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ABSTRACT

Measurements of radium concentration, radon exlafatate (surface and mass exhalation rates) weaderfor a
number of 168 measurements of soil samples in sonres of the Gezira State in the central part & Sudan. In
this survey, we used the can technique, contai@Rg39, to estimate the radium concentration andora@n
exhalation rates from the soils of: EI-Hosh, EI-Mail and Medani towns in the Gezira State- Cen8atlan. The
results of radium concentrations and mass and serfaxhalation rates from soil samples were founileto91 +7
Bqg.kg", 0.10#0.01 Bg.kg.h* and 4.86+0.66 Bq.nif.h™ for El-Hosh soils, 182 +48 Bq.Kg0.20#0.09 Bq.k.h*
and 9.77+4.38 Bq.rit.h* for EI-Managil soils and 249 * 14 Bq.Rg0.27+0.03 Bqg.kg.h* and 13.35#1.30 Bg.m
2 h* for Medani soils. All the values of radium contensoil samples of study towns were found to kite dawer
than the permissible value of 370 Bgtkgecommended by Organization for Economic Coopenatand
Development and larger than the average global @afi30 Bq.kg, the surface and mass exhalation rates were
compared with other values in another countries.
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INTRODUCTION

Radon is a naturally occurring odorless, colorléssteless, inert gas, which is imperceptible tosmmse. However,

it can change the physical properties of the sumdong medium. Its half- life allows it to migraleng enough to
travel long distances and accumulate indoors. firggduced continuously from the decay of naturaltgurring
radionuclide such as U-238, U-235, Th-232. Theoiget22Rn, produced from the decay of U-238, is the main
source (approximately 55%) of the internal radiaxposure to human life [1].

The radon concentration in the ground depends enrddium content and the permeability of the saoil ghe
emanation power of soils and rocks [2-5].

Radium is a solid radioactive element under ordir@amditions of temperature and pressure. Radium decay
product of uranium in the naturally occurring utani series. When radium decays in soil, the regulitoms of
radon isotopes first escape from the mineral tdilééd pores. The rate at which radon escapes fsoihinto the
surrounding air is known as radon exhalation rdtéhe soil into the atmosphere [6]. This may be soead by
either per unit area or per unit mass of the Sdie measurement of radon exhalation rate in sall awilding
materials is helpful to study radon health hazadB]. Among many factors affecting radon exhalatione of the
most important is radium content of the bedrocksoil [9]. Being aware of the hazardous effects adon
exhalation on human health, it was necessary tduwtmmeasurements of radium content in the soghkli values
of ?®Ra in soil contribute significantly in the enhamant of environmental radon.
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However, radon exposure shows an extreme varidtimm location to location and depends primarily e
exhalation rate of radon from the soil. Since radipresent in the soil is the main source of ind@aon, the
estimation of radium content along with the radehatation rate in the soil was carried out.

In the present study, investigations have beenethout to measure the radium content and radoalatibn rates
in soil samples collected from some towns in Ge3it@e in Sudan by using can technique containBiyT®s of
type CR-39.

This survey is conducted to continue our variouska@f measuring indoor radon concentrations[1(; 46il gas
radon concentration[17], radon concentration arfthkation rates in building materials [7] and wdti3, 19].

The aim of this work was to determine radium comegion and radon mass and surface exhalation faiessoil
samples in El-Hosh , EI-Managil and Medani townthie Gezira State in the central part of Sudan.

Figure 1. The map of the Study area
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MATERIALSAND METHODS

The can technique [20-22] was employed for the omeasent of radium concentration, radon exhalatates in
soil samples from three towns of Gezira State idd®uFigure 1).

An amount of 5 kg from each sample was collectedeuthe depth 30 cm within 1.5m of the foundatiohshe

dwelling in selected locations, the samples wereddin a temperature controlled furnace (oven) tdraperature
100 + 0.1°C for 24 h to ensure that moisture is gietely removed, then the samples were crushedite gpowder
and sieved through a small mesh size to removéatiger grains size and render them more homogernfduzut

250 g of each sample was placed in a plastic cafineénsions of 10 cm in height and 7.0 cm in dian§t]. A

passive method (can-technique) using SSNTDs fossareaents of radium concentration and radon exbalaate
was used [2, 7, 23, 24].

A piece of CR-39 detector of size 2 x 2 cm wasdix@ the top of inner surface of the can, in suglag, that it is
sensitive surface always facing the sample. Theicaealed air tight with adhesive tape and kepef@osure of
about three months. During exposure period, thectlet is exposed freely to the emergent radon fl@sample in
the can so that it could record alpha particlesltieg) from the decay of radon in the remainingwoé of the can.
After that, the dosimeters were separated frons#mple cup, collected and chemically etched in% 386lution of
KOH, at (70.01 0.10)°C for a period of 9 hours. The resultingracks were counted under an optical microscope of

magnification 400X.

The radium concentration in soil was calculatesgishe relation: [2, 9, 24]:

phA
CRagium = Torpr 1)
e

Where: Gaaumis the effective radium content of soil sample (&R, p is the track density (tracks per OmM is
the mass of the sample (kg), h is the distance dmivthe detector and the top of the soil samplis, the surface
area from which radon is exhaled3JmM is the mass of the sample (kg), t is the empmgime and K is the
calibration constant which was determined previptsibe: K= 3.746x18tracks.crith™ per Bq.n [7, 24].

T is the effective exposure time, which is relatethie actual exposure time t, by the relation P24,
T,=t—1/A1—e”2) (2)
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In order to measure radon concentration and italakibn rate, using the sealed can technique atierr exhalation
rate in terms of area EBqm*h™) is calculated by using Eq. (2), as: [7, 24, 25]:

E - Ve 3)
AT A e CID=DI e
Moreover, the radon exhalation rate in terms ofsrgs(Bgkg*h™) is determined by Eq. (3): [7, 25]:
AVC
=——————— 4
Ew M[t + A Y (exp(—At) — 1)] )

Where: C is the mean radon concentration measwyr&Rs39 (Bg.nth), M is the mass of the sample (kg), t is the
exposure time (hours), V is the hollow holder vokunT), A is the surface area from which radon is exthle?)
and) is the radon decay constantfh

RESULTSAND DISCUSSION

In the present work, the values of track density @ef, radium concentrations and radon surface and mass
exhalation rates are determined in a number ofsbii8samples collected from different locationsebHosh, El-
Managil and Medani towns in Sudan, the relatiorstigtween radium concentration and soil gas rasdbalation
rates (mass and surface exhalation rates) wereiesdm

Table 1: Track density per cm?, Radium concentration, surface exhalation rates of radon(£m) and mass exhalation rates of radon(Ea)
different soil samplesin El-Hosh town

(pxAp)x10°  (C+AC)  (E+AE) (EntAEn)

No Area No of samples tracks.cm® Bq.kg®  Bq.m*h? Bg.kg*h?

1 E1l 12 2.37+0.29 82+6 4.39+£0.53 0.09+0.01

2 E2 12 2.62+0.27 90+5 4.85+x0.50 0.10+0.01

3 E3 12 3.14+0.40 108+8 5.80+0.74 0.12+0.01

4 E4 12 2.61+036 90+7 4.83+x0.67 0.10+0.01

5 E5 12 241+046 83x9 4.46+x0.86 0.09+0.02

60 263036 91+7 4.86+x0.66 0.10+0.01
. El, E2, E3, E4, and E5 are the regions of the saidsi-Hosh town.
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Figure 2. The correation between radium concentration and Surface exhalation rate for EI-Hosh town

Table 1 show the values of track density pef,aadium concentrations and surface and mass eidratates for
soil samples collected from different places oftidsh town. It is seen that the value of radium eomi@tion varies
from (82+ 6) to (108+ 8) Bg.kg" with an average value of (%17) Bqg.kg". This value is the minimum value in
this study, this may be attributed to that El-Htsln is small agricultural town situated inside tBezira National
scheme, the soils sometimes found to be mixed wéihds for these reasons the concentration valuesofb
samples were found to be minimum throughout thdistlareas. The average values of surface anderbafation
rates of radon from soil samples were found to4o@6+ 0.66) Bg.nth™ and (0.1G: 0.01) Bq.kg’h™ respectively.
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Figure 2 and 3.Shows the correlation between tluma concentration and the exhalation rates. A tp@si
correlation has been observed between radium ctmatien with both mass and surface exhalation aatan soil of
the study area. Radon flux density (i%%Rn exhalation rate) depends upon a number of paeasniat behave in a
stochastic and independent fashion, such as theaciive disintegration ®Ra to produce radon, the direction of
recoil of radon in the grain, the interstitial soibisture condition in the vicinity of the ejecteion atom and its
diffusion in the pore space [17, 24]. A series aflan exhalation measurements, including the preseat have
demonstrated that radon flux density distributi®fétter represented by a log-normal distributf@ntby a normal
distribution [24, 26].
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Figure 3. The correation between radium concentration and mass exhalation rate for EI-Hosh town

From table 2. The radium concentration from thiesamples of El-Managil town was found to vamorh (178+
32) to (208+ 66) Bg.kg', with an average of (182 48) Bq.kg", this value is larger than that found for singa
town[24]. The average values of surface and mabalation rates were found to be (9#%.38) Bq.nth™ and
(0.20+ 0.09)Bq.kefh?, these values could be compared with others froother areas as in table 4.

Table 2: Track density per cm?, Radium concentration, surface exhalation rates of radon(£m) and mass exhalation rates of radon(Ea)
different soil samplesin El-Managil

(prAp)x10°  (C:AC)  (EstAE) (Em+AEn)

No Area No of samples tracks.cm®  Bq.kg' Bg.mh? Bg.kg*h*

1 M1 12 518+ 1.10 178+32 9.57+2.95 0.19+0.06
2 M2 12 4.25+1.06 146+33 7.85+3.04 0.16*0.06
3 M3 12 6.06+1.88 208+66 11.19+6.02 0.23+0.12
4 M4 12 5.66+1.94 195+60 10.47+548 0.21+0.11
48 5.18+1.10 182+48 9.77+4.38 0.20+0.09
. M1, M2, M3, and M4 are the regions of the studilatManagil town.
S =0.01085004
= r=0.99998111
S B4
R
3 10 7
g A&
e
8 A0 =
S 21
F) ]
g
& 1
‘= -
3 73
c ]
80 —————
& 0 50 100 150 200 250 300

Radium concentration(Bgkg-1)
Figure 4. The correlation between radium concentration and surface exhalation rate for EI-Managil town
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Figure5. The correation between radium concentration and mass exhalation rate for EI-Managil town

Figures 4 and 5 shows the correlation between madioncentration with both surface and mass exloalatites for
El-Managil town, there is a linear correlation agma throughout these figures, this findings areilar to that
found in others studies[27, 28].

Table 3 Track density per cm?, Radium concentration, surface exhalation rates of radon(Em) and mass exhalation rates of radon(Ea)
different soil samplesin Medani

(prAp)x10°  (C:AC)  (EstAE) (Em+AEn)

No ~Area No of samples tracks.cm®  Bg.kg' Bg.m?%h? Bg.kg*h!

1wl 12 6.55+ 0.62 225+21 12.10+1.15 0.24+0.02

2 w2 12 825+ 057 284+20 15.24+1.05 0.31+0.02

3 W3 12 7.45+0.76 256+26 13.77+1.40 0.28+0.03

4 W4 12 7.3320.75 252+26 13.55+1.38 0.27+0.03

5 W5 12 6.53+0.83 225+28 12.08+£1.53 0.24+0.03

60 7.22+0.70 249+14 13.35+1.30 0.27+0.03
. W1, W2, W3, W4, and W5 are the regions of the stuliiedani town.
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Fig. 6 The correlation between radium concentration and surface exhalation rate for Medani town

Table 3 present the radium concentration valueshvhiere found to be (226 28) Bg.kg'to (284+ 20) Bq.kg"
with an average of (2498 14) Bq.kg', the average values of surface and mass radotiagiearates were found to
be (13.35t 1.30) Bgnth™, (0.27+ 0.03) Bgk¢ h?, in Medani town, respectively. The distributiontbé measured
values through the town inner areas is found tmlibe same range, constituting the higher measuakaks for all
concentrations and exhalation rates in this study.
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The higher recorded values for Medani town may e o its location along the west bank of the Blile, its soil
is classified as being belonged to river terradks.sburing its flowing period, the Blue Nile cags large amounts of
suspended material (sedimentary deposits) whicdedénents as silt clay, sandy clay, and sand asekbf24, 29,
30]. The water takes away soil and sand from higtude through the tributaries falling through tfoothills of
present mountains from highlands in Ethiopia.

Figures 6 and 7. Presents the radium concentratiosurface and mass exhalation rates, the relatiboth figures
are linear relationship between the concentratanes of radium and the exhalation rates (surfadenzass).

The values of radium concentration were found & léss than the permissible value of 370 B{.lap
recommended by Organization for Economic Coopearadiod Development (OECD)[31]. The observed vallfes o
radium activity in soil samples in the present gtack larger than the global value 30 B -kg2]. Table 4 show the
comparison between our results in this study wileofindings in various locations

$=0.00216832
r=0.99797138

00 T T T T T T T T T T T
0 50 100 150 200 250 300

Radon mass exhalation rate (Bq kg-2 h-1)

Radium concentration(Bgkg-1)
Figure 7. The correation between radium concentration and mass exhalation rate for Medani town

Table 4. Values of concentration and exhalation rates of radon and radium concentration in different countries as compared with our

study
Country CBq.kg® EBg.m*h’ E,Bqg.kg?h’ Reference
India 19.6 0.76 0.02 [33]
Saudi Arabia 33 8.4 0.25 [2]
Ethiopia 40.29 - [34]
Rabak Sudan 34 7.2 0.15 [24]
Singa, Sudan 82 17.6 0.35 [24]
El-Hosh, Sudan 91 4.86 0.10 This study
El-Managil, Sudan 182 9.77 0.20 This study
Medani, Sudan 249 13.35 0.27 This study
CONCLUSION

Radium concentration and radon exhalation rateth(tiee mass and surface exhalation rates) have rbeasured
successfully using CR-39 plastic track detectotse Values radium concentration were found to be flean the
permissible value of 370 Bq.Rgas recommended by Organization for Economic Catjzer and Development
(OECD) and larger than the global value 30 BYjag quoted by UNSCEAR.

Radon exhalation study is important for understagdhe relative contribution of the material to tio¢al radon
concentration found inside the dwellings. The nesof this study were compared with national andldwaide
results.From this study, a positive correlation hasen observed between radium concentration aradeatealation
rate in soil of the study area.
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