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Abstract

In this study, we report on the radon concentration levels, the radon exhalation rate, and the annual effective dose
equivalent in 10 buildings of AAUJ during the winter and the spring of 2014 using the CR-39 track detectors. The
inspected facilities include 46 offices, 24 labs, seven storage rooms, nine coffee rooms, a cleaning room, eight
bathrooms, four Xeroxing rooms, and three meeting rooms. The indoor radon concentration levels were found to
vary from 26 to 258 Bg/m®, with an arithmetic mean and standard deviation of 76.6 and 16.2. In general, the
bathrooms and stores were found to have a significant higher radon concentration levels. The estimated effective
dose to the population was found to vary from 0.69 to 2.12 mSv/yr, with a mean of 1.15 mSv/yr. The exhalation rates
values were found to vary from 1.92 to 5.20 mBg/m?.hr.

The average of the obtained indoor radon concentration was below the indoor radon concentration action level (148
Bg-:m™) as recommended by Environmental Protection Agency (EPA). Moreover, the effective dose to the population
and the exhalation rates, which are 15% and 14% respectively, are higher than the accepted values, In general,

most of the measurements were found to be within the internationally accepted concentration levels of ICRP and

hence no remedial action is required.

Keywords: CR-39 detectors; *’Rn concentration levels; Dosimeter, Exposure, Isotopes radon Exhalation; Activity.
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Introduction

Radon-222 (***Rn) as well as its natural isotopes such as **°Rn and #°Rn naturally emerged from
the earth's crust that contains cores of uranium, thorium and their progenies in secular
equilibrium (Nero and Nazaroff, 1984; UNSCEAR, 1993). On one hand, *’Rn gas emanates
from soil, building materials, water supplies, and natural gases of terrestrial origin (Hassan, 1996;
Kullab, 1997; Camplin et al., 1988). On the other hand, it is entering houses from soil through
cracks in concrete floors and walls, floor drains, construction joints, and tiny cracks or pores in
hollow-block wall (Kunz et al., 1981). It is well known that ?’Rn isotope (t1,=3.82 days,
E,=5.49 MeV) as well as other isotopes (***Po, “**Po and #*°Po, half-lives vary from 0.2 ms —
26.8 min) are all alpha emitters and represent the main source of the natural radiation exposures
to humans (Aytekin et al., 2005; Abumurad et al., 2005). Based on the the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) reports data, these
isotopes account for approximately 55% of the effective dose equivalent produced by natural
ionizing radiation (UNSCEAR, 1988).

Over the past four decades, exposure to 22°Rn, especially indoors, has been classified to be an
important factor that resulted in developing a health hazard, especially increasing the risk of lung
cancer (Alexander, 1995). Accordingly, radon problems have been identified in almost every
state of the world. In most of the developed countries, the radon problems have been taken
seriously. Radon references and action levels have been set (Khan, 2005; Khattak, 2015).
According to the International Commission on Radiological Protection (ICRP), the recommended
indoor action level for the public is ranged between 150 and 600 Bg/m? (ICRP, 1994; Gonzalez,
1993). The arithmetic mean for most countries varies from 12 to 140 Bg/m® (UNSCEAR, 1993).
The indoor radon level of 148 Bg/m®, which corresponds to a yearly indoor effective average
dose of 1.30 mSvl/y, has been adopted in USA as a reference point before making any action
(EPA, 1988). The indoor radon concentration average of 39 Bg/m® and its corresponding "yearly"
effective dose population-weighted average value of about 1 mSv have been assigned as the
world reference data to the indoor concentrations according to UNSCEAR report (UNSCEAR,
2000; Anastasiou et al., 2003).

It is of great importance to assess the exposure to *?Rn and its progeny in dwellings, especially

houses, offices, schools, and universities for the purposes of quality control. Assessment of the
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risk can only be done with accurate information on the radon concentration levels to which the
people are exposed (Magalhaes et al., 2003; Alenezy, 2014). Investigations of natural radiation
have received particular attention worldwide and led to extensive surveys in many countries
(Kobal et al., 1987; Popovic et al., 1996; UNSCEAR, 2000; Al-Bataina, 2000; Popovic and
Todorovic, 2006; Rahman et al., 2006).

In this study, we are mainly concerned with investigating the indoor radon concentration levels in
the building of the Arab American University in Jenin using Solid State Nuclear Track Detectors
(SSNTDs). The main purpose of these measurements was to find whether the workers and the
students at AAUJ are exposed to elevated concentrations of radon gas. The study is motivated by
several considerations, one of which is no information or data about radon gas concentration has
been reported before for this region. Therefore, this study is expected to provide some data and
information about the radon concentration levels concerning the radon exposures to the general
public. Besides, some bases for radiation protection countermeasures are recommended too. This
includes action level recommendations for the existing houses and for future housing
architectural designs. Moreover, by this study we aim to create an interest and raise the public

awareness the radon hazard in the community.

Study Area

The campus of AAUJ is situated in the southeastern part of Jenin province, in the north of the
West Bank. The AAUJ area is located at longitudes between 35°30° E and 35°00° W, and
latitudes between 35°15" and 35°30" at a height of about 350 m above sea level (Figure 1). The
area is covered with 1-5 m soil cover. The soil cover is composed of Kaolinite, Mica, Quartz, and

some Montmorillonite (Arrej, 2009).
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Figure 1: General Geological Map of the West Bank Showing the Investigated Area Enclosed by a Blue Circle
(http://Iwww.infoplease.com/atlas/country/westbank.html)

Experimental Details

During the period of about six months in the winter and the spring of 2014, the indoor radon
concentration levels in 10 various buildings of AAUJ were performed using passive radon
measurement technique with alpha track detectors CR-39 (Somlai et al., 1997). Typical
dosimeters composed of detectors each of sides 1cm x 1cm were used and fixed to the bottom of
plastic cylinder cups by blue tag in a vertical position as shown in Figure 2 (Amrani, 2000;
Leghrouz et al., 2007). The top of each dosimeter was covered with lids to prevent dust particles

from entering the cups (see Figure 2) (Furuta et al., 2002; Leghrouz et al., 2007).
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Figure 2. Typical CR-39 Dosimeter

The plastic cup had a dimension of 70.0 mm diameter orifice, 50.0 mm diameter base and 65.0
mm deep. The top of the cup was covered with a permeable cling film (Polyethylene foil) to
allow only “’Rn gas to pass through the film and to exclude radon daughters from entering the
dosimeter (Leghrouz at el., 2013). The number was also engraved on the detector. The dosimeters
were hung on the walls of the rooms at heights that vary from 0.5 to 1 m from the ground. 123
detectors were installed in 102 offices, lab rooms, hallways, kitchens, bathrooms, storage rooms
and meeting rooms of AAUJ. These detectors were installed in January 2014 at various places of
the university and collected in June 2014. After an exposure of almost 180 days, only 113 CR-39
detectors were collected, then taken out from the specified dosimeters, and chemically etched in
6.25 N-solution of NaOH at a temperature of 70 + 1 °C for 8 hours (Durrani and Bull, 1987; AL-
Sharif et al., 2001). The rest of the distributed dosimeters were lost. The etched detectors were
then washed with distilled water and dried prior to microscope inspection. The etched tracks were
then counted randomly under an optical microscope at a magnification of 150 x to calculate the
track density (tracks/cm?). Ten fields of view were selected at random for each detector (See

Figure 3).
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Figure 3. Schematic Representation of Field View on the Surface of the Detector

The general procedure for counting the number of tracks was summarized by dividing the CR-39
detector surface area into several assigned field of view each had an area of 7.4x10®° cm? [= nr?
= 1t (4.85%107)?, where r was the radius of field of view] as shown in Figure 3. Then, the number
of tracks in each area was counted and the average of the measurements was obtained. Typical
nuclear track etches picture are displayed in Figure 4 as a field microscopic view magnified 150
times.

Figure 4. Tracks of Alpha Particles Emitted by Radon in a CR-39 Detector Magnified 200 Times, which was
Exposed for Six Months in the Third Floor of Engineering Building.
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In this study, ten field of views were chosen arbitrary to be representative of the whole surface of
each detector, and the number of tracks per centimeter-squared was calculated. The obtained
average of tracks of the ten fields of views for each detector was used to calculate the radon

concentration, Crn, in units of Bg/m?®.

Calculations

The Radon Concentration

In calculating the radon concentration levels, Cgn, we have adopted the calibration formulae used
by the researchers at Yarmouk University based on Bristol university measurements.
Accordingly, Cr, can be calculated using the following equation (Kullab et al.,1997; Al-
Bataynehl, 2005):

Cn =5 ®

Where C, (90 kBg/m®) is a radon concentration in calibration chamber (Kullab et al., 1997), t,
(48 hours) is the exposure of detector in radon chamber; d is the density of nuclear tracks
measured in units of tracks/cm?; d, is the density of nuclear tracks measured after calibrated,
which equals 3.3x10" tracks/cm?, and t is the detectors exposure time to indoor radon, which is

about six months of durations (4320 hrs).

The Annual Effective Dose
The annual mean effective dose Hy (mSvy ™) to general public due to radon and its progeny is

calculated according to the following empirical formulae (UNSCEAR, 2000):
Hy=Cra X Fx O x T x D = 12614.4x10° Cg, (2)

Where F stands for equilibrium equivalent concentration (EEC) factor, O for occupancy factor, T
for time (8760 h.y %), and D for dose conversion factor (9 x 10 °® mSvh */Bgm®) (UNSCEAR,
2000). According to UNSCEAR report 2000, the values of F and O are mentioned separately for
indoor and outdoor environments and we have used the same values of F (Fi, = 0.4 and Fqy =
0.6); whereas the values of O have been modified. The values of O in the present case have been

selected based on the time spent by the students in the campus. It should be noted that a person
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spends 12 hours at the university campus at the most Out of these 12 hours, the person spends
about 80% time indoors and 20% outdoors. The values of O were therefore taken as 0.4 and 0.1
for indoors and outdoors, respectively. For the residential area the values of O were the same as
mentioned in UNSCEAR report 2000.

The Exhalation Rate

The increase in radon concentration levels in air of the room is as a result of radon exhalation
from all the inner space of the room. The exhalation rate, Ex (in mB/m?2.hr), was calculated using

the following empirical equation (Hayam, 2006):

CrnVA

1
A(e'lT—l)

Ey = 3)

AlT+

where V is the effective volume of the cup in m% A (A=7.6x10°hr?) is the decay constant for

radon; T is the exposure time in hrs; A is the area of the cup in m%.

Results and Discussion

The present radon concentration levels data were obtained from113 dosimeters collected after a
period of almost 6 months.

The indoor radon concentrations levels were calculated using equation (1).The main buildings,
the number of detectors, N, and the range and the frequency of radon concentration levels of 99
rooms were presented in Table 2.

The results indicate that radon concentration levels in kitchens, bathrooms, and store rooms are
significantly higher than the radon concentration levels measured in other rooms and
accommodations. The lowest values were found in spacious offices. The obtained high
concentration levels may be attributed to several factors. The main factors include the poor
ventilation, the natural gas used in cooking, heating, supplying kitchens and bathrooms with
water originated from underground sources (Kenawy et al., 2000; Hayam, 2006; Khattak, 2015).
The differences between concentration levels obtained for different buildings are probably due to

the geological characteristics of the soil (Kobeissi, 2014).

28 Journal of the Arab American University. Volume (2). Number (1).


http://academic.research.microsoft.com/Author/20064415/n-u-khattak

Indoor Radon-222 Con... Mohammad A.S., Anan H., Mithqual D. and AbdelRahman. A.

Table 1: The Range and the Frequency of Radon Level Concentrations of 10 Buildings of
AAUJ During the Period from January to June 2014.

Main Building N Range (Bg/m®)
0-50 51-100 101-150 | 151-200 | Above 200
Frequency | Frequency | Frequency | Frequency | Frequency
Faculty of Arts and Sciences 17 4 5 3 3 2
Faculty of Allied Medical Sciences 20 5 6 5 3 1
Faculty of Engineering and IT” 15 3 4 4 2 2
Faculty of Administration and Finance 8 3 2 3 - —
Faculty of Dentistry 10 2 2 2 3 1
Faculty of Student Affairs 13 4 3 3 3 -
Language(s)(del) Center 10 2 4 4 - —
Faculty of Law 7 3 4 - — —
Hassib Sabagh 7 1 2 2 2 —
Accommodation 6 - 2 2 2 —
Total 113 27 34 28 18 6
IT= Information Technology

Statistical methods were employed to analyze the collected data. A summary of minimum (Min)
and maximum (Max) average (Av), the annual effective dose equivalent to the population (Hy),
and the exhalation rate, E, of the measured indoor radon concentrations for each monitored zone

Dura district is exhibited in Table 2. Equations (2) and (3) were employed to calculate Hy and Ey.

Most of the results range between (26-258) Bg/m®. As it can be seen from Table 3, the minimum
indoor radon concentrations of about 26 Bg/m® has been found in a spacious office in
administrative and finance building while the highest radon concentration level of 258 Bg/m® has
been recorded in storage rooms in the Faculty of Medical Allied Sciences buildings. Very high
radon concentrations have been also reported in storage rooms and closed rooms in the Faculty of
Engineering and Information Technology, where a radon concentration of 250 is detected in a
closed Store in the basement. However, this store is not a working place. This is because the rooms
were closed and had poor ventilation.The concentration of radon in stores was relatively higher
than that in the other category of rooms because these stores are occasionally opened

29 Journal of the Arab American University. Volume (2). Number (1).



Indoor Radon-222 Con... Mohammad A.S., Anan H., Mithqual D. and AbdelRahman. A.

Table 2: Max, Min, Ave Radon Concentration Levels (Bqm™) and Annual Effective Dose
Equivalent to the Population (Hy) and The Exhalation Rate (Ey) of AAUJ Buildings.

Main Building Radon level concentrations (Bg/m®) H, Ey( mB/m*hr)
N Min Max Ave (mSvly)

Faculty of Arts and Sciences 17 35 250 123 1.56 4,74
Faculty of Allied Medical 20 47 258 110 1.39 4.21
Sciences
FaE:uIty of Engineering and 15 27 224 126 1.59 4.83
IT
Faculty of Administration and 8 26 112 78 0.98 3.04
Finance
Faculty of Dentistry 10 78 214 128 1.61 4.88
Faculty of Student Affairs 13 34 118 72 0.91 2.82
Languages Center 10 46 92 65 0.82 2.54
Faculty of Law 7 54 88 67 0.85 2.64
Hassib Sabagh 7 40 118 73 0.92 2.85
Accommodation rooms 6 56 111 82 1.03 3.17

Total 113 34 258 83 1.05 3.23

The elevated radon concentrations in these rooms resulted mainly from poor ventilation that
reduces air exchange rates. On the other Hand, very low radon concentrations have been found in
large, well-ventilated rooms. Radon concentration was found to be the lowest in the corridors of
the building since corridors are open and well-ventilated. In general, values of the radon
concentrations that exceed the hazardous set values were found in the poorly ventilated
basements with concrete unpainted walls .This might be due to the reduction of air flow rates
which increases radon concentrations. This confirms the importance of ventilation in order to

avoid radon accumulation to the unaccepted hazardous level.

The variation of concentration at different locations in the same room was also investigated. This
was accomplished by placing two sets of dosimeters at two different positions in some living
rooms for some dwellings. The results showed that the radon concentration levels obtained from
detectors placed near the windows were lower than those obtained from detectors placed far away
from the windows. The difference in concentration levels is probably due to the air exchange near
the windows which reduces the radon concentrations near them.

It was found that the average indoor radon concentrations in the monitored buildings were lower
than 150 Bg/m® in general (see Table 3). The overall regional average of radon concentration
levels of all buildings was about 76.6 Bg/m®, and with a standard deviation of 15.7 Bg/m®. This
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value is below the radon reference levels that range from 200-600 Bg/m® as recommended by
ICRP (ICRP, 1994), IAEA (Gonzalez, 1993), in EU and Australia (200 Bg/m®) and in Canada
and Scandinavia countries (800 Bg/m®) (Popovic et al., 2006) and the USA assigned radon level
of 150 Bg/m® (EPA, 1988; EPA, 2003). In less than 4% of the monitored rooms, the radon
concentration levels were in excess of 200 Bg/m*® where an action is recommended by ICRP
report (ICRP, 1994). It was found that about 90 % of the investigated rooms have indoor radon
concentrations below 100 Bg/m?®. Thus, the investigated area has radon concentration level below
the international assigned values, and no harm is expected for the peoples of this university, since

the exposure time is limited for them.

In order to compare between the indoor radon concentrations results in rooms located in different
floors, about 54 rooms and offices were inspected in different floors. The average indoor radon
concentrations and the annual effective dose equivalents received by people in the buildings of
AAUJ are summarized in Table 4. The indoor radon concentrations in the four buildings are
clearly within normal values (Table 4). By examining the obtained results of rooms, a significant
difference in the mean radon concentrations between the floors has been noticed (Table 4). It
was found that the radon concentration levels are considerably scattered from one floor and
another, where the ground floor has shown the most scattered results and variations. Besides,
great variations within concentration values for rooms in the same floor have also been observed.
Clearly, the main reason behind such variations is the poor ventilation. The annual effective dose
equivalent received by people in the investigated zones was found to vary from 0.69 mSv/yr to
2.12 mSv/yr. The average effective dose equivalent to population for the monitored zones about
1.15 mSv/yr in total. This is almost equal to the world mean dose from environmental ?°Rn of
1.15 mSv/yr (UNSCEAR,200). As seen from Table 4, the annual effective dose is mainly
depending on the occupancy factor (Bunditz,1974; Gonzalez and Anderer,1989; Gonzalez,1993;).
For the residents of the university, the estimated dose value is large as compared with the dose to

the students who spend less time of the daytime in the university.
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Table 3: Summary of Radon Concentration Levels, Effective Doses and Exhalations Rates
in AAUJ Buildings

Main Building Floor Radon concentration levels (Bg/m®) Hy Ex
N Min Max Ave (mSvly)

Faculty of Arts and Sciences Ground 5 59 250 165 2.08 6.24

First 5 42 182 115 1.45 4.46

Second 5 35 214 88 1.11 3.45

Third 2 49 123 86 1.09 3.38

Faculty of Allied Medical Sciences Ground 8 64 258 135 1.71 5.15

First 7 53 165 106 1.34 4.05

Second 5 47 108 82 1.03 3.19

Faculty of Engineering and IT Ground 3 90 224 167 212 6.36

First 5 37 217 116 1.46 4.52

Second 4 42 131 94 1.19 3.68

Third 3 28 90 68 0.86 2.67

Faculty of Administration and | Ground 1 112 -- 112 141 4.37
Finance

First 3 34 88 68 0.86 2.67

Second 2 26 84 55 0.69 2.14

Third 2 14 54 34 0.43 1.33

Faculty of Dentistry Ground 1 214 -- 214 2.70 8.10

First 5 68 124 112 1.41 4.37

Second 4 78 112 88 1.11 3.44

Faculty of Student Affairs First 2 54 118 86 1.09 3.38

Second 7 46 98 68 0.86 2.67

Third 4 34 82 62 0.85 2.64

Languages Center First 4 62 92 74 0.93 2.88

Second 4 56 78 63 0.78 241

Third 2 46 68 58 0.73 2.26

Faculty of Law First 2 56 88 72 0.91 2.82

Second 4 54 84 62 0.78 242

Third 1 64 - 64 0.81 2.51

Hassib Sabagh First 5 51 118 82 1.03 3.19

Second 2 40 90 65 0.82 2.54

Accommodations Building First 3 48 96 74 0.93 2.88

Second 2 44 68 56 0.71 2.20

Third 1 42 - 42 0.53 1.64

The calculated values of radon exhalation rate are summarized in Tables 2 to 4. The obtained

values of exhalation rate were found to vary from 1.33 to 8.10 mBg/m2.hr
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Conclusions

The results presented in this study represent measurements of radon concentration levels,
exhalation rate and annual effective dose equivalent in 100 compartments of 10 buildings of the
AAUJ. The obtained results for the indoor radon concentration levels in AAUJ indicate that not
all the investigated buildings are of high concentration levels. In addition, the overall average
radon concentration levels in the monitored buildings were found to be of the order76.6 Bg/m?.
This corresponds to an overall average dose to population value of 1.15 mSv/y, which is equal to
the average value set by the environmental protection agency (ICRP, 1994). The estimated
effective dose to the population was also found to vary from 0.69 to 2.12 mSv/yr. Moreover, the
exhalation rates values were found to vary from 1.92 to 5.20 mBg/m?.hr.

The maximum among the average values of radon concentration was found to be in closed
places. Generally speaking, poor ventilation is the main reason for having higher radon
concentration levels in closed places, which is the case at AAUJ in winter. Improving ventilation
of these places will increase air exchange rates with the outside, thereby resulting in reducing
radon concentration levels. Accordingly, remedial efforts should be focused mainly on reducing
the radon concentration levels as well as effective consideration to improve the ventilation and
adopt the mitigation technique to reduce the concentration of radon from the buildings.

In conclusion, the measured radon concentration levels as well as radon exhalation rates were
found to be less than the reference levels set by various radiation protection agencies.
Accordingly, radon cannot be considered as a major radiological risk for inhabitants at the Arab
American University in Jenin (AAUJ).
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