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This work pres ents the re sults of the study of ra don con cen tra tion in soil gas for 187 mea sure -
ments of soil sam ples col lected from dif fer ent lo ca tions of Gedarif town in Su dan us ing the can
tech nique, con tain ing CR-39. From in this work, the soil gas ra don con cen tra tions were  ranged
from 4.20 ± 0.61  kBqm–3 to 15.15 ± 1.62  kBqm–3 with an av er age of (9.10 ± 1.31)  kBqm–3.  The  
an nual ef fec tive dose was cal cu lated that ranged from 18.71 ± 2.73 mSv to 67.53 ± 7.22 mSv,
with an av er age value of 40.57 ± 5.86 mSv. A good cor re la tion was ob served be tween the ra don
con cen tra tion and soil depth. It was found that soil ra don gas con cen tra tion in creased with
depth. The ra don con cen tra tions in the soil sam ples were found to be larger than the al lowed
limit from the World Health Or ga ni za tion. The re sults of this work were com pared with na tional
and world wide re sults. 
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IN TRO DUC TION

Ra don is a ra dio ac tive no ble gas that does not
chem i cally re act with other el e ments. It is pro duced
from the de cay of U-238, which is the main source (ap -
prox i mately 55 %) of the in ter nal ra di a tion ex po sure
of hu man life. Ac cord ing to UNSCEAR, ra don con sti -
tutes the ma jor con tri bu tion to the dose to which peo -
ple are ex posed. It is well known that ex po sure of the
pop u la tion to high con cen tra tions of ra don and its
daugh ters for long pe ri ods leads to patho log i cal ef -
fects like the re spi ra tory func tional changes such as in -
ter ac tion with bi o log i cal tis sue in the lungs lead ing to
DNA dam age and the oc cur rence of lung can cer. Be -
ing aware of the haz ard ous ef fects of ra don on hu man
health, it was nec es sary to con duct mea sure ments of
ra don con cen tra tion in the soil. 

Ra don (222Rn) and its prog eny con trib ute to
more than half of the hu man ex po sure from nat u ral
sources. Ra don con cen tra tions in soil gas within a few
me ters be low the sur face of the ground are clearly im -
por tant in de ter min ing ra don rates of en try into pore
spaces and sub se quently into the at mo sphere and this
de pends on the ra dium con cen tra tion in the bed rock
and on the per me abil ity of the soil [1, 2].

Ra don is gen er ated in rocks and soil by al pha de -
cay of 226Ra and for this rea son it is pres ent in the en tire 
Earth's crust, al though in vary ing quan ti ties de pend ing 
on the ge ol ogy. Af ter emis sion from the soil, ra don can 
pen e trate through cracks in walls and foun da tions in -
side homes where it can ac cu mu late to harm ful lev els.
Ra don gas from soil, con sid ered the most im por tant
source, en ters the house mainly through cracks in the
build ing struc ture. It is known that the soil un der neath
the build ing is the ma jor source of in door ra don.

Ra don is a chem i cally in ert gas from the de cay of 
226Ra, it has half-life of 3.82 days emit ting al pha par ti -
cles whose en ergy is about 5.49 MeV. Thus, the ion -
ized ra di a tion emit ted by soil de pends on its con tent of
ura nium, and ra dium el e ments, since the lev els of ra -
don de pend mostly on the con cen tra tion of ra dium.

It is pos si ble to be the first ba sic con tri bu tion to
es tab lish cri te ria based on ra don in soil gas and on soil
per me abil ity that would iden tify zones of high ra don
avail abil ity that con trib ute to in door ac cu mu la tion [3].

Thus, in many coun tries cri te ria for ra don haz ard 
as sess ment have been es tab lished, that con sider just
the ra don con cen tra tions in soil gas. In Swe den the
con cen tra tions less than 10 kBqm–3 are con sid ered as
“low risk” re quir ing no fur ther con struc tion, the range
10-50 kBqm–3 is clas si fied as “nor mal risk” and re -
quires “ra don pro tec tive” con struc tion, and val ues
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higher than 50 kBqm–3 are con sid ered “high risk” and
re quire quick in ter ven tion pro cesses to en sure safety
[4].

The ef fec tive permeabilities of soils and rocks
are also highly vari able, and are to some ex tent re lated
to the de gree of weath er ing, po ros ity, mois ture con -
tent, and the pres ence of cracks or fis sures [1].

The ob jec tive of this pa per is to de ter mine the
dis tri bu tion of soil gas ra don con cen tra tion and es ti -
mate the ef fec tive dose in Gedarif town, east ern Su -
dan. This study is done to con tinue our re searches in
study ing the ra don con cen tra tion and ef fec tive dose in
dwell ings [5], wa ter [6, 7] and build ing ma te ri als [8] in 
Su dan, in or der to build a da ta base for fu ture stud ies. 

MA TE RI ALS AND METH ODS

The study area

Gedarif town is lo cated in the east ern part of Su -
dan, see fig. 1. It stretches be tween 14°02'N lat i tude
and 35°23'E lon gi tude. The town en joys highly fer tile
soils and rel a tively high rain in ten si ties all  through out
the re gion. The soils in the town have darker col ors,
higher clay con tents, crack deeply in the win ter and
crum ble dur ing the dry sea son. Most soils were
formed from weath er ing prod ucts de rived from the ba -
saltic rocks of the re gion that seems as find base ment
com plex rocks [9].

Ra dio ac tiv ity mea sure ments

In this work, a pas sive in te grated ra don do sim e -
ters have been used for the mea sure ments of the soil
gas ra don con cen tra tion [6-11]. A to tal num ber of 187
mea sure ments of soil sam ples in some lo ca tions in
Gedarif town, east ern Su dan were per formed. The
pur pose of this work was to study the ra dio ac tive con -
tri bu tion of ra don gas emit ted from soils of the town as
an im por tant source for the in door air. A CR-39 de tec -
tor of size 2 cm ́  2 cm was fixed in side each do sim e ter. 

In each lo ca tion, holes with dif fer ent depths were dug
and a do sim e ter was put up side down at the bot tom of
each hole.

Af ter an ex po sure time of three months, the de -
tec tors were re trieved and chem i cally etched (30 %
KOH) at 70 ± 0.1 °C for nine hours. An op ti cal mi cro -
scope was used to count a track den sity reg is tered on
each de tec tor. Then, the formed  tracks in each de tec tor 
were counted us ing an op ti cal mi cro scope.

The track den sity was de ter mined and then the
con cen tra tion val ues CRn [Bqm–3] were cal cu lated by
us ing the fol low ing for mula [8, 10, 12-14]

C
K t

Rn
Rn

Rn

=
r

(1)

where rRn is the track den sity (tracks per cm2), t – the
ex po sure time, and KRn – the cal i bra tion con stant,
which was de ter mined in a pre vi ous work to be: KRn =
=.3.746×10–3 tracks per cm–2h–1 per Bqm–3 [8].

Dose es ti ma tion

The cal cu la tions of the an nual ef fec tive dose
rate, EEff (in WLM per year), were done by con vert ing
the av er age ra don con cen tra tion CRn into the fol low -
ing ex pres sion [8]
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where CRn is in Bqm–3, n – the frac tion of time that the in -
hab it ants spent in doors, F rep re sents the equi lib rium fac -
tor, 8760 – the to tal hours of the year, and 170 – the to tal
hours per work ing month. The val ues of n = 0.8 and F =
=.0.4 [1], were used to cal cu late EEff. The es ti ma tion of
the ef fec tive dose rate for ra don ex po sure was done by
us ing a con ver sion fac tor of 6.3 mSv per WLM (where
WLM means the work ing level month which is de fined
as an ex po sure to 1 work ing level for 170 hours) [15].

RE SULTS AND DIS CUS SION

In this sur vey, the val ues of the soil gas ra don
con cen tra tion, ef fec tive dose and the re la tion be tween
the sam pling depth with con cen tra tion val ues were de -
ter mined for 187 soil sam ples of five lo ca tions of
Gedarif town, east ern Su dan. Ta ble 1 and fig. 2 pres -
ents the sta tis ti cal sum mary of the soil gas ra don con -
cen tra tion for the five lo ca tions in the town.

 The dis tri bu tion of the soil ra don con cen tra tion
was found to range from 4.20 ± 0.61 kBqm–3, in Lo ca -
tion 4 (Hai Elmatar) to 15.15 ± 1.62 kBqm–3, in Lo ca -
tion 3 (Deim Elnour), the over all av er age was found to
be 9.10 ± 1.31 kBqm–3.

The min i mum value that was re corded at Lo ca -
tion 4 (Hai Elmatar), may be due to the mois ture con -
tent of the soil which is ob served to be coarse sandy
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Fig ure 1. The map show ing the study area-Gedarif town,
in the east ern part of Su dan



with higher per me abil ity. When the wa ter con tent of
the soil is low then the soil is de scribed as hav ing
higher po ros ity, namely the pores are filled with air,
and then ra don will dif fuse faster. On the other hand, if
pores are filled with wa ter, then this may re sult in de -
creas ing the dif fu sion of ra don even if the po ros ity
value is high [16]. This con firms the fact that the
greater the mois ture con tent, the smaller the ra don
con tent of the soil ow ing to the de cay pro cess dur ing
dif fu sion in the soil wa ter re gion [16, 17]. It might be
use ful to re call that, the ra don con cen tra tion is lower
for sandy soils near the sat u ra tion state [18].

It  was  re corded  that more soil gas ra don is likely to
be emit ted from drier soils more than moist and wa ter sat u -
rated soils [19, 20]. The max i mum value was re corded at
Lo ca tion 3 (Deim Elnour), in Gedarif  town. We no ticed
that, the col lected sam ples at this lo ca tion were seen to be
ad ja cent and very close to gra nitic for ma tions of a small
hill nearer to the sam pling lo ca tion, on the other hand, the
soil was ob served to be mixed with large amounts of sus -
pended ma te rial which re-sed i ments as silt clay. In ad di -
tion, gran ites are known to con tain high ura nium con tent
and thus the orig i nated soils. In most coun tries the source
of in door ra don is the soil or rock ad ja cent to houses [21,

22].  It was re ported that, the soil ra don con cen tra tion in
France  (Montipellier),  is 2.71 kBqm–3 [23], in Jor dan
2.93 kBqm–3 [24].

Ta ble 2 pres ents the ef fec tive dose rate due to the
soil gas ra don con cen tra tion for the dif fer ent lo ca tions
in Gedarif town. The es ti mated an nual ef fec tive dose
ranged from 18.71 ± 2.73 mSv, in Lo ca tion 4 (Hai
Elmatar) to 67.53 ± 7.22 mSv, in Lo ca tion 3 (Deim
Elnour), with an av er age of 40.57 ± 5.86 mSv.

Ta ble 3 show the re la tion ship be tween the soil gas
ra don con cen tra tion with re spect to the sam pling depth
of  the  study  area.  The  sam ple  depth  ranged from
10-50 cm be low the sur face. On av er age, the re sults
clearly   in di cate  a  di rect  re la tion ship  be tween  the ra -
don con cen tra tion   and  the  depth  rang ing   from  1.45  ±
±.0.23 kBqm–3 at a depth of 10 cm to 7.25 ± 1.23 kBqm–3

at a depth of 50 cm. This co in cides with pre vi ous find -
ings that the max i mum ra don con cen tra tion in the soil is
found at about a 40 cm depth [25]. The shal lower sam -
pling depths (10 cm), may be the cause of the low con -
cen tra tion val ues. This agrees with the fact that the soil
ra don con cen tra tion de creases near the ground sur face
[25].

The deeper sam pling depths re corded the max i -
mum val ues of con cen tra tion due to sam pling depth,
this may be at trib uted to, the soil be ing black clayey, in
ad di tion to hav ing lesser amounts of mois ture con tent,
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Ta ble 1. Sum mary sta tis tics of the soil gas ra don
con cen tra tion, for soil sam ples from dif fer ent lo ca tions in
Gedarif town, east ern Su dan

Res i den tial area No.
Ra don con cen tra tion [kBqm–3]

Min i mum Max i mum (Mean ± s.d )

Lo ca tion 3
(Deim Elnour) 38 12.17 17.32 15.15 ± 1.62

Lo ca tion 1
(Hai E1meidan) 37 6.51 14.50 11.57 ± 1.16

Lo ca tion 5
(Hai Elgamhuriya) 39 5.56 9.69 8.40 ± 2.25

Lo ca tion 2
(Deim Hamad) 37 3.87 8.10 6.20 ± 0.68

Lo ca tion 4
(Hai Elmatar) 36 1.60 7.22 4.20 ± 0.61

All lo ca tions 187 1.60 17.32 9.10 ± 1.31

Fig ure 2. The soil gas ra don con cen tra tion with re spect to 
the soil depth at Gedarif town

Ta ble 2. Sum mary sta tis tics of the an nual ef fec tive dose
for soil sam ples from dif fer ent lo ca tions in Gedarif town,
east ern Su dan

Res i den tial area
An nual ef fec tive dose [mSv]

Min i mum Max i mum [Mean ± s.d.]

Lo ca tion 3
(Deim Elnour) 54.24 77.19 67.53 ± 7.22

Lo ca tion 1
(Hai Elmeidan) 29.01 64.62 51.55 ± 5.17

Lo ca tion 5
(Hai Elgamhuriya) 24.78 43.18 37.43 ± 11.15

Lo ca tion 2
(Deim Hamad) 17.25 36.10 27.62 ± 3.01

Lo ca tion 4
(Hai Elmatar) 7.13 32.18 18.71 ± 2.73

All lo ca tions 7.13 77.19 40.57 ± 5.86

Ta ble 3. Sum mary sta tis tics of the soil gas ra don
con cen tra tion vs. depth in Gedarif town, east ern Su dan

No. Num ber of sam ples Depth [m]
Soil gas ra don
con cen tra tion

(Mean ± s.d.) [kBqm–3]

1 19 0.10 1.45 ± 0.23

2 20 0.15 2.21 ± 0.45

3 21 0.20 2.93 ± 0.56

4 18 0.25 3.69 ± 0.44

5 23 0.30 4.70 ± 0.75

6 21 0.35 5.45 ± 0.76

7 23 0.40 6.17 ± 1.11

8 20 0.45 6.79 ± 0.88

9 22 0.50 7.25 ± 1.23



lower wa ter sat u ra tion frac tion at var i ous depths, and
be ing lo cated at a more el e vated area com pared with its
sur round ings. It was re ported that the wa ter sat u ra tion
frac tion is re lated di rectly with ra don lev els [19, 20].

The re corded value of con cen tra tion val ues even
for the deeper depths falls within the range char ac ter is tic
of deep soil ra don con cen tra tion of 1 to 40 kBqm–3 [26].

In all lo ca tions the cor re la tion be tween the depth
pro file and the ra don con cen tra tion is strong [27]. The
max i mum depth con sid ered in this study is 50 cm; fur -
ther in ves ti ga tions might be needed to con sider deeper 
depths.

It was re corded that ra don con cen tra tions were
found to be higher in the 0.5 m depth than in the 1.0 m
depth [28, 29]. 

A com par i son be tween our re sults and other
find ings is given in tab. 4.

CON CLU SION

In this study a to tal of 187 mea sure ments of soil
gas ra don con cen tra tion mea sure ments and the ef fec -
tive dose due to ra don have been done in Gedarif town

in the east ern part of Su dan. The study was con ducted
us ing pre vi ously cal i brated pas sive do sim e ters con -
tain ing CR-39. From our study we can con clude that
the min i mum soil ra don con cen tra tions were mea -
sured in sandy moist. The max i mum con cen tra tion
val ues was were found in soil sit u ated be side a gra nitic 
small hill, which also seems to be sedimented. The
over all com puted av er age of the soil gas ra don con -
cen tra tion for all lo ca tions, falls within the range typ i -
cal of deep soil 1-40 kBqm–3 and com pares very well
with data re ported from dif fer ent geo graph ical re -
gions. The re sults showed that the soil ra don con cen -
tra tion in creased with depth. From our study, the ef fec -
tive dose rate was also cal cu lated.
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Abd-Elmoniem Ahmed ELZAIN

ODRE\IVAWE  KONCENTRACIJE  RADONA  UPOTREBOM  CR-39
U  GASU  IZ  ZEMQE,  NA  NEKIM  LOKACIJAMA  GRADA  GEDARIFA  U  SU DANU

Prikazani su rezultati ispitivawa koncentracije radona u gasu iz zemqe na osnovu
merewa 187 uzoraka zemqi{ta prikupqenih sa razli~itih lokacija grada Gedarifa u Sudanu,
primenom kanister metode koja sadr`i CR-39. Koncentracija radona u zemqanom gasu bila je u opsegu
od 4.20 ± 0.61 kBqm‡3 do 15.15 ±  1.62 kBqm‡3, pri ~emu je sredwa vrednost iznosila 9.10 ± 1.31 kBqm‡3.
Godi{wa efektivna doza iznosila je od 18.71 ± 2.73 mSv do 67.53 ± 7.22 mSv, sa sredwom vredno{}u od
40.57 ±  5.86 mSv. Uo~ena je dobra korelacija izme|u koncentracije radona i dubine sa koje je uzet
uzorak. Utvr|eno je da koncentracija radona u gasu iz zemqe raste sa pove}awem dubine.
Koncentracije radona iz ovih uzoraka zemqi{ta ve}e su od grani~nih vrednosti propisanih od
strane Svetske zdravstvene organizacije. Rezultati ovog rada upore|eni su sa nacionalnim
vrednostima i vrednostima dobijenim u svetu.

Kqu~ne re~i: ra don u zatvorenom prostoru, godi{wa efektivna doza, CR-39, rizik za nastanak 
.........................karcinoma plu}a


