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Abstract: Inhalation of radon and its progeny is the most significant source of natural radiation exposure to human
population. Over 50% of the natural background radiation comes from radon (*Rn). This paper presents measured
background radiations, indoor radon concentrations, and calculated effective doses to students due to radon inhalation in
the dormitories of five selected boarding secondary schools in Otuke District. Background radiations in the dormitories
were measured using survey meters, and radon concentrations determined using activated charcoal canister method.
Effective doses were calculated basing on the radon concentrations in the dormitories. Data collection was done for a
period of seven months in two shifts; between September 2016 and March 2017, and between April and May 2018,
respectively. Background radiations in counts per second were found to range from 0.8+0.2 to 1.7+0.3 with an average of
1.2+0.2 cps. Radon concentrations were in the range of 18+3 Bq m™ to 49+5 Bq m™ with an average of 30+4 Bq m™, and
the corresponding annual effective doses ranged from 0.14+0.02 mSv y™ to 0.39£0.04 mSv y* with a mean of 0.24+0.02
mSv y*. Radon concentrations measured were below the World Health Organization action level of 100 Bq m™ and the
mean effective dose was well below 1.0 mSv y™* which is the dose limit set for members of the public by the International
Commission on Radiological Protection. Basing on these set limits, students sleeping in the studied dormitories are not
exposed to high doses of indoor radon and are therefore not vulnerable to effects associated with high doses of radiation. It
is recommended that, strategies for radon prevention in new dormitories could be put in place to minimize radon
concentrations below the values reported, and a national radon survey be done to establish a reference level for Uganda.
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1 Introduction air in significant quantity.

All rocks contain some uranium or thorium; most of which
are directly related to radon [2, 7]. However, some types of
rocks have higher than average uranium/thorium contents.
These include volcanic rocks and sedimentary rocks [7].
Rocks and their soils contain relatively higher
concentrations of uranium/thorium than other minerals. The
higher the concentration of uranium/thorium in the soil
samples, the greater is the concentration of radon. This
could implies that there is much radon underneath the
floors of buildings, because rocks and soils are commonly

Radon is a colourless, odourless, and tasteless radioactive
gas that evades detection by human senses [1, 2, 3, 4]. Its
density of 9.73 kg m™ [5] is high compared to air with a
density of 1.225 kg m™. Radon comes from the decay of
radium which is part of uranium decay series, shown in
Equation ().

2320 - 23Th+a > 228Ra+a > *32Rn+a +vy

@)

Other radon isotopes, radon-219 (***Rn) and radon-220
(*®Rn), come from the decay series of uranium-235 (*°U)
and thorium-232 (?*2Th), respectively. These isotopes have
half-lives of 4 seconds and 55 seconds, respectively [6].
Although they are both radioactive, their short half-lives
make their contribution to indoor radon concentrations
insignificant. Therefore, ?Rn is the only isotope present in

used as building materials. It can then find its way into
indoor air through cracks in the floor and other holes in the
foundation [2, 8]. Therefore, poorly ventilated buildings
with many cracks in the floor are likely to have high indoor
radon concentrations [9]. When water supplies are drawn
from aquifers in radium bearing strata, water usage can be
another contributor to indoor radon [10], and yet water
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plays an important role in human nutrition [11]. In this
case, even in a well-ventilated house, soil gas and water can
lead to high radon concentrations.

Radon also undergoes radioactive decay emitting alpha
particles to form daughter radioactive nuclides (or
progeny), shown in Equation (2).

222pn — 218po+a » 23Pb+a > 2ABi+ L +y
(2

The progeny are solid particles which easily attach to the
dust particles and when inhaled, they impart radiation dose
to the lung tissues leading to lung cancer. Statistics reveal
that, on average, radon in room air contributes over 50% of
the natural background radiations [12]. It is estimated to
contribute 3-14% of all lung cancer cases in the US [13].
Exposure to radon, therefore, poses risks of contracting
lung cancer to all members of the public but children up to
teenage are more susceptible than the adults when exposed
to the same radiation dose [14]. This is because children
have rapid growth of cells which are very sensitive to
radiation and chances are also high that cancer manifests in
children in their lifetime as they have longer time to live
than the adults who may die with cancer before it manifests
in them. Since children up to teenage are mostly at schools,
school premises could be one of the contributors to their
radon exposure.

The United States Environmental Protection Agency (EPA)
recommends that school buildings be tested for radon [15].
The International Commission on Radiological Protection
(ICRP) sets an average annual effective dose to the general
population of 1.0 mSv y* [16] to be attributable to
inhalation of radon and its progeny [17]. For this reason
and also considering that people spend most of their night
time indoor, many investigations of radon exposure have
been conducted both in schools and dwellings worldwide.
The results obtained are then compared with the
concentration limit set by the World Health Organization
(WHO) of 100 Bq m™ and ICRP annual effective dose. The
EPA conducted a National School Radon Survey which
provides a statistically valid representation of the levels of
radon in schools at the national level in the US [15]. The
results show widespread radon contamination in schools, in
which nearly one in five schools has at least one
schoolroom with radon concentration above 100 Bg m,
the level at which WHO recommends that schools take
action to reduce on the concentration.

In Uganda, few studies have been reported on indoor radon
concentrations and data is only collected from some
selected districts in Central, Eastern and Western regions.
Central region has been found to have high radon
concentrations ranging from 10 to 420 Bq m* in Kampala
City [18]. Eastern region has concentrations ranging from
28+1 to 97+5 Bq m™ and the effective doses ranging from
0.71+0.03 to 2.44+0.03 mSv y* in Tororo and Busia [19].
In Western Uganda, a study was conducted at Kilembe

copper-cobalt mines situated on the South-eastern slopes of
Mt. Rwenzori [18]. Radon gas concentrations ranged from
330 to 6980 Bq m™. Although this was not an indoor study,
there was evidence of data collected from the region, unlike
Northern Uganda which had no substantial report, meaning
not studied. Therefore, Otuke District was piloted and
reported in this paper. Figure 1 is a map of Uganda
showing the location of Otuke District, indicated by the
brown colour.

Otuke District was carved from Lira District in 2010. From
google map, the district is located between latitudes 02° 20'
05" N and 02° 37 27" N, and longitudes 33° 39' 30" E and
33° 39' 30" E, respectively. By the time of this study, The
National Population and Housing Census 2014 showed that
Otuke District had eight sub-counties, namely: Adwari,
Alango, Ogor, Ogwette, Okwang, Olilim, Orum and Otuke
Town Council, respectively [20]. The district was
considered for study because of the availability of rocks
and soils, which are a source of construction materials for
floors and walls of most buildings. Five government aided
secondary schools (S. S.) in five sub-counties were selected
because they contained the highest students' population and
had well established dormitories. Of these schools, only
Adwari S. S. had permanent dormitories. Table 1
summarizes the basic information obtained about the
schools.

NP A

Fig. 1: The location of Otuke District in Uganda, showing
district boundaries as they stood in June 2017 [21].

The study covered the measurements of ambient
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background radiations and indoor radon concentrations in
the five secondary schools, and determination of annual
effective doses received by students in sampled dormitories
of the schools.

Table 1: Selected secondary schools in Otuke District
where data were collected.

S/no | School Students | Dormitories | Sub-
couty
Adwari S. S. 1250 Alango
Ogor Seed 247 2 Ogor
S. S.
3 Okwang S. 815 4 Okwang
S.
4 OrumS. S. 337 2 Otuke
T/C
5 Otuke S. S. 134 2 Olilim

2 Materials and Methods
2.1 Determination of Background Radiations

Background radiation comes from naturally occurring
radioactive materials contained in the earth and in living
things and other sources in space like cosmic rays [22].
Natural sources of radiation account for the largest amounts
of radiation exposure received by most people each year.
Radon contributes about fifty percent of the natural
background radiation, gamma radiation (20%), water and
food (12%), and Cosmic rays (18%), as illustrated in Figure
2 [12]. Survey meters (mini-con series 1000 & Polimaster
PM1703M) were used to measure the background
radiations. The mini-con series 1000 (hereafter MCS1000),
powered by a readily available 9 V primary battery, is
suitable for monitoring alpha, beta and gamma radiations
above 3 MeV. The magnitude of radiation detected was
read from the scale, in the range of 0-1000 cps. The
window area was opened to allow the instrument detect all
the three radiations, the main interest being the detection of
alpha and gamma radiations emitted by radon decay
daughters. However, this survey meter would not identify
the particular radiation being measured. The Polimaster
PM1703M operates in the temperature range of -20 °C to
+500 °C. It was first adjusted using the operation mode to
take readings in cps (with uncertainty of +1% cps) so as to
have uniform unit with MCS1000. Each of the survey
meters was switched on and held approximately 0.5 m
above the floor at various positions in the visited room or
dormitory. After about three minutes, the background
radiation in each case was recorded. The average
background radiation in the room was then calculated.

2.2 Determination of Indoor Radon

Concentrations

Radon concentration is the amount of radon gas in a given

N Water and food
Eath gamma 1

radiien 18%

20% ’

0

Fig. 2: Sources of background radiations [12].

volume, i.e., a measure of the amount of radioactivity (Bq)
in a cubic metre of air. Therefore, its unit is becquerel per
cubic metre (Bq m™) [23], where 1 Bq corresponds to one
disintegration per second. Activated charcoal canisters were
deployed in the dormitories in the determination of radon
concentrations. Before deploying the canisters, they were
first annealed by heating in an oven to a temperature of
about 150 °C for 12 hours to drive off moisture. After
removing from the oven, the canisters were left to cool for
about 10 minutes and then sealed. Each of the canisters was
then labeled and weighed on an electronic balance. The
initial mass of each canister was recorded. Ten canisters,
labeled C1 to C10, were used, and two were deployed in
each school, i.e., C1 and C2 in Adwari S. S., C3 and C4 in
Orum S. S., C5 and C6 in Ogor Seed S. S., C7 and C8 in
Okwang S. S., and C9 and C10 in Otuke S. S., respectively.
The codes were assigned to ensure proper identification of
canisters. The canisters were opened and deployed in the
rooms of different dormitories for three consecutive days
chosen at random in a given month. This allowed activated
charcoal to adsorb radon, radon progeny, and water vapour
in the indoor air. The canisters were placed away from the
door, window, or ventilation to avoid measuring radon
concentration from outdoor air. In the subsequent
deployment, canisters were placed in another room and/or
dormitory and the average radon concentrations for the
schools (dormitories) were computed. Schools with only
two dormitories (Otuke S. S. and Ogor Seed S. S.) had
canisters deployed seven times in the period of seven
months data were collected. The room temperature was also
measured using alcohol-in-glass thermometer calibrated to
take readings in degree Celsius with uncertainty of +1 °C.
Temperature measurement was done because increase in
temperature decreases the ability of activated charcoal to
adsorb radon. At the end of exposure period of three days
(72 hours), the canisters were re-sealed firmly and returned
to the laboratory for analysis. Each canister was re-weighed
and the mass gain, m, was obtained. The samples were then
analyzed using the 7.5 c¢cm sodium iodide scintillation
detector (GDM 20), connected to a Personal Computer
(PC) with a serial port, to give the exact radon
concentration. The GDM 20 was first calibrated for energy

© 2020 NSP
Natural Sciences Publishing Cor.


http://www.naturalspublishing.com/Journals.asp

214 = o

B. Oruru et al.: Indoor Radon in Otuke, Uganda ...

and efficiency. Each canister was mounted on the detector,
one at a time and the details of its deployment (namely:
mass gain, end date and time of exposure, and average
room temperature) entered in the PC. After a period of 20
to 30 minutes, radon concentration in Bq m® was
automatically calculated and displayed, with error limits.
For each month, ten canisters were analyzed (two for each
school) for a period of seven months. The average indoor
radon concentration, R, per room was then calculated using
the expression in Equation (3).

Y. Concentration sperroom

®)

Number of measure mentsperroom’

The average radon concentration for each school per
month, Rn, was then calculated.

2.3 Determination of Effective Doses

Effective dose is the summation of the tissue equivalent
dose, each multiplied by the appropriate tissue weighing
factor [24], i.e,

Ey = Yaur wr X Hr, 4)

where Eq is the effective dose, wr is the tissue weighing
factor for tissue T, and Hy is the equivalent dose in the
tissue T. Effective dose is a mathematical construct or
concept of risk, used in radiation protection as the basis for
calculating annual radiation limits to workers and members
of the public from exposure to radiation and intakes of
radionuclides [25]. It is therefore the best single parameter
for quantifying the total amount of radiation received by an
individual. Effective dose is measured in sieverts (Sv), and
knowing the measured radon concentration R, the effective
dose can then be calculated using the expression,

E; =R X EF x0T X DCF, (5)

where Ej is the effective dose (in mSv y'), R is the Radon
concentration per room, OT is the occupancy time (in
hours per year), and EF is the equilibrium factor. The
equilibrium factor is used to describe the ratio between
radon and its progeny [26]. An equilibrium factor of 1
means equal amounts of radon and its progeny. The EF is
taken on average to be 0.4 [27], occupancy factor is 0.8 and
is used to calculate OT. The DCF is the dose conversion
factor and is given as 9.0x10° mSv h™(Bq m®)* [28].

From the measured radon concentrations, the effective
doses were calculated using Equation (5). In this paper, the
occupancy time (OT) used is 2160 hours per year (h y?),
not 7010 h y* used in other studies [28]. The 2160 h y*
was derived from the estimate that students spend about 8
hours per day in the dormitories, i.e., from 6:00 p.m. to

7:00 p.m. during super time, and from 10:00 p.m. to 5:00
a.m. after evening preps. Also, there are three terms in a
year, each having three months. Taking an average month
of 30 days, then:

OT =8x30x%x3x3=2160hy L. (6)
Table 2: Background radiation measurements with
MCS1000 and PM1703M survey meters.
Pos | Adwari | Ogor Seed Okwang Orum Otuke
S.S. S.S. S.S. S.S S.S
MCS1000 measurements (cps)
1 14 15 1.0 1.0 1.9
2 1.6 15 0.9 0.9 2.1
3 15 14 11 0.9 2.0
Av. 1.5+0.1 1.5+0.1 1.0+0.1 0.9+0.1 | 2,0+0.1
PM1703M measurements (cps)
1.8 0.9 0.6 0.6 0.9
1.8 1.2 0.8 0.7 1.0
1.7 1.0 0.7 0.5 0.8
Av. 1.8+0.1 1.0+0.1 0.7£0.1 0.6£0.1 | 0.9+0.1
Combined measurements (cps)
Av. 1.7+0.1 1.3+0.1 0.9+0.1 | 0.8+0.1 | 1.5+0.1

T T T T T

BACHGROUND RADIATION (e

OGOR-SEED

DROWANG
NAMES OF SECOMDARY SCHOOLE.

Fig. 3: Background radiation measurements with Mini-con

Series 1000 (red) and PM1703M (blue).

3 Results and Discussion

3.1 Background Radiations

Table 2 shows background radiation measurements using
the two survey meters, and Figure 3 shows the comparative
bar graphs. Fluctuations in readings were noticed because
not all radiations were equally likely to strike the detector
window at the same rate. So, the averages from the survey
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meters were taken. Therefore, the average background
radiation readings ranged from 0.8+0.1 cps in Orum S. S. to
1.7+0.1 cps in Adwari S. S., with an average of 1.2+0.1 cps
for the district. The low background radiation values in
Okwang S. S and Orum S. S. could have been due to some
of the building materials used like murram/soil which
seemingly had little radioactive materials. Besides, these
schools are far from Otuke Hills and do not have any other
nearby rocks. The relatively high values of background
radiation in Adwari S. S., Ogor Seed S. S., and Otuke S. S.,
could have been due to usage of some building materials,
such as rocks, which are rich in radioactive materials like
uranium. Apart from Adwari S. S., Otuke S. S. and Ogor
Seed S. S., with high background radiations are close to
Otuke Hills, that is, Otuke S. S. is about 7 km from the hills
and Ogor Seed S. S. is about 5 km from another part of the
hills. Since radon is the greatest source of natural
background radiations [29], it could therefore imply that the
readings of the survey meters depicted some levels of radon
concentrations in the selected schools which therefore had
to be determined using activated charcoal canister method.

3.2 Indoor Radon Concentrations

Table 3 shows the average radon concentration
measurements for each of the selected schools. Figure 4
shows the bar graphs plotted for Adwari S. S. The average
radon concentrations ranged from 18+3 Bq m™ in Adwari
S. S. to 49+5 Bq m? in Otuke S. S., giving an average of
30+3 Bq m™ for the district, as illustrated in Figure 5.
Seasonal variation had an impact on radon concentrations
for all the selected schools. For example, most schools had
low radon concentrations in the months of September and
October and also May, but high radon concentrations in
January, February and March. The low radon
concentrations were due to high relative humidity in the
atmosphere. In months of rainy season, radon movement is
greatly affected by moisture [7], that is, water slows down
the speed of radon moving, thus most of the radon atoms
may decay before reaching the canisters. For the same
season (month), however, the schools had different radon
concentrations. This was attributed to some other factors,
for example, cracks in the floor of dormitories in Otuke S.
S. may have increased radon concentrations while Adwari
S. S. with no or fewer cracks had low radon concentrations;
poor ventilation of dormitories in Ogor Seed S. S. may
have led to high radon concentrations while Orum S. S. and
Okwang S. S. with large windows had relatively low radon
concentrations; and different building materials were used
for different schools, hence variations in radon
concentrations in the schools [30].

The high radon concentration measurements in Otuke S. S.
was due to the availability of many cracks in the floor, and
Otuke Hills being close to the school. Similarly, the high
radon concentrations measured in Ogor Seed S. S. was
attributed to the poor ventilation in the dormitories, and the
school also being close to Otuke Hills.

Table 3: Average monthly radon concentrations measured

(Bqm?).
School | Adwari | Ogor | Okwang | Orum | Otuke
S.S. | Seed S.S. S.S. S.S.

Sep 1643 | 24+4 2343 2443 47+4
2016
Oct 173 | 28+3 25+3 2343 4615
2016
Jan 1943 | 34+3 | 28+0.1 31+3 51+5
2017
Feb 21+3 | 364 30+3 30+4 52+5
2017
Mar 20+3 | 35#3 26+3 32+3 52+4
2017
Apr 1643 | 31+4 32+3 17+3 56+6
2018
May 1843 | 28+3 2043 2443 42+4
2018
Av. 1843 | 31+3 2643 26+3 49+5

AADNCIP CoOre FTRATION sy

"

LPTI 4 TR B T OB T T APREEEL AT
RENTH VLA OF MEARRINT

Fig.4: Radon concentration measurements for Adwari S. S.

R OF BECORDARY ML

Fig. 5: Average radon concentrations for the schools.
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RADON CONCENTRATION @am )

The dormitories in Ogor Seed S. S. were once classrooms
for a primary school and only turned into dormitories by
blocking the windows using bricks. For Otuke District in
general, a high positive correlation was found between
radon concentration measurements and background
radiations (Figure 6), except for Adwari S. S. (black dot),
which had good ventilation and negligible cracks in the
floors. In Figure 6, a linear fit was used, and a correlation
coefficient of 0.88 was obtained.

3.3 Annual Effective Dose

Table 4 shows the average annual effective doses, Eg,
received by students in each of the selected schools. The
annual effective doses were obtained from measured radon
concentrations using Equation (5). The corresponding bar
graphs for E4 are shown in Figure 7. The highest dose was
0.39+0.04 mSv y* in Otuke S. S. and the lowest was
0.14+0.02 mSv y* in Adwari S. S, in line with the
measured radon concentrations and conditions at the
selected schools. The average effective dose was 0.24+0.02
mSv y* for the entire district.

600

Il :
1.000 1500 2000
BACKGROUND RADIATION icps]

Fig. 6: Relationship between average radon

concentration and average background radiation.

In Table 5 and Figure 8, the results obtained for Otuke
District (Northern Uganda) are compared with findings
from other parts of Uganda, namely; Kampala City (Central
Uganda), and Tororo/Busia districts (Eastern Uganda),
respectively. The indoor radon concentration was highest in
Kampala and least in Otuke. The high indoor radon
concentration measured in Kampala City could be due to
many buildings, constructed with materials mainly
imported from places rich in uranium. Tororo and Busia
districts have radon concentrations higher than Otuke
District because the environments studied were different in
the two regions. Study in Otuke was focused on the school
dormitories, while Tororo and Busia were in the factories

and nearby homes. Therefore, the high radon concentration
in Tororo/Busia could have been due to the availability of
factories such as Tororo cement, which is also a source of
radon emanation [31]. The factories are built using mainly
rocks of hard cores, and if the rocks used were rich in
uranium, then they may have contributed to high radon
concentration measured. Effective doses also followed the
same trend, that is, highest in Kampala and least in Otuke,
and for the same reasons for the variance in the three
regions studied [32-33].

Table 4: Average radon concentrations and annual
effective doses for the selected schools.

School Radon Effective dose

Concentration (Bq (mSvy™)
m*®)

Adwari S.S. 18+3 0.14+0.02

Ogor Seed S.S. 3143 0.25+0.02

Okwang S.S. 26+3 0.21£0.02

Orum S.S. 26+3 0.21£0.02

Otuke S.S. 4945 0.39+0.04

EFFECTIVE DOSEmavy ')

OTUKE

NAMES OF SECONDARY SCHOOLS

Fig. 7: Annual effective doses for the selected schools.

Table 5: Indoor radon concentrations and effective doses in
different regions of Uganda.

District Radon Effective dose

(Region) Concentrastion (Bqg (mSv y?)
m~)

Kampala 215 17.12

(Central)

Otuke 30 0.24

(Northern)

Tororo 63 1.58

(Eastern)
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Fig.8: Comparative bar graphs showing radon

concentrations (red) and effective doses (blue) for districts
in Uganda.

4 Conclusions

The highest average background radiation of 1.7+0.3 cps,
measured in Adwari S. S., is below the background
radiation of 1.33 cps level given by the International
Commission on Radiological Protection (ICRP). High
background radiation readings in Adwari S.S. could be due
to mainly gamma radiation since the radon concentrations
were low, as radon and its progeny decay by emitting
mainly alpha particles. The highest average radon
concentration of 49+5 Bq m™, measured in Otuke S. S.
(with average of 30+3 Bq m™ for Otuke District), is much
less than the World Health Organization (WHO) action
level of 100 Bq m™. This means that there is no significant
health risk posed by indoor radon concentrations in the
selected schools. Similarly, the average annual effective
dose of 0.24+0.02 mSv y* received by students in the
selected schools, is far below the ICRP and UNSCEAR
action level of 1.0 mSv y™*. The results obtained for Otuke
District have depicted a better level of safety compared to
Tororo and Busia districts. Very high indoor radon
concentration of 420 Bq m™ obtained in Kampala City,
raises concern for most cities in Uganda, and should be of
interest to the government and EPA. Therefore, a national
radon survey could be done by taking measurements from
other regions, so as to establish a reference radon level for
the country.

Acknowledgment

The authors are grateful to the Directorate of Research and
Graduate Training, Makerere University; Head of Physics
Department, Makerere University; academic and technical
staff of Physics Department, Makerere University; and
Head teachers and staff of the schools where data collection
took place.

References

[1] A. El-Taher, Measurement of Radon Concentrations
and Their Annual Effective Dose Exposure in Groundwater
from Qassim Area, Saudi Arabia. Journal of Environmental
Science and Technology, 5 (6). 475-481, 2012.

[2] S. S. Althoyaib and A. El-Taher, Natural radioactivity
levels of radon, radium and the associated health
effects in drinking water consumed in Qassim area,
Saudi Arabia. Journal of Environmental Science and
Technology, 9 (2), 208-213, 2016.

[3] S. S. Althoyaib and A. El-Taher, The Measurement of
Radon and Radium Concentrations in well water from Al-
Jawaa, Saudi Arabia, J. Radioanal .Nucl. Chem., 304, 547—
552, 2015.

[4] M. Smith, Silent, Invisible, and Deadly, Radon Gas
Accumulates in Many Houses, Washington, 2005.

[5] MoH, Guide for Radon Measurements in Residential
Dwellings (Homes), Ministry of Health, Canada,
2008.

[6] K. J. Thomas, Radon monitoring and the role of iron
oxide on radon emanation at the Sanford Laboratory
at Homestake in Lead, South Dakota, University of
South Dakota, 2011.

[7] C. S. Gundersen, R. R. Schumann, J. K. Otton, R. F.
Dubiel, D. E. Owen and K. A. Dickinson, Geology of
radon in the United States, in Geological Controls on
Radon, Geological Society of America Special Paper
271, A. E Gates and L.C.S. Gundersen, eds., Boulder,
Colorado, 1-16, 1992.

[8] R. A. Sorway, C. Vuille and J. S. Faughn, College
Physics (8th edition), Brooks/Cole, CA, USA, 2009.

[9] M. P. Janssen, Modeling Ventilation and Radon in new
Dutch dwellings, Indoor Air, 13(2), 118-27, 2003.

[10] R. C. Bruno, Sources of Indoor Radon in houses: a
review, J. Air Pollut. Control. Assoc., 33(2), 105-109,
1983.

[11] Ashraf E.M. Khater, A. EI-Taher and Asma Al-Jaloud,
Quality level of bottled drinking water consumed in
Saudi Arabia. Journal of Environmental science and
Technology, 7(2), 90-106, 2014.

[12] UNSCEAR, Sources and Effects of lonizing
Radiation: 2000 Report to the General Assembly, with
Scientific Annexes, Vol. Il: Effects, United Nations,
New York, US, 2000.

[13] WHO, WHO handbook on indoor radon: A public
health perspective, World Health Organization, 2009.

[14] D. Hauri, B. Spycher, A. Huss, F. Zimmermann, M.
Grotzer, N. von der Weid, and M. Roosli, Domestic
radon exposure and risk of childhood cancer: a
prospective census-based cohort study, Environ.

© 2020 NSP
Natural Sciences Publishing Cor.


http://www.naturalspublishing.com/Journals.asp
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

28 SE S

B. Oruru et al.: Indoor Radon in Otuke, Uganda ...

Health Perspect., 121(10), 1239-1244, 2013.

[15] J. M. Daisey, W. J. Angell and M. G. Apte, Indoor air
quality, ventilation and health symptoms in schools:
An analysis of existing information, Indoor air., 13(1),
53-64, 2003.

[16] A. El-Taher and A. El-Turki, Radon Activity
Measurements in irrigation water from Qassim
Province Using RAD7. Journal of Environmental
Biology., 37,1299-1302, 2016.

[17] M. Quarto, M. Pugliese, G. La Verde, F. Loffredo and
V. Roca, Radon exposure assessment and relative
effective dose estimation to inhabitants of Puglia
Region, South Italy, Int. J. Environ. Res. Public
Health., 12(11), 14948-14957, 2015.

[18] A. Kisolo, E. Barifaijo, and T. Strand, Radon
monitoring and Dosimetry in Uganda, in The Second
All African IRPA Regional Radiation Protection
Congress., 17-27, 2007.

[19] S. Biira, A. Kisolo and F. M. D'ujanga. Concentration
levels of radon in mines, industries and dwellings in
selected areas of Tororo and Busia districts, Eastern
Uganda. MSc. dissertation, Makerere University,
Uganda., 2010.

[20] UBOS, The National Population and Housing Census
2014 - Area Specific Profile Series: Otuke District,
Uganda Bureau of Statistics, Kampala, Uganda, 2017.

Otuke District in Uganda,
https://commons.wikimedia.org/wiki/File:Otuke
District in Uganda.svg., 2017.

[22] H. Papaefthymiou, A. Mavroudis and P. Kritidis,
Indoor radon levels and influencing factors in houses
of Patras, Greece, J. Environ. Radioact., 66(3), 247-
260, 2003.

[23] R. W. Field. Radon occurrence and health risk,
University of lowa, 1999.

IAEA, International Basic Safety Standards for
Protection against lonizing Radiation and for the
Safety of Radiation Sources, IAEA, Vienna, Austria,
1996.

[25] D. R. Fisher and F. H. Fahey, Appropriate Use of
Effective Dose in Radiation Protection and Risk
Assessment, Health Phys., 113(2), 102-109, 2017.

[26] L. Vanchhawng, P. C. Rohmingliana, R. K. Thapa, R.
Mishra, B. K. Sahoo, B. Zoliana and Y. S. Mayya,
Measurements of the equilibrium factor of radon in
Aizawl, Mizoram, India, Sci. Vis., 11(2), 102-105,
2011.

[27] T. Martinez, J. Lartigue, M. Navarrete, L. Cabrera, P.
Gonzalez, A. Ramirez and V. Elizarraras, Long term
and equilibrium factor indoor radon measurements, J.

[21]

[24]

Radioanal. Nucl. Chem., 236(1-2), 231-238, 1998.

[28] UNSCEAR, Sources and Effects of lonizing
Radiation: UNSCEAR 1993 Report to the General
Assembly, with Scientific Annexes, United Nations,
New York, US, 1993.

[29] J. Mauro, Assessment of Various Radiation Exposure
in the United States, Washington, DC, 2005.

[30] G. Kropat, F. Bochud, M. Jaboyedoff, J-P.
Laedermann, C. Murith, M. Palacios and S. Baechler,
Major influencing factors of indoor radon
concentrations in Switzerland, J. Environ. Radioact.,
129, 7-22, 2014.

[31] S. M. El-Bahi, Assessment of radioactivity and radon
exhalation rate in Egyptian cement, Health Phys.,
86(5), 517-522, 2004.

[32] 1. U. James, I. F. Moses and J. N. Vandi, Assessment
of Gamma Dose Rate within Idu Industrial Area of the
Federal Capital Territory ( FCT ), Abuja, Nigeria, Int.
J. Eng. Sci., 2(11), 52-55, 2013.

[33] A. El-Taher and M.A.K Abdel Halim, Elemental
analysis of Limestone by using Instrumental Neutron
Activation Analysis. Journal of Radio analytical and
Nuclear Chemistry., (299), 1949-1953(2014).

© 2020 NSP
Natural Sciences Publishing Cor.



