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Abstract: The indoor radon concentration of 100 primary schools in Al-Najaf province,

Iraq, was

measured to determine students’ and staff's safety in these schools using a CR-39 nuclear track detector
based on the sealed can improve technique. The results of indoor radon concentration for all schools vary
from (7.47 to 44.84) Bg / m® with an arithmetic mean (AM) of 22.26 Bq /, while the geometric mean

(GM) was 20.67 Bq / m°.

The concentration of ??°Rn was lower than the worldwide level.

Some

radiological parameters like annual effective dose (AED), potential alpha energy (PAEC), exposure to
radon progeny (EP), and lung cancer cases per year per million people (CPPP) were also determined. The
results of these parameters point toward normal levels in the primary schools, according to ICRP, UNCER,

and NCRP data.
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1. INTRODUCTION

Radon is the naturally occurring radioactive gas
formed by uranium's radioactive decay. Natural
uranium (mainly 2*®U) is found among most
earthen construction materials and is present in
the earth's crust at an average of 33Bg/m® (1).
There are two primary radioisotopes for radon in
nature: - 222Rn (also known as radon with half-live
T1,2,=3.82 day) with its short-lived
daughters: 218P0, 214Pb, 214Bi, 214PO, 210Pb, 21°Bi, 210
Po (uranium sequence). The second isotope
is 22Rn (commonly known as thoron with a half-

live T1/2=55.6s with its
daughters: 2'%po, 2?ppb, 2'2Bi, 2?po, and Z2°®TI
(thorium sequence) 2). Although radon

evaporates quickly if released into the open air, it
could concentrate and accumulate to dangerous
levels throughout the built environment. Indoor
radon can have both external and internal sources.
The external source is primarily outdoor air, while
internal sources include saoil, construction
materials, basement air, and water. In most cases,
higher indoor radon concentrations result from
increased radon formation and mobility in soils, as
well as fissures in floor slabs and other pores in

the building's foundation. Typically, the radon
concentration in outdoor air at 1 meter above
ground is between 4 and 15 Bgm™. Depending on
factors like wuranium content and the soil's
moisture, humidity, winds, and building materials,
the radon concentration in indoor air might change
from region to region. Because of the elevated
radon concentrations in indoor areas of closed
buildings, inhalation of air is one of the main
causes of radiation exposure for humans. Radon
and its daughters are in secular equilibrium in a
closed system. However, this equilibrium cannot
be conserved in a residential environment because
daughters are constantly eliminated from the
interior air through radioactive disintegration,
surface deposition, and ventilation. The main
causes of variation in indoor radon concentrations
are often variations in ventilation rate, pressure,
and temperature. The rate of air exchange
between indoor and outdoor settings is affected by
the ventilation rate. When radon becomes trapped
indoors, particularly during temperature inversions
or when homes are not vented (naturally or
artificially), it will accumulate to unsafe levels. The
radon concentration in the environment varies with
time, meteorological circumstances, and the air
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mass source at a sample site (2, 3). Long-term
radon exposure may irradiate lung tissue, raising
the risk of developing cancer. Inhalation of the
short-lived radon daughters is predicted to produce
roughly half the effective dosage of natural
sources. As a result, radon is currently the most
"popular” issue in environmental radioactivity
research (4). When radon and its daughters were
breathed, the a —particles released by the
depositing radon progeny predominated the
radiation dosage for lung tissue. These progenies,
particularly those adhering to tiny aerosols or
those that stay unattached, cause harm to
sensitive lung cells, raising the developing cancer
risk. As a result, radon primarily serves as the
origin of its daughters, which provide the lung dose
(5). Lung cancer risk is elevated by 8.4% for every
100 Bg/m?® (2.7 pCi/L) elevation in detected radon.
Domestic studies show a link between radon
exposure at home and an increased risk of lung
cancer. WHO (the World Health Organization) and
USEPA (the United States Environmental Protection
Agency) list radon as one of the primary causes of
lung cancer, next to smoking. According to studies
on radon's behavior in the geological environment,
there is a clear relationship between indoor radon
levels and soil gas concentrations. As a result,
conducting radon concentration studies at as many
home and school locations as feasible would be
one of the more efficient and expedient methods of
lowering potential threats for children in schools
and other facilities. Radon exposure in schools
could have significant public health effects. The
risk of lung cancer from radon exposure in children
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may be up to three times higher than that of
adults exposed to the same amount of radon due
to morphologic distinctions between children's and
adults' lungs and faster respiration rates in
children. Children are more susceptible to
environmental risks as well as spending extra time
inside. (6, 7). For these reasons, there has been a
rise in interest in indoor radon assessments in
primary schools. As a result, assessing indoor
radon levels in these facilities is important. Radon
studies have been done widely in several countries
(8—11). This study aimed to determine radon
concentration and its risks to human health in one
hundred primary schools in Al-Najaf province and
to calculate the annual effective dose of radon for
students and teachers in primary schools. Potential
alpha energy concentration, exposure to radon
progeny, and lung cancer cases per year per
million people (CPPP) were calculated using CR-39
nuclear track detector (NTDs).

1.1. Sampling Sites

The studied area of Najaf (Figure 1) is located in
southwestern lIraq, about 160 km southwest of
Baghdad. It is situated at the intersection of line
length 44.019E and latitude 31.059N. It is rising
70 meters above sea level (12). One hundred
primary public schools were chosen to study the
indoor radon concentration in these schools in
Najaf city. The location of schools in the current
research was identified using a GPS and plotted
using a GIS approach (ArcGIS 10.7.1.) as depicted
in Figure 1.
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Figure 1: A map of the field of study.

2. MATERIAL AND METHOD

Radon concentration levels were assessed in 100
schools throughout the AL- Najaf city area using
the solid state nuclear track detectors (SSNTDs)
technique with a CR-39 detector. The dosimeter

measures 222Rn in a very reproducible and
unambiguous manner. One detector was exposed
in each school's classroom, away from the doors
and windows, and located in an inaccessible area
to reduce loss throughout measurement time. In
each of the 100 schools, around one hundred
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detectors were distributed. Age, size, and
construction materials vary among the school
buildings. Natural ventilation is provided by
windows as well as fans. A passive track detector
inside a sealed hollow holder, which allows ?*?Rn to
penetrate it, is used to investigate radon
concentration and the annual effective dose within
elementary schools.

The hollow holder has a diameter of 5.2 cm and a
height of 9 cm. A circular aperture with a radius of
0.75 cm is drilled in the middle of the lid. A 3 cm %
3 cm sponge piece with a thickness of 0.3 cm is
glued onto the internal surface of the lid to enclose
the aperture. A bit of CR-39 with an area of around
2.5 cm x 2.5 cm and a thickness of 1 mm, density
0.32 gm/m?3, is placed inside the holder and
settled to its bottom with double-sided adhesive
tape. The holder is placed around 1.5 m above the
floor to represent the exhalation height inside the
classrooms. The can's design guarantees that all
aerosols and radon daughters are deposited from
outside on the soft sponge while radon, along with
other components, passes across it to the can's
sensitive region. This type of detector generates
data that correlate to the accurate mean radon
concentration during the period of exposure, which
extends from March to July 2022. The number of
tracks left by alpha particles on the detector was
proportional to the average radon concentration.
After the end of the exposure time, the detectors
were removed from the containers and placed in a
solution of NaOH of about 6.25 N in a water bath
at 98 C for one hour (13). The detectors were
eliminated from the bath and adequately rinsed
and cleaned using distilled water to eliminate
surface digging leftovers. Following the chemical
process, these detectors were dry. They scanned
with an optical microscope at a magnification of
about (400X) connected to a micro camera
connected to a personal computer to count the
number of tracks per cm? in each detector
according to the following equation (14).

. __number of tracks in sample
The density of tracks (p)= Area of fieid view
@

2.1. Theoretical Considerations
2.1.1. Radon Concentrations
Radon concentration levels in the air of specific
schools in Al-Najaf city are evaluated in the unit
(Bg / m®), in which the highest degree reference
levels are calculated. The following equations are
employed to calculate radon concentration (15,
16).

c= = @)
p is the evaluated number of tracks for every cm?
on the CR-39 detectors within the spread
dosimeters utilized in the research, t would be the
exposure time of the CR-39 detector (90 days),
and k is a calibration factor equal to 0.28
Track.cm™ / Bq.m™.day.

2.2.2. Annual Effective Dose (AED)
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The annual effective dose (AED) in (mSv/y) units
is directly affected by the occupancy factor (H),
which can be calculated for students and teachers
in schools by the following equation:

30 h/wk x 37 d /y = 1110 hours per year

H =1110/ 8760 = 13%

The annual effective dose can be calculated as
(17, 18):

AED (mSv/y) =CxFxH =T xD (©)
Where; F indicates the worldwide average of the
equilibrium factor of radon and its daughters equal
to (0.4).

T=8760 h/y, which represents the time in hours
per year

D: represents the dose conversion factor and
equal (9%10%(m Sv) /(Bg.h.m™))

2.2.3. PAEC, EP, CPPP
Potential Alpha Energy Concentration (PAEC) can
be calculated using the following equation (19-21):

PAEC (WL) = F < C / 3700 4
The following equation can be used to evaluate
Exposure to radon progeny (EP) (22):

EP (WLM Y1) = Tx H x F x C / 170 x 3700
®)

170 : is the number of hours spent per month.

WL represents the working level, in which (1WL =
3.7 Bq/ L= 3.7x 103PP Bq / m°) .

Where 1 L=1000 m?®

The lung cancer cases per year per million person
(CPPP) were found by using the equation (19, 23,
24):

CPPP = AED x (18%x10°® mSvl.y) (6)

3. RESULTS AND DISCUSSION

This study covered the public primary schools in
Najaf, Iraq, in which 100 classrooms on the ground
floor from 100 schools were chosen to measure
indoor radon using the passive technique with a
CR39 detector. The study area is divided into 22
districts. The descriptive statistics of the results for
indoor radon concentration are summarized in
Table 1. The results of indoor radon concentrations
for all schools vary from (7.47 to 44.84) Bq /
m?® with an arithmetic mean (AM) 22.26 Bq /
m3and standard deviation (SD) 8.43. The
geometric mean (GM) was 20.67 Bq / m?® with a
geometric standard deviation (GSD) of 1.48. The
Abotalib district has the maximum indoor radon
concentration with an arithmetic mean (32.14) Bq
/ m® and a standard deviation of 2.25, whereas the
geometric mean was 32.06 Bq / m® with a
geometric standard deviation of 1.1. The minimum
indoor radon concentration was in the AL Gari
district, with AM equal to 12.74 Bq / m® and SD
equal to 3.30, while GM was 12.24 Bq / m® with a
GSD of 1.41. The maximum radon concentrations
seemed to be below the worldwide average of
radon gas in air (100) Bg/m?® according to WHO
(25), as shown in Figure (2). The variation in
indoor radon results between different schools is
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due to geological considerations, ventilation, and the type of soil in the schools.

Table 1: Descriptive statistics of indoor radon concentrations for studied schools.

District N°. Of AM sSD Min Max GM GSD
Schools |  (Ba/m®) (Ba/m>) (Ba/m>) (Bg/m®) (Bg/m®)
old city 15 21.03 9.46 8.97 40.36 18.87 1.64
Al.Karama 4 20.55 3.72 14.95 25.41 20.19 1.25
Al.Moalmen 5 21.67 4.38 16.44 26.9 21.23 1.25
Alhussein 4 19.80 5.83 10.46 25.41 18.75 1.49
Al.Ameer 4 31.82 7.95 24.14 44.84 30.92 1.31
Al.Ansar 6 23.42 9.52 13.45 40.36 21.67 1.53
Al.Zahraa 6 20.99 4.18 13.45 25.41 20.53 1.27
AL gari 4 12.74 3.30 7.47 16.59 12.24 1.41
Aloroba 4 17.19 6.02 10.46 26.9 16.22 1.48
Al.Mothana 4 25.78 4.65 17.94 29.89 25.30 1.26
Aladala 3 27.77 3.06 23.91 31.39 27.60 1.15
Alwafaa 5 28.92 9.004 17.56 41.1 27.49 1.43
Al.Askary 6 26.90 6.85 14.95 34.38 25.88 1.38
Alnasor 2 19.24 2.81 16.44 22.05 19.04 1.23
Alresalah 3 19.06 2.42 16.81 22.42 18.91 1.16
Alnidaa 5 19.13 3.19 14.95 23.91 18.86 1.21
Aljamea 4 25.04 10.27 14.95 40.36 23.04 1.59
Alsalam 5 19.13 6.08 11.96 28.4 18.20 1.423
Alforat 3 27.77 10.263 13.45 36.98 25.38 1.74
Abotalib 2 32.14 2.25 29.89 34.38 32.06 1.10
Alrahma 4 14.95 5.69 7.47 22.42 13.77 1.62
Algahdeer 2 16.45 1.49 14.95 17.94 16.38 1.14
village
All 100 22.26 8.43 7.47 44.84 20.68 1.48
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Figure 2: Indoor radon concentrations at the primary schools in the districts of AL- Najaf city.

The frequency distribution of indoor radon levels in  radon for all schools under study. The skewness of
investigated schools is illustrated in Figure (3), this distribution, indicating its deviation from a
which explains the normal distribution of indoor symmetrical normal distribution, is 0.608,
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suggesting a positive skew in indoor radon levels.
This skewness implies that many indoor radon test
results have lower values, with means exceeding
the medians. The central tendency of the positively
skewed data is also illustrated in figure (4), which
represents the box plot of the indoor radon
concentration for the primary schools. It is clear
that quartile Q2 exists nearer to quartile Q1, and
the mean value is larger than the median. Also,
the length of the upper whisker is greater than
that of the bottom. All this refers to a positively
skewed distribution. The kurtosis of this
distribution, which tested whether the results were
heavy-tailed or light-tailed compared to the normal

RESEARCH ARTICLE

distribution, is (-0.029), indicating that the
distribution is a platykurtic distribution. This means
that the majority of the indoor radon results are
very close to the mean value. Figure (5)
represents the normal quantile-quantile plot (Q-Q
plot) for radon concentration for all schools under
study, assessing indoor radon results relative to
the normal distribution. We can see from this plot
that our results are normally distributed. Also, the
ends of the Q-Q plot deviated with a slight
deviation from the normal distribution reference
line, indicating there is a thin-tailed distribution
(platykurtic distribution).
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Figure 3: Histogram of indoor radon concentrations at the primary schools in the AL- Najaf city.
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Figure 4: Box plot of indoor radon concentrations at the AL- Najaf city primary schools.
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Figure 5: Normal quantile plot of indoor radon concentrations at the investigated primary schools.

Figure 6 displays the relationship between the
indoor radon levels and the school buildings' age.
The higher level of indoor radon was in buildings

with ages between 1979 and 1999 (consisting of
36 schools), while the lower level was in schools
between 1919-1939 (consisting of 3 schools).
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Figure 6: The relation between radon concentration in studied schools and the age of schools.

Table 2 displays the results of the annual effective
dose (AED), potential alpha energy concentration
(PAEC), exposure to radon progeny (EP), and lung
cancer cases per year per million people (CPPP) for
the primary schools in the districts of AL- Najaf
city. The maximum values of AED, PAEC, EP, and
CPPP were 0.132 mSv/y, 3.474 mWL, 23.272
mwWLM Y31, and 2.371, respectively, found in
Abotalib district. The minimum values of AED,

PAEC, EP, and CPPP were 0.052 mSv/y,
1.377mWLM, 9.228 mWLM Y™ and 0.940,
respectively, and found in the AL gari district. The
maximum values of AED are much lower than the
(ICRP,1993) limit that lies between 3 and 10
mSv/y (26). PAEC results were significantly lower
than (UNCER,1993) (27) level that equals 53.33
mWL, and the measurements of EP lowered the
recommended values of (NCRP,1989) (28) that
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range between (1-2) mWLM Y. The results of effective dose and lung cancer cases per year per
CPPP were below the values of (ICRP ,1993) (26) million people for the primary schools in the
limit that lies between 170 and 230 per year per districts of AL-Najaf city.

million people. Figure 7 illustrates the annual

Table 2: The annual effective dose (AED), potential alpha energy concentration (PAEC), exposure
to radon progeny (EP), and lung cancer cases per year per million people (CPPP) for the primary schools
in the districts of AL-Najaf city.

EP
L Ne. Of AED PAEC CPPP
DIStrict | sehools | (msvry) | (mwi) (":(‘f‘l’)LM (x10°%)
Old city 15 0.086 2.273 15.226 1.551
Al.Karama 4 0.084 2.222 14.883 1.517
Al.Moalmen 5 0.089 2.343 15.695 1.599
Alhussein 4 0.081 2.141 14.342 1.461
Al.Ameer 4 0.130 3.440 23.042 2.348
Al.Ansar 6 0.096 2.531 16.958 1.728
Al.Zahraa 6 0.086 2.270 15.208 1.550
AL gari 4 0.052 1.377 9.228 0.940
Aloroba 4 0.070 1.858 12.448 1.268
Al.Mothana 4 0.106 2.787 18.672 1.903
Aladala 3 0.114 3.003 20.115 2.050
Alwafaa 5 0.119 3.127 20.945 2.134
Al.Askary 6 0.110 2.908 19.483 1.985
Alnasor 2 0.079 2.080 13.936 1.420
Alresalah 3 0.078 2.060 13.801 1.406
Alnidaa 5 0.078 2.068 13.855 1.412
Aljamea 4 0.103 2.706 18.130 1.847
Alsalam 5 0.078 2.068 13.855 1.412
Alforat 3 0.125 3.286 22.009 2.243
Abotalib 2 0.132 3.474 23.272 2.371
Alrahma 4 0.061 1.616 10.824 1.103
Algahdeer
village 2 0.067 1.777 11.907 1.213
All 100 0.091 2.407 16.123 1.643
2.500
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1.000 WAED
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Figure 7: The annual effective dose (AED) and lung cancer cases per year per million people (CPPP) at
the primary schools in the districts of AL-Najaf city.

Table 3: The average value of the indoor radon concentrations compared to other similar research in
primary schools across different countries.

country Average radon reference
concentration
Bulgaria 339 (29)
Kuwait (5]
Greece. 149 (30)
Macedonia 211 (31)
Poland 49.0 (32)
Sudan (33)
Serbia 119 (34)
Tunisia 26.9 (35)
Palestine 40.42 (36)
Italy (37)
Iraq (Karbala) 25.4 (38)
Turkey (39)
Present Study 22.26
Table 3 compares the indoor radon measured 6. Gordon K, Terry PD, Liu X, Harris T, Vowell D,

within schools in several countries. The results
vary because numerous factors influence indoor
radon concentrations, including geology.

4. CONCLUSION

The study of radon levels in the primary schools in
AL-Najaf city indicates a normal level. The average
values of Cgr, are substantially below the global
limit. The results of AED for the studied schools are
lower than those of ICRP and lower than the
results of UNSCEAR. The results of potential alpha
energy concentration, exposure to radon progeny,
and lung cancer cases per year per million people
are lower than the global limits. As a result, the
occupants of these schools (children and staff) are
not at risk of radiological exposure from their
immediate surroundings.

5. REFERENCES

1. Maged AF. Radon concentrations in elementary
schools in Kuwait. Health physics. 2006;90(3):258-62.
Available from: <URL>

2. Hussein A. Radon in the environment: friend or
foe? 2008. Available from: <URL>

3. Khan F, Ali N, Khan EU, Khattak NU, Raja IA,
Baloch MA, et al. Study of indoor radon concentrations
and associated health risks in the five districts of Hazara
division, Pakistan. Journal of Environmental Monitoring.
2012;14(11):3015-23. Available from: <URL>

4. Clouvas A, Xanthos S, Takoudis G. Indoor radon
levels in Greek schools. Journal of environmental
radioactivity. 2011;102(9):881-5. Available from: <URL>

5. Ismail AH, Jaafar MS, editors. Indoor radon
concentration and its health risks in selected locations in
Iraqi Kurdistan using CR-39 NTDs. 2010 4th International
Conference on Bioinformatics and Biomedical
Engineering; 2010: IEEE. Available from: <URL>

Yard B, et al. Radon in schools: a brief review of state
laws and regulations in the United States. International
journal of environmental research and public health.
2018;15(10):2149. Available from: <URL>

7. Obed R, Ademola A, Vascotto M, Giannini G.
Radon measurements by nuclear track detectors in
secondary schools in Oke-Ogun region, Nigeria. Journal
of environmental radioactivity. 2011;102(11):1012-7.
Available from: <URL>

8. Al-Awadi L, Khan A. Indoor radon levels in
schools and residential dwellings in Kuwait. International
Journal of Environmental Science and Technology.
2019;16:2627-36. Available from: <URL>

9. Malanca A, Gaidolfi L, Fava R. Natural
radioactivity in kindergartens and play schools of Parma,
Italy. Environment international. 1997;23(4):541-6.
Available from: <URL>

10. Kurt A, Yalcin LS, Oktem Y, Akkus B, Bozkurt E,
Hafizoglu N, et al., editors. Determination of indoor radon
concentrations at the elementary schools of Fatih district

in Istanbul. AIP conference proceedings; 2016: AIP
Publishing.
11. Papaefthymiou H, Georgiou C. Indoor radon

levels in primary schools of Patras, Greece. Radiation
protection dosimetry. 2007;124(2):172-6. Available
from: <URL>

12. Abojassim AA. Comparative study between
active and passive techniques for measuring radon
concentrations in groundwater of Al-Najaf city, Iraq.
Groundwater for Sustainable Development.
2020;11:100476. Available from: <URL>

13. Tate B, Long S. Acceptance testing of the tasl
radon dosimetry system. Technical Report. 2016:175.

14. Al-Gharabi M, Al-Hamzawi A. Measurement of
radon concentrations and surface exhalation rates using
CR-39 detector in soil samples of Al-Diwaniyah
Governorate, lraq. lIranian journal of medical physics.
2020;17(4):220-4. Available from: <URL>

1052


https://doi.org/10.1097/01.HP.0000180770.635
https://inis.iaea.org/collection/NCLCollectionStore/_Public/41/046/41046584.pdf?r=1
https://doi.org/10.1039/C2EM30445G
https://doi.org/10.1016/j.jenvrad.2011.05.001
https://doi.org/10.1109/ICBBE.2010.5514794
https://doi.org/10.3390/ijerph15102149
https://doi.org/10.1016/j.jenvrad.2011.06.012
https://doi.org/10.1007/s13762-018-1698-7
https://doi.org/10.1016/S0160-4120(97)00060-3
https://doi.org/10.1093/rpd/ncm180
https://doi.org/10.1016/j.gsd.2020.100476
https://doi.org/10.22038/ijmp.2019.40303.1552

Dosh RJ et al. JOTCSA. 2023;10(4):1045-1054.

15. Hashim AK. A study of radon concentration in
the soil and air of some villages in Irbid governorate: M.
Sc. Thesis, Yarmouk University, Jordan; 2003.

16. Mayya Y, Eappen K, Nambi K. Methodology for
mixed field inhalation dosimetry in monazite areas using
a twin-cup dosemeter with three track detectors.

Radiation protection dosimetry. 1998;77(3):177-84.
Available from: <URL>
17. Annex |. Epidemiological evaluation of radiation-

induced cancer. Vienna: United Nations. 2000.

18. Mowlavi AA, Fornasier MR, Binesh A, Denaro Md.
Indoor radon measurement and effective dose
assessment of 150 apartments in Mashhad, Iran.
Environmental monitoring and assessment.
2012;184:1085-8. Available from: <URL>

19. Kansal S, Mehra R, Singh N. Life time fatality
risk assessment due to variation of indoor radon
concentration in dwellings in western Haryana, India.

Applied Radiation and Isotopes. 2012;70(7):1110-2.
Available from: <URL>
20. Ismail A, Hussyin Z, editors. Study of seasonal

variations of radon levels and its risks inside different
schools in lIragi Kurdistan region for the first time.
Proceedings of the 10 th; 2007.

21. Ismail AH, Jaafar MS, editors. Indoor radon
concentration and its health risks in selected locations in
Iraqi Kurdistan using CR-39 NTDs. 2010 4th International
Conference on Bioinformatics and Biomedical
Engineering; 2010: IEEE. Available from: <URL>

22. Protection ICoR, Clarke RH. Protection against
radon-222 at home and at work: Pergamon published for
the International Commission on Radiological Protection;
1994. Available from: <URL>

23. Mansour H, Per Khdar S, Abdulla H, Muhamad N,
Othman M, Qader S. Measurement of indoor radon levels
in Erbil capital by using solid state nuclear track
detectors. Radiation measurements. 2005;40(2-6):544-
7. Available from: <URL>

24. Abdullah AA. Internal and external radiation
exposure evaluation amongst selected workers and
locations in Iraqg: Universiti Sains Malaysia; 2013.

25. Organization WH. WHO handbook on indoor
radon: a public health perspective: World Health
Organization; 2009.

26. Brenner D. Protection against radon-222 at
home and at work. ICRP publication 65. Taylor & Francis;
1994.

27. Radiation UNSaEol. Report to the General
Assembly, with Scientific Annexes. United Nations sales
publication E. 94. IX. 2. United Nations New York; 1993.

RESEARCH ARTICLE

28. Wagner LK. Exposure of the US Population from
Diagnostic Medical Radiation. JSTOR; 1989.

29. Vuchkov D, lIvanova K, Stojanovska Z, Kunovska
B, Badulin V. Radon measurement in schools and
kindergartens  (Kremikovtsi municipality, Bulgaria.
Romanian Journal of Physics. 2013;58(S):S328-S35.
Available from: <URL>

30. Clouvas A, Xanthos S, Takoudis G. Indoor radon
levels in Greek schools. Journal of environmental
radioactivity. 2011;102(9):881-5. Available from: <URL>

31. Stojanovska Z, Boev B, Zunic ZS, Bossew P,
Jovevska S. Results of radon CR-39 detectors exposed in
schools due two different long-term periods. Nukleonika.
2016;61(3):385-9. Available from: <URL>

32. Bem H, Bem EM, Krawczyk J, Plotek M, Janiak S,
Mazurek D. Radon concentrations in kindergartens and
schools in two cities: Kalisz and Ostréw Wielkopolski in
Poland. Journal of Radioanalytical and Nuclear Chemistry.
2013;295(3):2229-32. Available from: <URL>

33. Elzain, AEA. Assessment of indoor radon doses
received by the students and staff in schools in some
towns in Sudan. Rn. 2015;19(34), 35.

34. Bochicchio F, Zunié ZS, Carpentieri C, Antignani
S, Venoso G, Carelli V, et al. Radon in indoor air of
primary schools: a systematic survey to evaluate factors
affecting radon concentration levels and their variability.
Indoor air. 2014;24:315-326. Available from: <URL>

35. Labidi S, Al-Azmi D, Mahjoubi H, Salah RB.
Radon in elementary schools in Tunisia. Radioprotection.
2010;45(2):209-217. Available from: <URL>

36. Al Zabadi H, Mallah K, Saffarini G. Indoor
exposure assessment of radon in the elementary schools.
Palestine. 2015. Available from: <URL>

37. Loffredo F, Opoku-Ntim I, Meo G, Quarto M.
Indoor Radon Monitoring in Kindergarten and Primary
Schools in South Italy. Atmosphere. 2015;13(3):478.
Available from: <URL>

38. Hashim AK, Nayif SS. Assessment of Internal
Exposure to Radon in Schools in Karbala, Iraq. Journal of
Radiation and Nuclear Applications. 2019;4;25-34.
Available from: <URL>

39. Damla N, Aldemir K. Radon survey and solil
gamma doses in primary schools of Batman, Turkey.
Isotopes in environmental and health studies.
2014;50:226-234. Available from: <URL>

1053


https://doi.org/10.1093/oxfordjournals.rpd.a032308
https://doi.org/10.1007/s10661-011-2022-x
https://doi.org/10.1016/j.apradiso.2011.11.057
https://doi.org/10.1109/ICBBE.2010.5514794
https://doi.org/10.1016/j.radmeas.2005.06.033
https://eprints.ugd.edu.mk/id/eprint/6237
https://doi.org/10.1016/j.jenvrad.2011.05.001
https://doi.org/10.1515/nuka-2016-0064
https://doi.org/10.1007/s10967-012-2272-2
https://doi.org/10.1111/ina.12073
http://dx.doi.org/10.1051/radiopro/2010003
http://dx.doi.org/10.7508/ijrr.2015.03.004
https://doi.org/10.3390/atmos13030478
http://dx.doi.org/10.18576/jrna/01010
https://doi.org/10.1080/10256016.2014.870170

Dosh RJ et al. JOTCSA. 2023;10(4):1045-1054. RESEARCH ARTICLE

1054



