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ABSTRACT
In this work, we have study the concentration of radon gas in seven cement samples from
different regions in Iraq (Kofa, Sulaymaniya, Kubesa, Karbala, Al-Kaem, Basra, and Almas cement)
by using alpha-emitters registrations that emitted from radon gas in CR-39 nuclear track detector.
Sealed-cup technique that used in this study to determine the alpha emitters from radon gas. The
results obtained shown that the highest average radon gas concentration in cement samples which was
(55.16 Bq/m3) for Almas samples, while the lowest average radon gas concentration in cement
samples which was (24.13 Bq/m3) for Karbala samples. The current results show that the radon gas
concentration in all cement samples that studied is below the allowed limit from International
Commission of Radiation Protection (ICRP) agency.
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1. INTRODUCTION
High concentration of radon and its decay product is widely known to be dangerous to
human health. It is possibly associated with different types of cancer and especially with lung
cancer. Emission percentage of radon into atmosphere coming from a few meters above the
ground is at least 80% [2]. Radon is the main a natural radioactive gas. As a noble gas, Radon
has the ability to spread through solids and air mixing with air which is found everywhere and
cannot be avoided [3]. It has very serious effects on human health due to large scale
abundance of its parents and its longer half life. Radon has been considered as second leading
cause of lung cancer after smoking [4]. A 2.4 mSv average annual dose has been estimated
from natural radiation sources to the world population. Two-third of average annual dose is
the internal exposure and one-third is external exposure [5]. Inhalation of radon gas and its
daughters will expose the lung tissue to short-lived alpha emitting radionuclides, which will
increase the risk of lung cancer. One of the major factors of increasing skin cancer is radon
gas, where it is due to the deposition of radon on the skin, the alpha particles are suspected to
include damage to the epithelial cell. Kidney related diseases have also been observed in
some people exposed to radon. The reason is that kidney receives the highest dose compared
to other body organs, after radon is transferred from the lung to the kidney by blood [6].
Different sources are responsible for the presence of radon and its daughters in houses.
One of the major sources of concentration of radon in houses is the cement [7].
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The radiological impact from the above nuclides is due to radiation exposure of the
body by the gamma rays and irradiation of the lung tissues from inhalation of Radon and its
progeny [8]. From the natural risk point of view, it is necessary to know the dose limits of
public exposures and to measure the natural environmental radiation level provided by
ground, air, water, foods, building interiors, etc., for the estimation of the exposures to natural
radiation sources. [9].
Cement is a commonly used building construction material. The natural level of radioactivity in cement gives rise to internal and external indoor exposure. The external exposure
is caused by gamma radiation originating from the members of the uranium (238U) and
thorium (232Th) decay series, and also from potassium (40K) [10].The knowledge of radon
levels in building is important in assessing population exposure.
The use of solid state nuclear track detectors (SSNTDs) has already become a wellknown technique which has been widely applied in monitoring concentrations by recording
their emitted alpha particles[6,10].The aim of the present work is to determine the alpha
particles concentration in Iraqi cement samples by using alpha-emitters registrations which
are emitted form samples by using nuclear track detector (CR-39).
2. EXPERIMENT PART
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Fig. 1. A schematic diagram of the sealed-cup technique.

The determination of the concentrations of alpha particles emitted from radon gas in
cement samples were performed by using the nuclear track detector (CR-39) of thickness
250μm and area of about (1*1 cm2).The radon gas concentration in cement samples was
obtained by using the sealed-cup technique as shown in Fig. 1.
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After the irradiation time (six weeks), the CR-39 track detectors were etched in 6.25 N
(by NaOH solution) at temperature of 60 °C for 5 hours, and the tracks density were recorded
using an optical microscope (type ALTAY BIO-1007)with magnification of (400 x). The
density of tracks (ρ) in the samples were calculated according to the following relation [11].
𝐓𝐫𝐚𝐜𝐤 𝐝𝐞𝐧𝐬𝐢𝐭𝐲(ρ) =

𝐀𝐯𝐞𝐫𝐚𝐠𝐞 𝐧𝐮𝐦𝐛𝐞𝐫𝐨𝐟 𝐭𝐨𝐭𝐚𝐥 𝐩𝐢𝐭𝐬 (𝐭𝐫𝐚𝐜𝐤𝐬)
𝑨𝒓𝒆𝒂 𝒐𝒇 𝒇𝒆𝒊𝒍𝒅 𝒗𝒊𝒆𝒘

………………..(1)

The radon gas concentration in the cement samples were obtained by the comparison
between track densities registered on the detectors of the sample and that of the standard
cement samples which are shown in Fig. 2, using the relation [12]
CX = ρX(CS/ ρS) .................................………………………………...(2) [12]
where :
CX: alpha particles concentration in the unknown sample.
CS: alpha particles concentration in the standard sample.
ρx: track density of the unknown sample (track/mm2).
ρs: track density of the standard sample (track/mm2).
Slope = (pS/ CS)= 0.145 (track.m3/mm2.Bq)

Radon gas concentration (Bq/m3)

Fig. 2. Relation of radon gas concentration and track density in standard samples [13].
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Table 1. Radon gas concentration for cement samples from different Province.

No. of

Origin of

sample

cement sample

1

Iraq
(Alkaem)

2

3

4

5

6

7

Iraq
(Basrah)

Iraq
(Karbala)

Iraq
(Almas)

Iraq
(Kbesa)

Iraq
(Kofa)

Iraq
(Sulaymaniyah)

Samples

Track density (Track .mm-2)

1

2

3

4

Mean

4

6

9

7

6.5

48.27

44.82

6

7.25

41.37

49.99

4

3.5

27.58

24.13

9

8

62.06

55.16

3

4.5

20.68

31.03

5

6.5

34.48

44.82

3

4

20.68

27.58

Radon Concentration (Bq/m3)

27.58

Track density (Track .mm-2)

7

Radon Concentration (Bq/m3)

48.27

Track density (Track .mm-2)

3

Radon Concentration (Bq/m3)

20.68

Track density (Track .mm-2)

6

Radon Concentration (Bq/m3)

41.37

Track density (Track .mm-2)

4

Radon Concentration (Bq/m3)

27.58

Track density (Track .mm-2)

6

Radon Concentration (Bq/m3)

41.37

Track density (Track .mm-2)

4

Radon Concentration (Bq/m3)

27.58

41.13 62.06
9

7

62.06 48.27
5

2

34.48 13.79
10

7

68.96 48.27
5

6

34.48 41.37
11

4

75.85 27.58
4

5

27.58 34.48

3. RESULT AND DISCUSSION
In this work, we have study the radon gas concentration in seven cement samples from
different origins in Iraq(Kofa, Sulaymaniya, Kubesa, Karbala, Al-Kaem, Basra, and Almas
cement) by using alpha-emitters registration which are emitted from radon gas in CR-39
nuclear track detector.
Table 1 represent the radon gas concentrations for cement samples in different origins
in Iraq. It can be noticed that, the highest average radon gas concentration in cement samples
was found in Almas cement sample, which was (55.16 Bq/m3), while the lowest average
radon gas concentration in cement samples was found in Karbala cement sample, which was
(24.13 Bq/m3). The present results show that the radon gas concentration in all cements
samples are below the allowed limit from International Commission of Radiation Protection
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(ICRP) agency which is (200 Bq/m3) in soil sample [1].Thus they are safe to be used as
building materials according to the international recommendations. The values were found
minimum for cement samples, therefore, from the health point of view it is suggested that
cement houses are safer than mud houses. The work was designed to study the radon level,
radium activity and annual effective dose from building materials. Further studies are needed
to determine radon level and natural radioactivity in water, soil, food, and vegetation samples
and their risk factors should be investigated.
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Fig 3. Relation of Activity radon gas concentration and samples.

4. CONCLUSIONS
From the present work, it can be concluded that the highest average radon gas
concentration in cement samples was found in Almas sample, which was (55.16 Bq/m3),
while the lowest average radon gas concentration in cement samples wasfound in Karbala
sample, which was (24.13 Bq/m3).The present results show that the radon gas concentration in
cement samples is below the allowed limit from ICRP [1,8].
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