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ABSTRACT 

   Passive radon dosimeters based on LR115 nuclear track detectors are very attractive 
for assessment of radon exposure. For developing countries wishing to undertake 
national radon survey the most appropriate techniques are those making use of LR115 
detectors. These detectors are small, cheap, simple, and non-hazardous and provide an 
entirely adequate tool for large scale use in assessing levels of radon over several months 
because of the short – term fluctuations in radon concentrations. 
    In this paper, the principles and philosophy in order to improve the quality and 
reliability of radon exposure under a quality assurance (QA) program are presented. 
Also examples of how a QA program of radon measurements by LR115 detectors using 
the can-technique is well defined and applied. 
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INTRODUCTION 

   Radon has been classified as a human carcinogen. Since environmental radon on average account for 
about a half on all human exposure to radiation from natural sources (1) , increasing attention has been paid 
to exposure to radon and its associated health risks in both industrialized and developing countries(2).  
  

   For developing countries wishing to undertake national survey programs in order to monitor 
environmental radon the most appropriate techniques are those making use of Solid State Nuclear Track 
Detectors (SSNTDs) (e.g. CR-39 and LR-115),also known as plastic (polymeric) nuclear track detectors 
(PNTDs).These types of detectors are very versatile, simple in handling and processing, low cost, 
possibility of multiple simultaneous measurements, ability to integrate the response over long period and 
practically insensitive to beta and gamma radiation in addition, the simplicity of delivering detectors by 
mail(3). The use of these passive techniques is today widely spread in several fields of science and 
technology such as, nuclear physics, health physics, nuclear geophysics, environmental science, material 
science, cosmic ray and space physics (3,13) . 
 
   The use of polymeric nuclear track detectors such as LR-115 detectors in air volume of cans is the most 
reliable passive procedure for time integrated concentration levels of radon and its daughters under 
different environmental conditions for large scale survey (3). 

 
   This paper summarizes some activities to establish quality assurance of the environmental radon 
measurements using LR-115 detectors with can technique. The quality assurance program, described in 
this paper, can be applied in order to reduce radon concentration measurement uncertainty, which 
Have a significant impact on the results of radon dosimetry. 
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THEORETICAL ASPECTS 

 
   The phenomenon of track detection in nuclear etched track detectors is based on the degradation of 
energy of heavy charged particles as they traverse through the material of the exposed detectors as shown 
in Figure 1 (3,7) 
 

 
 
 

Figure 1: Creating an Alpha- particle Track (7). 
 

      The radon measuring device can be a diffusion-cup with internal (filtered) and external (bare) LR115 
detectors as shown in Figure 2 (3,9). 
 

 
 

 
Figure 2 : Schematic diagram of the passive radon device ( 3,9). 
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The used detector is cellulose nitrate (LR-115, Type 2, non-strippable) has 12 mm thin red layer of 
cellulose nitrate coated on 100 mm thick  transparent supporting sheet of polyester, manufactured by  
Kodak pathe ,France. Only one side of these detector films is sensitive (red sensitive cellulose nitrate 
layer) .With a needle ,it gives white scratches. This must be taken into consideration when they are used. 
The chemical formula of the cellulose nitrate layer is C6H8O7N2. 
   This device can be used for simultaneous estimation for radon activity concentration(C)and the 
equilibrium factor(F) between radon ant its progeny. The track density recorded on the internal( filterd) 
detector ρ i is related to the radon activity concentration C (Bqm-3) by: 

             
tK

C i
η

ρ
=  ,                                         (1) 

   where K is the attenuation coefficient of radon η is radon calibration factor in tracks cm-2 per Bq m-3 per 
day and t is the exposure time. 
   
   The equilibrium factor F between radon and progeny was calculated using the following empirical 
formula (10-12): 
                                                   F = a R – b   ,                                                   (2)  

where a and b are fitting parameters, 3R2.1,KR
i

e ≤<
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ρ

=  and ρe is the track density recorded on the 

external (bare) detector. Recently the values of the above mentioned fitting parameters were found to be a 
= 0.5 and b = 0.53 as given by Planinić et al., 1997(11). Substituting the value of the slope of the regression 
line between the track densities of LR-115 detectors (ρe and ρi) in equation (2), the equilibrium factor F 
could be calculated. 

 
EXPERIMENTAL ASPECTS 

 
   QA involves all those planned and systematic actions necessary to provide adequate confidence that a 
facility, structure and system, or component will perform satisfactorily and safely in services. QA includes 
quality control QC, which comprises all those actions necessary to control and verify the features and 
characteristics of a material, process, product or service to specified requirements (22). A QA program is 
devised to include: 
  

• Background Track Density Correction 
A periodic check of detector background track density is essential and must be subtracted from the tracks 
of exposed detectors (3,13).Background track densities of 10-40 tracks cm-2 in LR115 films are common.  
The preparation of the detectors must be done in radon free air.  
 

• Chemical Etching 

   Chemical etching for LR-115 detectors is usually carried out in a thermostatically controlled water bath 
at temperature at 60 °C in a freshly prepared NaOH solution for two hours (3,8,13 ). 
After etching , LR115 detectors are removed ,washed in running water, and preferably placed in a small 
ultrasonic bath in a 1:1 solution of distilled water and ethyl alcohol during 2 min, 
to remove the etching residue from the etch pits. After drying, the detectors are ready to be counted under 
an optical microscope(3,8,13). 
 

• Determination of the Bulk Etching Rate 
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     The bulk etch rate VB is the rate of removing of the undamaged surface of the detector. Due to the 
chemical reaction between the etching solution (etchant) and the detector material, some molecules of the 
detectors are removed. The final effect is the removal of the material from the detector surface. During 
etching, the material is removed layer by layer and the thickness of the detector becomes smaller and 
smaller (3,8,13). 
 
   The removed layer of LR115 detector is a decisive factor influencing the detector performances relevant 
for alpha detection. The thickness of the layer of LR115 detector removed by etching is very important 
when this detector is applied for radon measurements. Determination of bulk removing rate VB (or bulk 
etching rate in mm/h) is very important. For the most frequently used etching condition for LR115 
detector, 10%NaOH at 60 0C,  the etching rate is (3.27±.08 ) µm/h. This value can be taken as a reference 
in this field (1314).         

  
   Various methods can be applied for the determination of etching rate such as: 
 

o Mass change method. 

o  The method of fission track diameter measurement:    

o Determination of VB from spectroscopy methods: 

o Determination of VB from the color of the LR detector: 

 
 
Track measurement techniques  

The average number of alpha particle holes (LR-115) per unit area was recorded by counting them 
through the optical microscope. Examination of the detector was carried out field by field observation in 
zig-zag manner.  

 
   According to Poisson statistics the net track density ρ (track cm-2) is given by (3): 
 

0

00

A
NN

A
NN ±

−
±

=ρ ,        ( 3 )       

where N is the number of tracks counted in a field of view of area A and N0 is the number of background 
tracks counted in a field of view of area A0. 
 
   A few hundred of tracks counted cumulatively over a number of fields of views (vofs), or for low track 
density a large number of vofs were scanned to give reasonable statistics (3). 
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Figure 3: track holes in LR115 detectors (21) 

   There are several types of automatic and semiautomatic systems with different capabilities that have 
been developed for measurements and counting of charged particles tracks in solids. The idea behind these 
efforts is facilitate the measurements of etched track in a variety of applications, often time consuming and 
labour intensive if performed manually (3). 
 
   Some of these systems are the jumping spark counter (23), the digital imaging system (DIS) (24) ,the 
computer controlled optical microscope (CCOM) (25), the confocal scanning laser microscope (CSLM) (26), 
the new generations of analyses (VIRGINIA) (27), high-resolution computer scanner (28) and Fully 
Automated Optical Microscope (FAOM) (29). 
 

o Determination of Radon Attenuation Factor Through Polyethylene (PE) Filter 

   To use the can-technique as a radon only device as shown in Figure 1, the open end of the measuring 
device must be covered with polyethylene (PE) permeation foil to keep thoron, radon progeny and dust 
out of the internal detector.. Therefore the variation of the attenuation factor K in Equation 1 of the PE 
filter with thickness L was studied using LR115 detectors method as discussed by many authors(30,31). Data 
related to K of some commercial plastics are available in literature (9,30-33).  

 
o Calibration coefficient for radon measurements in air using can-technique  

      The relation between the integrated track density ρ(tracks cm-2) and the radon activity concentration 
C(t) in the air (Bqm-3) around the detector at time t is given by Equation (1 ) where η is the calibration 
coefficient expressed in terms of α-tracks cm-2 day-1 per unit activity concentration which can be 
estimated theoretically or experimentally for any radon cups (3,13). 
 
     The radon measuring device can be calibrated in the calibration facilities of the National Institute for 
standards (NIS), Cairo Egypt. 
 
   For the radon-measuring device shown in Figure 1( a diffusion cup of aluminum of 7 cm diameter and 
11 cm length ( commercially available) equipped at its bottom with LR-115 detector and covered by 50 
µm thick PE foil  as well as the LR115 detectors etched under normal conditions(10%NaOH at 60 0C for 2 
houres)) . The calibration coefficient η for LR-115 detectors obtained from the calibration experiments 
using least squares fit is 0.036 ± 0.006  α-tracks cm-2 d-1 per Bq m-3 of radon. This value are in good 
agreement with that reported by other investigators (9,13,34). 
 

o Monitoring area and time 
 
   In every measuring location inside the indoor environments ( house, workplace, cave, etc) , the cups 
should be hung about 2m above the ground  far from doors and windows. Also the measurements can be 
done in the outdoor environments (3). In this case the detectors should be kept away from the direct sun 
light at any time of day (3).For each exposure period, two dosimeters are exposed close together in the 
same location for statistical consistency 
 
   There is a seasonal changeability of radon concentration in both indoor and outdoor environments. So 
that, the LR115 detector as a time –integrating detector is an excellent tool in large scale investigation. 
The detectors give the mean of long- time exposure of radon. 
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To see the seasonal variation more clearly, the monthly values are segregated into four groups of  3 
months , each representing a season (3,13). 

o Intercomparisons 
 
   Intercomprisons of passive LR115 detectors have been particularly useful identifying problems with 
radon measurements in individual laboratories and in providing a common standard of calibration. 
Intercomparisons are important to ensure that all measurements made by different laboratories carried out 
to high and comparable standard (3).   
 

o Personnel 
 
   One of the main steps in establishing a QA program is the securing of personnel who are competent to 
perform the technical procedures, and training them so that they are thoroughly familiar with the 
instruments and procedures. This is important as are written QC procedures and record keeping. The head 
of the laboratory must have high expertise and knowledge in the technique and procedures applied for two 
purposes: to be able to change the procedure during the phase of validation of the method; to apply 
corrective actions whenever necessary. His/her high expertise and knowledge are also a driving force in 
motivating the staff to always improve their performance (22).   
 

CONCLUSSION 
 
   The can – technique with passive LR115 nuclear track detectors, because of its excellent performance 
and unique characteristics, is a convenient and useful tool for measuring environmental radon 
concentrations. Performing reliable measurements of environmental radon by LR115 detectors, a QA 
program must be implemented .This program must include known exposure measurements  (calibration of 
the detector within measuring device), duplicate detectors, blank or control detectors for background 
correction and routine instrument checks  in addition to that all personnel need to be trained appropriately. 
 
It is recommended: 
 

1- To support public information programs to encourage environmental radon measurements 
2- To carry out a national program for estimating radon levels( using SSNTDs detectors ) and 

effective doses to persons in enclosures such as workplaces, tight houses, tunnels, schools and 
other Egyptian tombs and temples and regrouping all efforts dealing with it and turn to a 
collective work. 

To use of the Geographical Information System (GIS) technology in the analysis of radon data and the 
creation of an indoor radon hazard map of Egypt. 
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