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Building composites are a main source of radioactive radon gas. Determination of such a gas and its descendants are
usually performed by passive detection technique using 105 radon detectors C-39. One hundred and five sealed were
used in houses of villages in Al- Lieth Province. The radon concentration was determined using the "sealed can
technique" and CR-39 solid state nuclear track detectors (SSNTDs) which were installed in different locations in every
building (Kitchens, bed rooms and bathrooms). The results of the measured radon concentrations in the selected
houses were analyzed and found to be in the range of 7.39 Bq/m3 to 9.11 Bq/m3in studied buildings. From the measured
radon concentrations, the effective dose rate was calculated and found to be in the range from 0.17 mSv/y, to 0.21
mSv/y. The results were discussed in the light of the geographic peculiarity of the studied area.
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1. Introduction
Radioactive Radon gas is created during the decay of U-238. There
are many natural and industrial sources of radiation to which humans
are exposed to, such as cosmic rays, terrestrial radionuclides, radon
and its daughters. The highest rate of 60% comes from natural sources
of radiation. Natural radiation that penetrates us from the Earth's crust
varies from place to place on the Earth's surface, depending on
geology, and topography [1].
Being odorless and tasteless besides being invisible, Radon is a
radioactive gas formed by the disintegration of radium, in a decay
chain of uranium. It emits  particles and produces many solid
radioactive products called radon daughters or "progeny. Inhalation of
radon gas or its progeny exposes the lung tissue to short-lived alpha
emitting radionuclides that increases the risk of lung cancer. It is also
suspected that Radon is a major factor of increasing skin cancer, where
alpha particles induce some damages to epithelial cells due to
deposition of such gas on the skin. Kidney related diseases have also
been observed. This is because it receives the highest dose, amongst
the body organs, after radon being transferred from the lungs to it by
blood. Radon and its descendants may constitute a significant health
hazard, especially if present with relatively high concentrations in
poorly ventilated areas such as underground mines or caves; or badly
designed houses. Radon concentration in such enclosed areas is
important due to its side effects on health [2]. In closed rooms for a
long duration and in air - conditioned rooms, the radiation levels may
be raised due to the accumulation of radon gas [3].
Radiation exposure due to natural radionuclide's as well as high
radon concentrations has been recognized in early seventies of the 20th
century in building's closed spaces [4]. Due to the above consideration,
measurement of radon concentration and calculating the effective dose
in commonly used building construction materials in the selected area
was the aim of this study.
2.

Methodology

2.1. Peculiarity of Studied area
Al-Lieth region is one of the governorates of Makkah Province,
located at the confluence of the Hijaz mountains on the Tihama plains
on the western coast of Saudi Arabia 180 km south of Mecca and
Jeddah province, see map in Fig (1). It is adjacent to the Red Sea coast.
Al-Lieth is a rocky area and its geology can be divided into two main
*

types of rocks. The first type is basically composed of a set of
basements which are huge massive bodies of granitic schist complex.
The second type is a series of quaternary deposits, that are located
mainly close to the shoreline along a northwest-southeast direction.
Wadi fills are filling the main valley of Al-Lieth area, uncomfortably
overlying the underlying crystalline rocks [5].
2.2. Materials and Methods
In order to conduct the current radon measurement survey, 105
radon CR-39 detectors were installed in the study area. These detectors
were distributed and installed at a carefully selected site within AlLieth area. Three reagents are installed in each location and distributed
in the living room, the kitchen and the bathroom. The detector was put
in the houses in some villages of the province Lieth in Saudi Arabia,
such as (Rubue Aleayn – Bani Yazid – Tafil – Aduma- Alshiwaq). In
each village, a detector was put in different houses in the bedroom, the
kitchen and the bathroom. In each Village, 7 houses were considered
in this study. Radon gas and its descendants were detected by solid
state nuclear track passive technique using the "sealed can technique"
[6,7]. A total of 105 sealed were collected from different places. Inside
each container, a cylindrical plastic container having CR-39 track is
placed in a diffusion chamber, see Fig (2); and is then sealed for a
period of four months; during which, α particles emitted by radon and
their descendants’ bombard the plastic can. After such period,
detectors are then developed in Sodium Hydroxide solution at 70 oC
for 6 hours. After chemical etching, α particle track densities are then
determined by an optical microscope as high as 400X. The radon
concentration 𝐶𝑅𝑛 (measured in Bq/m3) could be determined by the
equation (1) [8].
= 𝜌𝑥/𝐹𝑡
(1)
Where 𝜌𝑥 is track density (in tracks/mm2), 𝑡 is the exposure time in
days and 𝐹 is a calibration factor (0.42 ± 0.02 tracks.m3.cm-2.Bq-1.h1). The Radon concentrations (Bq/m3) and track density for standard
samples are represent in Fig (3). The measured results are fitted well
to a linear function, with regression factor 𝑅2 = 0.9998.
From the measured data, the annual effective dose E (mSvy -1)
indoor closed room was determined by the following relation [9].
=𝐶×𝐹×𝐻×𝑇×𝐷
(2)
Where, 𝐶 is the radon concentration (Bq/m3), 𝐹 𝑖𝑠 the equilibrium
factor (0.4), 𝐻 is the occupancy factor (0.8), 𝑇 is hours in a year (7000
hy-1) and 𝐷 𝑖𝑠 the dose conversion factor: 9×10-6 m Sv (Bq/m3 h-1).
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Table 1, lists the minimum, maximum, and average radon
concentration in different types of house rooms in Al-Lieth
Governorate. From the measured data, it can be seen radon
concentration have their highest mean values in the kitchens compared
with the other rooms. These results are consistent with early results of
[16,17]. The difference in densities is because of convection current
and circulation of the air inside the rooms. In other words, radon
concentration could be reduced by the air exchange near windows and
in kitchens. From the above remakes, one can conclude that the
concentrations of the remaining samples were found to be below the
global permissibility limit which is well observed all over the world.
Moreover, the high concentrations of Radon in kitchens are due to the
bad ventilation present in such a place, more than in bedrooms and
bathrooms, which results in more accumulation of Radon. This can be
attributed to the peculiarity of kitchen design in the studied area
houses, where the buildings are ground floor only, and the kitchens
have narrow windows and are ventilated naturally only. This means
that the room usage is the main key affecting radon concentration in
connection with ventilation. Therefore, rooms having continuous
ventilation exhibit smaller concentration.
Table 1: The radon concentration measured the studied places in Al-Lieth
Province.
Types of
rooms

Figure 1 Al – Lieth Governorate

No. of
Samples

Rn. Concentration
(Bq/m3)
Minim.

Maximum

Average
(Bq/m3)

Effective
dose
(mSv/y)
0.21

Kitchens

35

3.56

19.26

9.11

Bed
rooms

35

3.56

16.18

8.4

bathroom

35

3.38

12.02

7.39

0.17

8.3

0.19

Average

0.19

4. Conclusion
The highest average radon concentration in houses and buildings
have been observed mostly in kitchens and guest rooms while
measured with minimum concentrations in bed rooms and living
rooms. This can be due to the use of narrow windows in kitchens that
lead to natural ventilation. Obtained results range from 12.02 Bq/m3
to 19.26 Bq/m3 with a value of 8.3 Bq/m3 as an average, which is the
less than the UNSCEAR limits. Annual effective dose from indoor air
is 0.19 mSv/y in average. So although the geology of the province of
Al-Lieth is a rocky region consisting of granite and sedimentary rocks,
the radon concentration is permissibly distributed as follows. The high
concentrations of Radon in kitchens are due to the bad ventilation
present in such a place, more than in bedrooms and bathrooms, which
results in more accumulation of Radon. This can be attributed to the
peculiarity of kitchen design in the studied area houses, where the
buildings are ground floor only, the kitchens have narrow windows,
and are ventilated naturally only. This means that the room usage is
related to radon concentrations, which reduces with ventilation.
Rooms with good ventilation show lower concentration.

Figure 2 Sealed Can Technique.
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Figure 3 Radon concentration (Bq/m ) and track density for standard samples

3. Results and discussion
Concentrations of such radon nuclides in houses reported in many
publications whose indoor intensity varies according to the houses
geometry, villages, and the geography of study area. The radon
concentration and the annual effective dose rate were calculated
according to Equations 1 and 2 respectively. The results, also, are
tabulated in Table 1. It can be seen that the radon concentration varies
from 7.39 Bqm-3 to 9.11 Bqm-3 with a mean value of 8.3 Bqm-.3 in
the study area of Saudi Arabia. From the measured data given in table
1 the radon one can notice that alpha-activities per unit volume of the
buildings were different from one place to another ( Kitchens, bed
rooms and bathroom) and from one building to another. The effective
dose rate was found to vary from 0.17 mSv/y to 0.21 mSv/y
respectively. Concentrations of such samples were found to be under
the global acceptability limit which has been observed all over the
world [10-15].
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