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Abstract

An investigation was conducted to determine radon concentrations, radon exhalation rate, and potential radiological hazard
parameters associated with cement collected from five factories in Sulaymaniyah city, Kurdistan region, Iraq. Using solid-
state nuclear track detectors such as CR39, the samples were analyzed by etching processes. The average radon concentration,
radium concentration, and radon exhalation rate were 138.16 Bqm™, 0.254 Bqkg™!, and 0.317 Bqm~2h!, respectively.
In sample 14, radon concentrations were within the suggested range of 200-600 Bqm™>, and the radon exhalation rate was
well below the global average of 57.600 Bqm~2h~". In addition, parameters related to potential radiological hazards were
calculated for cement samples, the average annual effective dose indoor and outdoor were 3.49 and 1.31 mSvy~!, so this
study's value was within the global average limitations (1-5 mSv y~!). Also, the excess lifetime cancer risk indoor and outdoor
were 12.5x 107> and 4.69 x 1073 greater than the world value of 0.29x 107>
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Introduction

Naturally occurring radioactive materials (NORMs) emitted
from soil, rock, and building materials contain uranium or
thorium chain radioactive materials (Shrestha et al. 2024). In
the atmosphere, a radioactive background is created from the
radon isotopes that are released. To avoid radiation hazards,
materials used for construction must be tested for radiation
and radon gas levels (Appleton 2012). This radiation emitted
from building material refers to ionizing radiation which can
ionise atoms of their target material through Columbic inter-
actions with the electrons of the material, and the amount
of this Columbic force depends on the kinetic energy of the
particles such as alpha radiation, beta radiation (high-energy
electron beams), and many other charged particles (Hiwa
2020; Mansy et al. 2024; Qadr 2021). In the environment,
radiation from bombs, bullets in war zones, and nuclear
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explosions causes pollution which has detrimental effects
on humans (Hryhorczuk et al. 2024; Qadr and Salih 2024).
These radiations are transmitted to human body via air, food,
water, and soil. Thus, different radiation doses alter the DNA
and cells of an organism, leading to genetic mutations and
changes in embryos (Arena et al. 2014).

Radon and thoron gas is one of the most significant nat-
ural radiation sources as a decay product of uranium and
thorium in the earth’s crust since it is an invisible, no smell,
no taste, and no sight (Prusty et al. 2024). Radon enters
the human organism mainly through inhalation. It has been
proven that radon exposure is one of the risky health prob-
lems, and its absorption into respiratory system walls occurs
when large amounts of radon are inhaled into lungs (Bulut
and Sahin 2024). According to the World Health Organiza-
tion (WHO), radon is one of the 19 environmental carcino-
gens (World Health 2009). It was confirmed by the Interna-
tional Agency for Research on Cancer (IARC) that radon
and its decay products are carcinogens that represent the
second highest risk factor for lung cancer (National Research
et al. 1999; Smoking 1986). These warnings reflect the wide-
spread concern over radon's potential health hazards. Radon
concentration levels between 200 and 600 Bq m~ are pro-
vided by International Commission on Radiological Protec-
tion (ICRP) to regulatory authorities (ICRP 1993).
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The solid-state nuclear track detector (SSNTD) can be
applied to a wide range of scientific and technological
applications, such as radon and thoron concentrations in
water and soil samples as well as radiation dose assess-
ments (Guo et al. 2020; Sumesh et al. 2024). Due to its
high sensitivity, it is the most basic, easiest, and least
expensive method of detecting ionizing particles, includ-
ing alpha particles, protons, neutrons, and fission frag-
ments (Othman et al. 2024). During recent years, many
experimental studies have been performed on analysis
of radon concentration for different building material
samples in various methods, by different research groups
(Alrowaili 2023; Rana et al. 2023; Salman & Hassan
2024). This research aims to the assessment of the radon
concentration, radon exhalation rate, and some radio-
logical hazard assessment parameters in cement samples
in Kurdistan region of Iraq which were collected from
Sulaymaniyah city.

Material and method
Sample collection and preparation

Eighteen types of cement samples were collected for the meas-
urement of the specific radioactivity in Sulaymaniyah city,
Kurdistan region, Iraq (Fig. 1) and in five factories. First, the
samples were dried for 24 h at 70 °C and then were ground
into very soft powder by using mortar and pestle and then
passed through a standard 2 mm mesh size, the masses of
cement samples were weighed by means of an electronic. In
this study, cement powder sample was placed in a PVC tube
as shown in Fig. 2a, tube made from PVC (polyvinyl chloride)
has dimensions of 8 cm high and 6 cm in diameter. The detec-
tor is made of plastic material, such as CR39, that is sensitive
to alpha particles for long periods of time. It was standard to
have a detector thickness of 1.30 g cm™ and a size of 1 x 1 cm?
(Khan et al. 2023). In the PVC tube, the detector was quickly
mounted on top. Then, the tube covered completely to protect
the sample and the detector. A 70-day period was used to store
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Fig.2 a Preparation of the samples in PVC tube with CR39 detector and b photograph of alpha tracks on the detector using microscope

the reagents with samples to measure alpha particles emitted
by radon gas, and then, detectors were pulled out for etching
process.

Etching process conditions

In order to enhance the effects of alpha particles on the
detectors' surface during the electrochemical scavenging
process, the detectors were immersed in water bath for 8
h following the irradiation process. This process involved
skimming sodium hydroxide (NaOH) with a weight of
6.25 N at a temperature of 70 °C. To stop the further chemi-
cal etching process and remove the NaOH, the detector was
rinsed with tap water for 20 min after finishing the etching
process. After the detector has been washed, it will be dried
in the air room for 30 min, before being examined under
an optical microscope. The effects of alpha particles which
trace on the detectors were counted using a micro-optical
microscope after drying. The traces can be seen as a round
or elliptical pattern in the microscope image called a “pit,”
which varies in brightness based on the pit depth and shape.
Figure 2b shows a photograph of alpha tracks on the CR39
detector.

Radon concentration

The track density is calculated in average numbers of tracks
per area of field view. In order to calculate and estimate the
activity level of radon concentration in different samples Cy,
in Bqm™3is given by (Vasidov and Vasidova 2020):

p
Cra = =
=TT (1)

where p is the density of track in the cement sample
in tracks cm™2, and T is the exposure period in hours

(1680 h). K is the calibration factor of PVC tube in
tracks cm~2 day~! per Bqm™3, the value of the K factor was
equal 0.0593 tracks cm~2day ™! per Bqm™ which can be
mathematically calculated from this relation (Naji and Has-

soon 2021):
4 ) )
Rair

where r is the radius of the irradiation PVC cup which is
equal to 3 cm, 0, is the critical angle of the CR39 detector
which is equal to 35°, and R,;, is the range of the alpha par-
ticle in air which is approximately equal to 4.15 cm (Qadr
2022; Salih et al. 2024).

K= lr<2 cosf, —
4

Radium concentration

Radium concentration Cy,, Bq kg™ in the powdered cosmetic
samples can be determined by following equation (Muneam
and Abojassim 2023):

hA
(CRa =L > 3)
Kms Teff

where A, m? is the surface area of the PVC tube where the
area is equal to 772, h is the height of air in the PVC tube
above cement sample surface to the CR39 detector, and m,
is the mass of sample. The following relation was used to
determine effective exposure time 7 from exposure period
(Durrani and Ilic 1997):

1
Tr=T- (1-

Rn

ee). “
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Radon exhalation rate

The value of radon exhalation rate in terms of PVC surface
E_ for samples in Bgm~2h~"is expressed by the following
equation (Topgu et al. 2013):

_ Cra XT XV X g,
ST AX Ty

; &)

where Cy,, is radon concentration in Bqm~=3, V is the volume
of the PVC tube in m?, Az, =0.007567 h™! is radon decay
constant, A is the surface area of the sample in m?, and T is
the exposure period in /.

Radiological hazard assessment
Annual effective dose

The following relation of annual effective dose for 1 year
AE in mSvy~! to the person due to the radon exposure
and its progeny was recommended by United Nations Sci-
entific Committee on the Effects of Atomic (UNSCEAR)
(UNSCEAR 2008; Yousef et al. 2024):

AED = Cy, X FXT XD, 6)

where Cy, is radon concentration in Bq m™3, F is the equi-
librium factor (0.4) for indoor and (0.6) for outdoor rec-
ommended by UNSCEAR (Unscear 2000a, b), T is the
number of hours during the year (7008 h) for indoor and
(1752 h), and D is the dose conversion factor which is equal
to9nSv (Bghm™3) ~"adopted by International Commission
on Radiological Protection (ICRP-94) (ICRP 1993). In the
previous information, UNSCER recommended the following
relations of effective dose for indoor and outdoor:

AED;

indoor

= 0.02523 x Cg,,, @)

AED, 4o0r = 0.00946 X Cg,,. 8)

Excess lifetime cancer risk

The excess lifetime cancer risk ELCR depends on the
annual effective dose for both indoor and outdoor, given
by (Idriss et al. 2018):

ELCR;

indoor

= AED;

indoor

X DL X RF, 9)

ELCRoutdoor = AEDoutdoor x DL x RF’ (10)

@ Springer

where DL and RF represent the average duration of life
which is 70 years and the fatal cancer risk per Sievert
0.05 Sv~! recommended by ICRP (ICRP 2009), respectively.

Results and discussion

In the present study, 18 cement samples were analyzed with
PVC tube technique. Concentration of radon, exhalation rate
of radon, as well as the parameters such as annual effective
dose and excess lifetime cancer risk in samples were meas-
ured for different cement factories.

Humans are potentially at risk from radon when they
inhale it or consume it, since radioactive materials are toxic,
ingesting them through the mouth is easy (Little et al. 2024).
Table 1 can be shown that radon concentration has been
evaluated in the cement samples. The radon concentration
ranged from 98.90 to 202.84 Bqm™ with an average value
of 138.16 Bqm™. According to the results, sample number
14 has the highest radon concentration, while sample num-
ber 17 has the lowest radon concentration. Additionally, the
results indicated that radon concentrations vary depending
on the type of cement samples. According to the Interna-
tional Committee on Radiological Protection (ICRP), all
studied samples showed radon concentrations below the
ICRP recommended range (200-600 Bqm™3) (ICRP 1993),
with the exception of sample 14.

Figure 3 shows the ratio of the radon concertation in the
cement samples that the highest ratio of the radon concen-
tration was 23% in Delta CF sample, and the lowest ratio
was 18% in Gasin CF sample. In addition, both Mass and
Bazian CF have the same ratio of the radon concentrations
with 20%.

Radium concentration measured by CR39 track detector
is also tabulated in Table 1. The concentration of radium in
cement samples varied from 0.373 to 0.182 Bqkg™!, with
the average value of 0.254 Bq kg™!, respectively. Figure 4
shows good correlation (R*=0.99) between the results
obtained for radon and radium concentrations. The overall
value of radium are found lower than world average value of
50 Bq kg~' (Ahmad et al. 2019).

The results of radon exhalation rate in terms of sur-
face measurements in cement samples are also given
in Table 1. The data obtained show that the radon exha-
lation rate in sample 14 has the highest radon exhala-
tion rate (0.465 Bqm~2h~"), and sample 17 has the low-
est level (0.227 Bqm~2h™!), with the overall average of
0.317 Bqm~2h~!. Consequently, the value of radon exha-
lation rate in all sample is below than the permitted limit
(57.600 Bqm™> h_l) (Unscear 2000a, b).

After the CR39 detectors with PVC tube technique were
used to measure the radon concentration in the samples, it
is possible to estimate the risk of lung cancer caused by
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Tablle 1 Radon copcentration, Sample number Cement factories (CF) CroBqm™ CRra E,

radlum.concent.ratlon, and radon Bq kg_l mBq m=2 +h-!

exhalation rate in the cement

sample in different factories 1 Tasluja CF 111.55 0205 0256
2 120.37 0.222 0.276
3 120.91 0.223 0.277
4 131.22 0.242 0.301
5 159.95 0.294 0.367
6 Bazian CF 106.96 0.197 0.245
7 123.30 0.227 0.283
8 146.69 0.270 0.336
9 149.68 0.276 0.343
10 181.91 0.335 0.417
11 Mass CF 106.42 0.196 0.244
12 126.07 0.232 0.289
13 141.32 0.260 0.324
14 202.84 0.373 0.465
15 Delta CF 143.82 0.265 0.330
16 166.14 0.306 0.381
17 Gasin CF 98.90 0.182 0.227
18 148.78 0.274 0.341
Average 138.16 0.254 0.317
Standard division 26.85 0.049 0.062
Maximum 202.84 0.373 0.465
Minimum 98.90 0.182 0.227

radon and its decay products using the effective annual dose
of radon. It was found that the indoor and outdoor annual
effective dose of radon (AED) differed depending on the
type of samples.

The results show in Table 2 that the average values of
AED for indoor and outdoor in the samples of the study were
found to be 3.49 mSvy~'and 1.31 mSvy~!, respectively. A

Fig.3 The ratio levels of radon
concentration (Bqm™3) in the
cement CF samples

sample number 14 has the highest annual effective dose due
to indoor and outdoor factors, whereas a sample number
17 has the lowest effective dose due to indoor and outdoor
factors. As recommended by National Council for Radia-
tion Protection and Measurements (NCRP) and UNSCEAR,
this study value was within the global average limitations
(1-5 mSv y~!) ICRP 1993; Perle 2018). Moreover, Table 2

Delta CF
23%

Tasluja CF

19%
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Fig.4 Correlation between 250
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and excess lifetime cancer risk Sample number r(;:;n(ecn}t:)f acto- ﬁllglv);‘f‘f‘” I[?ll;l\?;“_“]"’"r ELCRingoor 10 ELCR u1goorx 10

for indoor and outdoor
1 Tasluja CF 2.81 1.06 9.85 3.69
2 3.04 1.14 10.63 3.99
3 3.05 1.14 10.68 4.00
4 3.31 1.24 11.59 4.35
5 4.04 1.51 14.12 5.30
6 Bazian CF 2.70 1.01 9.45 3.54
7 3.11 1.17 10.89 4.08
8 3.70 1.39 12.95 4.86
9 3.78 1.42 13.22 4.96
10 4.59 1.72 16.06 6.02
11 Mass CF 2.68 1.01 9.40 3.52
12 3.18 1.19 11.13 4.17
13 3.57 1.34 12.48 4.68
14 5.12 1.92 17.91 6.72
15 Delta CF 3.63 1.36 12.70 4.76
16 4.19 1.57 14.67 5.50
17 Gasin CF 2.50 0.94 17.91 6.72
18 3.75 1.41 9.40 3.52
Average 3.49 1.31 12.50 4.69
Standard division 0.68 0.25 2.66 1.00
Maximum 5.12 1.92 17.91 6.72
Minimum 2.50 0.94 9.40 3.52

shows the values of excess lifetime cancer risk for indoor  than the world value of 0.29 x 1073 proposed by UNSCEAR.
and outdoor that the average varied from 9.4x 107 to ~ The WHO estimates that indoor exposure to radon increases
17.91x 1073 for indoor and 3.52x 1073 to 6.72x 1072 for  lung cancer risk by 16% for every 100 Bq m~3 (World Health
outdoor, while the average values were 12.5x 107 for ~ 2009); therefore, lung cancer risk increases linearly with
indoor and 4.69 x 10~ for outdoor. These values are greater ~ radon exposure.

@ Springer



Acta Geophysica (2025) 73:549-556

555

Table 3 Comparison of the radon concentration and radon exhalation
rate in cement samples from this study with other previous studies

Country Cra Bq m™3 E,Bq m~—2h~! References

Turkey 79.4+£0.0212 0.386+0.117 Ahmad et al. (2014)
Pakistan 0.231+0.03  Faheem (2008)
Egypt 62.01 14.06 Shoeib et al. (2024)
Yemen 71.6x+1.4 0.357+0.007 Saleh et al. (2021)
Pakistan 1447 +198 12.28+1.68  Ahmad et al. (2019)
Iraq 56.72 Ahmed et al. (2022)
Iraq 138.16 0.317 Present study
World average 200-600 57.600 Unscear (20004, b)

Table 3 shows comparing the values in other studies in
the literature with the values in the current study in different
countries for radon concentration and radon exhalation rate
in cement samples. There is a clear discrepancy between
reported values for radon concentration and radon exhala-
tion rate.

Conclusions

This study used a CR39 detector in PVC technique to
directly measure radon concentration, radium concentra-
tion, and radon exhalation rates in various cement factories.
Several radiological indices were calculated to estimate the
associated radiological risks from cement samples, including
radon annual effective doses and excess lifetime cancer risks.
In this work, Delta CF samples had significantly higher
radon concentrations than all other CF samples. There is a
risk of cancer in the future due to the high recorded values
in some values. Radon concentrations in all samples except
sample 14 were below the ICRP recommendation. It was
found that some samples were higher than the global aver-
age limits for both annual effective doses indoors and out-
doors as well as excess lifetime cancer risks. According to
the study, some samples of cement have been found to pose
health risks due to radon exhalation.
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