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Abstract

In this study the radon and radium concentration, surface and mass exhalation rates, annual
effective dose and alpha index for 20 of building material samples frequently used in Aden
governorate, Yemen were measured. The can technique, containing CR-39, was used. The radon
concentration activity of the samples was found to vary from 50.71 to 525 Bg m™ with an average
of 163.26 Bq m™. The radium concentration varied from 0.26 to 1.92 Bq kg™', with an average of
0.67 Bq kg !, The mass exhalation rates were found to vary from 1.95 to 14.5 mBq kg™! h™!, with
an average of 5.03 mBq kg™! h™!, while the surface inhalation rates varied from 35.58 to 376 mBq
m~2 h™!, with an average of 115.59 mBg m~ h™!. The annual effective doses due to indoor uses
varied from 1.42 to 14.77 mSv y!, with an average of 4.58 mSv y!. The alpha index was found to
vary from 0.0017 to 0.0096 Bq kg !, with an average of 0.0033 Bq kg'. The results of this study
show that the values obtained for all samples were within the internationally accepted
recommended values. Therefore, these samples can be used as building materials as they do not
pose a major risk to humans.
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1- INTRODUCTION

Scientists consider the process of the measurement of radon exhalation rates from building materials
were becoming of a great interest as long as exposure levels to the populations is a disturbing
problem. More than 40% of the activities take place indoors, and more than 40% of the background
radiation is coming from radon and its daughters. The main source of radon in air inside dwellings is
due to the emanation from building materials [1].

Radon is a colorless, odorless, tasteless, non-flammable and a-radioactive gas. Therefore it cannot be
detected with human senses. Its melting point is -70 °C and boiling point is -60.8 °C. Radon has the
highest gas density of ~ 9.96kg.m™ and is about seven times heavier than air. Being a noble gas, it has
greater ability to migrate freely through soil, air, etc. [2]. Radon is a naturally occurring radioactive
gas that is formed by the decay of radium. Radon is found in all types of rocks, soils and building
materials. Among all isotopes of radon, ?%2Rn, with a half-life of 3.8 days, is considered the
predominant hazardous radionuclide. Prolonged exposure to radon may increase the risk of lung
cancer [3].

Uranium and radium are the two elements that form building materials made from stone and sand,
and they generate radon. Many of these materials, such as brick, wallboard or concrete are
sufficiently porous to allow the radon to escape into the air. The diffusion of 222Rn from building
material is influenced by moisture content of the material, density, the presence of sealants, the
material itself and the nature of the substances with which it is mixed [4]. The International
Commission for Radiological Protection has suggested that areas where 1% or more of the building
have indoor radon concentration higher than the 10 times of national average should be considered as
"radon prone" areas. The radon concentration value ranges of 500-1500 and 200-600 Bg m™ for work
places and dwellings, respectively, are also recommended; those concentrations do not pose a
significant risk for workers and populations [5].

It is perhaps difficult and expensive to study the radon emanation from building materials by using
electronic equipment; because the low level of emanation from the material long term measurements
are essential and very few can be made in a reasonable time, so the method based on the use of solid
state nuclear tracks detectors (SSNTD) is probably the most widely applied for long term radon
measurements [6].

In the present study, the Can-technique was used to measure the radon concentration, the radium
contents, exhalation rates of radon, the annual effective dose and the alpha index of some building
materials used locally in Aden governorate, Yemen.

2- MATERIALS AND METHODS

Twenty building material samples were collected from customarily used building materials available
on the market, randomly taken from housing locations, other buildings that are under construction,
and from building material suppliers in Aden governorate, Yemen in March 2021. The customarily
used building materials include marble, granite, brick, block, concrete and gypsum, as shown in
Table(1). Solid samples were crushed and milled to a fine powder with uniform particle size; powder
samples were used in their natural forms. All samples were dried in a temperature controlled furnace
(oven) at a temperature 130 °C for 2 hrs to ensure that moisture was complete. An amount of 70-120
grams of each samples was taken, each sample was placed at the bottom of a plastic can (height = 11
cm, diameter = 7 cm), as shown figure (1). A passive method (can technique) using SSNTDs for
measurements of radon parameters was used. A piece of CR-39 detector of size (1.5 cmx 1.5cm x
0.650 mm ) was fixed on the top of inner surface of the can, in such a way that its sensitive surface
always facing the sample. The can was sealed air tight with adhesive tape and kept for assessment of
radon exhalation for exposure evaluation over three months. During the exposure period, the detector
was exposed freely to the emergent radon from the sample in the can so that it could record alpha
particles resulting from the decay of radon in the remaining volume of the can. After that, the
detectors were separated from the sample cup, collected and chemically etched in a 30% solution of
KOH, at 70.0+£0.10 °C for a period of 7 hrs. The resulting tracks were counted under an optical
microscope of magnification 400x [7].
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Figure (1). Schematic diagram of the sealed-can technique

3- THEORETICAL CONSIDERATIONS

3.1- Radon concentration

The activity concentration of radon gas in the different samples is calculated in Bg m? by the
following equation:

— IORn
Rn kRnt (1)

Where Crn activity radon concentration (Bq m=), Pra s the track density (tracks per cm?), Krn is
the calibration constant which was previously determined to be 0.16 tracks cm day*(Bgq m3)* with
an uncertainty of about +17%, and t is the exposure time [6, 8].

3.2- Radium concentration

The radium concentration in collected samples was calculated in Bq kg? by the following equation

[7]:

_ PralA
Ra = W (2)

Where: Cra is the effective radium content of sample in Bq kg2, h is the height of CR-39 detector
above the surface of sample in (m), A is the surface area of sample which exhaled the radon gas in
(m?), M is the mass of sample in kg and Te is the effective exposure time which is calculated by the
following equation:

1

T, =t-
e @

where here t is the exposure time (h) and A (A=7.55x10"3h™) is the radon decay constant  (h™2).

3.3- The exhalation rates of radon
The surface Ea and mass Em exhalation rates of radon are calculated using the following equations

[6]:
_AVC

E -4~
A TAT, “)
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_AVC
M |\/|Te (5)
Where C is the integrated radon exposure as measured by CR-39 plastic track detector  (Bq m 2h),
V is the hollow volume m?.
3.4- The annual effective dose (AED)
The annual effective dose equivalent, Ees, was related to the average radon concentration Crn by
equation:
8760xnx FxC
E..(WLM.y*!)= Rn 6
or (LM ) 170x3700 ©)

Where: n is the fraction of time spent indoors, F is the equilibrium factor, 8760 is the number of hours
per year, and 170 is the number of hours per working month. The values of n= 0.8 and F= 0.4 were
used to calculate Egsr. For radon exposure, the effective dose equivalents were estimated by using a
conversion factor of 6.3 mSv.WLM™[9,10].

3.5- Alpha index

Several indexes dealing with the assessment of the excess a-radiation due to the radon inhalation
originating from the building materials (called ‘‘alpha-indexes’’) have been developed. In the present
work, the alpha-indexes were determined through the following formula [6]:

C §
l, = R%OOBqu ' )

The recommended exemption and recommended upper levels of ?2Ra concentrations in building
materials are 100 Bq kg™ and 200 Bqg kg™. When the ??°Ra activity concentration of a building
material exceeds the value of 200 Bq kg™, it is possible that the radon exhalation from this material
could cause indoor radon concentrations exceeding 200 Bgm™ [11]. On the contrary, when its value is
below 100 Bq kg?, it is unlikely that the radon exhalation from the building materials could cause
indoor radon concentrations exceeding 200 Bgm™ [12]. These considerations are reflected in the
alpha index. The recommended limit concentration of ??°Ra is 200 Bq kg, for which 1,=1 [6].

4- RESULTS AND DISCUSSION

Table (1) shows the measured radon activity concentrations, the surface and mass exhalation rates,
the radium equivalent contents, the annual effective dose equivalents and alpha index. Figure (2)
shows the correlation between the radium and the radon concentrations, which equals 0.96; this result
shows a good linear relationship. Table (2) reveals the measured radon concentration in the collected
samples, where the radon concentration varies from 50.71 to 525 Bq m™ with an average value
163.26 Bg m=. The results indicated that the highest level of radon concentration was in gravel,
whereas the lowest was in Portland cement 2. The values of radon concentrations were lower than the
range of action levels from 200 to 600 Bq m™ recommended by (ICRP, 1994) [13].

Table (1) shows the radium concentration in collected samples; where the radium concentration
varies from 0.26 to 1.92 Bq kg with an average value 0.67 Bq kg™. The results indicated that the
highest level of radium concentration was in gravel, whereas the lowest concentration of radium was
Portland cement 2. The values of radium concentration were found to be less than the permissible
value of 370 Bq kg* as recommended by Organization for Economic Co-operation Development
(OECD) and United Nation Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)
[10, 14].
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Table (1). Radon concentrations Crn, radium contents Cra, Surface Ea and Em mass exhalation rates, annual
effective doses (AED) and alpha index (1) for the different building material samples.

Type of Cra Em
building éoour?é%/ ?BRa m=3) (Ba kg EAng'ThBlc)1 (mBg Kg (uS\f\ 5?) Bq Kgl‘(ll
No. | material h ht)
Portland
| Cement 1 Local 70.75 0.36 49.64 2.73 1.99 0.0018
Portland
5 Cement 2 Local 50.71 0.26 35.58 1.95 1.42 0.0012
Portland
3 Cement3 Egypt 115.56 0.60 82.83 4,55 3.24 0.0030
Portland
4 Cement 4 Saudi 91.98 0.48 65.92 3.62 2.58 0.0023
5 White Cement | Saudi 60.14 0.30 41.74 2.29 1.69 0.0015
6 Red Brick Local 79.01 0.41 56.03 3.08 2.22 0.0020
7 Red Brick Saudi 58.96 0.27 42.26 2.03 1.66 0.0013
8 Cement block | Local 228.77 1.04 163.96 7.88 6.42 0.0052
9 Plaster Local 306.60 1.37 215.12 10.34 8.61 0.006
10 Concrete Local 193.39 0.88 138.61 6.66 5.43 0.0044
11 Ceramic Egypt 79.01 0.28 54.84 2.11 2.22 0.0013
12 Ceramic India 136.79 0.62 97.01 4.66 3.84 0.0030
13 Ceramic Glue | Saudi 101.41 0.36 70.39 2.71 2.85 0.0017
14 Black Stones Local 80.19 0.29 57.47 2.21 2.25 0.0014
15 Garnish Stone | Local 86.08 0.26 61.05 1.96 2.42 0.0012
16 Gravels Local 525.93 1.92 376.94 14.50 14.77 0.0096
17 Marble China 510.60 1.84 362.10 13.93 14.34 0.0092
18 Gypsum Saudi 77.83 0.39 54.02 2.97 2.19 0.0019
19 Brown Sand Local 332.54 0.98 230.81 7.40 9.34 0.0049
20 Wall Paint Local 79.01 0.40 55.43 3.05 2.22 0.0020
600 -
S R? = 0.9572 .
= 500 - ®
g o
§ e 400
[e] o
O m
c — 300 -
]
©
'4 200 -
100 -
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Figure (2). The correlation between radium concentration and radon concentration
Figures (3) and (4) show the correlation between the radium concentration and the exhalation rates of
radon. A direct linear relation was observed between the radium concentration from one side, and the
mass and surface exhalation rates in different samples in the studied area from the other side, which
equal 1 and 0.97, respectively.
Table (1) shows the mass and surface exhalation rates of radon. The mass exhalation rates were found
to vary from 1.95 to 14.50 mBq kg™ h! with an average value 5.03 mBq kg™ h%, while the surface
exhalation rates varied from 35.58 to 376.94 m Bq m™ h'* with an average value 115.59 mBg m2 ht,
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The results showed that the highest values of radon’s mass and surface exhalation rates were in
gravel, whereas the lowest values were in Portland cement 2. The radon exhalation in studied samples
was found to be below the average world value of 57600 mBg m2h [15].

The annual effective doses for samples yielded values of (1.42-14.77 uSv y!) with a mean value of
4,58 uSv y*. The lowest values of the annual effective dose were Portland cement 2 while the highest
dose came from gravel. The results obtained were below the standard limits (1 -5 mS y*) (National
Council for Radiation Protection and Measurements [NCRP], 1987, 2017; UNSCEAR, 2000) [10, 16,
17].

Alpha-indexes of the samples were given in Table (1) (Ia)) ranged from 0.0017 to 0.0096 Bq kg™* with
a mean value of 0.0033 for building materials used. All the samples measured showed values below
the recommended upper level. These observed values were much less than unity showing that
construction materials from this region cannot produce dangerous levels of indoor radon when used
as building materials.

16 -

Radon mass exhalation rate

o N B OO
I

Radium concentration (Bq kg™!)

Figure (3). The correlation between radium concentration and mass exhalation rate
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Figure(4). The correlation between radium concentration and surface exhalation rate.
For the sake of comparison, the recorded values of the radon concentration Bq m, radon surface
exhalation rate (Bg m ht) and the annual effective dose (mSv y?) in the building material samples
with those obtained in other parts of the world are exhibited in Table (2). Some of the results obtained
in the present study are within the international values measured in many countries, while most of the
results are higher.
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Table (2). Comparison between radon concentration (Crn) surface exhalation rates (Ea) and annual effective
dose (AED) of some building materials in different countries.

Material country Crn (Bqgm™3) Ea (mBq | AED References
m=2h) (mSv y?)

cement SKA 171 158 17.8 [6]

Sudan 202 379 5.68 [7]

Iraq 478 1000,3 [18]

Egypt 185 239 2.34 [19]

India 422 336 [20]

Yemen 70,9 49.6 1.99 Present work
Gypsum KSA 163.6 151.4 16.9 [6]

Libya 381 289 34.2 [21]

Egypt 69.9 90,18 0.65 [19]

Yemen 77.8 54 2.19 Present work
Red Brick KSA 39.5 34.1 3.8 [6]

Libya 442 123.7 14.6 [21]

Sudan 443 814 12.9 [7]

Egypt 152 197 1.92 [19]

Yemen 79 56 2.22 Present work
Gravel KSA 90 715 8.1 [6]

Iraq 894 2220 [18]

Egypt 113 145 1.42 [19]

Yemen 525 376 14.77 Present work
Marble KSA 76.4 72.3 8.12 [6]

Libya 1452 1528 180 [21]

Palestine 356 646 8.9 [22]

Egypt 235 304 2.97 [19]

Yemen 510 362 14.3 Present work

5- CONCLUSION

The sealed cup with SSNTD technique was used in measuring radon concentration, radium
concentration and radon exhalation rates, the mass and the surface exhalation rates, the annual
effective dose and alpha index. The values of radon concentrations were found to be less than the
range of action levels from 200 to 600 Bq m= recommended by (ICRP, 1994). The values of radium
concentration were found to be less than the permissible value of 370 Bq kg™ as recommended by
OECD and UNSCEAR. The values obtained for annual effective doses (AED) of the studied samples
are less than the permissible value (5 mSv y1). The radon exhalation in these samples was found to
be below the average world value of 57600 mBg m™ h'. Hence it can be concluded that the study
area is safe from the health hazard of radon concentration. It is possible to establish a data base for all
building materials available in a local market using this technique with low cost for a large-scale
nation-wide indoor radon screening measurement.
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