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Abstract. A study was conducted to measure radon
concentrations in gypsum stone used in construction
from three major areas in Northern Iraq. The CR-39
detector was used to measure radon levels in the
gypsum samples. This detector allowed for accurate
determination of radon concentrations by detecting
alpha particle tracks resulting from radon decay.

The results showed that all recorded levels were within
the safety limits set by the International Commission on
Radiological Protection (ICRP). This indicates that
gypsum extracted from these quarries poses no
significant health risk concerning radon emissions in its
raw form.
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LINTRODUCTION

Radon gas is a naturally occurring radioactive
element found in varying amounts in the
environment, primarily emitted from the decay of
uranium present in rocks and soil. Radon poses a
health risk due to its ability to accumulate in enclosed
spaces, increasing the likelihood of inhalation and the
potential development of lung cancer with prolonged
exposure [1]. Gypsum, widely used in construction, is
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one of the natural materials that may contain radon,
raising concerns about its safety when used in
buildings [2]. When gypsum is used in construction,
radon can slowly seep into the indoor air of buildings,
especially in poorly ventilated areas. Therefore, it
becomes essential to test radon levels in the materials
used in construction, including gypsum, to ensure
indoor environmental safety and reduce the long-term
health risks associated with radon inhalation [3].
Numerous studies have highlighted the importance of
studying radon levels in gypsum used in construction,
as some research has shown that radon emitted from
building materials like gypsum can contribute to
increased concentrations in enclosed spaces. These
findings underscore the necessity of monitoring and
testing building materials to ensure health safety
[4][5]. Studies show that the C39 detector is effective
in accurately measuring radon levels in materials such
as gypsum, aiding in precise risk assessment and
indoor environmental safety [6]. The
importance of this research lies in evaluating radon

ensuring

levels in gypsum rock before processing. The study
aims to investigate the impact of gypsum on radon
emissions. By measuring radon levels in gypsum
samples, a comprehensive understandingof radon
concentrations in this widely used construction



material can be obtained. This contributes to
improving indoor environmental safety and reducing
the health risks associated with radon exposure from
gypsum used in buildings.

IL.STUDY AREA

In this study, samples of gypsum rock were collected
from three main quarries located in northern Iraq to
measure radon gas concentrations. The first quarry is
in the Al-Dibs area, where three samples were
collected and labeled as GQ1, GQ2, and GQ3. The
second quarry is in the Lilan area, where three
additional samples were collected and labeled as
GQ4, GQS, and GQ6. The third quarry is located in
the Takya area, with three more samples labeled as
GB7, GQ8, and GQY9. These sites were carefully
selected to ensure a good representation of the
geographical diversity in radonconcentrations in
gypsum rock. Fig. 1 shows the locations of the
gypsum quarries included in the study.

Fig.1 Gypsum quarries in northern Iraq

1. EXPERIMENTALMETHOD
In this study, a CR-39 detector with a thickness of
500um, sourced from the British company Tasl and
measuring 2 X 1 cm, was utilized to record the effects
of alpha particles emitted from the selected samples.
The samples were placed in irradiation tubes for a
duration of 60 days to capture the alpha particle
impacts on the detector's surface. These tubes are
constructed from plastic with a diameter of 7 cm and
a height of 30 cm, featuring a closed bottom and an
open top. The prepared samples were positioned
within the tubes at a height of 3 cm, with the CR-39
detector placed 25 cm above the sample surface. The
sealed tightly to accurate

setup was ensure
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results.Fig.2 illustrates irradiation tube technology

diagram.
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Fig.2 provides a schematic representation of the irradiation
tube technology

Sodium hydroxide (NaOH) with a purity of 99% was
used as an etchant to investigate the effect of ionizing
radiation on the formation of tracks for radon gas
concentration calculations. The CR-39 plastic
detectors were etched in a NaOH solution (N=6.25)
and placed in a water bath at 70°C for three
continuous hours. Following etching, the detectors
were thoroughly washed with water to remove any
residual impurities and etching solution. An optical

microscope (10X and 40X magnification) was
employed to count the number of tracks formed on
the detector.

The diffusion constantK was determined based on the
specific design of the irradiation tube. Due to
variations in the geometric dimensions, such as
diameter and length, the diffusion constant K varies
according to the design of the irradiation system. The
diffusion constant K was calculated using the
following relationship[7]:

K = ~7(2 cos fc — -
r(2cosfc Ra)

=7 €Y)



r : the radius of the irradiation tube which is(3.5 cm).
0.: the critical angle for the detector and is about
350. Ra: range of alpha particles produced from
radon in air of (4cm). After substituting the values in
the above equation, we notice that the propagation
constant K is equal toK0.67=Tr.cm~2d~! /Bg.m™3.

The radon concentration in the air space found by
using thefollowing equation [8].

(2)

P
Cp., =—
Rn KT

Crnis Radon concentration in the air space, measured
in Bq.m™3. p is the density of the resulting effects,
measured in Tr.cm™2and T is The irradiation time is
about 60 days.

60 days.

Intensity rate of the track (D) measured by the
following [7]:

D=

=l

(3)

To measured Radium content in the soil sample for
oil fields we must find Radon concentration in soil
sample by using the following [9]:

 AgnCoht

;= @

C, : Radon concentration measured by Bqg.m™3. h:
height of the air space (from the surface of the soil
sample to the surface of detector) is about 25c¢m. L:
thickness of the soil sample which is about 3cm.

The radioactivity of the Radon element is found in the
samples by using the following relationship [10]:

)

Agy: radioactivity of radon in samples is measured in

unit Bq. V: volume of the soil sample measured in

m3, and the volume found by the following:
V=mnr?L (6)

ARn= CS %4
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r: radius of the irradiation tube which is equal to
3.5cm. L: thickness of the sample inside the tube is
3cm.

The Radon emission rate is measured from the sample
surface area E,in unit (Bq.m~2h™1), from this
equation [11]:

_pAV
~ KAT,

Ea (7)

The radon rate emitted in terms of mass Ej; in unit
(Bq.Kg~2h™1) and it can be calculated by the
following law [11]:

_pAv
M ™ KMT,

8)

V.RESULTS

A. Radon Concentrations of sample of gypsum, raw
gypsum stone and soil surrounding quarries

Table I shows the average density of the traces
formed on the detector, the concentrations of radon
gas in the samples, in units Bqm™, and the radioactive
effectiveness of radon in units mBq.



Table I: Shows the concentrations of radon gas, the
radioactivity of radon, and the average density of traces for
the selected samples in the study area

Sample D
code | Tremo.d Bgm™3 | Bgm™3 mBq
GQI 67.99 | 103.01 | 8333.06 | 961.55
GQ2 60.64 | 91.88 | 732299 | 845.00
GQ3 6431 | 97.44 | 782803 | 903.28
GQ4 7350 | 11136 | 9090.61 | 1048.97
GQ5 6431 | 97.44 | 7828.03 | 903.8
GQ6 1838 | 27.84 | 1515.10 | 174.83
GQ7 1286 | 1949 | 75755 | 8741
GQ8 58.80 | 89.09 | 7070.48 | 815.86
GQ9 | 4043 | 61.25 | 454531 | 524.48
Mean | 5125 | 77.64 | 603235 | 696.07
12.86- | 19.49- | 757.55- | 874l-
TNEE 1 7350 | 11136 | 9090.61 | 1048.97

Fig. 3 shows the linear relationship between the
average intensity of traces formed in units Tr/cm2.d
and the concentrations of samples using CR-39
. The highest
density of traces formed on the detector was recorded
in sample GQ4 was73.50 Tr/cm2.d , while the lowest
average density of traces formed on the detector in
sample GQ7 raw gypsum stone was12.86 Tr/cm2.d.

detector measured in units Bqm™3
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Fig. 3 linear relationship between the average intensity of
traces formed in units Tr/cm2.d and the concentrations of

samples using CR-39 detector measured in units Bqm™3.

The highest value of the radioactivity of radon gas for
samples from the study area was recorded in sample
GQ4 was1048.97 mBq , while the lowest value of the
radioactivity of radon was recorded in sample raw
gypsum stone GQ7 was 87.41 mBq.As shown in the
Fig4.

[y
[~
(=1
o

1000 -

oc
=
(=1

.
f=1
(=]

[~
(=]
(=]

e

the radicactivity of radon in unite mBq
(=)
o
(=)

(=]

GOl GQ2 603 604 G605 GO6 G6a7 GQ8 6O9

sample code

Fig. 4 shows the radioactive activity of radon gas in
selected samples in the study area using .

The concentration of radioactive radon gas in sample
GQ1 103.01 Bqm™3, and the highest concentration of
radon was in sample GQ4, where



it reached aboutl111.36 Bqm™3, while the lowest
concentration of radon was recorded for the raw
gypsum stone for sample GQ7 19.49 Bqm™3 as
shown in Fig 5.

Table I IV Surface emission EA( mBg/m2.h ) and mass
emission EM (mBq/h.Kg) rates of radon gas for samples

from
Sample EM
EA mBg/m2.h
code 9 mBg/h.Kg the
study
" 120 4
£ GQl1 23.18 0.81 area
g 100 -
£ w0 GQ2 20.67 0.74
i 60 4
2 GQ3 21.92 0.67
£ 40 -
@
£ 5. GQ4 25.06 0.76
g GQs 21.92 0.69
GO1 G602 G603 G604 GO5 GO6 6GQ7 GG8 GQ9
sample code
¥ GQ6 6.26 0.18
GQ7 438 0.14
GQ8 20.05 0.64
Fig5. Radon gas concentrations measured using CR-39
detector for samples from the study area GQ9 13.78 0.39
B. Radon Exhalation Rate mean 17.47 0.56
Radon gas is partly formed in the soil and released to range 4.38-25.06 0.14-0.81

reach the surface, thus being released into the Earth's
atmosphere. The exhalation rate of radioactive radon
gas depends mainly on the permeability of the soil
and weather conditions such as temperature,
humidity, air pressure, and soil permeability.[12].
Table II shows the surface and mass emission rate of
radon gas for samples from the study area. we note
the highest surface emission was 25.06 m Bg/m2.h
for sample GQ4, and its lowest value was 4.38 m
Bg/m2.h for sample GQ7 of gypsum stone, and the
surface emission rate was 17.47 m Bg/m2.h. with a
range of 4.38-25.06 m Bg/m2.h in the study area and
for selected samples as shown in Fig. 6.
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Fig6 Surface emissionEA of samples from the study area

Fig. 7 shows the mass emission rate of radon gas for
samples from the study area. It was found that the
highest mass emission value recorded in sample GQl
was 0.81, and its lowest value was in sample 0.14 for
sample GQ7. Fig. 8 show the linear relationship
between radon gas concentrations in unit Bg.m™3
and the surface emission EA in
mBq.m~2.h"!and the mass emission EM in unit

mBq.Kg~t.h™1.

unit
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Fig. 7 Mass emissionEM of samples from the study area.
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Fig.8 The linear relationship between radon gas

concentrations in unit Bg.m™3 and the surface emission

EA in unit mBg.m~2.hland the mass emission EM in
unit mBq.Kg~*.h™L.

11 COUCLUSION

The mean of radon concentration is about 77.64
Bgm™3 mesured by use CR-39 detector for the
different samples of raw gypsum stonewith range
about (19.49-111.36 Bqm™3) and all the radon
concentrations are below the action level (200-600
Bqm™3) as recommended by ICRP [13]. The range of
mass emission 0.14-0.81 m Bg/kg.h and the mean is
about 0.56 m Bg/kg.h , while the range of surface
emission is 4.38-25.06 m Bg/m2.h and it is mean
about 17.47 m Bg/m2.h , UNSCEAR determined that
the highest permissible limit for surface emission
reached 1250 m Bg/m2.h [14]. Therefore, it was
found that all measured results are within the safe
range.
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