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ABSTRACT 

 
This study analyses the radon gas content in (17) samples taken from buildings of the College of Women's Education - 

Tikrit University. Using a long-term measuring approach and a nuclear effect detector, the effects of radon's alpha particles 

were measured (CR-39). Radon concentrations were discovered to fluctuate, with the greatest levels being found in computer lab 

buildings (1).it reaching (72.7 Bq.m-3), while the lowest value was in a Department of Psychological Sciences if it reaches (15.8 

Bq.m-3) compared to the radioactive background of (39.0 Bq.m-3) There is no risk to the College's workforce, including workers 

and students, and there was no exposure to excessive levels of radiation or environmental pollution. This provided the College 

with an advantage in that it was not subjected to harmful amounts of radiation or contamination. 
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I. INTRODUCTION 
 

Naturally occurring in soil and rocks, radon is a 

radioactive, chemically inert, invisible, odorless gas. 

Three isotopes of radon, 222Rn, 220Rn, and 219Rn, are 

known and are called radon, thorium, and actinium, 

respectively. The decay chains from which radium and 

thorium and actinium originate are 238U and 232Th, 

respectively, and 235U. Due to their rarity, however, 

thoron and action have far shorter half-lives than radon 

(55.6 and 3.96 seconds, respectively). Four of Radon's 

pups have died prematurely. This set includes 214Pb, 

218Po, 214Bi, and 214Po. Radiation such as alpha 

particles or gamma rays detected during 222 Rn and its 

daughter nuclides' decay is the basis for all radon 

monitoring and its progeny [1]. Ionizing radiation like 

radon is a leading cause of lung cancer, second only to 

smoking. The only documented adverse effect of radon 

exposure on human health is lung cancer. [2]. Radon 

levels can vary greatly from one place to the next due to 

differences in geology [3]. 

There are many numerous articles have 

examined the levels of radon n several such countries. 

In 2015, Asia and others estimated the excess of 

radon gas lung danger factor for several residences in 

Al-Fallujah city. Also estimated were Annual Effective 

Dose and Excess Lung Cancer Rates per Million People 

per Year (ELC), which ranged from 0.941 to 2.350 

mSv.y-1 with an overall average of 1.581 mSv.y-1 and 

565 to 1410 with an overall average of 948, 

respectively[4]. 

In 2019, Gehad M. Saleh et al. conducted a 

study on Radon Gas and Its Dangers to the Environment 

at The Hamash Gold Mine in Egypt. Their ICRP and 

IAEA's global recommendation for radon concentrations 

are lower than what was found in all tests. [5]. 

In 2020, Rasha, Sarwa, and Esam will use the 

Nuclear Track Detector CR-39 to calculate the 

concentration of radon gas in the buildings of Samara 
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University (Iraq). The radon concentrations varied from 

3.8 to 175.9 Bq.m-3, with a mean concentration of 41.4 

Bq.m-3[6]. 

In 2020, Esam et al. measured radon 

concentrations in powdered milk, Using the Nuclear 

Track Detector CR-39. Where the radon level ranged 

between 1371 and 151 Bq.m-3 with an average value of 

577 Bq.m-3[7]. 

In 2021, Mohammed, Esam and Sarwa 

“Determination Radon Concentration in Urine of 

Patients with Cancer  in Kirkuk” He was found that the 

concentrations of radon were  ranged between 8.9 and 

1.5 Bq.m-3 having a mean value of 3.7 Bq.m-3 [8]. 

 

II. METHODOLOGY 
 

Sampling  

In this research, the solid-state nuclear track 

detector (SSNTD) method was utilized to take extensive 

readings of radon levels in indoor air. This work used the 

cupping technique; Fig. 1 is a diagram of how it was 

done (1). Each cup had a height of 7cm, a diameter of 5 

cm, and a (1*1cm2) of CR-39 nuclear track detector 

attached to the bottom of the cup. 

The study area 

Tikrit is an Iraqi city on the Tigris River, 

around 140 kilometers (87 miles) northwest of Baghdad 

and 220 kilometers (140 miles) southeast of Mosul. It is 

the administrative center of the Saladin Governorate. In 

1987, when the University of Tikrit was established, so 

too was the College of Education for Women. It's where 

the University of Tikrit all started. In the scientific 

community, it is often recognized as the "Mother 

College" due to its long history. The Women's College 

of Education is widely recognized for its research and 

scholarship. It represents a major achievement in the 

fields of humanities and sciences at the University of 

Tikrit. Located in the heart of Tikrit, off-campus, it 

consists of two locations, one of which houses the 

scientific and other humanitarian departments. We put 

17 cups throughout College buildings for 52 days. Table 

1 shows the locations of the radon dosimeters. 

  

Table 1: The locations of the radon dosimeters 

Dosimeter Location Details 

L1 History department classroom 

L2 Mathematics department 

L3 Department of Psychological Sciences 

L4 Department of Biological Sciences 

L5 College portal (1) 

L6 College portal (2) 

L7 college mosque 

L8 chemistry department 

L9 Deanship of the College 

L10 Department of Quran Sciences 

L11 Student Center 

L12 home economics department 

L13 Department of English 

L14 college library 

L15 Geographical Department 

L16 computer laboratory (1) 

L17 computer laboratory (2) 

 

III. MATERIALS AND METHODS 
 

The soil, which is part of the composition of the 

Earth's crust outer and the end outcome of rock fracture 

usingintricatethe interplay between chemistry and 

physics, is one from the source of naturally to naturally-

occurring ionizing radiationpeople are exposed. As a 

result, the soil contains long-lived radionuclides like 

U238, thorium Th232, and K40, which are already 

present in many building materials and whose radiation 

contributes to the Earth's background radiation [9]. 

Natural radioactivity, which is dependent on 

geological and geographic factors, is what this is. 

Sources of industrial radioactivity include, among 

others, atomic energy (reactors and nukes), mineral and 

fossil fuel extraction, select forms of electrical 

technology (TVs, computers), and medical, agricultural, 

industrial, academic, and phosphate-based applications 

of radioisotopes [10]. A Form of Naturally Occurring 

Radioactivity That Has Been Improved Through 

Technology, or "TENORM". 
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The techniques for detecting radiation and its 

byproducts, as well as measuring their concentrations in 

materials, have evolved in response to the diversity of its 

sources. The long-term measurement method, which is 

based primarily on the use of nuclear reagents, is one of 

these techniques. [11]. 

Both of these types are extremely sensitive to 

the radon-emitting alpha particles, but the first is the 

better choice for long-term measurements in extreme 

environments or in areas without access to electricity 

because of its inexpensive price, ease of use, and lack of 

complexity compared to the second [12,13]. CR-39, an 

acronym for (Columbia Resin), was discovered at the 

University of California in 1978. It has an ionization 

potential of (70.2 ev), is insoluble in chemical solvents, 

and has a density of (1.32 gm.cm-3). The liquid 

monomer with a hydrogen composition (C12H18O7) is 

polymerized to create it [14,15,16]. As a result of the 

foregoing and its specifications, the CR-39 detector is 

among the best known detectors of nuclear impacts. The 

CR-39 detector is one of the most well-known nuclear 

impact detectors as a consequence of the aforementioned 

and its specs. Due to the lack of a prior investigation to 

assess the levels of radioactive radon, the study was 

conducted in the College of Education buildings for 

girls. The study involved roughly (17) college buildings 

and different room areas from each school were chosen 

because they have good air circulation and are 

frequented by professors, staff, and students. Radon 

levels may be affected by several things, but one of them 

is the materials used to construct a structure. levels, 

samples were gathered from all structures, old and new, 

with little to no ventilation. 

The detectors were carefully removed from the 

cans, etched in a NaOH solution with 6.25 N at 70 C for 

8 hours, and eroded in distilled water, The detectors 

were then dried and rinsed once more with distilled 

water. Then, accounting for the backdrop, the alpha 

tracks were counted using an optical microscope at a 

magnification of 400x [17]. The following calculation 

was used to compute the radon concentrations in 

(kB.qm-3): 

Radon Concentration Measurement: 

For dosimetric purposes, it is essential to 

determine the average radon concentration for a period 

that is sufficiently longer than the normal time scale for 

radon variations produced by environmental 

circumstances. Using the following equation (1), 222Rn 

concentration (CRn) in (Bq.m-3) can be calculated 

derived using the detector's integrated track density 

(track.m-3), the average calibration factor of 222Rn in 

[(Bq.day)] per number of tracks, and the exposure 

duration, T. (days). [18]:   

𝐶𝑅𝑛 =  𝜌 / 𝐾𝑇 − − − − − − − − − − − (1) 

The concentration Equivalent Equilibrium 

(EEC) value, which is the balanced radon concentration 

value, may be calculated using the following relation 

[18].   

𝐸𝐸𝐶 =  𝐶𝑅𝑛 ∗  𝐾 − − − − − − −  (2) 

Furthermore, EEC is evaluated by (Bq.m-3). 

To calculate the Effective Annual Dose (D), which is 

represented by the symbols, we may use the following 

equation: (mSv.-1y) [18]. 

𝐷 =  𝐸𝐸𝐶 ∗  𝐻 ∗  𝑡 ∗  𝐷𝑓 − − − − − −(3) 

(H) With an occupancy rate equal to 0.8. 

(T) represents the number of hours in the year = 8760y.-

1h.  

Df is (actor conversion d) = 9*10-6 (MSV/Bq.m-3.h).  

Radiation risk 

 

Radiation has two kinds of effects: The first: is 

deterministic effects, which happen for sure when doses 

are high enough to kill a lot of cells, and the Second: is 

stochastic effects, which are thought to happen more or 

less in proportion to dose at all dose levels. Table (2) 

shows the average amount of radiation a person gets 

from different sources [19]. 

Out of the 98% of the average radiation dosage 

that humans receive from natural sources, 52% is 

attributable to radon, thoron, and their offspring that are 

present in the homes listed by UNSCEAR. Radon is 

regarded as having no minimum recommended dosage 

threshold since it is a class A carcinogen, that's what the 

International Agency for Research on Cancer says 

(IARC) [20]. 

 

Table 2: Shows the average effective dose per caput 

per year. 

Source Dose mSv.y-1 

Natural background. 2.4 

Diagnostic Medicine. 0.4 

Atmospheric weapon testing. 0.005 

Chernobyl accident. 0.001 

Nuclear fuel cycle. 0.0001 

Occupational Exposure. 0.001 

 

IV. RESULTS AND DISCUSSION 
 

The findings from (17) samples demonstrate 

that there is a range in radon concentrations, as indicated 

in table (2), and the cause is the variety of buildings and 

the volume of ventilation they get. In contrast to 

buildings with broad areas and excellent ventilation, 

small offices with poor ventilation had significant levels 

of radon gas concentration. The earth's uranium ore is 

the primary source of radon in buildings, although 

construction materials also play a significant role 

because of the naturally occurring uranium they contain. 

Doors and windows help to collect radon gas that has 

been discharged from the walls, floors, and ceilings. In 

order to lower the radon concentration, the problem can 

be solved by venting the rooms at least twice a day. The 

decay products of radon-222 gas are rarely in 

equilibrium with the parent [21]. The radon 
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concentrations obtained at different regions in in the 

Faculty of Education for Girls, 17 locations, the mean 

radon concentrations ranged from (15) Bq.m-3 to (72 ) 

Bq.m-3 as shown in Table (3). 

 

Table 3.  Shows The concentrations of radon 

ECC 
PAEC 

(mWL) 

LCR 

Cases per year per 

106persons 

AED 

(mSv/y) 
CRn  (Bq/m3) sample code N 

4.27 2.73 11.48 0.64 25.29 L1 1 

4.27 2.73 11.48 0.64 25.29 L2 2 

2.67 1.71 7.18 0.4 15.80 L3 3 

3.74 2.39 10.05 0.56 22.13 L4 4 

4.27 2.73 11.48 0.64 25.29 L5 5 

4.81 3.08 12.92 0.72 28.45 L6 6 

9.62 6.15 25.84 1.44 56.90 L7 7 

8.01 5.13 21.53 1.20 47.41 L8 8 

5.88 3.76 15.79 0.88 34.77 L9 9 

5.34 3.42 14.35 0.8 31.61 L10 10 

6.94 4.44 18.66 1.04 41.09 L11 11 

6.41 4.10 17.22 0.96 37.93 L12 12 

4.81 3.08 12.92 0.72 28.43 L13 13 

6.94 7.86 18.66 1.04 41.09 L14 14 

4.81 6.83 12.92 0.72 28.45 L15 15 

12.29 7.86 33.01 1.83 72.70 L16 16 

10.68 6.83 28.71 1.59 63.22 L17 17 

2.67 1.71 7.18 0.40 15.80 MIN  

12.29 7.86 33.01 1.83 72.70 MAX  

6.22 3.98 16.72 0.93 36.81 AVE  

 

The radon concentration at the College of 

Education for Girls' facilities is determined to be 

significantly within the permitted natural limits defined 

by competent bodies after comparing results to 

international equipment from the International Radiation 

Protection Organization. All the structures in the 

neighborhood are far within the safe radon levels, thus 

there is no dangerous or radioactive radon pollution in 

the air. 

 

V. CONCLUSION 
 

The findings from (17) demonstrate that there is 

a range in radon concentrations, as given in table (3), and 

the cause is the variety of buildings and the volume of 

ventilation they get. In contrast to buildings with broad 

areas and excellent ventilation, small offices with poor 

ventilation had significant levels of radon gas 

concentration. The earth's uranium ore is the primary 

source of radon in buildings, although construction 

materials also play a significant role because of the 

naturally occurring uranium they contain. Doors and 

windows help to collect radon gas that has been 

discharged from the walls, floors, and ceilings. 

Ventilating the rooms at least twice a day will help to 

solve this issue and lower the radon levels. 
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