad and the output data window. 

 

The instrument saves the date of the whole experiment and could be transferred to a computer for analyzing. 

The background measurement was done by Radon Scout before starting any measurement.  
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A. Calibration factor for LR-115 Type-II used in twin-cup dosimeter 

         LR-115 type-II twin- cup dosimeter inserted into 5.5 cm x4.5 cm containers, which used in indoor 

measurements of radon concentrations, is shows in Figure 2. The chamber has cubic shape of length 50 cm 

and equipped with the necessary accessories [14]. The cups contained detectors were hung freely in the 

radon chamber for 27.4 days after equilibrium; the radon gas concentration inside the chamber at this time 

was 949Bq/m3 measured by radon detector. The detectors were removed and etched with 2.5N NaOH at 60o 

C for 90 minutes for LR-115. The tracks were counted for many field areas using 400X microscopes to 

determine the track density per cm2.  

 

Figure-2: Twin LR-115 cup dosimeter. 

B. Calibration factor for CR-39 indoor in bare mode  

 A group of CR-39 detectors each was fixed on cardboard slide and hanged freely in the radon 

chamber. Each CR-39 detectors were exposed to radon for a different exposing time (121, 191, 361 and 601 

hours). Radon Scout monitor was recorded radon concentration each hour up to equilibrium state where the 

concentration is stable at its saturation. At the end of exposure, the CR-39 detectors were immediately 

removed and stored in shielded storage inside the chamber until the end of the experiment. The detectors 

were etched with 6.25N NaOH at 70o C for 7 h. The tracks were counted for many field areas using 400X 

microscopes to determine the track density per cm2.  

C. Diffusion coefficient of sponge and filter Paper 

The principle of the measurement is to observe the radon gas flow from a part of container with high 

concentration to through the medium to the second container with much lower radon concentration. The 

system is assumed to be in the steady state after a time much longer than the relaxation time [19]. We 

designed twin calibration containers from PVC, separated by a sheet of sponge or filter paper as shown 

Figure 3.These containers set inside the calibration radon chamber as well as radium source to generate the 

radon gas. In the case, where the transportation of gas is considered only in one direction, the production of 

radon inside the media can be neglected [20]. 
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Figure- 3: Twin calibration containers PVC separated by a piece of sponge or filter paper 

The small amount of water in the membrane can influence the diffusion and therefore the reaction 

(binding of water) inside the material should be stopped and equilibrium of humidity inside and outside had 

to be reached [20]. Radon concentration of the lower containers was measured by the radon monitor who 

records radon concentrations each hour of equilibrium state, when the concentration is stable at its 

maximum.  Radon concentration of upper containers was measured by CR-39 detector. Both containers were 

calibrated inthe Environment Pollution Laboratory, College of Education Pure Sciences, Basrah University 

[14].The measurement was made under normal laboratory conditions (temperature about 25o C and relative 

humidity about 37%). The detectors were etched with 6.25N NaOH at 70o C for 7 h. The tracks were counted 

for many field areas using 400X microscopes to determine the track density per cm2, which can be used to 

determine the radon concentration of upper containers. 

Results and discussions 

A. Calibration factor for LR-115 indoor twin cup dosimeter 

 Table 1 shows the results of the laboratory experiment for the calibrations in different exposure 

modes. The results are in good agreementwith the cup mode for LR-115 type-II detectors [21, 22].   

Table 1:  The results of the laboratory experiment for the calibrations in Twin cup 

Mode of 

exposures 

Exposure 

time 

(h) 

Average 

radon 

concentration 

)3-(Bq.m 

Track density 

)2-(Tr.cm 

Calibration factor 

 
-/Bq.m2-Track.cm

.d3 

Results of Ref. 

[21] 

Results of Ref. 

[22] 

R-115 

Sponge cup 
mode 

657 948.69 515.58 0.020±0.005 0.016±0.002 0.020±0.004  

LR-115 

Filter  cup 

mode 

657 948.69 540.73 0.021±0.006 0.017±0.003  0.019±0.003  

LR-115 

Bare mode 
657 948.69 754.51 0.029±0.008 0.018±0.002  0.020±0.002 

 

B. Calibration factor for CR-39   bare mode  

Figure 4 shows the track density in (Tr.cm-2) as a function of radon exposure dose in (Bq.m-3. d). The 

best straight line was fitted and from the slope of this line, the calibration factor of the CR-39 polymeric 

detector using hybrid method is found. The calibration factor for CR-39 detector in the bare mode estimated 

to be   K= 0.384±0.102 Tr.cm-2/ Bq.m-3.d. 
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Figure - 4: Plots between track density in Tr.cm-2 and radon exposure in Bq.m-3.d measured by CR-39 bare mode 

From these two experiments, it is reasonable to mention that, the value of calibration factor in bare mode 

is larger than the cup mode for all types detectors because the radon concentration is large and the detector 

recorded large number of tracks [14]. Also, the value of calibration factor for CR-39 is larger than LR-115 

type-II in all modes because, this may related to: CR-39 is sensitive to all alpha energies unlike LR-115 type-

II detector which has energy window [23]. 

 

C. Diffusion and transmission factors 

Radon transport in porous material is described by a general equation of continuity, which includes four 

basic processes: generation, decay, diffusion and convection. Under the supposition of the time – dependent 

one – dimensional differential equation (no convection) describing the radon activity concentration C0 is 

given by Fick’s second law [24]: 

𝜕𝐶0(𝑧,𝑡)

𝜕𝑡
= 𝐷𝑒

𝜕2𝐶0(𝑧,𝑡)

𝜕𝑧2 −  𝜆 𝐶0(𝑧, 𝑡) +  𝑃                                                                                  (1) 

where𝐶0(𝑧, 𝑡) is the radon concentration within the pores (Bq/m3),  

𝐷𝑒 =
𝐷

𝜀
    (2) 

𝑃 =
𝑓 𝜆 𝐶𝑅𝑎 𝜌

𝜀
    (3) 

where D is the bulk diffusion coefficient (m2/h, gas flux expressed per unit area of material as a whole), De is 

the effective diffusion coefficient, 𝜀 is the porosity and 𝜆 is the radon decay constant, and P is the production 

rate of radon in the pore air (Bq/m3.h), 𝑓 is the emanation fraction, 𝜌 is the bulk density (Kg/m3) and 𝐶𝑅𝑎 is 

the radium concentration (Bq/Kg). By using time – dependent one – dimensional differential equation ( 

Fick’s second law), Fick’s first law and special boundary conditions one can calculate the radon diffusion 

coefficient and transmission factors respectively [25,26]. We found simple relation to calculate the effective 

diffusion coefficient and transmission factor as the ratio between the concentrations inter cup and outside cup 

𝐷𝑒 =
𝜆 𝑑 ℎ
𝐶1
𝐶2

−1
                                                                                                                                 (4) 
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where lower container has high (h) and radon concentration C1 and upper container has high (h) and radon 

concentration C2 and the material has thickness d.The transmission outside the cup written as; 

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 (%) =
𝑙2
𝐿

𝜆 𝑙2𝛿

𝐷𝑒
+coth(

𝐿

𝑙2
)
                                                                                        (5) 

𝑙2 = √
𝐷𝑎𝑖𝑟

𝜆
                                                                                                                                (6) 

where𝑙2 is the diffusion length of radon in air (m). L is length of closed cylindrical chamber (dosimeter cup) 

and 𝛿 is thickness of porous filter.Table 2 shows the radon diffusion coefficients and transmission factors for 

filter paper and sponge. 

Table 2: The values of diffusion coefficient and transmission factor for filter and sponge. 

Tested material Thickness  
Diffusion coefficient 

/sec2m 

Transmission 

factor % 

Transmission 

factor%[27] 

Filter paper 0.8 mm 13-10 x7    90.5 - 

Sponge 5 mm 9-10 x4  89.5 90 

 

From the table one can see that, the diffusion coefficient for sponge greater than filter paper. This 

matter can be explained due to the thickness and the fact that the nature pores and network channels that gas 

run through on all sponges which makes the pathway of the radon gas inside the sponge zigzag and leads to 

reducethe concentration when it passed through it. Whatever, the case the diffusion coefficients for filter 

paper and sponge much less than for all building materials [20]. The results of transmission factors of radon 

for both filter paper and sponge are same and these results identify with other researches [27].  

 

Conclusions  

From the results of the present experiments, we have shown that, the hybrid radon detection systems 

combining passive LR115-II and electronic radon gas counting gives a good achievement in calibration 

factors, detector efficiency and diffusion factors measurements. The results of the present calibration 

experiment show the relationship between the track production rate and the radon exposure concentration in 

the exposure chamber is linear and hence; the calibration graphs can be extrapolated to other range of radon 

concentrations and give close agreement with other calibration experiments. The methodology, although not 

precise, is simple and the reported calibration factors can normally be used in many radon concentration 

ranges. The value of the calibration factors depend on the type of the SSNTD detector and the mode of 

experiment applied.  

The transmission of sponge and the filter paper were 90%, means a small amount of gases prevented from 

passing through and this is within the experimental error. 
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