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Abstract: An indoor radon survey has been carried out in 82 schools situated in four towns in the Sudan, namely: Omdurman,
Madeni, Sinnar, and Al Hosh, by using CR-39 solid-state nuclear track detectors SSNTDs. A total of 388 detectors were installed in the
selected schools, 349 were collected and 39 were lost. The detectors were placed in the indoor environment of the selected schools for a
period of 120 days. The main objective of this study was to assess the health hazard due to the indoor radon inside these schools. The
radon concentration levels varied from 26 to 124 Bg-m™, with an average value of 59 + 7 Bq:-m~. Present indoor radon concentration
values for the selected schools are far below than the radon action level (200- 600) Bg.m™ as recommended by ICRP, higher than the
worldwide, population weighted, average radon of 40 Bq.m™ as reported by UNSCEAR. The mean annual radon effective dose
equivalent was estimated to be 0.56 + 0.09 mSv.y™*, which is lower than the action level recommended by the ICRP of 3-10 mSv.y *,

than the “normal” background level of 1.1 mSv.y *; as quoted by UNSCEAR.
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1. Introduction

Radon (*”Rn) is a radioactive noble gas, arising from the
natural decay chain of uranium (*®U). Uranium occurs in
trace amounts throughout the earth’s crust with varying
concentrations. The contribution to the mean effective dose
equivalent from inhalation of *’Rn and its short-lived decay
products (***Po, ***Pb, ***Bi and ?*Po) has been estimated to
be about 50% of the total effective dose equivalent from all
natural radiation sources [1].

When radon gas is inhaled, densely ionizing alpha particles
emitted by deposited short-lived decay products of radon
(**®Po and #*Po) can interact with biological tissue in the
lungs leading to DNA damage. Cancer is generally thought to
require the occurrence of at least one mutation, and
proliferation of intermediate cells that have sustained some
degree of DNA damage can greatly increase the pool of cells
available for the development of cancer. Since even a single
alpha particle can cause major genetic damage to a cell, it is
possible that radon-related DNA damage can occur at any
level of exposure. Therefore, it is unlikely that there is a
threshold concentration below which radon does not have the
potential to cause lung cancer, and considered the second
leading cause of lung cancers after tobacco [2].

Many worldwide epidemiological studies have been
conducted in recent decades in order to confirm the
association of the number of lung cancer cases with chronic
exposure to indoor radon. As a result of these studies,
summarized in the leading international organization
elaborations, it is now one of the best-documented
associations [2]-[6].

In the United States of America, reports recorded for radon
alone to be responsible for approximately 15,000 — 20,000-
lung cancer deaths per year [7]. The risk is reported to be
proportional to the radon level down to EPA’s action level of
0.148Bg/L and probably even below this level [7], [8]. The
International Commission on Radiological Protection (ICRP)
recommended radon concentration of (200-600) Bg.m™ for
dwellings[9], the recommendations emphasized the
importance of controlling radon exposure in dwellings and
work places arising from existing exposure situations [10].
Most of our time is spent indoors; therefore, the measurement
and evaluation of radon concentrations and effective dose in
buildings are important [11]-[17].

The concentration of radon in indoor air varies significantly
from season to season and from house to house with respect
to the surrounding environment [18]-[22]. The main natural
sources of indoor radon are soil [23]-[25], building materials
(sand, rocks, cement, etc.) [26], water sources [27]-[28],
natural energy sources like (gas, coal, etc.) [29], all of which
contain traces of U-238.

The most important source for indoor radon concentration in
low-rise constructions is the subjacent earth. About 56% of
the radon entry into the house is due to radon transport by
advection and diffusion from soil to earth [30]. About 21% is
due to the diffusion from the building materials and 20% is
due to infiltration from the outdoor air [30].

Solid-state nuclear track detectors have been widely used for
passive measurements of indoor radon and their alpha
emitting decay products. The use of CR-39 plastic track
detector in air volume of cups has become the most reliable
procedure for time integrated, long measurements of radon
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and their daughters activity concentration under different
environmental condition [31]-[33].

The aim of this study was to determine the radon levels, by
using CR-39 solid state nuclear track detectors SSNTDs in
the schools of four towns in Sudan namely: Sinnar town
which located in Sinnar state, Medani and El Hosh towns that
located in Gezira state, this state is lies between the Blue Nile
and the White Nile rivers, while Omdurman town is located
in Khartoum state, the locations of these towns are shown in
(Figurel).
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Figure 1. The map showing the towns in which the schools are
located in Sudan.
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2. Materials and Methods

A total of 388 dosimeters were installed in class
rooms/offices of each selected school in each town. The
dosimeters were exposed to indoor radon. Almost 90% of the
installed detectors were recovered, while 10% were lost due
to mishandling by the school’s staff.

All the selected schools were built from mud, red bricks,
sand, and cement. Some schools were partially ventilated,
whereas others were well ventilated.

A correct calibration procedure is paramount for a good
accuracy of results. Hence, precalibrated passive dosimeters
containing solid-state nuclear track detectors using allyl
diglycol carbonate of super grade quality (CR-39 SSNTD,
Pershore Moulding, Ltd., U.K.) were used to study radon-
222 concentrations. These passive dosimeters used here are
similar to those we have used in previous studies [18]-
[20],[22]. After three months, the dosimeters were collected
and chemically etched using a 30% solution of KOH at a
temperature of (70.0+ 0.1) °C for nine hours. An optical
microscope was used to count the number of tracks per cm?
recorded on each detector used. After correcting for the
background, the track density was determined and converted
into activity concentration Cg, (in Bg.m®) using the

following equation [24],[34]:
PRn
=T 1
Kol 1)
Where pr, is, the track density (tracks per cm?), Kg, is the
calibration constant which was previously determined to be
4.824x107 tracks cm™? h™/(Bg.m™) [34], and t is the exposure
time.

Rn

2.1 Dose Estimation and Lung Cancer Risk
To estimate the radon effective dose rate (ED) expected to be
received by the inhabitants of these towns due to indoor
radon, the conversion coefficient from the absorbed dose and
the indoor occupancy factor has to be taken into account. In
the UNSCEAR-2000 report [1], the committee recommended
to use 9.0 nSv h™' per Bq.m™ for the conversion factor (Dy)
(effective dose received by adults per unit ??Rn activity per
unit of air volume), 0.4 for the equilibrium factor of radon
indoors (E;) and 0.8 for the indoor occupancy factor (Oy). We
used the following formula to calculate the effective dose rate
[1].[34]:

Effective Dose (mSv/y) = Cr,, D; O; E; x 24 x365 x 1076 (2)

In the present case, the value of H was found to 0.3. In
calculating H, it was assumed that students spend 8 h per day
in school and out of these 8 h; they spend 90% time indoors
and 10% outdoors.

The relative risk of lung cancer (RRLC) due to indoor
exposure to radon was calculated using the equation [18],
[19], [34], [35]:

RRLC = exp (0.00087352 Cg,,) (3)

3. Results and Discussion

In this study, we present results of the radon concentration
levels, effective dose (ED) and relative risk of lung cancer
(RRLC) in schools at four towns in Sudan. Table 1. and
Figure 2. shows the radon concentration for the schools in the
studied towns.

It is clear that, the maximum concentration value appear in
school that located in Omdurman town to be 124 Bq.m'3,
while the minimum concentration value was recorded in
school situated in Medani town to be 26 Bq.m™.

Many of the measurements were performed in areas with low
indoor radon concentrations as we have found in previous
surveys that measuring indoor radon concentrations in Sudan.
In particular, in schools of Omdurman town some of schools
are built from mud material and others with cement and
concrete materials, from our survey we noticed that schools
of the town are crowded and badly ventilated, in addition to
that, the walls and floors of such rooms and offices are not
covered with any materials. All these reasons cause the
concentration levels to be high 76 + 10 Bg.m™.

This is not a surprising result because radon concentration
depends not only on the radon source term but also on the
ventilation rate in the building and the exhalation rate of
radon from the walls and floors.
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The lower concentration values in these schools are found to
be consequently: Medani 58 + 8 Bq.m™, Sinnar 55 + 6 Bg.m’
% and El Hosh town of 48 + 5 Bgq.m™. These results may be
due to the fact that, the schools are far apart and the
construction materials are mainly red brick and straw
materials; these materials usually contain lower amounts of
naturally occurring radioactive isotopes when compared to
cement and concrete materials [26]. Taken together with
relatively good natural ventilation, these facts can explain
why the values of Rn concentration in schools of these cities
are below the average for the entire study [34].

Comparing our results of this study with national values for
radon concentration in dwellings we can find that the
concentration values found in Medani is 57 Bq.m™ and in El
Hosh of 50 Bq.m™ [34], it is clear that the results of this
survey are in the range of these values.

No intervention is required if the radon level is below 74
Bq.m?, indicating that this level is safe for occupancy [36].

In all probability, the only intervention needed is to improve
ventilation since it is well known that increased ventilation
rate is an important factor in reducing indoor radon level.
[31] We also found that the indoor radon concentrations in
moderately ventilated schools were higher in comparison to
those in well-ventilated schools.

The recorded values of indoor radon concentration in our
study are far below than the radon action level (200- 600)
Bgq.m™? as recommended by ICRP-1993 [9], lower than the
new reference level (100 B/gm®) set by WHO.[2] and below
the action level (148 Bqg.m® recommended by
Environmental Protection Agency (EPA) [36] Mean value is
slightly higher than the world-wide, population weighted,
average radon of 40 Bq.m™ as reported by UNSCEAR [1]
and well within values reported for various schools in other
countries worldwide (Table2).

Table 1: Summary statistic of radon concentrations measurements, effective dose and radon relative lung cancer risk in
schools in the studied towns in Sudan

; -3
Town No. Radon concentration (Bg.m ") ED (mSvy ) RRLC%
Min Max (Mean #s.d)
Omdurman 98 37 124 76 £10 0.72 £0.09 1.069
Medani 89 26 87 58 +8 0.55 £ 0.07 1.052
Sinnar 84 34 88 55+6 0.52 +0.06 1.049
Al Hosh 78 37 58 48 +5 0.45 +0.05 1.043
Overall 349 26 124 50+7 0.56 £ 0.07 1.053
Table 2: Comparison of results with other results in various locations in the world
Country Mean Conc. (Bg.m ) DE (mSv.y ) RRLC % Reference
Greek 149 - - [37]
209 - - [38]
Italy 144 [39]
Range of 10 and 108 - - [40]
India 52 0.49 - [41]
Austria 52 - - [42]
Croatia 70.6 - - [43]
USA 148 - - [44]
Ireland 93 - - [45]
Slovenia 168 - - [46]
Omdurman 76 0.72 1.069 This study
Medani 58 0.55 1.052 This study
Sinnar 55 0.52 1.049 This study
Al Hosh 48 0.45 1.043 This study
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Figure 2: Radon concentration from schools of the studied towns.

Table 2 and Figure. 3 present the frequency distribution of
the radon gas concentration (Bg.m™) in the 82 schools.

The frequency distribution of concentration levels in
schools showing that only small percentage of houses are
slightly above the level requiring intervention; only 4% of
these schools had indoor radon concentrations in the range
of120 to 150 Bg.m?. 8% of schools with radon
concentrations between90 to 120 Bq.m™, 22.4% of schools
are having concentration values ranging from 60 to 90
Bg.m™. Most 62% of the radon concentrations presented

in Figure 3 were between 30 and 60 Bg.m™, the schools of
concentrations lower than 30 Bg.m™ constitutes 3.7%. in
comparison of our results, it was found that in Amman
schools a percentage of 30-50% were below 100 Bg.m >
[47], while in New York state schools a concentration
level of 150 B.qm® was exceeded in 47% of the studied
schools [48]. In contrast, higher values were reported for
Slovenia where in 8% of schools radon concentration was
higher than 400 Bg.m ® and in 3%, even higher than 1000
Bg.m® [46].

Table 3: Frequency distribution of radon concentration levels from the schools of the studied towns in Sudan.

Concentration level in schools (Bg.m) Number of dosimeters Percentage%
0-30 13 37
30-60 216 61.9
60— 90 78 22.4
90 — 120 28 8.0
120 - 150 14 4.0
250
200
S 150 -
=
=
2 100
o —— | N -
O- 30 30 - 60 60 - 90 90 - 120 120- 150
Radon Concentration (Bg.m-3)

Figure 3: Frequency distribution of the radon gas concentration (Bg.m™® in the 82 schools.

The range of radon effective dose rate from our study,
varied from 0.45 + 0.05 to 0.72 + 0.09 mSv per year. Only
as indication, substituting the measured average radon
concentration value of 59 + 7 Bq.mand occupancy factor
of 0.3, and a conversion factor of 9 nSv per Bg.h.m?, for
the 82 schools, the overall average effective annual dose in
the studied schools of the four towns came out to be 0.56 +
0.07 mSv per year. Despite the fact that the overestimation
in the estimated effective dose for teachers (due to the
overestimation of the radon concentration) is on the safe

side from the radiation protection point of view, it is so
important that we wish not to present in detail values of
effective doses.

The mean annual effective doses in schools of the
Omdurman, Medani, Sinnar, and ElI Hosh towns were
found to be 0.72 + 0.09, 0.55+ 0.07, 0.52 + 0.06, and
0.45+ 0.05 mSv per year, respectively.
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These values are lower than the “normal” background
level of 1.1 mSv per year; as quoted by UNSCEAR-2000
[1], less than even the lower limit of the recommended
action level 3-10 mSv per year as reported by the ICRP-
1993 [9].

The relative lung cancer risk range from (1.069 to 1.043)
with an average of 1.053, which is lower and not
constituting any health hazards to the students and staff
members of these schools.

4. Conclusion

Radon concentration measurements were performed in 82
schools in four towns of Sudan. The mean value of indoor
radon concentration measured at schools of four towns in
Sudan was below the action level recommended by ICRP.
The ventilation rate in the residential areas and
construction materials play a very important role in the
controlling of indoor radon concentration. Furthermore,
the calculated effective dose for all schools is lower than
the average value given by UNSCEAR and below the
ICRP action level. Consequently, the relative lung cancer
risk for radon exposure is low in these buildings and they
can be considered safe when the hazardous health effects
of radon are concerned.
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