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A fast and simple method for the determination of the efficiency coefficient (g) of bare CR-39 detector is
presented and discussed. The efficiency coefficient of bare CR-39 detector is then calculated by different
ways and the obtained values are found to be comparable to each other. The average value of g of bare
CR-39 is found to be 0.20 ± 0.01 tracks cm�2 day�1 per Bq m�3.
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1. Introduction

Radon is a problem all over the world because it accounts to
about 50% of natural radiation [1]. Radon measurement is routinely
performed and many laboratories proposed different types of
detector for its measurement. Measurement methods are divided
into: (1) grab sampling which provides instantaneous measure-
ments of radon or radon progeny in air; (2) continuous active sam-
pling which involves multiple measurements at closely spaced time
intervals over a long period; and (3) integrative sampling which
collect data on radon levels over a fixed period of time. The suitable
choice of detector depends on measurement method, purpose, sen-
sitivity, cost, etc. In general radon detectors are divided into two
types: (a) passive detectors, which do not need power in the sam-
pling process, and the sampling method is done by the natural dif-
fusion of the radon gas (b) active detectors, which need power
supply in the sampling process. Among the passive detectors CR-
39 (polyallyl diglycol carbonate, AADC; [(C12H18O7)n] is the sim-
plest, cheapest, and most effective. CR-39 is a solid state nuclear
track detector (SSNDs) and has been widely used in radon measure-
ment. CR-39 detector is extensively used in various experiments in
space sciences, nuclear science, fusion research, radiation detection,
and identification of the nature of nuclear particles [2,3]. The tech-
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nique of track etch is widely applied in Europe for measuring the to-
tal indoor radon level [4]. The sensitivity of CR-39 for radon
radiation depends on: method used (bare or inside diffusion cham-
ber), measurement period, etching process, filter type, calibration,
etc. Though, CR-39 detector can respond to radon radiation for
short-term measurement (e.g. one week), it is considered an inte-
grated detector. In other words it gives more accurate results for
long-term measurement.

Theoretical [5–7] and practical [8–16] methods for the determi-
nation of the efficiency coefficient of solid state nuclear track
detectors (SSNTDs) have been introduced. Theoretical methods
have a major drawback of fundamental importance: the equilib-
rium factor between radon and its daughter products is not exactly
known. Also the plate out process of radon decay products on the
detector surface has to be taken into account when calculating the
theoretical efficiency coefficient.

This work presents a fast and simple method for determining the
efficiency coefficient of bare CR-39 detector for alpha radiation
measurement. By simple and fast we mean that the process can
be done anywhere with simple tools and in less than 5 h. The expo-
sure process was modeled by a geometrical model and associated
with mathematical analysis. The counting of etch pits on CR-39
detector is an important process and different counting methods,
manually and automated, were used. In the present work, a new
automated counting system for counting etch pits on CR-39 detec-
tor is also described. The system is consisted from a film scanner for
scanning the detector and software for analyzing and counting etch
pits on track detectors. The system is simple, cheap, and reliable.
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Fig. 1a. Geometry model for the determination of the efficiency coefficient of bare CR-39 detector used in radon measurement.

Fig. 1b. Effective detection volume of alpha particles around bare CR-39 detector.
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2. Materials and methods

2.1. Geometrical model

As a gas, radon atoms are in random thermal motion and the
emitted alpha particles from the decay of radon and their decay
products hit the detector surface from different directions (see
Figs. 1a and 1b). CR-39 detector has a critical angle of incidence
for alpha particle detection. The alpha particles, to be registered
by CR-39, must approach the detector from a distance less than
the range of the alpha particle in air and with an angle less than
the critical angle hc.
Fig. 2. Experimental setup for determination of efficiency coeffi
2.2. Irradiation of CR-39 with alpha particles

The experimental setup is shown in Fig. 2. CR-39 detector
(10 � 10 cm) of thickness (1 mm) (Fukuvi Chemical Industry Co.,
Ltd., Japan) is used in this study. Six samples are irradiated with al-
pha particles from 241Am of activity 150 nCi (Chiyoda Technol. Cor-
poration, Japan). The energy of the emitted alpha particle from
241Am is comparable to that emitted from radon. The distance be-
tween the sample and 241Am alpha source is controlled by a verti-
cal stage and varied from 0 to 5 cm, with equal increments of 1 cm.
The exposure time is controlled by an automated shutter (see
Fig. 2). In this experiment the model in Fig. 1b is inverted. The radi-
ation source (241Am) and the CR-39 detector are placed, respec-
tively, at the pole and the center of the hemisphere (see Fig. 3).
2.3. Critical angle determination (hc)

The critical angle (hc) is defined as the angle above which no
tracks can be registered. Samples of CR-39 detector were irradiated
at different incidence angles, as Fig. 4 shows, for different dis-
tances. Polyethylene tube was used as a collimator. Part of the
mouth of the tube was cut such that it can make an incline with
angle h (see Fig. 4). The angles ranged from 5� to 60�, with equal
increments of 5�. However, no tracks were registered for angles lar-
ger than 55�. Thus, in this work, the value of hc is determined to be
equal to 55� which is in agreement with the result reported in the
literature [5].
2.4. Chemical etching

All the CR-39 samples are etched in 6.25 N NaOH at 70 �C for 3 h
and subsequently washed with distilled water and dried in open
air. During etching process a magnetic stirrer was used to achieve
cient of CR-39. An 241Am source is used as an alpha source.



Fig. 3. Alpha radiation source (241Am) is at the vertex of the cone and CR-39 is at
the base of the same cone. No tracks were registered at distance P5 cm.

Fig. 4. Determination of the critical angle of CR-39 detector.

Table 1
Performance comparison between the present automated track counting system and
the system reported by Yasuda et al.

Performance The present system System with CCD
camera and
microscope

Resolution 5 � 5 um2/pixel 0.3 � 0.3 um2/pixel
Scanning speed 1.2 s/cm2 38 s/cm2

Maximum of scanning area 56 � 220 mm2 120 � 120 mm2

Particle identification No Yes
Purpose Radon monitoring,

ion beam profile
measurement

Cosmic ray detection,
nuclear physics
experiment

Space for use On desk In laboratory room
Cost $200 Over $100,000
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homogeneity and to prevent the accumulation of etchant material
on the surface of detectors.
2.5. Counting system

An automated track counting system was developed and tested.
The system consists of a film scanner and image-processing pro-
gram. Fig. 5 shows a photographic picture of CR-39 samples set
Fig. 5. CR-39 samples set on film scanner (CanoScan 8800F).
on the film scanner. Table 1 shows the characteristic comparison
between the present system and that reported by [17]. The system
reported by [17] uses a CCD camera and a microscope, while the
present system uses only a film scanner, which renders it simple.
As can be noted from Table 1, the present automated track count-
ing system is simple, fast, cheap, reliable, and can be used in differ-
ent fields. Moreover, the system can be used on desk. The
resolution of the present system is lower than that reported by
[17], but it is quite suitable for the purpose it is designed for (i.e.
radon monitoring). The counting process can be accomplished by
the following four steps:

(a) Setting of CR-39 sample on film scanner,
(b) Scanning process,
(c) Image processing with software,
(d) Particle analysis and etch pits counting.

To check the reliability of the system for radon monitoring, a
10 � 10 cm2 CR-39 sample was irradiated with alpha particles
from an 241Am source and etched pits were counted with a film
scanner. The counting time is about 10 min.

Table 2 compares the results of counting of etched pits mea-
sured with the film scanner and with a microscope and a result
from calculation. The calculated value was determined from the
activity of the used 241Am alpha source, the irradiation time and
the detector efficiency. It can be noted that measured and calcu-
lated results are in good agreement to within 2%.

Fig. 6 shows the relationship between the track density ob-
served with the film scanner and the reference track density from
calculation. It is clear from the figure that the film scanner system
for CR-39 track detectors has good linearity in �5 MeV alpha-par-
ticle measurements in the range of about 3000 tracks cm�2.

2.6. Counting process

The tracks were counted manually and with an automated
counting system. The automated counting system is calibrated be-
fore each counting session. The whole sample was scanned by the
film scanner and the computer program analyzes the registered
tracks and counts them. For manual counting, digital pictures
were taken by a digital camera fitted with a microscope. Pictures
Table 2
Comparison of number of etched pits on CR-39 between measurement and
calculation.

Method Manual (with
microscope)

Automatic (with
film scanner)

Calculation

Number of etched
pits (±16)

2436 2388 2.4 � 103
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Fig. 6. Relation between reference tracks density and observed tracks density.

Table 3
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of fifteen fields of view, of known area, were taken and the average
value of track densities (tracks/cm2) was calculated for each detec-
tor. However, no tracks were counted at exposure distance of 5 cm.
Background radiation was taken into account. Unexposed (fresh)
sample was etched and the registered etch pits were counted.
The average number of track density of fresh sample was sub-
tracted from the average number of track densities of each exposed
sample.

3. Results

3.1. Efficiency coefficient calculation by cumulative function

The efficiency coefficient (g) is expressed in cumulative form
and was calculated, at each distance, by

gi ¼
number of registered tracks

number of emitted alpha particles
; ð1Þ

g ¼ 1
5

X4

i¼0

gi ð2Þ

and averaged over all distances. The efficiency coefficient was found
to be equal to 0.20 ± 0.01 tracks cm�2 day�1per Bq m�3. The concen-
tration of radon(C), tracks density, exposure time and the efficiency
coefficient (g) are related via the following formula

CðBq=m3Þ ¼ tracks densityðtracks=cm3Þ
g� exposure timeðdaysÞ ð3Þ
Average values of the efficiency coefficient of bare CR-39 obtained by different
methods.

Cumulative function
(tracks cm�2

day�1per Bq m�3)

Critical angle
(tracks cm�2

day�1per Bq m�3)

Integration over solid
angle(tracks cm�2

day�1per Bq m�3)

g (±0.01) 0.20 0.18 0.21
3.2. Efficiency coefficient from critical angle

The efficiency coefficient (g) was calculated [2] by

g ¼ 1� sin hc ð4Þ
Fig. 7. Example of calculated alpha detection region above CR-39 detector. (a) Sam
The efficiency coefficient (g) at hc = 55� was found to be 0.18 ± 0.01
tracks cm�2 day�1per Bq m�3.

3.3. Efficiency coefficient from integration over solid angle

The efficiency coefficient g is calculated by

g ¼ 1
4p

Z Z
dX ¼ 1

4p

Z 55

0

Z 2p

0
sin hd/; ð5Þ

where X is the detectable solid angle.The calculated efficiency coef-
ficient (g) using Eq. (5) was found to be equal to 0.21 ± 0.01 tracks
cm�2 day�1per Bq m�3.

4. Conclusions

A simple and fast method for the determination of the efficiency
of bare CR-39 using an 241Am alpha source, as compared to the
method that uses a standard source of radon gas, is presented. By
simple and fast we mean that this method can be performed every-
where with simple tools and the process can be fully accomplished
in less than 5 h. Once you determine the critical angle you can eas-
ily calculate the efficiency coefficient from Eq. (4) or Eq. (5). This is
done by exposing the samples to alpha particles at different inci-
dence angles from different distances. In this work, the critical an-
gle, hc, is determined to be equal to 55�. Also, no tracks were
observed at exposure distance P5 cm. Using the above findings,
the detection region of alpha particles can be constructed and
the effective exposure area on the detector can be determined.
An example of the calculated alpha detection region above CR-39
detector is shown in Fig. 7a and b. The alpha detection region
was constructed from data on alpha track images. A 5.5 MeV alpha
particle from the farthest point loses energy of �4.5 MeV in
�30 mm thick air layer and �1 MeV in process of track formation
in CR-39 detector. Circular and elliptical etch pits for angles of inci-
dence equal to 0� (normal incidence) and hc are shown in Fig. 7b, on
the left side and right side, respectively. The results of the effi-
ciency coefficient of bare CR-39, obtained by different methods
are summarized in Table 3. A simple and cheap automated count-
ing system for etch pits on track detectors is also described. The
film scanner scans the whole detector and special software, devel-
oped at Osaka University, analyses the registered tracks on CR-39
detectors. This system can also work with the software ImageJ
ples exposed at different distances, (b) detection region above CR-39 detector.
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which is free to download from the web page of http://rsb-
web.nih.gov/ij/download.html.

To this end, it is interesting to point out that the described
method can be used to discriminate between the energies of the al-
pha-particles from different emitters. In normal incidence, for
example, one varies the distance between the 241Am source and
the CR-39 and from data on etch pits, the CR-39 detector is thus
calibrated for measuring different energies. This work is in pro-
gress and the details will be the subject of a forthcoming paper.
References

[1] UNSCEAR, United Nations Scientific Committee on the Effects of Atomic
Radiation report, United Nations, New York, 1993.

[2] S.A. Durrani, R.K. Bull, Solid State Nuclear Track Detection: Principles Methods
and Applications, Pergamon Press, Oxford, 1987.

[3] R.L. Fleischer, P.B. Price, R.M. Walker, Nuclear Tracks in Solids, Principles and
Applications, University of California Press, Berkeley, 1975.

[4] L.L. Font, C. Baixeras, C. Domingo, F. Fernandez, Experimental and theoretical
study of radon levels and entry mechanisms in a mediterranean climate house,
Radiat. Measure. 31 (1999) 277–282.

[5] H.R. Askari, Kh. Ghandi, M. Rahimi, A. Negarestan, Theoretical calculation on
CR-39 response for radon measurements and optimum diffusion chambers
dimensions, Nucl. Instrum. and Methods A 596 (2008) 368–383.

[6] M. Mansy, M.A. Sharaf, H.M. Eissa, S.U. El-Kamees, M. Abo-Elmagd, Theoretical
calculation of SSNTD response for radon measurements and optimum diffusion
chambers dimensions, Radiat. Measure. 41 (2006) 222–228.

[7] O. Sima, Computation of the calibration factor for the cup type SSNTD radon
monitor, Radiat. Measure. 25 (1995) 603–606.
[8] M. Calamosa, S. Penzo, G. Gualdrini, Experimental determination of CR-39
counting efficiency to a particles to design the holder of a new radon gas
chamber, Radiat. Measure. 36 (2003) 217–219.

[9] R. Andriamanantena, W. Enge, Practical and theoritical calibration of Rn-
sentivities for plastic nuclear track detectors, Radiat. Measure. 25 (1–4) (1995)
625–626.

[10] R. Shweikani, I. Badr, A.F. Maged, A.A. Andam, S.A. Durrani, A new calibrated
chamber for parametric studies of radon and thoron gases, Radiat. Measure. 25
(1995) 613–614.

[11] I. Avramovi, R. Bendera, D. Velikovi, S. Stankovi, M. Kovacevi, Calibration of
radon diffusion cup equipped with CR-39 track detector, Radiat. Measure. 25
(1995) 607–608.

[12] A. Danis, M. Oncescu, M. Ciubotariu, System for calibration of track detectors
used in gaseous and solid alpha radionuclides monitoring, Radiat. Measure. 34
(1–6) (2001) 155–159.

[13] Singh, Manwinder, N.P. Singh, Singh Surinder, H.S. Virk, Calibration of
radon detector, Nucl. Tracks Radiat. Int. J. Appl. Instrum. D 12 (1–6) (1986)
739–742.

[14] A.J. Khan, A.K. Varshney, Rajendra Prasad, R.K. Tyagi, T.V. Ramachandran,
Calibration of CR-39 plastic track detector for the measurement of radon and
its daughters in dwellings, Nucl. Tracks Radiat. Int. J. Appl. Instrum. D 17 (4)
(1990) 497–502.

[15] A.F. Maged, Takao Tsuruta, S.A. Durrani, Experimental and theoretical
considerations on the calibration factor K between a-activity concentration
and track density for application in radon dosimetry, J. Radioanal. Nucl. Chem.
170 (2) (1993) 423–431.

[16] Nidal Dwaikat, Ghassan Safarini, Mousa El-hasan, Toshiyuki Iida, CR-39
detector compared with kodalpha film type (LR-115) in terms of
radon concentration, Nucl. Instrum. and Methods A 574 (2007) 289–
291.

[17] N. Yasuda, K. Namiki, Y. Honma, Y. Marumo, H. Ishii, E.R. Benton, Development
of a high speed microscope and new software for nuclear track detector
analysis, Radiat. Measure. 40 (2–6) (2005) 311–315.

http://rsbweb.nih.gov/ij/download.html
http://rsbweb.nih.gov/ij/download.html

	A fast method for the determination of the efficiency coefficient of bare CR-39 detector
	Introduction
	Materials and methods
	Geometrical model
	Irradiation of CR-39 with alpha particles
	Critical angle determination (θc)
	Chemical etching
	Counting system
	Counting process

	Results
	Efficiency coefficient calculation by cumulative function
	Efficiency coefficient from critical angle
	Efficiency coefficient from integration over solid angle

	Conclusions
	References


