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Ex po sure to nat u ral sources of ra di a tion, es pe cially 222Rn and its short-lived daugh ter prod ucts
has be come an im por tant is sue through out the world be cause sus tained ex po sure of hu mans to
in door ra don may cause lung can cer. The in door ra don con cen tra tion level and ra don ef fec tive
dose rate were car ried out in the dwell ings of Medani, El Hosh, Elmanagil, Haj Abd Al lah, and
Wad Almahi cit ies, Gezira State – Cen tral Su dan, in 393 mea sure ments, us ing pas sive in te grated
solid-state nu clear track de vices con tain ing allyl diglycol car bon ate plas tic de tec tors.  The  ra don 
con cen tra tion  in the cor re spond ing dwell ings was found to vary from (57 ± 8) Bq/m3 in Medani
to 41 ±  9 Bq/m3 in Wad Almahi, with an av er age of 49 ± 10 Bq/m3. As sum ing an in door oc cu -
pancy fac tor of 0.8 and 0.4 for the equi lib rium fac tor of ra don in doors, we found that the an nual
ef fec tive dose rate from 222Rn in the stud ied dwell ings ranges from 1.05 to 1.43 mSv per year and
the rel a tive lung can cer risk for ra don ex po sure was 1.044%. In this re search, we also cor re lated
the re la tion ship of ra don con cen tra tion and build ing age. From our study, it is clear that the an -
nual ef fec tive dose rate is larger than the “nor mal” back ground level as quoted by UNSCEAR,
lower than the rec om mended ac tion level of ICRP, and less than the max i mum per mis si ble dose
de fined by the In ter na tional Atomic En ergy Agency.
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IN TRO DUC TION

The ra don iso tope, 222Rn, is a no ble and ra dio ac -
tive gas with a half-life of 3.82 days, pro duced by the
de cay of the nat u ral ra dio ac tive el e ments from the ura -
nium se ries. The con tri bu tion to the mean ef fec tive
dose equiv a lent from in ha la tion of 222Rn and its
short-lived de cay prod ucts (218Po, 214Pb, 214Bi, and
214Po) has been es ti mated to be about 50% of the to tal
ef fec tive dose equiv a lent from all nat u ral ra di a tion
sources [1]. The ra don con cen tra tion in in door air var -
ies sig nif i cantly from sea son to sea son and from house
to house with re spect to the sur round ing en vi ron ment
[2-4]. The main nat u ral sources of in door ra don are
soil [5], build ing ma te ri als (sand, rocks, ce ment, etc.)
[6], wa ter sources [7], nat u ral en ergy sources like (gas, 
coal, etc.) [8], all of which con tain traces of U-238.

In the United States of Amer ica, re ports re corded
for ra don alone to be re spon si ble for ap prox i mately
15.000-20.000-lung can cer deaths per year [9]. The risk 
is re ported to be pro por tional to the ra don level down to

the En vi ron men tal Pro tec tion Agency (EPA) ac tion
level of 0.148 Bq/m3 and prob a bly even be low this level 
[9, 10]. The In ter na tional Com mis sion on Ra dio log i cal
Pro tec tion (ICRP) rec om mended a ra don con cen tra tion 
from 200 Bq/m3 to 600 Bq/m3 for dwell ings [11].

Solid-state nu clear track de tec tors have been
widely used for pas sive mea sure ments of in door ra don 
and their al pha emit ting de cay prod ucts. The use of the
CR-39 plas tic track de tec tor in air vol ume of cups has
be come the most re li able pro ce dure for time-in te -
grated, long mea sure ments of ra don and their daugh ter 
ac tiv ity con cen tra tions un der dif fer ent en vi ron men tal
con di tions [12-14]. Us ing this pro ce dure, mea sure -
ments of in door ra don lev els in Su dan have been done
at a cer tain num ber of lo ca tions [2, 3, 15-17]. This
work is the con tin u a tion of our other sur veys con -
ducted in Su dan aimed at es tab lish ing the base-line
data on in door, soil gas, build ing ma te ri als, and wa ter
ra don con cen tra tions in Su dan [2, 3, 5-7, 15-17]. The
aim of this sur vey is to pres ent and dis cuss the data ob -
tained from ra don mea sure ments car ried out in towns
from the Gezira State sit u ated in the cen tral part of Su -
dan.

A-E. A. Elzain: A Study of In door Ra don Lev els and Ra don Ef fec tive Dose ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2014, Vol. 29, No. 4, pp. 307-312 307

* Cor re spond ing au thor; e-mail: abdelmoniem1@ya hoo.com



MA TE RI ALS AND METH ODS

The study area

In door ra don mea sure ments in build ings were
per formed in five towns of the Gezira state: Medani,
ElHosh, Haj AbdAlla, Elmanagil, and Wad Almahi
(fig. 1). The Gezira state is the most ag ri cul tur ally pro -
duc tive state in Su dan ly ing be tween the Blue Nile and
the White Nile rivers, bounded by the Khar toum state
in the North, Gadarif state in the East, White Nile state
in the West and Sennar state in the South. It lies be -
tween lat i tude 13-15.2°N and lon gi tude 32.5-34°E. 

The type of con struc tion ma te ri als
of houses in the study area 

The con struc tion ma te ri als of most of the houses
in the stud ied ar eas are mud, red brick and con crete
ma te ri als. Some houses were built by us ing a con crete
mix ture which usu ally con sisted of ce ment, sand
bricks, do lo mite, and con crete as the con struc tion ma -
te ri als. Some of the old houses were con structed from
clay ma te rial. In most of the houses the roofs are made
of wood or con crete and are at a height of about
2.5-3.75 m above ground. Each house has rooms with
com mon non-dec o rated walls where the in hab it ants
spend most of the day time and ven ti la tion mech a nisms 
are sel dom used. All that was im por tant in de ter min ing 
the in door oc cu pancy fac tor (see eq. 2).

Ra dio ac tiv ity mea sure ments

A cor rect cal i bra tion pro ce dure is par a mount for
good ac cu racy of re sults. Hence, precalibrated pas sive 
do sim e ters con tain ing solid-state nu clear track de tec -
tors us ing allyl diglycol car bon ate of super grade qual -
ity (CR-39 SSNTD, Pershore Mould ing, Ltd., UK)

were used to study ra don-222 con cen tra tions. These
pas sive do sim e ters used here are sim i lar to those we
have used in pre vi ous stud ies [2, 3].

We dis trib uted a to tal of 393 do sim e ters at the se -
lected sam pling po si tions. Af ter three months, the do -
sim e ters were col lected and chem i cally etched for nine 
hours us ing a 30% so lu tion of KOH at a tem per a ture of 
70.0 ± 0.1 °C. An op ti cal mi cro scope was used to
count the num ber of tracks per cm2 re corded on each
de tec tor used. The track den sity was de ter mined and
con verted into ac tiv ity con cen tra tion CRn [Bqm–3] us -
ing the fol low ing equa tion [6, 18]

C
K t

Rn
Rn

Rn

=
r

(1)

where rRn is the track den sity (tracks per cm2), KRn –
the cal i bra tion con stant, and t – the ex po sure time.

De ter mi na tion of the cal i bra tion
con stant KRn for do sim e ters

Ten do sim e ters were pre pared for the cal i bra tion
pro cess and four for the back ground. The do sim e ters
were placed in a cham ber with the stan dard ra don con -
cen tra tion (170 kBq/m3). Two de tec tors were re moved 
from the cham ber af ter 0.25, 0.5, 1, 2, 4, 8, and 16
hours. These ir ra di ated de tec tors were chem i cally
etched us ing the same con di tions as de scribed. The
track den sity was mea sured and plot ted against the ex -
po sure time (fig. 2). The ob tained value of the cal i bra -
tion con stant was KRn = 4.824×10–3, tracks per cm2h
per Bqm–3.

Dose es ti ma tion

To es ti mate the ra don ef fec tive dose rate (ED)
ex pected to be re ceived by the in hab it ants of these
towns due to in door ra don, the con ver sion co ef fi cient
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Fig ure 1. The map show ing the 
stud ied ar eas be long ing to the
Gezira State in the cen tral part 
of Su dan



from the ab sorbed dose and the in door oc cu pancy fac -
tor has to be taken into ac count. In the
UNSCEAR-2000 re port [1], the com mit tee rec om -
mended the use of 9.0 nSv/h per Bq/m3 for the con ver -
sion fac tor (Df) (an ef fec tive dose re ceived by adults
per unit 222Rn ac tiv ity per unit of air vol ume), 0.4 for
the equi lib rium fac tor of ra don in doors (Ef) and 0.8 for
the in door oc cu pancy fac tor (Of). We used the fol low -
ing for mula to cal cu late the ef fec tive dose (ED) [1]

ED  [mSv

Rn f f f

] =

= × × × -C D O E 24 365 10 6
(2)

The rel a tive risk of lung can cer (RRLC) due to
in door ex po sure to ra don was cal cu lated us ing the fol -
low ing equa tion [2, 3, 19]

RRLC = e Rn0 00087352. C (3)

RE SULTS AND DIS CUS SION

In this study we pres ent re sults of the av er age ra -
don con cen tra tions, ED and RRLC in dwell ings at five
res i den tial ar eas in the Gezira State. Ta ble 1 shows the
ra don con cen tra tion for the res i den tial ar eas. The
high est val ues were re corded in Medani 56 ± 9 Bq/m3

and in Haj Abdallah 54 ± 10 Bq/m3 while the min i mum 
con cen tra tion value of 41 ± 9 Bq/m3 was re corded in
the Wad Almahi area. This may be at trib uted to the fact 
that Medani is the cap i tal of the Gezira state where

most houses are built from ce ment, con crete, and
bricks (some from mud ma te rial) and the dwell ings are 
close to each other. The ven ti la tion mech a nisms are air 
con di tion ers, fans and lit tle uses of nat u ral ven ti la tion.
Also, dur ing its flood ing pe riod, the Blue Nile river
car ries large amounts of sus pended ma te rial which
re-sed i ments as silt clay, sandy clay, and sand and
gravel [20] and some in hab it ants use this soil in con -
struct ing their houses ei ther di rectly or pro duce bricks
from it. All of that may con trib ute to the above av er age 
in door ra don con cen tra tion in these cit ies. On the other 
hand, Wad Almahi and Elmanagil are open small ar eas 
sit u ated in side the Gezira state and far away from the
riv er banks. Houses are far apart and the con struc tion
ma te ri als are mainly red brick and straw ma te ri als;
these ma te ri als usu ally con tain lower amounts of nat u -
rally oc cur ring ra dio ac tive iso topes when com pared to 
ce ment and con crete ma te ri als [6]. Taken to gether
with rel a tively good nat u ral ven ti la tion, these facts can 
ex plain why the val ues of Rn con cen tra tion in build -
ings of these cit ies are be low the av er age for the en tire
study area.

The re corded val ues of in door ra don con cen tra -
tion in our study (tab. 1) are much lower than the ra don
ac tion level 200-600 Bq/m3 as rec om mended by
ICRP-1993 [11], lower than the new ref er ence level
(100 Bq/m3) set by WHO [21] and be low the ac tion
level (148 Bq/m3) rec om mended by the En vi ron men -
tal Pro tec tion Agency (EPA) [22]. The mean value is
slightly higher than the av er age world-wide value
(pop u la tion   weighted)   since  the  av er age  ra don  of
40 Bq/m3 has been re ported by UNSCEAR [1] but is
well within the val ues re ported for var i ous lo ca tions in  
Su dan and world wide (tab. 2). In ter est ingly, Rn con -
cen tra tion val ues found in this area are con sid er ably
lower than in other ar eas of Su dan, ex cept Khar toum.

The US-EPA rec om men da tions [22] are that no
in ter ven tion is re quired if the ra don level in build ings
is be low 74 B/qm3, in di cat ing that this level is safe for
oc cu pancy. Fig ure 3 dis plays the fre quency dis tri bu -
tion of the in door ra don con cen tra tion in sur veyed cit -
ies show ing that only a small per cent age of houses are
slightly above the level re quir ing in ter ven tion, i. e.
only 1.5% of mea sure ments ex hib ited con cen tra tions
in the high range of 80-100 Bq/m3. In all prob a bil ity,
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Fig ure 2. Cal i bra tion curve for do sim e ters used in
study ing Rn in build ings

Ta ble 1. Sum mary sta tis tics of in door ra don con cen tra tion mea sure ments, ef fec tive dose and ra don rel a tive lung can cer
risk in cit ies in the Gezira State

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

ED [mSv] RRLC [%]
Min Max (Mean ± s. d.)

Medani 92 27.65 74.15 57 ± 9 1.4 ± 0.2 1.051

El Hosh 86 30.06 94.34 50 ± 10 1.3 ± 0.2 1.045

Elmanagil 68 37.69 70.03 45 ± 9 1.2 ± 0.2 1.040

Haj Abd Allah 74 38.21 81.6 54 ± 11 1.4 ± 0.3 1.049

Wad Elmahi 73 18.96 78.98 41 ± 9 1.1 ± 0.2 1.037

Over all 393 18.96 94.34 49 ± 10 1.3 ± 0.2 1.044



the only in ter ven tion needed is to im prove ven ti la tion;
since it is well known that an in creased ven ti la tion rate
is an im por tant fac tor in re duc ing the in door ra don
level [23]. We also found that the in door ra don con -
cen tra tions in mod er ately ven ti lated houses were
higher when com pared to those in well-ven ti lated
houses.

The range of the ra don ef fec tive dose rate var -
ied from 1.05 mSv per year to 1.43 mSv per year. The
av er age ra don ef fec tive dose rate was cal cu lated as
1.25 mSv per year. The ef fec tive dose is slightly
larger than the “nor mal” back ground level of 1.1 mSv 
per year; as quoted by UNSCEAR-2000 [1], but way
be low even the lower limit of the rec om mended ac -
tion level (3-10 mSv per year) as re ported by the
ICRP-1993 [11]. The RRLC rang ing from (1.037 to
1.051) with an av er age of 1.044 is al most neg li gi ble
[19], which is con sis tent with other find ings shown in 
tab. 1.

The Rn con cen tra tion lev els were also an a lyzed
in re la tion to the age of con struc tion of build ings (tab.
3). The sur veyed dwell ings ranged from new dwell -
ings to dwell ings more than 70 years old. The age of a
house de ter mines the con struc tion fea tures of the
house, tech nol o gies, and ma te ri als. Cracks and lack of
con ti nu ity ap pear to gether with age in con struc tion
ma te rial and the build ing age with the type of con -
struc tion ma te ri als were no ticed to be a strong fac tor in 
in creas ing ra don flow in side the build ings. As ex -
pected [18], the newer build ings with the use of fresh
con struc tion ma te ri als had gen er ally lower 222Rn lev -
els, since the newer build ings are spa cious and well
ven ti lated. The sta tis ti cally dif fer ent val ues were ob -
tained for build ings with age <10 years and older
build ings and there is a con tin u ing in crease of ra don
con cen tra tion with the build ing age, with the peak
con cen tra tion re corded for build ings aged 50-59
years. For build ings aged 60-69 years and older than
70 years, it ap pears that the in hab it ants added some
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Ta ble 2. Com par i son of re sults with other re sults in var i ous lo ca tions in the world

Coun try Mean con cen tra tion [Bqm–3] DE [mSv] RRLC [%] Ref er ence

USA 46 – – [24]

De mark 53 – – [25]

Brazil 82 – – [26]

It aly 52 – – [27]

Jor dan 32.4 0.46 – [4]

Saudi Ara bia 36.2 0.61 – [23]

Iraq 75.1 1.3 – [28]

In dia 30.3 0.46 – [29]

Pa ki stan 138 3.49 – [30]

Su dan (Kordufan) 109.43 4.16 – [15]

Su dan (Aroma) 91.5 2.29 1.08 [3]

Su dan (Halfa Aljadida) 94.2 2.36 1.09 [3]

Su dan (Khashm Algirba) 64.1 1.60 1.06 [3]

Su dan (Kassala) 92.38 2.14 1.08 [2]

Su dan (Khar toum) 44.3 1.2 – [16]

Su dan (Medani) 56.59 1.43 1.051 Pres ent study

Su dan (El Hosh) 50.08 1.26 1.045 Pres ent study

Su dan (Elmanagil) 44.64 1.13 1.040 Pres ent study

Su dan (Haj Abd Allah) 54.22 1.37 1.049 Pres ent study

Su dan (Wad Almahi) 41.52 1.05 1.037 Pres ent study

Fig ure 3. Fre quency dis tri bu tion vs. in door ra don
con cen tra tion in the cit ies in the Gezira state

Ta ble 3. Ra don con cen tra tion vs. the age of the build ing

Age Num ber of
dwell ings

Ra don
con cen tra tion

[Bqm–3]

<10 21 38.01± 2.1

10-19 32 43.9 ± 3.7

20-29 42 45.2 ± 4.8

30-39 68 49.5 ± 7.5

40-49 63 46.6 ± 6.0

50-59 51 56.3 ± 8.1

60-69 36 44.3 ± 7.3

>70 23 50.1 ± 6.2



fea tures and im proved main te nance to re new their
build ings hence the con cen tra tion val ues are lower
than the peak value.

CON CLU SION

The mean value of in door ra don con cen tra tion
mea sured at five res i den tial ar eas of the Gezira State -
Cen tral Su dan was be low the ac tion level rec om -
mended by ICRP. The ven ti la tion rate in the res i den tial 
ar eas plays a very im por tant role in con trol ling the in -
door ra don con cen tra tion. Fur ther more, the cal cu lated
ef fec tive dose is lower than the av er age value given by
UNSCEAR and be low the ICRP ac tion level. Con se -
quently, the rel a tive lung can cer risk from ra don ex po -
sure is low in these build ings and they can be con sid -
ered safe when the haz ard ous health ef fects of ra don
are con cerned. 
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Abd-Elmoniem Ahmed ELZAIN

ISTRA@IVAWE  KONCENTRACIJE  RADONA  I  EFEKTIVNE  DOZE
UNUTAR  ZGRADA  U  NEKOLIKO  GRADOVA  DR@AVE  GEZIRA  U  SUDANU

Izlo`enost prirodnim izvorima radijacije, posebno 222Rn i wegovim potomcima
kratkog veka postalo je va`no pitawe {irom sveta jer stalna izlo`enost qudi radonu u
zatvorenom prostoru mo`e izazvati rak plu}a. Nivoi koncentracije unutra{weg radona i
efektivna doza radona sprovedene su u naseqima Medani, El Ho{, Elmanagil, Hax Abd Alah i Vad
Almahi gradovima, dr`ava Gezira – Centralni Su dan, u 393 merewa, koriste}i pasivne
integrisane nuklearne detektore tragova u ~vrstom stawu koji sadr`e alil diglikol karbonatnu
plastiku. Utvr|eno je da koncentracija radona u odnosnim naseqima varira od 57 ± 8 Bq/m3 u
Medaniju do 41 ± 9 Bq/m3 u Vad Almahiju, sa prosekom od 49 ± 10 Bq/m3. Primewuju}i faktor
prisutnosti u zatvorenim prostorijama od 0,8 i 0,4 za faktor ravnote`e radona u zatvorenom
prostoru, utvrdili smo da je godi{wa doza efektivne stope od 222Rn u prou~avanim naseqima
izme|u 1,05 i 1,43 mSv i relativni rizik od raka plu}a za izlagawe radonom 1,044%. U ovom
istra`ivawu, tako|e smo napravili korelaciju izme|u koncentracije radona i starosti zgrade. Iz
na{e studije, jasno je da je godi{wa stopla efektivne doze ve}a od “normalnog” pozadinskog nivoa
kako je naveo UNSCEAR, ni`a od preporu~enog akcionog nivoa ICRP, i mawa od maksimalne
dozvoqene doze definisane od strane Me|unarodne agencije za atomsku energiju.

Kqu~ne re~i: ra don, efektivna doza, CR-39, relativni rizik, rak grla


