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Ra don ex ha la tion rate is the rate of ra dio ac tive ra don gas that es capes from the soil into the at -
mo sphere. In this study ex ha la tion rate of ra don was mea sured for 33 sam ples of soil, in four
dis tricts of Duhok prov ince, us ing two dif fer ent tech niques: one us ing ra don con cen tra tion
and other us ing ra dium con tent, by both al pha and gamma spec tros copy. For the ra don mea -
sure ment, al pha-sen si tive RAD7 de tec tor was used. While in the sec ond method, ra don ex ha -
la tion rate was ex pressed as a func tion of ra dium con cen tra tion, mea sured by well type NaI
(Tl) de tec tor and other soil pa ram e ters. Anal y sis, shows that the av er age of ra don ex ha la tion
rate, by the first tech nique, var ies from 14.6 ± 3.2 to 55.7 ± 1.6 Bqm–2h–1, while by the sec ond
tech nique, it var ies from 13.3 ± 2.4 to 50.6 ± 4.1 Bqm–2h–1. Over all, the mea sured val ues, for
both meth ods at all the sam ple points, pres ent a good cor re la tion and less than global mean
av er age rec om men da tion.

Key words: ra don gas, ra don ex ha la tion rate, al pha spec tros copy, ra dium, gamma spec tros copy 

IN TRO DUC TION

Ra don (222Rn) is a col or less, odor less and taste -
less no ble gas, with a half-life of 3.8 days. The mech a -
nism through which this gas is pro duced in volves an al -
pha de cay of the par ent nu clide which is ra dium (226Ra)
as part of the 238U de cay se ries [1]. Ra don, de cay ing pri -
mar ily via al pha par ti cle with en ergy 5.486 MeV, pro -
duces two iso topes of po lo nium (218Po and 214Po) [2]. It
is nor mally found in var i ous amounts in rocks and soil
through out the world [3].

Em a na tion, advection, dif fu sion and ex ha la tion
of ra don from the soil are the main pro cesses of ra don
re lease to the at mo sphere [4]. Among that, the ex ha la -
tion rate of ra don and ra don con cen tra tion in soil are
the two most im por tant fac tors used for eval u at ing and
cal cu lat ing the rate at which ra don en ters into pore
spaces, and sub se quently, into the sur round ing air [5].

Ra don ex ha la tion rate can be de scribed in terms of
mass (Bqkg–1s–1) and area (Bqm–2s–1). Ra don ex ha la tion 
rate de pends on many pa ram e ters, for ex am ple: soil
mois ture, soil po ros ity, tem per a ture and the amount of
con cen tra tion of 226Ra which is a di rect source of ra don
[5]. Ex ha la tion of ra don may also be af fected by weather
con di tions [6].

Now a days ra don ex ha la tion mea sure ment from
soil, rock, build ing ma te ri als and wa ter be comes an

im por tant topic through out the world [7-9]. Ra don
poses many health prob lems be cause two-thirds of ra -
di a tion dose, re ceived by liv ing tis sue, is caused by ra -
don and its prog eny [4]. The pres ent study aims to
mea sure ra don ex ha la tion rate in four dis tricts of
Duhok re gion, by two dif fer ent meth ods, which are al -
pha and gamma spec tros copy tech niques, mak ing a
com par i son be tween both tech niques and es tab lish ing
a data base for Duhok prov ince.

MA TE RIAL AND METH ODS

Study area

 Duhok city is the cap i tal of the Duhok
Governorate in the Kurdistan Re gion, lo cated in the
north-west of Iraq, as shown in fig. 1. The geo log i cal
com po si tion of Duhok re gion is formed of red beds of
silt, hard clay and lime stone. The soil of the study area
is mostly char ac ter ized by very low per me abil ity,
broad syn clines and well-marked folds of asym met ri -
cal anticlines and thick sed i men tary cover. [2].

Soil sam ple col lec tion and prep a ra tion 

The 33 soil sam ples have been col lected from
four dis tricts of Duhok prov ince. Fif teen sam ples were 
taken in Duhok dis trict, three in Amedi, four in Zakho
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and eleven in Somel dis trict. Ta ble 1 gives in for ma tion 
about the lo ca tion of the soil sam ples. At each point of
the study sites, soil was col lected from an area of about 
50 cm ́  50 cm, af ter the soil site was cleared of de bris
and sed i ment. The gath ered sam ples of soil were
brought to the lab o ra tory. In or der to ob tain the ho mo -
ge neous pow der, the sam ples were dried at room tem -
per a ture for four days ap prox i mately, then dried in an
oven at 110 °C for one hour to en sure the re moval of
any re mains of sig nif i cant mois ture, then sieved
through 250 mm mesh.

Sam ple stor ing for ra don and
ra dium mea sure ment

In this study ac cu mu la tion method was used to
carry out ra don and ra dium con cen tra tion in soil.
Thus, cy lin dri cal plas tic con tain ers, with two valves in 
each, were pre pared for stor ing the soil, in or der to
mea sure ra don con cen tra tion. For that rea son, pre -
pared dried soil, de scribed pre vi ously, of about 125 g
of each sam ple was poured in a plas tic con tainer,
which vas pre vi ously cleaned and dried, as the ra don
ex po sure source. At the same time, to es ti mate ra dium
con tent, smaller tubes of 13 cm3 were filled with soil.

These plas tic con tain ers and tubes were stored for one
month to ac quire sec u lar equi lib rium be tween ra don
and its prog e nies and 226Ra and its prog e nies. Fig ure 2
shows the tube used for both ra don and ra dium stor -
age, re spec tively.

Ra don and ra dium ac tiv ity mea sure ment

To mea sure ra don con cen tra tion in soil, RAD7,
which is the solid-state Pro fes sional Elec tronic Ra don
De tec tor, is used. The setup of the mea sure ment
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Fig ure 1. Map of study area

Ta ble 1. study points of geo graph ical lo ca tions

Sites
Geo graph ical lo ca tion

Sites
Geo graph ical lo ca tion

Sites
Geo graph ical lo ca tion

North            East North          East North          East

1 36.84751    43.07947 12 36.86730    42.91770 23 36.85825    42.83727

2 36.84977    43.06578 13 36.58212    43.00692 24 36.85907    42.83617

3 36.84949    43.06690 14 36.91479   43.13966 25 36.86051    42.83522

4 36.84547    43.07595 15 36.91749   43.13580 26 36.85976    42.83428

5 36.88169    42.88883 16 36.86223   42.86183 27 37.09112    43.48454

6 36.88709    42.87949 17 36.86044   42.86114 28 37.09112    43.48776

7 36.86843    42.90092 18 36.86401   42.85436 29 37.09953    43.48613

8 36.86870    42.89994 19 36.85811   42.84647 30 37.13602    42.69203

9 36.84570    42.89994 20 36.85976   42.84046 31 37.13506    42.69118

10 36.86062    42.67685 21 36.86010   42.83865 32 37.13630    42.67658

11 36.85239    42.91805 22 36.85351   42.85616 33 37.13657,42.70525

Fig ure 2. Ra don con cen tra tion mea sure ment sys tem



shown in fig. 2. It con sists of RAD7, a plas tic con -
tainer and a vi nyl tube. When plas tic con tainer is con -
nected to the closed loop, both valves of the con tainer
are opened. The de vice will pool air from the con tainer 
to the desiccant tube and af ter that, to the in let point of
RAD7. The air is then leav ing from the out let of RAD7 
to the con tainer again. The RAD7 con verts al pha par ti -
cles, that are emit ted from po lo nium iso topes, to an
elec tri cal im pulse and is ca pa ble to sep a rate the dif fer -
ent elec tri cal pulses gen er ated from 218Po and 214Po
with en er gies 7.0 MeV and 6.0 MeV, re spec tively. In
term of test en vi ron ments, the test ing is done in dry
con di tions (hu mid ity range be tween 4-8 %) and room
tem per a ture be tween (20-31 °C). Fur ther more, to re -
duce back ground ra di a tion, ra don has been mea sured
for empty tube, fol low ing the same man ner as for the
soil sam ples in term of starts, stops and ex po sure time. 

Ra dium con tent was mea sured by a gamma-ray
spec trom e try sys tem con sist ing of a well-type 3" ´ 3"
NaI (TI) scin til la tion de tec tor. The de tec tor was sur -
rounded by a 4p ge om e try lead shield with thick ness
of 6 cm, in or der to de crease and limit back ground ra -
di a tion.

En ergy and ef fi ciency of the de tec tor was de ter -
mined us ing gamma stan dard ra dio ac tive sources
155Eu, 137Cs, and 22Na. Based on the spec trum of
gamma-ray counts (N) at full width at half max i mum
of photo-peaks of both en er gies, 352 keV of 214Pb and
609 keV of 214Bi de cay prod ucts, the ac tiv ity per unit
mass of ra dium in the stud ied sam ples was mea sured
as the av er age of both 214Bi and 214Pb ra dio iso topes
[10, 2]

Ra
A

m
= -Ra Bqkg[ ]1 (1)

where ARa = NPb/[eE(Pb)tfg(Pb)] + NBi/[eE(Bi)tfg(Bi)] [Bq], t –
the de tec tion time, eE – the de tec tion ef fi ciency at the
given en ergy (351.9 and 609 keV), and fg – the gamma
frac tion.

As sess ment of soil pa ram e ters

The bulk den sity rb was cal cu lated ac cord ing to eq.
2 [11].  Where M is the dry soil sam ple weight [kg] used in
the ex per i ment, and VS is the vol ume of the dry soil [m3].
Con se quently, it was es ti mated to be 1100 kgm–3

rb
s

M

V
= (2)

The den sity of the soil sam ple was cal cu lated us ing
the fol low ing steps: the sam ples of soil were dried for 24
hours at 110 °C, as men tioned pre vi ously. Then, an empty
spe cific bot tle was weighed Wi, then filled with wa ter and
weighed Wa. The bot tle was then dried again and one-third 
of the dried bot tle was filled with soil and weighed W
again. Fi nally, the re main ing two-thirds of the bot tle were
filled with wa ter. Af ter one week, the bot tle was filled with 
wa ter again and weighed Wb. From each weight, the den -

sity of the ex per i ment soil was cal cu lated us ing eq. (3)
[12]. The den sity of the dry soil was, there fore, cal cu lated
as 1700 kgm–3.

r =
-

- + -

W W

W W W W
i

i a b( ) ( )
(3)

Equa tion 4 was used to es ti mate the po ros ity e of
the soil sam ples. Ac cord ingly, it was es ti mated to be
0.3. While 3.0×10–6 m2s–1 is used as the value of ef fec -
tive dif fu sion co ef fi cient [11]

e
r

r
= -1 b (4)

Em a na tion co ef fi cient f was es ti mated by the
com bi na tion of ra dium ac tiv ity and ra don con cen tra -
tion in soil, the ef fec tive vol ume V of the con tainer and
the soil mass M of the sam ple [12]

f
VC

MC
= Rn

Ra

(5)

The 222Rn ex ha la tion rate cal cu lated
from 222Rn con cen tra tion

Ra don ex ha la tion rate was cal cu lated by us ing
eq. 6 [12]. Where: (l = 0.00756 h–1) ra don de cay con -
stant, V = 0.00104 m3 which is the vol ume of the empty 
con tainer and A = 0.014 m2 the sur face area of the sam -
ple and T is the ex po sure time in hours

E
VC

A T e
x T

=
+ --

l

ll

Rn

[ ( ) / ]1
(6)

The 222Rn ex ha la tion rate cal cu lated
from 226Rn con tent

Fur ther more, 222Rn ex ha la tion rate is math e mat -
i cally ex pressed as a func tion of 226Ra con cen tra tions
and the soil pa ram e ter such as the soil em a na tion co ef -
fi cient f, soil den sity r, po ros ity e, and the ef fec tive dif -
fu sion co ef fi cient De [13]

E D fx e= -l r e( )1 Ra (7)

Sta tis ti cal anal y sis

The data anal y sis was based on the dif fer ent pa -
ram e ters that may af fect the con cen tra tion of ra don
mainly:  ge ol ogy of the study area, se lect ing per fect tubes 
for soil stor ing by both tech niques, and ap pro pri ate for
ex per i ment us age. The sta tis tics anal y ses was used to or -
ga nize, an a lyze, sum ma rize, and make pre dic tions re -
gard ing the col lected data. The main pa ram e ters used in
mea sure ment of the area are the min i mum, max i mum,
av er age and stan dard de vi a tion. Fur ther more, the sta tis ti -
cal t-test was used to ex am ine if the ra don con cen tra tions
of these study pa ram e ters were sig nif i cantly dif fer ent
from each other. The P-value of less than 0.05 was al -
ways con sid ered sig nif i cant. Ex cel soft ware pro gram
was used for data en try and anal y sis.
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RE SULTS AND DISCUSION

Ta ble 2 shows the min i mum, max i mum and av -
er age of 222Rn, 226Ra, and Ex, by both meth ods, in four
dis tricts of Duhok prov ince. It can be noted from the
re sults that the con cen tra tion of 222Rn and 226Ra in soil
sam ples var ied ap pre cia bly from one point to an other.
Min i mum value of ra don con cen tra tion was mea sured
at the Point 28, in Amedi dis trict, while the max i mum
ra don con cen tra tion was found in Duhok dis trict,
which is at the Point 12. Fur ther more, the min i mum
and the max i mum val ues of ra dium con tent was mea -
sured at sites 28 and 13, re spec tively. The vari a tion
may be due to the geo chem i cal pro cess in soil or, geo -
log i cal con di tion of the lo ca tions. Fig ure 3 il lus trates a
pos i tive cor re la tion be tween ra don con cen tra tion and
ra dium con tent with cor re la tion co ef fi cients of 0.73.
This means that, ra dium con tent in soil is the main
source of ra don. This trend was ob served by many re -
search ers [14, 15].

Fig ures 4 and 5 il lus trate the cor re la tions be tween
ra don ex ha la tion rate and con cen tra tion of both 222Rn
and 226Ra in each sam ple of soil, re spec tively. Sta tis ti cal

t-test dem on strates that a strong pos i tive cor re la tion has
been ob served be tween ra don ex ha la tion rate with both
ra don con cen tra tion (R2 = 1) and ra dium con cen tra tion
(R2 = 0.66). Also, a pos i tive re la tion has been found be -
tween ra don ex ha la tion and the con cen tra tions of both
ra don and ra dium in soil. This is be cause there is a di rect
re la tion ship be tween ra don and ra dium con cen tra tions
with ra don ex ha la tion rate [13]. Find ings in this study are 
con sis tent with those of many other stud ies that have
been done on this topic [16].

A com par i son be tween ra don ex ha la tion rates,
mea sured by ra don con cen tra tion and ra dium con cen -
tra tion, is shown in fig. 6. A good cor re la tion has been
ob served be tween them. Ac cord ing to t-test there is no
sig nif i cant dif fer ence be tween Ex mea sured by the two 
meth ods (p > 0.05). Ac cord ing to the pre vi ous re gion
stud ies, the out comes of this study are broadly in
agree ment with the re search car ried out through out the 
world [16, 17, 18]. Fur ther more, the study has con -
firmed that 222Rn and 226Ra con tent at the ob served lo -
ca tion does not in crease the risk to hu man health, be -
cause the to tal av er age val ues of 222Rn, 226Ra, and Ex

are be low the av er age global val ues [3, 17]
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Fig ure 3. Ra don and ra dium con cen tra tion cor re la tion
for 33 sites

Ta ble 2. Av er age mea sure ments of 222Rn con cen tra tion, 226Ra con tent and ra don ex ha la tion rate Ex by both meth ods in
four dis tricts of Duhok prov ince

Duhok dis tricts Rn [Bqm–3] Ra (Bqkg–1] Ex [Bqm–2h–1] by Rn Ex [Bqm–2h–1] by Ra

Duhok

Minimum 198 ± 2.4 14.7 ± 1.1 28 ± 3.1 25.6 ± 3.5

Max i mum 374 ± 7.8 27 ± 2.6 55.7 ± 1.6 50.6 ± 4.1

Av er age 274 ± 4.7 20.8 ± 0.7 40.9 ± 7.1 37.1 ± 0.3

Somel

Minimum 188 ± 2.1 13 ± 1.6 28 ± 1.6 25.4 ± 3.5

Max i mum 341 ± 6.8 26.8 ± 2.5 50.8 ± 2.5 46.1 ± 2.8

Av er age 243.7 ± 3.8 18.4 ± 0.1 36.3 ± 1.3 33 ± 1.2

Amedi

Minimum 110 ± 1.1 17 ± 1.8 16.4 ± 1.0 14.9 ± 6.8

Max i mum 289 ± 5.2 21 ± 2.0 43 ± 0.9 39.1 ± 3.6

Av er age 169.8 ± 1.5 18.4 ± 0.8 25.3 ± 1.4 23 ± 1.7

Zakho

Minimum 98 ± 0.6 15.8 ± 1.2 14.6 ± 3.2 13.3 ± 2.4

Max i mum 150 ± 1.5 17 ± 2.5 22.4 ± 1.5 20.3 ± 5.1

Av er age 119.3 ± 1.0 16.4 ± 1.9 17.8 ± 3.6 16.2 ± 3.3

Av er age 202 ± 4.6 18.5 ± 2.1 30 ± 1.9 27 ± 3.8

Fig ure 4. Di rect re la tion ship be tween 222Rn and Ex at all
sam ple points



CON CLU SION

Ra don ex ha la tion rate for soil has been cal cu lated
in four dis tricts of Duhok prov ince by two dif fer ent
tech niques, first by mea sur ing ra don con cen tra tion and
sec ond by es ti mat ing ra dium con tent with soil pa ram e -
ters. A di rect cor re la tion was found be tween ra don ex -
ha la tion rate mea sured by both meth ods and ra don con -
cen tra tion. Also, ra don ex ha la tion rate ob tained by
method one is in ex cel lent agree ment with ra don ex ha -
la tion rate ob tained by method two. Fur ther more, pos i -
tive cor re la tions were ob served be tween ra don ex ha la -
tion with the con cen tra tions of both ra don and ra dium
con cen tra tions in soil. The re sults show that the value of 
ra don con cen tra tion, ra dium con tent and ra don ex ha la -
tion rates are less than the mean world value limit.
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Valat A. H. ALHAMDI, Kairi M-S. ABDULAH

MEREWE  JA^INE  EMISIJE  RADONA  IZ  ZEMQE  U
GRADU  DUHOKU  POMO]U  DVE  TEHNIKE

Ja~ina emisije radona predstavqa brzinu kojom radioaktivni gas ra don izlazi iz tla u
atmosferu. U ovom radu izmerena je ja~ina emisije radona za 33 uzorka zemqi{ta u ~etiri okruga
provincije Duhok, dvema razli~itim tehnikama: jedne, kori{}ewem koncentracije radona, i druge,
kori{}ewem sadr`aja radijuma ‡ obe primenom alfa i gama spektroskopije. Za merewe radona
upotrebqen je alfa osetqiv detektor RAD7, dok je drugom metodom ja~ina emisije radona izra`ena
kao funkcija koncentracije radijuma, merena detektorom NaI (Tl) oblika jame i drugim
parametrima zemqi{ta. Analiza pokazuje da prosek ja~ine emisije radona, po prvoj tehnici,
varira od 14.6 ±  3.2 Bqm–2h–1 do 55.7 ±  1.6  Bqm–2h–1, dok kod druge tehnike varira od 13.3 ±  2.4
Bqm–2h–1 do 50.6 ± 4.1 Bqm–2h–1. U celini, izmerene vrednosti obema metoda na svim ta~kama uzorka
dobro su korelisane i mawe su od globalne sredwe preporu~ene vrednosti.

Kqu~ne re~i: gas ra don, ja~ina emisije radona, alfa spektroskopija, radijum, gama
..........................spektroskopija


