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Radon exhalation rate is the rate of radioactive radon gas that escapes from the soil into the at-
mosphere. In this study exhalation rate of radon was measured for 33 samples of soil, in four
districts of Duhok province, using two different techniques: one using radon concentration
and other using radium content, by both alpha and gamma spectroscopy. For the radon mea-
surement, alpha-sensitive RAD7 detector was used. While in the second method, radon exha-
lation rate was expressed as a function of radium concentration, measured by well type Nal
(T1) detector and other soil parameters. Analysis, shows that the average of radon exhalation
rate, by the first technique, varies from 14.6 + 3.2 to 55.7 = 1.6 Bqm-2h-1, while by the second
technique, it varies from 13.3 2.4 to 50.6 £ 4.1 Bqm~2h-1. Overall, the measured values, for
both methods at all the sample points, present a good correlation and less than global mean

average recommendation.
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INTRODUCTION

Radon (**’Rn) is a colorless, odorless and taste-
less noble gas, with a half-life of 3.8 days. The mecha-
nism through which this gas is produced involves an al-
pha decay of the parent nuclide which is radium (*°Ra)
as part of the *8U decay series [ 1]. Radon, decaying pri-
marily via alpha particle with energy 5.486 MeV, pro-
duces two isotopes of polonium (2!8Po and 2'*Po) [2]. It
is normally found in various amounts in rocks and soil
throughout the world [3].

Emanation, advection, diffusion and exhalation
of radon from the soil are the main processes of radon
release to the atmosphere [4]. Among that, the exhala-
tion rate of radon and radon concentration in soil are
the two most important factors used for evaluating and
calculating the rate at which radon enters into pore
spaces, and subsequently, into the surrounding air [5].

Radon exhalation rate can be described in terms of
mass (Bgkg™'s™") and area (Bqm2s™"). Radon exhalation
rate depends on many parameters, for example: soil
moisture, soil porosity, temperature and the amount of
concentration of 2?Ra which is a direct source of radon
[5]. Exhalation of radon may also be affected by weather
conditions [6].

Nowadays radon exhalation measurement from
soil, rock, building materials and water becomes an
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important topic throughout the world [7-9]. Radon
poses many health problems because two-thirds of ra-
diation dose, received by living tissue, is caused by ra-
don and its progeny [4]. The present study aims to
measure radon exhalation rate in four districts of
Duhok region, by two different methods, which are al-
pha and gamma spectroscopy techniques, making a
comparison between both techniques and establishing
a data base for Duhok province.

MATERIAL AND METHODS

Study area

Duhok city is the capital of the Duhok
Governorate in the Kurdistan Region, located in the
north-west of Iraq, as shown in fig. 1. The geological
composition of Duhok region is formed of red beds of
silt, hard clay and limestone. The soil of the study area
is mostly characterized by very low permeability,
broad synclines and well-marked folds of asymmetri-
cal anticlines and thick sedimentary cover. [2].

Soil sample collection and preparation

The 33 soil samples have been collected from
four districts of Duhok province. Fifteen samples were
taken in Duhok district, three in Amedi, four in Zakho



W. A. H. Alhamdi, ef al.: Soil Radon Exhalation Rate Measurement in Duhok ...
230 Nuclear Technology & Radiation Protection: Year 2022, Vol. 37, No. 3, pp. 229-234

Figure 1. Map of study area
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Table 1. study points of geographical locations

(a) Irag map

. Geographical location . Geographical location . Geographical location
Sites Nfrtlf East Sites orth East Sites Ngorti 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

and eleven in Somel district. Table 1 gives information
about the location of the soil samples. At each point of
the study sites, soil was collected from an area of about
50 cm x 50 cm, after the soil site was cleared of debris
and sediment. The gathered samples of soil were
brought to the laboratory. In order to obtain the homo-
geneous powder, the samples were dried at room tem-
perature for four days approximately, then dried in an
oven at 110 °C for one hour to ensure the removal of
any remains of significant moisture, then sieved
through 250 mm mesh.

Sample storing for radon and
radium measurement

In this study accumulation method was used to
carry out radon and radium concentration in soil.
Thus, cylindrical plastic containers, with two valves in
each, were prepared for storing the soil, in order to
measure radon concentration. For that reason, pre-
pared dried soil, described previously, of about 125 g
of each sample was poured in a plastic container,
which vas previously cleaned and dried, as the radon
exposure source. At the same time, to estimate radium
content, smaller tubes of 13 cm? were filled with soil.

These plastic containers and tubes were stored for one
month to acquire secular equilibrium between radon
and its progenies and 2*°Ra and its progenies. Figure 2
shows the tube used for both radon and radium stor-
age, respectively.

Radon and radium activity measurement

To measure radon concentration in soil, RAD7,
which is the solid-state Professional Electronic Radon
Detector, is used. The setup of the measurement

o .
- Tube used for soil
- radon measurement
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Figure 2. Radon concentration measurement system
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shown in fig. 2. It consists of RAD7, a plastic con-
tainer and a vinyl tube. When plastic container is con-
nected to the closed loop, both valves of the container
are opened. The device will pool air from the container
to the desiccant tube and after that, to the inlet point of
RAD?7. The air is then leaving from the outlet of RAD7
to the container again. The RAD7 converts alpha parti-
cles, that are emitted from polonium isotopes, to an
electrical impulse and is capable to separate the differ-
ent electrical pulses generated from 2'®Po and ?'“Po
with energies 7.0 MeV and 6.0 MeV, respectively. In
term of test environments, the testing is done in dry
conditions (humidity range between 4-8 %) and room
temperature between (20-31 °C). Furthermore, to re-
duce background radiation, radon has been measured
for empty tube, following the same manner as for the
soil samples in term of starts, stops and exposure time.

Radium content was measured by a gamma-ray
spectrometry system consisting of a well-type 3" x 3"
Nal (TI) scintillation detector. The detector was sur-
rounded by a 4n geometry lead shield with thickness
of 6 cm, in order to decrease and limit background ra-
diation.

Energy and efficiency of the detector was deter-
mined using gamma standard radioactive sources
I55Ey, 137Cs, and ?*Na. Based on the spectrum of
gamma-ray counts (N) at full width at half maximum
of photo-peaks of both energies, 352 keV of 2!4Pb and
609 keV of 2!Bi decay products, the activity per unit
mass of radium in the studied samples was measured
as the average of both 2“Bi and 2'*Pb radioisotopes
[10, 2] 4
Ra=""[Bqkg '] (1)

m

where Ar, = Npv/[€pv)tfyev)] T N/ [€e@ntfyen] [Bal, £ —
the detection time, ¢ — the detection efficiency at the
given energy (351.9 and 609 keV), and f, — the gamma
fraction.

Assessment of soil parameters

The bulk density p,, was calculated according to eq.
2 [11]. Where M is the dry soil sample weight [kg] used in
the experiment, and ¥ is the volume of the dry soil [m?].
Consequently, it was estimated to be 1100 kgm™

M
Py = 7 (2)

The density of the soil sample was calculated using
the following steps: the samples of soil were dried for 24
hours at 110 °C, as mentioned previously. Then, an empty
specific bottle was weighed W, then filled with water and
weighed ¥, The bottle was then dried again and one-third
of the dried bottle was filled with soil and weighed W
again. Finally, the remaining two-thirds of the bottle were
filled with water. After one week, the bottle was filled with
water again and weighed ;. From each weight, the den-

sity of the experiment soil was calculated using eq. (3)
[12]. The density of the dry soil was, therefore, calculated
as 1700 kgm.

_ w-Ww,
W -W) (W, W)

p (3)

Equation 4 was used to estimate the porosity € of
the soil samples. Accordingly, it was estimated to be
0.3. While 3.0-10° m?s™! is used as the value of effec-
tive diffusion coefficient [11]

g=1-Fb &)
ol
Emanation coefficient f was estimated by the
combination of radium activity and radon concentra-
tion in soil, the effective volume 7 of the container and
the soil mass M of the sample [12]

VCpry

/ T MCy,

)

The ***Rn exhalation rate calculated
from 2?’Rn concentration

Radon exhalation rate was calculated by using
eq. 6 [12]. Where: (1 = 0.00756 h™!) radon decay con-
stant, =0.00104 m* which is the volume of the empty
container and 4= 0.014 m? the surface area of the sam-
ple and 7'is the exposure time in hours

E, - AVCqry ©)
AT+ (e =1)/ 2]

The >Rn exhalation rate calculated

from **Rn content

Furthermore, 222Rn exhalation rate is mathemat-
ically expressed as a function of °Ra concentrations
and the soil parameter such as the soil emanation coef-
ficientf, soil density p, porosity €, and the effective dif-
fusion coefficient D, [13]

E, =D, fo(1-¢)Ra @)

Statistical analysis

The data analysis was based on the different pa-
rameters that may affect the concentration of radon
mainly: geology of the study area, selecting perfect tubes
for soil storing by both techniques, and appropriate for
experiment usage. The statistics analyses was used to or-
ganize, analyze, summarize, and make predictions re-
garding the collected data. The main parameters used in
measurement of the area are the minimum, maximum,
average and standard deviation. Furthermore, the statisti-
cal t-test was used to examine if the radon concentrations
of these study parameters were significantly different
from each other. The P-value of less than 0.05 was al-
ways considered significant. Excel software program
was used for data entry and analysis.
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RESULTS AND DISCUSION

Table 2 shows the minimum, maximum and av-
erage of 222Rn, ?*°Ra, and E_, by both methods, in four
districts of Duhok province. It can be noted from the
results that the concentration of 22Rn and *2°Ra in soil
samples varied appreciably from one point to another.
Minimum value of radon concentration was measured
at the Point 28, in Amedi district, while the maximum
radon concentration was found in Duhok district,
which is at the Point 12. Furthermore, the minimum
and the maximum values of radium content was mea-
sured at sites 28 and 13, respectively. The variation
may be due to the geochemical process in soil or, geo-
logical condition of the locations. Figure 3 illustrates a
positive correlation between radon concentration and
radium content with correlation coefficients of 0.73.
This means that, radium content in soil is the main
source of radon. This trend was observed by many re-
searchers [14, 15].

Figures 4 and 5 illustrate the correlations between
radon exhalation rate and concentration of both >’Rn
and ??Ra in each sample of soil, respectively. Statistical

t-test demonstrates that a strong positive correlation has
been observed between radon exhalation rate with both
radon concentration (R = 1) and radium concentration
(R?=0.66). Also, a positive relation has been found be-
tween radon exhalation and the concentrations of both
radon and radium in soil. This is because there is a direct
relationship between radon and radium concentrations
with radon exhalation rate [ 13]. Findings in this study are
consistent with those of many other studies that have
been done on this topic [16].

A comparison between radon exhalation rates,
measured by radon concentration and radium concen-
tration, is shown in fig. 6. A good correlation has been
observed between them. According to ¢-test there is no
significant difference between £, measured by the two
methods (p > 0.05). According to the previous region
studies, the outcomes of this study are broadly in
agreement with the research carried out throughout the
world [16, 17, 18]. Furthermore, the study has con-
firmed that 2’Rn and >?°Ra content at the observed lo-
cation does not increase the risk to human health, be-
cause the total average values of 2*?Rn, ??*°Ra, and E,
are below the average global values [3, 17]

Table 2. Average measurements of 22Rn concentration, **Ra content and radon exhalation rate E, by both methods in

four districts of Duhok province

Duhok districts Rn [Bqm™] Ra (Bgkg'] E, [Bqm~™h '] by Rn E, [Bqm~h'] by Ra
Minimum 198+24 147+1.1 28 £3.1 25.6+3.5
Duhok Maximum 374+ 7.8 27+2.6 557+ 1.6 50.6 £4.1
Average 274 +4.7 20.8 £ 0.7 409+ 7.1 37.1+£0.3
Minimum 188 +2.1 13£1.6 28+ 1.6 254+35
Somel Maximum 341 £6.8 26.8+2.5 50.8+2.5 46.1 £ 2.8
Average 2437+3.8 18.4+0.1 363+1.3 33+£1.2
Minimum 110+ 1.1 17£1.8 164+ 1.0 149+6.8
Amedi Maximum 289 +5.2 21 £2. 43+ 0.9 39.1+£3.6
Average 169.8 + 1.5 18.4+0.8 253+1.4 23+ 1.7
Minimum 98 £0.6 158+ 1.2 146 +3.2 133124
Zakho Maximum 150+ 1.5 17£25 224+1.5 203 +5.1
Average 1193+ 1.0 164+ 1.9 17.8+3.6 16.2+3.3
Average 202+ 4.6 18.5+2.1 30£1.9 27+3.8
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Figure 6. Comparison between the average values of
radon exhalation rates estimated by radon
concentration and radium content at four districts of
Duhok

CONCLUSION

Radon exhalation rate for soil has been calculated
in four districts of Duhok province by two different
techniques, first by measuring radon concentration and
second by estimating radium content with soil parame-
ters. A direct correlation was found between radon ex-
halation rate measured by both methods and radon con-
centration. Also, radon exhalation rate obtained by
method one is in excellent agreement with radon exha-
lation rate obtained by method two. Furthermore, posi-
tive correlations were observed between radon exhala-
tion with the concentrations of both radon and radium
concentrations in soil. The results show that the value of
radon concentration, radium content and radon exhala-
tion rates are less than the mean world value limit.
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MEPEBE JAYMHE EMUCHUJE PATOHA U3 3EMJBE Y
IPAY JYXOKY IIOMOLY JABE TEXHMKE

JaumHa emucHje pajoHa peficTaBba OP3MHY KOjOM paflOAaKTHBHU Tac PajoH U3J1a3u U3 Tia y
aTMocdepy. Y OBOM pajy M3MepeHa je jaunHa eMucHje pajoHa 3a 33 y30pka 3eMJbHINTA Y YeTUPH OKpYra
npoBuHIHje [{yX0oK, IBeMa pa3InInTAM TeXHIKaMa: jelHe, KopHlThelheM KOHIEHTpaldje pagoHa, i Apyre,
kopunrhemeM cafipxkaja pagujyma — o6e npuMeHOM anda ¥ rama CIeKTpocKomnuje. 3a Mepeme pajoHa
ynotpebibeH je andga oceTibuB AeTekTop PA7, IOK je ApyroM METO0M jaurHa eMUCH]e PajloHa N3paskeHa
Kao (QyHKIWja KOHIEHTpanuje pammjyma, mepeHa jaerekropoM Nal (Tl) o6mmka jame m apyrum
mapamMeTpuMa 3eMJbUINTA. AHanm3a Moka3syje Ja MPOCeK jaurHe eMHCHje pajgoHa, MO IPBOj TEXHUIIH,
Bapupa o 14.6 + 3.2 Bqm~h™! o 55.7 + 1.6 Bqm™—h~!, nok kon npyre Texnuke Bapupa of 13.3 + 2.4
Bqm~h' 10 50.6 + 4.1 Bgqm~?h~!. ¥ nenunu, usmepene BpeiHOCTH 0GEMA METOJIA Ha CBMM TauKama y30pKa
mO6pO Cy KOpesrcaHe U Marhe Cy Off TII06allHe Cpefibe penopydeHe BPeTHOCTH.

Kmwyune peuu: zac paooH, jauuna emucuje paoora, aagha CueKitpockoiuja, paoujym, zama
ClleKipocKouuja



