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Abstract

The aim from this work is to detect and draw the nattadioactivity of (uranium-238,
thorium-232 and potassium-40) levels in soil samples thatntdi@m Kufa districts, Najaf
governorate, Irag. The detection system used in studyli§awith "3x3" dimension, while maps
were drawn by geographic information system (GIS). Sowhelogjical parameters were calculated
depending on measuring of specific activity f6fU, 232Th, and*°K. The results of the average
value with standard error in all samples of the presemtysfor 238U, 232Th, %K, and 2**U were
6.2+0.74 6.41+£0.82 278.10+19.43, and 0.28+0.03 Bg/kg, respectively. The specific actifity
Uranium-238, Thourium-232, poasium-40 and Uranium-235 found in all amiples were within
the safety limit reported by UNSCEAR, except three sasnphve poasium-40 higher than safety
limit. Also, the results of radiological parameters wallefound to be below OECD, UNSCEAR
safety limit. Generally, the average of specific aigtiin soil collected arranged of potassium-40 >
thorium-232 > uranium-238. Mapping GIS for natural radioactidlyd some radiological
parameters were successfully draw for the study aredlyFimatural radioactivity and radiological

parameters for soil samples at Kufa districts were\safet
Keyword: Natural radioactivity, gamma ray, soil, GIS, and Kufartit.
1. Introduction

Today the most important and serious probldatsface humanity and other living kinds is
environmental pollution. Radioactive materials and raaliapose a major threat to the lives of

humans and organisms in general [1]. Radionuclides found in nataresually categorized into
1
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two distinct forms cosmogenic and terrestrial origirsiag from the earth crusts and earth born
materials [2]. Among the natural radionuclides, uranium,ridh® and their progenies are
ubiquitous; mostly contribute to the human radiation exmgoduarthis study, the focus on gamma-
ray that emitting daughter nuclei in the decay serigs®f 232Th, and*’K [3]. The decay series of
238 and?®2Th are characterized more or less by the initial paedrbly alpha decay and a part ruled
by gamma-ray emission. This contributes to the difficultyhim radioactive measurements. During
a series of radioactive decays, the original radie@a¢parent) nucleus decays to another radioactive
(daughter) nucleus until the end of the series, wherebte stacleus is formed¥Pb in the case of
238 series and®Pb for 22Th)[4]. Isotopes which include radionuclides such?®g, 2*2Th, and
235 as well ag’K are found in all mutual types of rock and soil. Furtheentinese radionuclides
disintegrate into other nuclides that are also radvmcthus forming a decay chain. Natural and
anthropogenic radionuclides in the environment may ¢éhtehuman body through inhalation and
ingestion, therefore; vital to study these radionuclideseath environmental compartment
(atmosphere, hydrosphere, lithosphere and biosphere) wdeldwd to evaluate the risk hazards on
human health among the many investigations concerning rgtacalurring isotopes [5].Because
people are exposed to natural radiatiwith varying amounts depending on natural radioactive
minerals prevalent in each location throughout the wawddiral environmental radioactivity and
radiation in soil have piqued researchers' attentitwe. grincipal source ofidation contamination

is direct drops from the atmosphere on plants. Finiglieducts of fission are strong maintained
and absorbed and by particles of soil, similar to nature 4atiges, which were widely dispersed
at various depths of soil. As a result, understanding thieidition of radionuclides in soils is
critical for reducing health hazards to the impacted @jor. A number of studies have
determined natural radioactivity in soil and maps using [&180]. In order to obtain baseline data
from nature radiation levels, determine nature radiaticanvironmental isotopes haven carry out in

several nationsAs a result, the goal of this study is drawing a map usirfg 16t the specific
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activity of natural radionuclide¥®U, 232Th, and*K in soil samples collected from 40 locations at

Kufa districts, Najaf Governorate, Ira@/hich measured by sodium iodide with thallium tainted

2. Area of Study

Kufa district is located about (8.99) km eastern of AL-Ngpmbvince, it positioned
geographically (44020'0"- 44037'30"E and 31058'30"- 32012K0'{11] (see Figure 1). The
province of AL-Najaf is situated in the south-westernae@f Iraq, occupying an area of (28537)
km?, the sub-districts under the district of Kufa are the-district of Al-Abbassiya and the sub-

district of Al-Huriya. We are studying forty locationsathlocated in Kufa city to measure natural

radioactivity and mapping it.
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3. Materials and methods

3.1. Collection Samples

40 samples of soil were chosen from Kufa district regitwe, study area were divided
administratively for the purpose of collecting samplesjclwictollected randomly from various
locations in districts of province. The samples wekenawvith a depth of 15cm, and determined the

coordinates of the readings as well as drawn using Glokstidhing System (GPS) and GIS

(ArcGIS 10.7.1.) as shown in Table 1 and Figurel.

Table 1. Names and locations with Coordinates of Soil samples of presshidy

No. Name of Samples | Sample code Coordinates
1 Maysan 1 K1 44°21'21.5"E| 32°03'59.5"N
2 Maysan 2 K2 44°21'33.1"E| 32°03'30.5"N
3 Maysan 3 K3 44°21'50.4"E| 32°02'51.7"N
4 Alwat Alfahal 1 K4 44°21'47.7"E| 32°04'13.8"N
5 Alwat Alfahal 2 K5 44°22'06.1"E| 32°03'37.2"N
6 Alwat Alfahal 3 K6 44°22'34.3"E| 32°03'06.6"N
7 Alzarga 1 K7 44°22'38.1"E| 32°03'39.6"N
8 Alzarga 2 K8 44°22'39.7"E| 32°03'34.6"N
9 Alzarga 3 K9 44°23'10.0"E| 32°03'20.0"N
10 | Middle Euphrates Cente K10 44°21'46.0"E| 32°02'28.2"N
11 Kufa University 1 K11 44°22'13.7"E| 32°01'49.7"N
12 Kufa University 2 K12 44°22'30.3"E| 32°01'12.1"N
13 Alsahla K13 44°22'44.8"E| 32°02'22.6"N
14 Palm Street area K14 44°23'11.4"E| 32°02'53.1"N
15 Alaskari K15 44°22'51.3"E| 32°02'07.0"N
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16 Alsehilia 1 K16 44°23'31.9"E| 32°02'17.0"N
17 Alsehilia 2 K17 44°23'51.1"E| 32°02'29.1"N
18 Almutanabi K18 44°23'02.2"E| 32°01'54.4"N
19 Aljamea K19 44°23'45.8"E| 32°02'00.1"N
20 Aljomhoria K20 44°24'22.6"E| 32°01'56.2"N
21 Aljdaidaat K21 44°24'33.2"E| 32°02'01.1"N
22 Alshorta K22 44°23'00.7"E| 32°01'30.3"N
23 Kenda 1 K23 44°23'24.2"E| 32°01'33.5"N
24 Almolimeen K24 44°23'29.9"E| 32°01'42.8"N
25 Alwakaf K25 44°24'13.2"E| 32°01'50.1"N
26 Alrashadiya K26 44°24'37.8"E| 32°01'50.7"N
27 Industrial District 1 K27 44°22'34.9"E| 32°00'56.3"N
28 Industrial District 2 K28 44°22'40.1"E| 32°00'32.6"N
29 Almatar K29 44°22'51.3"E| 32°00'24.7"'N
30 Tamoz K30 44°23'04.7"E| 32°01'14.3"N
31 Kenda 2 K31 44°23'15.0"E| 32°01'07.9"N
32 Maytham Altamaar 1 K32 44°23'23.6"E| 32°00'57.3"N
33 | Maytham Altamaar 2 K33 44°23'42.9"E| 32°01'10.4"N
34 Alsafeer K34 44°24'11.8"E| 32°01'23.4"N
35 Alkareeat K35 44°24'39.0"E| 32°01'48.3"N
36 Alforat 1 K36 44°24'12.1"E| 32°01'16.5"N
37 Alforat 2 K37 44°24'30.6"E| 32°01'02.6"N
38 Role of cement plant K38 44°23'36.6"E| 32°00'52.9"N
39 Alsadar #hird 1 K39 44°24'21.2"E| 32°01'14.8"N
40 Alsadar Hhird 2 K40 44°24'31.5"E| 32°01'03.0"N
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Figure 2. Location of samples in the present study.

3.2. Preparation of the Samples

After the collection of soil process was completed, shenples were transferred to the
advance of nuclear laboratory at university of Kufeguftgt of Science, department of Physics for
measurements natural radioactivitihere are several the steps in the preparation of sarfgl the
purpose of measurement such as dried, crushed, sieved, sindeseighted. Grinding the soil
sample using a mill after drying in an oven (209 for two hours. Sieve the samples by a 200 sieve
(0.063mm). Weight 1kg of the dried samples and put in bags wasdilidreaker kept for 30 days

to obtain radiation of secular equilibrium [12].
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3.3. Gamma-ray Spectroscopy Detection System

In the present study, the detection system radioisot@pés 232Th, and*K ) was Nal(TI)
system with a 3"x3" crystal dimension, that made by ORTE®Lnpany (made in USA). These
system content many components such as preamplifién, anglifier, and multi-channel Analyzer
(MCA). Also, Maestro-32 software to setting the gairghhivoltage, and MCA as well as to
determine area under photopeack of gamma spectrum recordedsetepe with a PC. The
calibration and efficiency for Nal (TI) detector was etatined using five stander sources of
radionuclides which i€°Co, *'Cs,??Na, ** Mn, and™?Eu. Also, resolution of Nal (TI) detector for
13'Cs were measured which was equal 7.9%. Gamma energies 1764 Ké®i and 2614 keV
208T| which are in secular equilibrium witf?8U and232Th, respectively0, and directly gamma-line
of 1460 keV with**K were used to measure specific activity in all radifides in the present

study [8, 10].
3.4. Theoretical calculations

The specific activities of*%U, 2*2Th, and *°K (Au, At and A) radionuclides were

calculated using following equation [13]:

I u U
! P 5 Y% 0 S
where, N is net area under photo peaks the probability of gamma decay- js the efficiency of

detector, M is the mass of sample, and T is time meds®ut, to calculate specific activity &¥U

by [14):

Y .
67%Ltsay a

The external hazard ind€kle,) was calculated using the following equation][15

Iy

. I T e
o Lugafoskvaou U
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The internal hazard indegiin) was calculated using the following equation [16]:

T T .
Ua l:'»EU gYaUU Y

Representative level indgk ) was calculated using the following equation][17

U

SLigER ElGuR | E g P
Alpha index(l ) was calculated using the following equation][15
L |
oud;
Radium equivalent activity (Rg) was calculated using the following equation [18]:
6 .- “INgT e Sty hY
—p LT EUWMUIT E Udag, a;

The exposure rate Bwas calculated as the following equation [16, 19] :

A = . .6 .
6—p L UaUT E U&UT E U@aa, -

The absorbed dose rgfer) in air 1 meter was calculated using the following equation: [20]

! N . 6 N
O —pLUERG EURUY EUEYU3

o

Annual gonadal equivalent dose (AGED) was calculated usingltbeihg equation [21- 23] as:

6
i660 +—p L Ukai E YAai E UB@UIY, U

Annual effective dose equivalent (AEDE) indoor was caledlatsing the following equation [].
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Excess lifetime cancer risk (ELCR) indoor accordingbiaration of Life (DL =70 year) and Risk

Factor (RF=0.05 y/Sv) was calculated using the following equt®, |:

Oufi Li6006 a1l HO Uy :

4. Results and Discussions

The results of specific activity of natural radionuclid&8U, 2%2Th and*’K as well as*>*U)

in soil for Kufa districts were shown in Table 2. Whilable 3 and Table 4 show the results of
radiological parameters (RaHex, Hin, |, and 1) and (Exposure, D AGED, AEDEutdoos and
ELCR), respectively. The specific activity of uranium-288the studied area were ranged from
0.4+ 0.1 Bg/kg to 17.9+0.9 Bg/kg, with an average value 6.2+0.74, from 0.2ekg Bo 24.1+0.6
Bg/kg with an average 6.41+0.82 Bqg/kg for thourium-232, from 103.5+2.0 Bg/kg t@+FI8.
Bg/kg with an average value of 278.10+19.43 Bqg/kg for potasium-40, whilsptwefic activity of
uranium-235 were ranged from 0.018+0.01 Bqg/kg to 0.825+0.08 Bg/kg with an avatageof/
0.28+0.03 Bqg/kg. The highest value of the specific activity?df, 232Th, and?*®J was seen in the
K19 sample (Aljiamea district), whif?K was in K17sample (Alsehilia 2 district). The lowest value
of the specific activity of*®U, 232Th, 4K, and?%*U was found in samples K10, K26, K31, and K10,
respectively. Figures,23, and 4 obtain histograms of the specific activities the frequency
distribution of uranium-238, thorium-232, and potasium-40, resmhgctiHistograms were divided
into nine parts in terms of specific activity valueBrom figure 2, the maximum value of specific
activity for uranium-238 in second groups, while for thorium-232 high value was in first group
as shown in figure 3, and from figure 4, five group was hidhevaf specific activity for potasium-
40. Figure 5, showing the distribution compering of radioads@éopes of uranium-238, thorium-
232, and potassium-40 in the soil of the present study whiclasggpearied in the quantity of these

radionuclides. Also, it is found that Potassium-40 predorhioanuranium-238 and thorium-232,

9
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but the average quantity of thorium-232 is almost largen tha quantity of uranium-238 in the
study area. The difference between concentratiofld and 2%2Th indicates the minimum
contribution of monazite minerals in the samples. Vakies are almost less than unity because
232Th activities are usually greater thafU activities in the crust, which is the origin of thail.s
These variations may be because uranium and thorium dedag come from different origins and
exist together in nature, whereas potassium is fromferetit origin [10, 25]. While, the highest
distribution of potassium-40 may be because of the iner@agshe concentration of potassium
nuclide in some areas, the reason is due to the epéstnagricultural land and areas containing
phosphate fertilizers, in which the focus increasinglgrgmtassium“K). The average values of
the specific activity 08U, 232Th, and“°K according to recommendations by UNSCEAR 2008
were 33 Bg/kg, 45 Ba/kg, and 420 Bg/kg respectiy28]. Therefore, the specific activity 6#U
and 2%2Th that shown in table 2 in all location sites werehinitUNSCEAR 2008, while samples
K15, K16, and K17 have the specific activity’3K larger than the world average activity that was
recommended by UNSCEAR 2008. Distribution a map (color econt@p) of the specific activities
in unit of Bg/kg for radioisotopeSeU, 232Th, 4K, and?**U in all soil samples of the present study
was shown in Figures 6, 7, 8, and 9, respectively which drasvn by geographic information

system (GIS) technology.

10
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Table 2. The specific activity for natural radioactivity in soil for Kufa districts

SpecificActivity (Bqg/kg)
Sample
No. 238U 232Th 40K 235U
code

Average| +S.E| Average | +S.E| Average | +S.E| Average | *S.E
1 k1 5.3 0.5 1.3 0.1 109.9 2.2 0.244 0.04
2 k2 4.9 0.5 1.2 0.1 142.4 2.5 0.226 0.04
3 k3 2.3 0.3 0.7 0.1 1454 2.5 0.106 0.03
4 k4 2.9 0.3 2.2 0.2 176.4 2.7 0.134 0.03
5 k5 2.8 0.3 14 0.2 150.0 2.6 0.129 0.03
6 k6 54 0.5 6.2 0.3 130.7 2.5 0.249 0.04
7 k7 1 0.2 6.9 0.4 303.0 4.0 0.046 0.02
8 k8 1.1 0.2 15 0.1 184.3 2.7 0.051 0.02
9 k9 9.1 0.6 1 0.1 226.5 3.3 0.419 0.06
10 k10 0.4 0.1 2.2 0.2 210.1 3.0 0.018 0.01
11 k11 0.9 0.2 3.1 0.2 167.2 2.8 0.041 0.02
12 k12 6.9 0.5 15.3 0.5 336.8 4.0 0.318 0.05
13 k13 6.6 0.6 6.7 0.3 339.3 4.1 0.304 0.05
14 k14 3.3 0.3 1.6 0.1 109.0 2.1 0.152 0.03
15 k15 4.5 0.5 13.6 0.5 443.3 4.7 0.207 0.04
16 k16 2.1 0.3 6.4 0.3 537.0 5.1 0.097 0.03
17 k17 7.6 0.6 13.2 0.5 708.0 5.9 0.350 0.05
18 k18 141 0.8 12.5 0.4 113.8 2.3 0.650 0.07
19 k19 17.9 0.9 24.1 0.6 389.8 4.4 0.825 0.08
20 k20 114 0.7 9.1 0.4 303.1 3.7 0.525 0.06
21 k21 1.2 0.2 14 0.1 229.3 3.1 0.055 0.02

11




22 k22 13.1 0.8 8.5 0.4 316.7 3.9 0.604 0.07
23 k23 8.4 0.6 10 0.4 317.9 3.8 0.387 0.05
24 k24 10.2 0.7 11.3 0.4 307.8 3.8 0.470 0.06
25 k25 5.8 0.5 15.4 0.5 396.5 | 45 0.267 0.05
26 k26 0.91 0.2 0.2 0.1 181.6 2.9 0.041 0.02
27 k27 14.2 0.8 8.5 0.4 279.0 3.6 0.654 0.07
28 k28 2.4 0.3 6.6 0.3 395.3 3.9 0.111 0.03
29 k29 14.1 0.8 9.1 0.4 320.6 3.9 0.650 0.07
30 k30 8.4 0.6 2.9 0.2 333.1 | 40 0.387 0.05
31 k31 1.7 0.2 15 0.1 103.5 2.0 0.078 0.02
32 k32 13.2 0.7 6.8 0.3 300.8 3.7 0.608 0.07
33 k33 3.5 0.4 8.4 0.4 292.2 3.7 0.161 0.04
34 k34 1.4 0.2 8.1 0.4 425.9 | 4.6 0.065 0.02
35 k35 3.2 0.4 5.7 0.3 283.9 3.7 0.147 0.03
36 k36 2.4 0.3 5.8 0.3 312.5 3.3 0.111 0.03
37 k37 6.4 0.5 2.2 0.2 241.1 3.0 0.295 0.05
38 k38 6.5 0.6 3.9 0.3 299.3 3.9 0.300 0.05
38 k39 5 0.5 0.6 0.1 238.8 3.4 0.230 0.04
40 k40 15.5 0.9 9.6 0.4 322.3 | 4.2 0.714 0.07
Average+S.D 6.2+0.74 6.41+0.82 278.10+19.43 0.28+0.03

171
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185 Figure 7. Distribution of 23Th in soil of study area.
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Figure 9. Distribution of 23U in soil of study area.

The results of Ra were ranged from 11.8 Bg/kg to 82.4 Bg/kg, with an average value of

36.79+2.78 Bg/kg, also it is found the minimum and the maximum safieky, Hin, 1, and | in

the same sample K31 and K19, as shown in Table 3. The \@flis and H, were ranged from
0.032 to 0.222, with an average of 0.099+0.007, and from 0.036 to 0.271,nwéheege of
0.116+0.008, respectively. While the results of other paramsteh as | and | were ranged from
0.095 to 0.655, with an average of 0.290+£0.021, and from 0.009 to 0.090arwikerage of
0.031+0.003, respectively. The minimum value of all radiogarameters that shown in Table

3 was in samples K31 (Kenda 2), while, the maximum was fousdmples K19 (Allamea), except
value of | the maximum was in samples K17 (Alsehilia Erom the results of radiological
parameters (Rg Hex, Hin, | , and 1) in Table 2 for all soil samples under study were leas 8v0

Bg/kg for Req[26] and less than unity for the values of,HHin, | , and I [27]. The distribution of a

17



202 map (color contour map) of Raand Hyx due to radioisotope$®®U, 2%Th, and“K in all soil
203 samples of the present study was shown in Figures 10, andsp&ctieely which is drawn by

204 geographic information system (GIS) technglog

205 Table 3. The radiological parameters (Ra;, Hex Hin, | , @and |.) for nature radioactivity in soil

206 for Kufa districts
No. | Sample codel Raeq (Bg/kg) Hex Hin I .
1 k1 15.6 0.042 0.057 0.122 0.027
2 k2 17.6 0.047 0.061 0.140 0.025
3 k3 14.5 0.039 0.045 0.119 0.012
4 k4 19.6 0.053 0.061 0.159 0.015
5 k5 16.4 0.044 0.052 0.133 0.014
6 k6 24.3 0.066 0.080 0.185 0.027
7 k7 34.2 0.092 0.095 0.278 0.005
8 k8 17.4 0.047 0.050 0.145 0.006
9 k9 28.0 0.076 0.100 0.222 0.046
10 k10 19.7 0.053 0.054 0.165 0.002
11 k11 18.2 0.049 0.052 0.148 0.005
12 k12 54.7 0.148 0.166 0.424 0.035
13 k13 42.3 0.114 0.132 0.337 0.033
14 k14 14.0 0.038 0.047 0.111 0.017
15 k15 58.1 0.157 0.169 0.462 0.023
16 k16 52.6 0.142 0.148 0.436 0.011
17 k17 81.0 0.219 0.239 0.655 0.038
18 k18 40.7 0.110 0.148 0.295 0.071
19 k19 82.4 0.222 0.271 0.620 0.090

18
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20 k20 47.8 0.129 0.160 0.369 0.057
21 k21 20.9 0.056 0.060 0.175 0.006
22 k22 49.6 0.134 0.169 0.383 0.066
23 k23 47.2 0.127 0.150 0.368 0.042
24 k24 50.1 0.135 0.163 0.386 0.051
25 k25 58.4 0.158 0.173 0.457 0.029
26 k26 15.2 0.041 0.043 0.129 0.005
27 k27 47.8 0.129 0.168 0.366 0.071
28 k28 42.3 0.114 0.121 0.346 0.012
29 k29 51.8 0.140 0.178 0.399 0.071
30 k30 38.2 0.103 0.126 0.307 0.042
31 k31 11.8 0.032 0.036 0.095 0.009
32 k32 46.1 0.124 0.160 0.357 0.066
33 k33 38.0 0.103 0.112 0.302 0.018
34 k34 45.8 0.124 0.127 0.374 0.007
35 k35 33.2 0.090 0.098 0.268 0.016
36 k36 34.8 0.094 0.100 0.282 0.012
37 k37 28.1 0.076 0.093 0.225 0.032
38 k38 35.1 0.095 0.112 0.282 0.033
38 k39 24.2 0.065 0.079 0.199 0.025
40 k40 54.0 0.146 0.188 0.414 0.078
Average + S.E. | 36.79+2.78 | 0.099+0.007 0.116+0.008 0.290+0.021 0.031+0.003
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209 Figure 10. Distribution of Raeq in soil of study area.
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Figure 11. Distribution of Hex in soil of study area.

The results of another radiological parameters thawshio Table 4, Exposure was ranged
from 27.8 uR/h to 191.1 puR/h, with an average value of 84.66+6.21iR/lvalues of Dwere
ranged from 6.0 nGy/h to 41.0 nGy/h, with an average value of 1838B#xiGy/h. While the results
of AGED, AEDEuwoss and ELCRx1G were 44.0-301.0 mSv/y with an average value of
133.301+£9.70, 0.007-0.050 mSv/y with an average value of 0.022+0.001mSv/y026eD(1.76
with an average value of 0.078+0.005, respectively. The mininaalwe of all radiological
parameters that shown in Table 4 (Exposurg  AGED, AEDEudoos and ELCR) was in samples
K31 (Kenda 2), while, the maximum was found in samples K17efiia 2) The results of bin-
unit nGy/h in Table 3 for all of the soil samples studiedenless than the world average value that
equal 55 nGy/h [28]. Also, it noted that the results of AGEmnit mSv/y were lower than the
global average value that equal 55 [28, 29], except sample K1&h wiais higher than the limit
permissible. AEDEutdoor in all soil samples in the present study was less tifamworld average of
0.07mSvly [29]. The results of ELCR in all location samplkese lower when compared with the
world average permissible limit of 0.29x3@8], which was shown in the map of Figure 12, as
shown in the map in bold color, the highest value wakenarea of sample K17 and K19 in the

map of dark color.
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235

Table 4. The radiological parameters (Exposure, Dr, AGED, AEDGEutdoor, and ELCR) for

nature radioactivity in soil for Kufa districts

Sample Exposure Dr AGED AEDE outdoor
No. ELCRx107
code (MR/N) (nGy/h) (mSvly) (mSvly)
1 k1l 35.4 7.8 56.3 0.010 0.034
2 k2 40.7 8.9 64.9 0.011 0.038
3 k3 35.0 7.5 55.7 0.009 0.032
4 k4 46.5 10.0 73.5 0.012 0.043
5 k5 38.8 8.4 61.6 0.010 0.036
6 k6 53.5 11.7 83.6 0.014 0.050
7 k7 81.0 17.3 127.1 0.021 0.074
8 k8 42.6 9.1 67.5 0.011 0.039
9 k9 64.7 14.3 103.4 0.017 0.061
10 k10 48.4 10.3 76.4 0.013 0.044
11 k11 43.4 9.3 68.2 0.011 0.040
12 k12 122.6 26.5 191.0 0.032 0.114
13 k13 98.3 21.2 154.9 0.026 0.091
14 k14 32.3 7.0 51.1 0.009 0.030
15 k15 134.2 28.8 209.9 0.035 0.124
16 k16 127.8 27.2 201.9 0.033 0.117
17 k17 191.1 41.0 301.0 0.050 0.176
18 k18 84.5 18.8 131.6 0.023 0.081
19 k19 178.8 39.1 278.4 0.048 0.168
20 k20 107.0 23.4 168.4 0.029 0.100
21 k21 51.4 11.0 81.6 0.013 0.047

22




22 k22 111.2 24.4 175.5 0.030 0.105
23 k23 106.8 23.2 167.6 0.028 0.099
24 k24 1119 24.4 175.4 0.030 0.105
25 k25 132.6 28.5 206.8 0.035 0.122
26 k26 38.0 8.1 60.6 0.010 0.035
27 k27 105.9 23.3 167.0 0.029 0.100
28 k28 101.0 21.6 159.1 0.026 0.093
29 k29 115.6 25.4 182.3 0.031 0.109
30 k30 89.8 19.5 142.7 0.024 0.084
31 k31 27.8 6.0 44.0 0.007 0.026
32 k32 103.5 22.7 163.7 0.028 0.098
33 k33 87.9 18.9 137.7 0.023 0.081
34 k34 109.4 23.3 171.9 0.029 0.100
35 k35 78.1 16.8 122.9 0.021 0.072
36 k36 82.5 17.6 129.8 0.022 0.076
37 k37 65.9 14.3 104.7 0.018 0.062
38 k38 82.3 17.8 130.4 0.022 0.077
38 k39 58.2 12.6 92.9 0.015 0.054
40 k40 120.0 26.4 189.2 0.032 0.113
Average + S.E. | 84.66+6.21| 18.33+1.34 133.301+9.70  0.022+0.001 0.078+0.005
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Figure 12. Distribution of ELCR in soil of study area.

The results of the specific activity natural radioastiy?*8U, 232Th, and*’K) in soil samples of the
present study are compared with the previous studies as teksemable 5. From Table 5, it is
found that the specific activity of natural radionuclides 238U was less than all previous studies,
but for 22Th are lower than Iraq (Baghdad) and Saudi Arabia, andclesg form the recorded

value in Irag(Dhi Qar) and Iran, while fof°K are less than all previous studied, except in Iran.

Table 5. Comparison of the average of the specific activity 6t%U, 2226D4°- in this study with

previous studies.

The average of the specific activity Bqg/kg
No. Country References
238U 232 6D 40 _
1 | lIraqg (DhiQar) 10.85 5.81 354.11 [8]
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248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

2 | Iraq (Baghdad) X 9.7 368 [10]

3 Iran 8 5 250 [20]

5 Saudi Arabia 14.22 14 968.19 [30]

6 Present study 6.2 6.41 278.10 | = --—---
Conclusions

The results of the terrestrial gamma radiatid®U, 2%2Th, °K, and *®U) as well as
radiological parameters (BaHex, Hin, | , and |, Exposure, ) AEDEoutdoos and ELCR) in soll
samples of Kufa districts were within the world averageieslaccording to UNSCEAR 2008,
UNSCEAR 2000, OECD, ICRP1993, and another previous studies. Tieerigfmay be concluded
that the studied area was safe for the population basedtoral radioactivity. Also, it is found that
the results of specific activity for potasium-40 > thaori232 > uranium-238 > uranium-235,
because of the most area in the present study was tlayats and agricultural. The geographic
information system (GIS) was a good technique suitablafawing of natural radioactivity with

some radiological parameters in soil samples under stedy ar

Data availability statement
The datasets generated during and/or analysed during the cstuelgt are available from the

corresponding author on reasonable request.
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