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Abstract:
Radon gas is a major indoor air pollutant, is found inside and outside buildings, and is the 

main cause of lung cancer. Therefore, determining its concentration levels and the dose result-
ing from inhalation of this gas is important for the public health of people inside buildings. 

The aim of the research includes measuring radon gas concentrations in the air inside and 
outside the building of the College of Education at Iraqi University using a nuclear trace de-
tector (CR-39). The detector (1x2) cm2 was exposed for a full month during the winter because 
this period roughly represents the official working hours at the college. It is clear from the 
results of the study that the concentrations of radon gas inside buildings are higher than their 
concentrations outside buildings, and this increase in concentration is due to the fact that the 
walls of buildings are the main source of radon generation inside buildings, as it was shown 
that building materials have played an important role in increasing the concentrations of radon 
gas inside buildings in addition to the age of the buildings and the height above ground  level. 

The annual equivalent dose values for exposure to radioactive radon gas and its effect on 
the lungs ranged between 0.43 and 1.34 mSv/y and an average of 0.86 mSv/y. These values are 
the lowest allowed by ICRP (3-10) mSv/y. 

Keywords: radioactive radon, indoor air pollutant, annual equivalent dose, nuclear trace 
detector, College of Education - Iraqi University.
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مستخلص:

يُعــد غــاز الــرادون مــن أهــم ملــوث الهــواء الداخــي، ويتواجــد داخــل المبــاني وخارجهــا، وهــو الســبب الرئيــي لسرطــان 
ــخاص  ــة للأش ــة العام ــة للصح ــغ الأهمي ــرًا بال ــاقه أم ــن استنش ــة ع ــة الناتج ــزه والجرع ــتويات تركي ــد مس ــد تحدي ــذا، يُع ــة. ل الرئ

داخــل المبــاني.
يهــدف البحــث إلى قيــاس تراكيــز غــاز الــرادون في الهــواء داخــل وخــارج مبنــى كليــة التربيــة في الجامعــة العراقيــة باســتخدام 
كاشــف الأثــر النــووي )CR-39(. وقــد تــم تعريــض الكاشــف )1×2( ســم2 لمــدة شــهر كامــل خــال فصــل الشــتاء، حيــث 
تُثــل هــذه الفــرة تقريبًــا ســاعات الــدوام الرســمي في الكليــة. ويتضــح مــن نتائــج الدراســة أن تراكيــز غــاز الــرادون داخــل المبــاني 
أعــى مــن تراكيــزه خارجهــا، ويعــود هــذا الارتفــاع في التركيــز إلى أن جــدران المبــاني هــي المصــدر الرئيــي لتوليــد غــاز الــرادون 
داخلهــا، كــا تبــن أن لمــواد البنــاء دورًا مهــاً في زيــادة تراكيــز غــاز الــرادون داخــل المبــاني، بالإضافــة إلى عمــر المبــاني وارتفاعهــا 
عــن مســتوى ســطح الأرض. تراوحــت قيــم الجرعــة المكافئــة الســنوية للتعــرض لغــاز الــرادون المشــع وتأثــره عــى الرئتــن بــن 
0.43 و1.34 مــي سيفرت/ســنة، بمتوســط ​​0.86 مــي سيفرت/ســنة. وتُعــد هــذه القيــم أقــل القيــم المســموح بهــا مــن قِبــل 

اللجنــة الدوليــة للوقايــة مــن الإشــعاع )ICRP( )10-3( مــي سيفرت/ســنة.
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1. Introduction
One of the major problems with pol-

lution that we currently confront is ra-
don pollution. It is regarded as a radio-
active gas since it continuously emits 
radiation for the duration of its life. Due 
to its carcinogenic qualities, radon gas 
is one of the most prevalent indoor air 
pollutants, and as such, many research-
ers have recently expressed interest in 
learning more about its implications on 
human health. Exposure to radon gas 
can result in lung cancer, and estimates 
suggest that 3,000 fatalities are caused 
by it annually  [1]. Radon gas is gen-
erated as a result of the spontaneous 
decomposition of the element radium, 
which is found in the Earth’s crust. The 
spread of radon from the soil and build-
ing materials themselves and its mix-
ing with room air depends mainly on 
the distribution of the element radium 
in the soil inside the house. Concen-
trations of radon and thoron decrease 
with decreasing distance from the sur-
face due to gases escaping into the 
air and located above the soil. It was 
found that the rate of radon release var-
ies with environmental conditions, the 
most important of which are humidity 

and pressure. This is due to the effect 
of humidity and pressure on the recoil 
of the radon atom resulting from the ra-
dioactive disintegration of radium.]2[ 

The difference in radon concentra-
tions inside buildings depends mainly 
on the ventilation conditions and air ex-
change between the rooms of the house. 
Other human activities, such as open-
ing windows and doors, all affect radon 
concentrations inside buildings.]3[  

UNSCEAR estimates that radon, 
along with the daughter radionuclides 
resulting from its decay, contributes 
about three-quarters of the annual ef-
fective dose equivalents received by 
humans individually from natural ter-
restrial sources [1].

2. Study site
The College of Education is one of 

the formations of the Iraqi Universi-
ty affiliated with the Iraqi Ministry of 
Higher Education and Scientific Re-
search. The college was established in 
2008. The college is located 40 km north 
of Baghdad, 33°39′52″N 44°22′26″E. 
It includes eight departments (4 sci-
entific departments and 4 humanitari-
an departments). The college building 
consists of 36 inter-departmental class-
rooms distributed over two floors built 
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of cement bricks. It also contains labo-
ratories for the Physics, Computer and 
Biology Departments, which are made 
of resistant wood caravans. It also con-
tains a one-story building (containing 
20 rooms) for the college’s administra-
tive divisions, made of cement brick.

3. Materials and Methods
Fifteen samples of the CR-39 nucle-

ar trace detector were deployed inside 
and outside the halls and laboratories 
of the College of Education - Tarmiya 
- Iraqi University. The detector (1x2) 
cm2 was exposed for a full month 
during the winter because this period 
roughly represents the official working 
hours at the college. Table (1) shows 
the locations of the samples taken.

Table (1) Locations for deploying the CR-39 detector inside the building of 
the College of Education - Iraqi University, sample code and description.

Code of 
model Model name Model description

G1 Classrooms1 ground floor (Building made of cement bricks)
G2 Classrooms2 ground floor (Building made of cement bricks)

G3 Head of the Physics 
Department ground floor (Building made of cement bricks)

G4 Biology Department
 laboratory1

ground floor 
(Caravan made of sandwich panel material)

G5 Biology Department 
laboratory2

ground floor 
(Caravan made of sandwich panel material)

G6 Computer Science 
Department Laboratory

ground floor 
(Caravan made of sandwich panel material)

G7 Deanship of the College ground floor (Building made of cement bricks)
G8 Physics Department Laboratory1 ground floor (Caravan made of resistant wood)
G9 Physics Department Laboratory2 ground floor (Caravan made of resistant wood)
F1 Classrooms4 first floor (Building made of cement bricks)
F2 Classrooms5 first floor (Building made of cement bricks)

F3 Classrooms6 first floor 
(Caravan made of sandwich panel material)

F4 Classrooms7 first floor 
(Caravan made of sandwich panel material)

F5 Chemistry Department Laboratory first floor (Building made of cement bricks)

F6 Chemistry Department 
Laboratory 2 first floor (Building made of cement bricks)

K1 College garden Outside the building
K2 College garden Outside the building
K3 College garden Outside the building
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After the exposure process is carried 
out, trace reagents are taken to con-
duct a chemical skimming process us-
ing (NaOH) and its standard (6.25N), 
which is obtained by dissolving (250g) 
of (NaOH) in one liter of distilled wa-
ter. The temperature was kept constant 
(1Cº±) during the skimming process. 
Low temperatures lead to condensa-
tion, which affects the solution. Also, 
temperatures must be prevented from 
rising to high values because they 
cause damage to the detector [4].

To detect traces of alpha particles, 
an optical microscope (400 x) was 
used. The average number of traces 
(Nave) for the sample (x) is divided by 
the calculated unit area (A) to obtain 
the density of traces using the eq.1

)1.(........................................)(
A

N ave
x =ρ

Where: xρ   (Track/mm2) density of 
traces, Nave the rate of total effects with-
in the area (A (mm2)5[ ].

4. The Calculations
The technique of counting traces 

of alpha particles emitted from radon 
gas was used to calculate the concen-

trations of radon gas (inside - outside) 
of the College of Education-Tarmiyah 
building.

Through comparison with standard 
samples using Eq. 2, the concentrations 
of radioactive radon gas were calculat-
ed [1].

       

The CR-39 detector was calibrated 
by placing it inside a radon monitor 
box and hanging it inside a room with 
a size of (21 m³). It was irradiated with 
a radium source (Ra-222), which emits 
radon gas with a radioactive efficacy 
of (5µCi). The detector was exposed 
for different periods of time, then the 
chemical skimming process was car-
ried out at a temperature of (60oC), and 
the trace density of the standard sam-
ples was calculated.

The graphic relationship was drawn 
between the time rate of exposure to 
radon (Es) in units (Bq/m³.day) and the 
density of the traces(ρs) in units (Track/
mm²), and the relationship was linear 
as in Figure (1).
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From the slope of the graph, the ra-
don concentrations for the unknown 
samples were calculated from the rela-
tionships (3) and (4)[1].

)3(................./)/( SlopeEE xxssX ρρρ =×=

)4...(....................
t

EC X
X =

Where Ex: Exposure to radon in un-
known samples, Cx: Radon concentra-
tion in unknown samples, t: The total 
time period of samples exposed to ra-
don gas [1].

The amount of annual effective dose 
resulting from inhalation of radon and 
its products inside buildings can be 
calculated through the eq.5 [6].

Where : CRn : Radon gas concentra-
tion  (Bq⁄m3 ) , Q : Occupancy factor 
in buildings = 0.8  , F: the equilibrium 
factor =  0.4 , D: the conversion factor 
= 9x10-6  (mSv/h∙Bq∙m-3), 7860= Num-
ber of hours per year.

 The annual lung dose equivalent 
resulting from radon inhalation can be 
calculated from Eq.6 [7].

Where: WR: Radioactive weight fac-
tor for alpha particles emitted by radon 
gas and its progeny =20, WT: Lung tis-
sue weight factor = 0.12.[8].

Fig. (1) The relationship between the time rate of exposure 
to radon and the density of the traces
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5. Results and Discussion 
The results of radioactive radon gas 

concentrations inside the building of 
the College of Education - Iraqi Uni-
versity are listed in Table 2. It is not-
ed from the results and Figure 2 that 
the concentrations of radon gas inside 
buildings are higher than the concen-
trations of radon gas outside the build-
ings. Building materials made of soil 

and rocks, such as (cement, bricks, 
etc.) are a source of radon emission in-
side buildings. These materials contain 
radioactive materials of natural origin, 
such as uranium and radium, and thus 
they generate radon. These materials 
also have sufficient permeability for 
the radon generated within them to be 
released into the external environment 
[9].

Table (2) The results of radioactive radon gas concentrations 
inside the building of the College of Education - Iraqi University

Code of model density of traces 
(Track/mm2)

concentrations of radon gas 
(Bq/m³).

G1 4116.793 ± 4.6 50.42
G2 4463.8055 ± 3.2 54.67
G3 4515.32665 ± 1.9 55.301
G4 3012.885 ± 4.1 36.9
G5 2821.824 ± 3.9 34.56
G6 2695.2665 ± 3.7 33.01
G7 4222.1215 ± 2.8 51.71
G8 2452.766 ± 3.5 30.04
G9 2395.611 ± 4.77 29.34
F1 3448.0795 ± 8.1 42.23
F2 3319.0725 ± 6.5 40.65
F3 1893.4635 ± 9.8 23.19
F4 1932.6555 ±1.6 23.67
F5 4818.983 ± 3.8 59.02
F6 4799.387 ± 9.6 58.78
K1 1669.7425 ±1.6 20.45
K2 1598.707 ± 4.5 19.58
K3 1535.8365 ± 3.6 18.81
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Fig. (2) A comparison between 
the results of radon gas concentrations 
inside and outside the building of the 

College of Education - Iraqi University.

As can be seen from Table 2 and Fig-
ure 3, the concentrations of radon gas 
in the upper floors are higher than the 
ground floors of the building. Radioac-
tive radon gas is seven times heavier 
than air, and therefore its spread after 
its emission from the soil decreases 
with increasing altitude [10]. The high-
est concentration of radon gas is in the 
form (F5, F6) because chemistry labo-
ratories contain a number of chemical 
materials that may contain radioactive 
elements.The choice of the type of 
building material played an important 
role in determining the levels of radio-
active radon gas concentrations. It is 
noted in Table 2 that the level of radon 

gas concentration in rooms made of 
wood (G8,G9) is lower than in rooms 
made of cement brick. Wood contains 
the lowest concentration of radon gas 
[1].

Fig. (3) A comparison between the levels 
of radon gas concentrations in the upper 

floors of the building and the lower floors.

Regarding the limits of exposure to 
radon, ICRP set the exposure level for 
residents (200 Bq/m³) and for work-
places (400 Bq/m³) [10, 11]. We con-
clude that the radon concentrations of 
the selected models are within interna-
tionally permissible limits.

The results of the annual equiva-
lent dose of exposure to radioactive ra-
don gas and its effect on the lungs are 
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shown in Table 3 and Figure 4. The val-
ues ranged between (0.43-1.34) mSv/ y 
and an average of (0.86) mSv/ y and 

these values are the least permitted by 
ICRP (3-10) mSv/ y [12].

Table (3) the annual equivalent dose of exposure to radioactive 
radon gas and its effect on the lungs.

Code of model AED (mSv/y) AEDLung  (mSv/y)

G1 1.14 2.74

G2 1.24 2.97

G3 1.25 3.00

G4 0.84 2.00

G5 0.78 1.88

G6 0.75 1.79

G7 1.17 2.81

G8 0.68 1.63

G9 0.66 1.59

F1 0.96 2.29

F2 0.92 2.21

F3 0.52 1.26

F4 0.54 1.29

F5 1.34 3.21

F6 1.33 3.19

K1 0.46 1.11

K2 0.44 1.06

K3 0.43 1.02
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Conclusions
From the results obtained we con-

clude the following
1. Radon gas concentrations inside 

buildings are higher than radon gas 
concentrations outside buildings.

2. Radon gas concentrations in the 
upper floors are lower than the ground 
floors of the building.

3. The choice of the type of building 
materials and the duration of people’s 
presence inside the buildings played a 
role in determining the concentrations 
of radon gas inside the buildings.

4. The results of radon gas concen-
trations inside the building of the Col-
lege of Education - Iraqi University 
were within the internationally permit-
ted limits.
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