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Radon is a radioactive noble gas, recognized as a carcinogenic agent, being affected by degree
of ventilation. The aim of this preliminary study was to determine the concentration of indoor
radon gas in schools, to estimate the main factors affecting their radon concentration levels
and to analyze the effective dose received by students in Duhok schools. Therefore, the con-
centrations of radon were measured in 28 classrooms, from 13 schools located in Duhok city,
using both RAD7 and Corentium monitor, from January 15-30, 2021. In all schools indoor
radon was measured in four different scenarios of closed, natural and mechanical ventilation
then, radon reduction rate between each case was calculated. In addition to that, exposure to
annual effective dose of radon, for each different degree of ventilation, was evaluated. Fur-
thermore, effects of building floors were studied. Results showed that maximum radon con-
centration, 121 Bqm-3, was recorded in closed ventilation, while minimum, 15 Bqm-3, was
recorded in mechanical ventilation. Radon reduction rate in a mechanical ventilation is rela-
tively large 81%. Also, results demonstrate that indoor radon levels at first floor, in all schools
under study, were considerably greater than those at second and third floor (p < 0.05). The
annual effective dose of all studied schools at 4 different cases of ventilation were found less
than the worldwide average radiation dose of 3-10 mSv. So, it is not required to take any ac-

tion to minimize the level of radon in schools under study.
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INTRODUCTION

Radon is a colorless, odorless, and tasteless,
chemically inert radioactive gas belonging to the ra-
dioactive chain of 23%U. It is produced from the soil
and other materials containing 22°Ra[1, 2], moves free
in nature, has great mobility within the earth's crust,
and migrates from the original place, which is the soil,
into the atmosphere through pores and cracks in the
lithosphere. Furthermore, radon also may be gener-
ated, from the construction materials used for build-
ings, dwellings, schools, etc. [3].

Several factors affect the level of indoor radon
concentration. The most significant one is the geology of
the study area such as the amount of 233U, permeability
and porosity of the underlying soil and bedrocks [4]. Fur-
thermore, it depends on the ventilation methods, air tight-
ness of the building, and habits of the occupants, sea-
sonal variation and meteorological parameters such as
temperature, humidity, pressure and wind speed [5].

Many studies worldwide have been conducted on
this topic in order to determine the level of radon con-
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centrations in dwellings, schools, and workplaces.
Most of them found a statistically significant relation
between radon exposure and lung cancer risk [5]. It is
argued that after tobacco radon is the second leading
cause of lung cancer because most cases of radon-pro-
duced lung cancer take place among smokers, due to the
strong synergic problem of tobacco and radon [6]. Fur-
thermore, radon gas is responsible for the death of many
people. For example, in Spain, radon is responsible for
about 1500 deaths annually, and in Europe, radon is re-
sponsible for 9 % of deaths from lung cancer [4].

The aim of the present study was to measure the
concentration of radon in 13 schools in Duhok city,
Kurdistan region, Iraq. The effect of different degrees
of ventilation in student classrooms was studied and
the association between the floor of the monitored
classroom and radon concentration in the rooms be-
longing to various buildings, was investigated. Fur-
thermore, the concentrations of radon were compared
to the World Health Organization (WHO) and Interna-
tional Commission on Radiation Protection (ICRP)
reference levels to clear whether Duhok schools re-
quired taking any action to minimize the level of radon
in schools under study.
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METHODS

Survey design

Indoor radon was measured for 13 schools from
January 15-30, 2021, in student classrooms located in
Duhok city, Kurdistan region, north of Iraq. The
schools were chosen taking into account the distribu-
tion of the schools in the study region and school popu-
lation. In each school, one to three classrooms were
analyzed depending on the school floors. Each class-
room had a door and glass window which could be
opened for ventilation on both sides. Data was mea-
sured in the classroom, where radon could be analyzed
according to the chosen ventilation scenarios.

Radon measurement device

Both a continuous measurement device RAD7,
and Corentium monitor were used in all the schools in the
same manner to reduce the deviation between the mea-
surement devices. In each classroom, detectors were in-
stalled 1 m above the ground and 1.5 m far from the class-
room door and windows. The average radon
concentration (Bqm~) was measured. The RAD7 is a
true, direct, highly versatile instrument that can form the
basis of a comprehensive radon measurement system. It
is made in U.S by DURRIDGE Company. In this study
RAD?7 was connected to dried plastic cylindrical tube
filled with calcium sulfate (CaSO,). The dried tube has
two holes: one at the top for inlet of the air for measuring
the concentration of radon that is present in the study en-
vironment and other at the bottom for outlet of dried air.
When radon is deposited on the surface of the detector, it
radiates alpha particles of special energy immediately
into the solid state detector. Electrical signal is created by
the detector, and then by electronic circuit this signal is
converted to digital form [5]. Corentium monitor, used in
this study, is an electronic radon detector, made by a Nor-
way based Technology Company in Norway, Model
type; BQM -Digital. To measure the concentration of ra-

don gas, device takes indoor air sample through a passive
diffusion chamber, by utilizing alpha spectrometry. Both
detectors were used in the study because in some study
schools electricity is cut during the night. The RAD 7
was operated by plugging in the electricity unit while the
Corentium depended on the batteries for usage, with
careful use the batteries can last about two years or more.

Indoor radon measurement

In both natural and mechanical ventilation, the
differences in the concentration of radon according to
the ventilation types, were measured in 28 classrooms
of 13 schools. Natural ventilation was achieved by
opening and closing of classroom windows and door
leading outside. While the mechanical ventilation
measurement was adopted by operating the fan, in-
stalled in the classroom.

Before starting the measurement, a survey was
achieved in each school to collect information on out-
door environment such as number of occupants, the
size and number of classrooms, number of floors,
school time, materials, and their conditions concern-
ing floor, walls, to maintain and operate the building
and its activities. Based on this survey in each school,
four cases were chosen with each case representing a
different scenario. In Case 1, indoor radon was mea-
sured in closed ventilation from 3 p.m. to 6 a.m. with
nobody in the classroom. School time in all the chosen
samples start from 8 a.m. to 2 p.m. For that reason,
Case 2 was chosen from 8 a.m. to 8.30 a.m., when stu-
dents were in the classroom, with closed doors and
windows. In Case 3, the door and window of the class-
room were opened for normal ventilation, indoor ra-
don was measured from 8.45 a.m. to 9.15 a.m. While
in Case 4, there were no students in the classroom and
forced ventilation was chosen by using mechanical
ventilation fan operation. Indoor radon measured from
9.30 a.m. to 10 a.m.. Tables 1 and 2 give information
about geographical locations and each case of studied
schools, respectively.

Table 1. Geographical, geological, floor numbers and number of classrooms studied in each of the selected schools

School no. Schools name Floor no. No. of classroom Latitude and longitude location of the sites
1 Mazi 2 3 2 36.7898968, 44.0512718
2 Shalin 1 1 36.88399015, 42.95578963323851
3 Bizhara 2 2 36.8616341, 42.9983706
4 Parlaman 2 3 36.859732, 42.9503786
5 Masiek 2 3 36.8767605, 42.93881464388121
6 Jigar Xwen 1 2 36.8332374, 42911585
7 Siver 1 2 36.85035255, 43.04534262687393
8 Diryan 1 2 36.845965, 43.0484939
9 Diryan 2 3 36.8513107, 43.05023
10 Tanihe 1 2 36.8610695, 42.896662807731
11 Baroshke 1 1 36.85035255, 43.04534262687393
12 Blind 1 3 36.85035255, 43.04534262687393
13 Hindreen 1 2 36.8332374, 42911585
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Table 2. General information about all four cases in study classrooms

Sample description Case 1 Case 2 Case 3 Case 4
Indoor radon (C) symbol Cipm 6am) C, Cn Cr
Dose symbol D@ p.m.—6am) D, Dy Dg
School 13 13 13 13
Classroom door no. 1 1 1 1
Classroom window No. (80 % of the study 2 (80 %) 2 (80 %) 2 (80 %) 2 (80 %)
classrooms have two windows while 20 % have 1) 1 (20 %) 1 (20 %) 1 (20 %) 1 (20 %)
Operating time 3 p.m. to 6 am. |8 a.m. to 8.30 a.m.|8.45 a.m. t0 9.15 a.m.|9.30 a.m. to 10 a.m.
Normal ventilation winlgg\?vrsirigsed winlgg\?vrsacrigsed wing:vgg é(l)rll)(el:ned windD:v(\;; ?)rpl)(ei:ned
Fan operating No No No Yes
Student no. 0 ~34 <18 0
Teacher no. 0 1 0 0

Radon reduction rate

Radon reduction rates P, were calculated be-
tween all cases according to equations below

_ C(3p.m— 6a.m.) _Co

Py (D
' C(3 p.m.— 6 a.m.)
- _ GO Q)
C(3p.m. —6a.m)
Cy —-C
Py == 3)
N

where P,, Py, and P,; denote radon reduction rate be-
tween Cases (1 and 2), (2 and 3), and (3 and 4), respec-
tively.

Dose assessment

To analyze the annual effective dose for students
and teachers, radon concentration was converted to
dose, using the following equation [7, 8]

Dy =F-C-T-D-U )

where Dy is annual effective dose (mSv), ' — the equilib-
rium factor (0.4) between radon and its progeny [9], C
[Bqm ] — the radon concentration, 7' [h] — the time spent
annually inside the building, in this study 7'is assumed to
be the 1200 h without weekends and holidays (school
time). The D [1430 mSv/(Jhm )] is the dose conversion
factor and U (5.56-10” Jm~/Bqm ) — the unit factor.

Statistical analysis

For each school, data were assumed as the aver-
age of radon concentration in each monitored class-
room at all the floors. In this way, for each observed
classroom, a single indoor radon value was acquired.
Furthermore, the data analysis is based on the different
parameters that may affect the level of indoor radon,

mainly: school building age, degree of ventilation and
floor level.

The statistical #-test was used to examine if the
mean radon concentrations of these study parameters
were significantly different from each other. The
P-value <0.05 was always considered statistically sig-
nificant. Excel software program was used for data en-
try and analysis.

RESULTS AND DISCUSION

The concentrations of radon level in the schools
ranged from 15-121 Bqm™3, with geometric mean of
68 Bqm > and geometric standard deviation of 4. Fig-
ure 1 shows the average of radon detections in all of
the 13 selected schools, showing the variation of radon
concentration in each school. Furthermore, normal
and forced ventilation was performed in each school,
according to scenarios from Cases 1-4, and the results
obtained from the comparison of indoor radon concen-
trations were presented with the recommended stan-
dards of 100 Bqm ™ by WHO [10] and 200-300 Bqm >
by ICRP [11]. Average level of measured radon con-
centrations, in all schools, for Cases 2-4 (school time),
were below the global limit recommended by WHO
and ICRP. In Case 1, radon levels detected in four
schools were higher than the recommendation of
WHO, set as 100 Bqm 3. The 100% of the monitored
classrooms had a radon concentration below the refer-
ence level imposed by ICRP [11]. These outcomes
could have been attributed to the fact that the investi-
gated schools were built after 1980. The construction
period affects the construction type (e.g., size of win-
dow openings, the ground connection and choice of
building materials), which may not facilitate the accu-
mulation of radon in confined spaces.

Results demonstrate that the highest radon concen-
tration in each school was recorded in Case 1 where no
ventilation was applied to the classroom for roughly 15
hours. The concentration of radon decreased in Cases 2
and 3, when students enter the classroom through the door
and using the mechanical ventilation, respectively. Also,
one can note that the lowest radon concentration was de-
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Figure 1. Average radon level detected

in 13 selected schools compared with
WHO and ICRP

tected in Case 4, when forced ventilation is applied. Radon
concentration strongly depends on ventilation conditions
as the radon gas can easily move out and does not accumu-
late inside the building. Furthermore, #tests, that were
done between radon concentrations measured at closed
ventilation C3 ., — 6am)and the other three cases of venti-
lation (Cases 2-4), show that indoor radon concentration
was statistically significant (p < 0.05). The outcomes
achieved in this study were consistent with many other
studies done on this topic [7, 12, 13].

Radon reduction rates P, were calculated to iden-
tify the indoor radon decrease/increase ratios according
to each case. By applying mechanical ventilation, we ob-
tained highest radon reduction rate of approximately 81
%. Radon concentration and radon reduction rate, in
each school and in each case, were varied. From the re-
sults obtained, one can note that room ventilation has
great benefit to decrease any type of indoor pollutants. If
choosing soil under the building and for building con-
struction, which are the two main sources of indoor ra-
don, room ventilation can easily control the indoor radon
concentration. Table 3 gives information about mini-
mum, maximum and average of radon concentration and
radon reduction rate for each case.

The concentrations of indoor radon were known
to be varied by a variety of factors including the build-
ing materials, floor level, and metrological parameters

[5]. To examine the effect of floor level, the observed
classrooms were divided into three categories: first
floor, second floor, and third floor. Figure 2 depicts the
average radon concentrations in all the schools, for
each case as a function of floor level.

The statistical study revealed that indoor radon
levels on the first floor, in all the study schools were
considerably greater than those at the second and the
third floor (p <0.05). This result is consistent with the
findings of many other researchers [14, 15]. The high-
estindoor radon concentrations were found on the first
floor, which can be related to the fact that radon is pri-
marily produced in the soil [1, 16]. It is expected that
the radon concentration accumulates in ground level
and decreases at higher floors because it escapes from
the ground into the air, where it decays and produces
further radioactive particles [17-19].

The differences in the radon concentrations ob-
served in the classrooms lead to differences in the
amount of doses. Figure 3 demonstrates the effective
dose of all the studied schools for four different cases
of ventilation. The annual effective dose in the schools
was found to be less than the lower limit of action level
(3-10) mSv per year, recommended by ICRP [5, 11].
So, it is not required to take any action to minimize the
level of radon in these places in schools under study.

Table 3. Minimum, maximum and average of radon concentration and radon reduction rate in each case

Values | Cp[Bqm®] | Cn[Bqm’] | Co[Bam™®] |Cipm sam [Bam’]| Py [%] Py [%] Py [%]
Minimum 15 51 76 82 1.1 20 55
Maximum 38 75 99 121 32 40 81

Average 259+42 62.2+6.5 85.6+7.7 976 £ 11 12+2 27+3.8 69+9.2
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CONCLUSION ics department, in procedure part of this work and

Radon was measured in 28 classrooms of 13
schools in the Duhok city. The effect of floors and ven-
tilation was studied by evaluating various ventilation
effects of indoor radon under natural and mechanical
ventilation conditions. Accordingly, four different
ventilation scenarios were chosen. The highest radon
reduction rate was found under mechanical ventila-
tion. Furthermore, the results revealed substantial ra-
don concentration variations from floor to floor and
from school to school. The change in the concentration
of radon with the building floors approved the impact
of soil as the main source of indoor radon. Further-
more, the exposure to annual effective dose due to the
indoor radon in the studied schools was found to be be-
low the action level presented worldwide.
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MOHUTOPUHI PAJJOHA Y HNIKOJAMA TPAJA NYXOKA Y HUPAKY,
PN PA3ZINYUTUM HUBOUMA BEHTMIAILINJE

PajioH je paguoakTUBHU INIEMEHUTH Tac, IPENo3HaT Kao KaHIEPOTeH! areHc, Ha KOju yTU4e
cTeneH BeHTHanuje. Llnib OBOT NMpeMMUHAPHOT MCTPaskuBama je Aa ce YTBPAHW KOHIEGHTpalyja raca
pajloHa y 3aTBOPEHOM IPOCTOPY Y IIKOJaMa, fla ce MPOIeHe TIaBHU (paKTOpH KOju YTHUY Ha HUBOE
KOHI[EHTpalFje PajJjoHa y lbuMa ¥ 1a ce aHaIu3upa e(PeKTHBHA 1032 KOjy Cy MPUMIIH YISHUIN Y IIKOTaMa
rpaga Jlyxoka. 36or Tora cy kopuirhemem PAJ17 u Corentium mMonuTopa, ox 15. fo 30. janyapa 2021.
rojiuHe, MEpeHe KOHIIeHTpanuje pajgoHa y 28 yunonuna u3 13 mkosa Koje ce Hanase y rpajy. Y CBUM
IIKOJaMa PajoH y 3aTBOPEHOM HPOCTOPY MEpEeH je NMpH USTHUPH CIEHapHja 3aTBOPEHE, NMPUPONHE U
MeXaHMYKe BEHTHJIAIM]je, a 3aTHM je I3padyHaTa CTOIa pelyKiuje pagoHa naMeby cakor ciyuaja. [Topen
TOra, MIPOLECHEHA je U3JI0KEHOCT FOfUIIO0] e(DEKTUBHO] AO3U PaJOHA 3a CBaKU CTEIECH BEHTUJIAIM]C.
Hapame, mpoyuaBanm cy edeKTH NOAoBa 3rpaja. Pesynratm cy mokasanm Ja je MaKcHMajHa
KOHIeHTpanyja pagona of 121 Bqm™ 3a6enexkeHa mpu 3aTBOPEHO] BEHTU/IAIH]H, IOK j€ MUHIUMAJIHA Off
15 Bqm™, 3abenexena ca MexaHmukoM BeHTunamujom. CTONA CMamberma pajjoHa Y MEXaHUUKO]
BEHTUJIANM)H je pelaTUBHO Bucoka — 81%. Pe3ynraTu nokasyjy fa cy y CBUM HCTpakHBaHUM IIKOJIaMa
HUBOH pajioHa y 3aTBOPEHNM IPOCTOPMMA Ha MPBOM CIPATy, OWIIM 3HATHO BUIIM Off OHUX Ha APYTrOM U
tpehem cripary (p < 0,05). Fopuimba edheKTUBHA 1032 y CBEM MPOYYaBaHUM IIIKOJIaMa, 332 YeTUPH cIydaja
BEeHTWJIAIHMje, OMIa je Mama Of] CBeTCKe IpoceyHe fo3e 3padema off (3-10) mSv, Tako fa HUje HoTpe6HO
npey3uMaTu HUKaKBe IOlaTHE PaJIbe fla Ce yMamhe HUBOU PajoHa.

Kwyune peuu: padon y 3aitieopeHom Upociiopy, Z00uuirba epeKiiusHa 003a, seniiuaayuja, egpexaitl
ilooa, wKoacka fotlyaayuja



