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ABSTRACT

Background: The city of Ali Al-Gharbi in Misan province, Iraq, is known for its
agricultural activities, raising concerns about potential soil contamination due to
industrial activities, waste disposal, and the use of fertilizers and pesticides.
Understanding soil radioactivity levels is essential for assessing health risks to the
environment and the local population. Materials and Methods: A High-Purity
Germanium detector was employed to assess the radioactivity of both artificial and
natural radionuclides within the soil obtained from twenty-three localities in Ali Al-
Gharbi city, Misan. The soil was prepared, dried, and analyzed in the lab. Radiological
hazard indices (RHI): annual gonadal dose equivalent (AGDE), radium equivalent
activity (Raeg), absorbed dose rate (D), gamma index (ly), external and internal hazard
indices (Hex & Hin), excess lifetime cancer risk (ELCR), and outdoor annual effective
dose equivalent (AEDE), were computed using established formulas. Statistical analysis
provided insights into the radiological risks in the region. Results: **°Ra,”*Th, “°K, and
137cs were found to be 32.676+3.684 Bq/kg, 18.150+1.562 Bq/kg, 377.376215.266 Bq/
kg, and 1.906+0.422 Bq/kg, respectively. Radiological hazard parameters, including
excess ELCR, |, D, Raeg, (Hexe Hin), AGDE, and AEDE,,; were found to be 87.091+17.476
Bg/kg, 0.235+0.047, 0.323+0.073, 0.323+0.062, 41.543%+8.107 nGy/h, 50.948+9.943
uSv/y, 293.587+56.174 uSv/y, and 1.783+0.348 ><10'4, respectively. The findings
showed that the ?°Ra, 2Th, *°K, and *’Cs were below the recommended value by the
UNSCEAR. Conclusions: Moreover, all estimated radiation hazard parameters from
natural radionuclides were below the recommended limits, suggesting no health risk
from radioactivity in the study area.

INTRODUCTION

Background radioactivity originates from both
artificial sources and natural. Naturally occurring
sources encompass environmental radiation from
Naturally Occurring Radioactive Materials (NORMs)
like radium (?2¢Ra), thorium (232Th), and potassium
(#9K) (1-3). Additionally, artificial radionuclides such as
Cesium-137 (137Cs) may be found in the environment.
This can occur due to atmospheric nuclear weapons
testing, accidents, and routine discharge from nuclear
facilities (4-6). The concentrations of radionuclides,
whether artificial or natural, are primarily influenced
in geological and geographical conditions, leading to
varying levels in the soil across different regions
worldwide  (7-10),  Assessing the activity of
radionuclides in soil is vital because it provides
important information for tracking environmental
radioactivity (11-13), [n recent times, various
radiological surveys have been performed globally to
determine radionuclide concentrations in soil and
evaluate their potential radioactive hazards (14-17).
Almayahi et al, 2018 examined background radiation
exposure rates in various sites within Najaf and Dhi
Qar cities, Iraq. They often used a portable Geiger-
Miiller meter to measure gamma dose rates. Their
findings indicated that the absorbed dose rates of

background radiation in these areas were consistent
with global levels observed in other regions (18).
Mohammed et al, 2016 conducted research at the
University of Kufa in Iraq to examine the biological
effects of background radiation on humans. They
measured natural background radiation exposure
rates at various locations within the university using
a G-M survey meter. The results revealed that the
recorded gamma-ray dose rates and absorbed dose
rates were within the normal range observed in other
regions (19). Albazoni and Almayahi, 2022 developed a
biosensor to detect Pb*2 and 222Rn (Radium
progenitors) in soil and construction materials. The
biosensor utilized primers with high guanine content.
Chinese and Indian granites were found to exceed
acceptable limits for Pb*2 and 222Rn (29). In 2024,
Obayes evaluated the radionuclide concentrations in
soil samples collected from governmental
departments in Al-Nasiriya city, Iraq. The study
measured the specific activities of radionuclides
including 238U, 232Th, and 4K, and assessed various
radiological parameters. The results indicate that the
levels of these radionuclides did not exceed the
permissible global values, suggesting no significant
threat to human health from natural radioactivity in
the studied areas (21). The main goal of this study is to
evaluate the activity of both natural and artificial
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radionuclides (226Ra, 232Th, 40K, and 137Cs) in soil
samples collected from Ali Al-Gharbi city in Misan,
Iraq. It also seeks to assess the radiological hazard
parameters related to natural radionuclides. This
research represents the first attempt to measure
background radiation levels in Ali Al-Gharbi city,
providing a baseline dataset for future studies. The
study focuses on determining the radioactivity levels
in soil samples from the area and estimating the
associated radiological hazard indices. The novelty of
this research lies in its contribution as the inaugural
investigation into the background radiation levels in
Ali Al-Gharbi city. By providing a comprehensive
analysis of radionuclide levels and associated
hazards, this study establishes a foundational dataset
that can be referred to by future research endeavors
in Ali Al-Gharbi and nearby locations.

MATERIALS AND METHODS

Area of study

Ali Al- Gharbi is located in a northern and
northwestern part of Misan province in Iraq.
According to its geographical location, it stands
between latitudes (32°11°17” and 32°51'49") N and
longitudes (46°35°23” and 46°47°30”) E. The area
spans about 3766 km2 with a population of 53989 as
of 2019 (22-24),

Soil collection and preparation

Twenty-three soil samples from multiple locations
in Ali Al- Gharbi city was collected, as listed in table 1.
Soil was gathered from a depth of 0~5 cm (surface
soil) at selected spots and the Global Positioning
System (GPS) (Etrex Vista Hcx (GARMIN company,
USA) was employed in determining location
coordinates (figure 1). The soil samples were filled in
a clean zip lock and each one of the collected samples
was given a unique code, then transferred to the lab
for preparation. The soil was sieved with a 75 pm
sized mesh, dried in an oven herfy-28L (DENIKA
company, Korea) at 80 ° C for 2 h (remove the
moisture). Next, the soil samples were placed in 500
mL plastic Marinelli beakers manufactured by GA-MA
company in the USA. These beakers were sealed with
plastic tape to ensure no airborne radionuclides
could escape and were left undisturbed for a period
of 4 weeks. This allowed sufficient time for the
secular equilibrium of 226Ra with its decay products
in the uranium series to be reached before gamma
spectrometry counting took place (25).

Table 1. Geographic site of Ali Al- Gharbi city (Standard
Errors= %3) using GPS.

Sample Code | Sample Location Latitude | Longitude
Sq Large Al-Amiya 32.51910 | 46.52399
S, Small Al-Amiya 32.50800 | 46.54910
S3 Al-Shuwaimi 32.50076 | 46.57149
S4 Al-Wahda 32.51534 | 46.58139
Ss Al-Majari 32.49468 | 46.60120
Se Al-Kabsun 32.48557 | 46.63368
S, Al-Majd 32.49478 | 46.65956
Sg Al-Nujaydia 32.47274 | 46.68503
So Al-Batool 32.47456 | 46.69460
S1o Al-Saadiq 32.47003 | 46.70237
S11 Al-Hasanain 32.46778 | 46.67872
S1, Al-Amir 32.45862 | 46.68974
Si3 Umm Shajaj 32.46151 | 46.71835
Sia Bayt Faeil 32.43939 | 46.70172
Sis Al-Hura 32.43008 | 46.68171
Si6 Ansar Al-Hussein 32.44066 | 46.72520
Si7 Al-Sabbiha 32.42538 | 46.72700
Sig Al-Mustafa 32.41039 | 46.73574
S1o Al-Ghalibia 32.39404 | 46.72570
S20 Al-Khulud 32.32202 | 46.75296
So1 Al-Risala 32.29152 | 46.71530
Sy Al-Dawieina 32.28428 | 46.70937
Sas Al-Saadia Al-Sakhria | 32.26242 | 46.71544
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Figure 1. Map of the administrative divisions of the study area.
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Radioactivity measurement

Measurement of activity levels within the soil was
done with an HPGe detector (GC4020 Model,
CANBERRA company, USA) which has a 40% (relative
efficiency) and resolution at 2 keV (Full Width Half
Maximum (FWHM)) at 1332 keV gamma ray peak of
Cobalt-60  (¢°Co). To  diminish  background
radioactivity, a 12 cm thick lead shield was employed
to cover the HPGe detector. The gamma spectra of all
samples were carefully analyzed using Genie-2000
spectra analysis software from Canberra, version 3.1.
The detector underwent energy and relative
efficiency calibrations utilizing a standard multi-
gamma source identified by Certificate Number 1035-
SE-40524-16, Type of CBSS 2, Serial number of
280616-1597016, and Date of Certificate issue is 18
July 2016 (Czech Metrology Institute, Czech Republic)
which  contains 12 radionuclides including
Americium-241 (24'Am) (59.54 keV), Cadmium-109
(109Cd) (88.3 keV), Cerium-139 (139Ce) (165.85 keV),
Cobalt-57 (57Co) (122.06 and 136.47 keV), Cobalt-60
(60Co) (1173.24 and 1332.5 keV), Cesium-137 137Cs
(661.66 keV), Tin-113 (113Sn) (391.69 keV),
Strontium-85 (85Sr) (514 keV), Yttrium-88 (88Y)
(898.02 and 1836.08 keV), Chromium-51 (5Cr) (320
keV), Manganese-54 (5*Mn) (834.8 keV), and Zinc-65
(¢5Zn) (1116 keV) in the energy range (59.54 to
1836.08 keV) with mass of 441.0 gm, density of 0.98+
0.01 g /cm3, and volume of 450.0 + 4.5 cm3 (26),

The 226Ra was evaluated through the y-ray
energies of Lead-214 (2*Pb) at 351.92 keV and
Bismuth-214 (214Bi) at 609.31 keV, the y-ray lines
911.07 keV of Actinium-228 (228Ac) and 583.19 keV
of Thallium-208 (298T1) were used to evaluate 232Th
activities, while the activities of 40K and 137Cs were
directly evaluation using peak energies of 1460.80
keV and 661.64 keV, respectively (2. The 226Ra, 232Th,
40K and 137Cs in each sample were found using
equation 1 27);

4 (f_:) ~ I;Tw t (1)

In the formula, A the activity (Bq/kg), N stands for
a net area below a peak (count per sec.), € represents
the absolute gamma peak detection efficiency, ly
signifies the absolute gamma intensity of the
respective gamma-ray energy considered, M denotes
the mass of the sample in kilograms, and t indicates
the time of measurement in seconds.

Radiological health hazard indices (RHHI)

The RHHI resulting from natural radionuclide
including radium equivalent activity (Raeq), external
and internal hazard indices (Hex & Hin), gamma index
(Iy), absorbed dose rate (D), outdoor annual effective
dose equivalent (AEDEouw), annual gonadal dose
equivalent (AGDE), and excess lifetime cancer risk
(ELCR), were found using the equations 2-9 (1.2,28-33),

Raeq=Ara Bq/kg+(1.43xAm Bq/kg)+(0.077xAx Bq/kg)
<370 (2)

where Ara, Ath and Ak are the activities of 226Ra,
232Th and 40K.

_ Apa , Arp Ay
== 4 54—
gx 370 + 259 +431u =1 (3)
_ Agag , dArh Ag
, o— —ad ¢ I8 4 R o 4
H'“ 185 + 259 + 4810 — 1 ()
[ =2Ray fth , Ak 4 (5)

¥ 300 200 3000 —

D (?) = (0.462 X Ap,) + (0.604X Ap,) + (0.0417 X A,) (6)

Where; the conversion factors of 226Ra, 232Th, and
40K, are 0.462, 0.604, and 0.0417 nGy/h per Bq/kg,
respectively.

AEDE (?) = D x DCF X OF X 8?603 x 1073 (7)

Where; D (calculated absorbed dose rate), DCF
(dose conversion factor from absorbed dose rate) in
the air to effective (0.7 Sv/ Gy), and OF=0.2 (outdoor
occupancy factor).

AGDE (%) =(3.09 X Ag,) + (418 X 4y,) +(0314x 4,) (8)
ELCR =AEDExDLxRF (9)

Where; AEDE (annual effective dose equivalent,
uSv/y), DL (duration of life (70 years)) and RF (risk
factor).

Statistical analysis

Statistical software packages such as Genie-2000
(version 3.1) Spectra analysis software were used for
analyzing the spectrums of gamma in all samples
collected. This software aided in processing the
gamma ray spectrometry data obtained from the
HPGe detector. Additionally, statistical tests were
used to calculate various RHHI, including Raeq, Hex &
Hin, Iy, D, AEDEout, AGDE, and ELCR. These statistical
analyses provided essential insights into the
radiological hazard levels in the studied area. Data
analysis was conducted using SPSS statistical
software (IBM SPSS Statistics 26.0). Statistical tests
were applied for data analysis, and variations were
quantified using p-values.

RESULTS AND DISCUSSION

Table 3 presents the 226Ra, 232Th, 40K and 137Cs in
the samples. The 226Ra,232Th,%0K, and 137Cs in soils
ranged from an average of 32.676+3.684 Bq/kg,
18.150 + 1.562 Bq/kg, 377.376+15.266 Bq/kg, and
1.906+0.422 Bq/kg, respectively. The 226Ra was
higher than that 232Th for 22 out of 23 samples, and
the 40K was greater than that 226Ra and 232Th of all the
sites. As shown in table 2, the p-values calculated
indicate the level of significance for each radionuclide
measured in the samples from Ali Al-Gharbi city. The
RHHI obtained in the soil are showed in table 3.
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Table 2. Radionuclides (***Ra, *2Th, “°K, and *’Cs) (Ba/kg) with P Value in Ali Al- Gharbi city.

Sample Code 26Ra P Value B21h P Value K P Value 3¢ P Value
s1 50.416+3.167 | 0.05 | 22.815+1.944 | 0.05 | 564.325+6.261 |<0.0001 | 2.224+0.501 | 0.53
s2 41.122+4.322 | 005 | 16.613+1.452 | 0.05 | 345.322¢14.458 | 0.05 | 1.6020.416 | 0.48
s3 42.257+3.127 | 0.05 | 18.221#1.745 | 0.05 | 362.223+13.324 | 0.05 | 3.812+0.721 | 0.05
s4 45.125+5.241 | 0.05 | 21.411#2.235 | 0.05 | 439.321#13.652 | 0.05 | 1.812+0.423 | 0.82
s5 2.415¢3516 | 0.05 | 18.321+1.658 | 0.05 | 357.451+12.762 | 0.05 | 0.534£0.025 | <0.0001
6 23.22242.381 | 0.05 | 9.621+1.225 | 0.05 | 411.542+17.809 | 0.05 | 1.821#0.524 | 0.87
s7 24.43242.431 | 0.05 | 18.431+2.451 | 0.05 | 417.21%13.351 0.1 | 1.115:0.409 | 0.1
s8 41.81143.673 | 0.05 | 22.435¢1.211 | 0.05 | 424.421+#11.651 | 0.05 | 0.487+0.065 | <0.0001
s9 27.321#3.652 | 0.05 | 22.414+1.809 | 0.05 | 448.424+17.091 | 0.05 | 4.623+0.916 | 0.05
$10 33.811#3.23 | 0.05 | 17.811+1.951 | 0.05 | 328.256+15.132 | 0.05 | 1.223+0.343 | 0.09
s11 47.13745.431 | 0.05 | 23.417¢1.722 | 0.05 | 400.221#18.541 | 0.05 | 0.591%0.039 | <0.0001
s12 29.412+43.361 | 0.05 | 12.325+1.531 | 0.05 | 271.336+13.114 |<0.0001 | 1.242+0.421 | 0.15
s13 34.264+3.681 | 0.05 | 17.221+1.116 | 0.05 | 355.321#15.214 | 005 | 1.202#0.331 | 0.1
S14 28.443+321 | 0.05 | 16.431+1.224 | 0.05 | 334.216+19.341 | 0.05 | 1.327#0.321 | 0.13
s15 25.234+4.325 | 0.05 | 13.632¢1.221 | 0.05 | 285.234+14.651 | <0.0001 | 1.132+0.201 | <0.0001
s16 36.651#4.761 | 0.05 | 18.832+1.975 | 0.05 | 273.012+#18.108 | <0.0001 | 2.071+0.512 | 0.73
s17 324243202 | 005 | 21.611#1.622 | 0.05 | 396.455¢18.105 | 0.42 | 4.625+0.911 | 0.05
518 35.423£3.204 | 0.05 | 16.247+1.301 | 0.05 | 383.237£¢19.261 | 0.39 | 5.102+0.812 | <0.0001
19 35.624+3.103 | 0.05 | 18.227+1.321 | 0.05 | 323.412+11.406 | <0.0001 | 0.493%0.062 | <0.0001
$20 19.423+3327 | 0.05 | 17.123+1.242 | 0.05 | 353.411+11.236 |<0.0001 | 2.424+0.802 | 0.52
s21 35.351#4.013 | 0.05 | 24.854+1.117 | 0.05 | 344.822+¢17.321 | 005 | 1.601#¥0.312 | 0.34
s22 39.424%5.165 | 0.05 | 15.211+1.622 | 0.05 | 436.252+19.831 | 0.07 | 2.211#0.521 | 0.57
s23 20.823+3.231 | 0.05 | 14.232¢1.245 | 0.05 | 424.242+19.511 | 0.15 | 0.564+0.131 | <0.0001
+
Mean Value 32.676£3.684 | 0.05 | 18.150+1.562 | 0.05 | 377.376+15.266 1.906£0.422
Standard Deviation
Table 3. Radiological hazard indices (Raeq, Hex & Hin, Iy, D, AEDEoy, AGDE, and ELCR) in Ali Al-Gharbi city.
Sample Code Raeq (Ba/kg) Hex Hi, ly D (nGy/h) |AEDE (uSv/y)| AGDE (uSv/y) |ELCR (x107%)
S 126.494 0.341 0.477 0.470 60.604 74.325 428.350 2.601
S 91.468 0.247 0.358 0.335 43.432 53.265 304.940 1.864
S, 96.204 0.259 0.374 0.352 45.632 55.964 320.475 1.958
Sa 109.570 0.295 0.417 0.403 52.099 63.895 366.881 2.236
Ss 56.137 0.151 0.158 0.218 27.087 33.219 196.283 1.162
Se 68.668 0.185 0.248 0.262 33.700 41330 241.195 1.446
S, 82.913 0.223 0.289 0.312 39.817 48.832 283.540 1.709
Se 106.573 0.287 0.400 0.393 50.565 62.013 356.242 2.170
So 93.901 0.253 0.327 0.352 44.859 55.015 318.917 1.925
S10 84.556 0.228 0.319 0.311 40.066 49.137 281.998 1.719
Sur 111.440 0.301 0.428 0.407 52.610 64.521 369.205 2.258
S1y 67.929 0.183 0.262 0.250 32.347 39.670 227.601 1.388
Su3 86.249 0.232 0.325 0.318 41.048 50.341 289.430 1.761
S1a 77.673 0.209 0.286 0.288 37.001 45.379 261.514 1.588
Sus 66.690 0.180 0.248 0.247 31.786 38.982 224518 1.364
Si6 84.602 0.228 0.327 0.307 39.691 48.678 277.695 1.703
Sty 93.854 0.253 0.341 0.348 44565 54.654 315.011 1.912
Sis 88.165 0.238 0.333 0.327 42.159 51.704 297.705 1.809
St 86.591 0.233 0.330 0.317 40.953 50.225 287.818 1.757
S% 71.121 0.192 0.244 0.268 34.052 41.762 242.562 1.461
Sor 97.443 0.263 0.358 0.357 45.723 56.074 321.398 1.962
Sy 94.767 0.255 0.362 0.352 45.593 55915 322.385 1.957
S»3 73.841 0.199 0.255 0.281 35.907 44.036 257.044 1.541
Mean Value £ o7 00,16 534]0.236£0.044|0.325£0.071| 0325% |41.796+7.745[51.258+0.498295.335+53.734| 1.794+0.332
Standard Deviation 0.059

226Ra is 35, 232Th is 30, and that of 4°K is 400 Bq/
kg are the global average in soils (1). The 226Ra in the
location of study is below the global average,
although the 226Ra of the S; (Large Al-Amiya), Sz
(Small Al-Amiya), S3 (Al -Shuwaimi), S4 (Al-Wahda), Ss

(Al-Nujaydia), Si1 (Al-Hasanain), Sis (Ansar Al-
Hussein), Sig (Al-Mustafa), Si9 (Al-Ghalibia), S21 (Al-
Risala), and S22 (Al-Dawieina) are slightly above the
world average. The 232Th activity value is below the
global average and 4°K is also lower compared to the
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worldwide average. Nevertheless, the 40K of the S;
(Large Al-Amiya), S: (Al-Wahda), Se¢ (Al-Kabsun), Sz
(Al-Majd), Ss (Al-Nujaydia), So (Al-Batool), Si1 (Al-
Hasanain), Sz2 (Al-Dawieina), and S23 (Al-Saadia Al-
Sakhria) are slightly higher than the world average
value. Moreover, excessive use of artificial fertilizers
in soil may lead to elevated activity values of 4°K. The
artificial radionuclide, (137Cs), is not naturally present
in samples. It is rather a byproduct of fallout
radioactivity. The probable introduction of these
elements into the study area's soil could be attributed
to incidents like the Chernobyl nuclear power plant
disaster on April 26, 1986, and nuclear weapons
testing. A p-value of less than 0.05 typically indicates
a statistically significant difference. For instance, the
p-value for some radionuclides in several samples
was found to be highly significant (p<0.0001),
suggesting notable variation in concentration levels.
Conversely, p-values greater than 0.05 suggest no
statistically significant difference, as observed with
other radionuclides in specific samples.

Comparison of the radioactivity

The average of 226Ra,232Th,40K and 137Cs have been
compared to the same studies done in various
regions of Iraq and the world, indicated in table 4.
Upon comparison, it's noted that the mean activity
concentrations of 226Ra, 232Th, and 4°K are lower in
comparison to findings from studies conducted in
Malaysia. (Malaysian Peninsula), India (Uttara
Kannada), Pakistan (Punjab), Bangladesh (Inani
Beach), Palestine (West Bank), Yemen (Sana'a) and
Turkey (Rize) (2.15,34-38) whereas higher than previous
studies reported in Iran (Fars), Kuwait, Qatar, Iraq
(LZRB), Iraq (Al-Nahrawan) and Iraq (Najaf) (3941,
Also, the average activity concentration for 137Cs is
lower. The average radioactivity in the investigated
soil was below the global average values as
documented by UNSCEAR, and variations in soil
radioactivity across different regions of the world are
influenced by the geological and geographical
characteristics specific to each area (1).

Table 4. Comparison of the average soil radioactivity (Bg/kg) in this study with other countries worldwide.

Place L e a0 Lo Reference
Malaysia (Malaysian Peninsula) 57 68 427 Not measured Almayahi et al., 2012 7
India (Uttara Kannada) 36.13 48.47 415.76 Not measured Suresh et al., 2022 ™
Pakistan (Punjab) 58.23 53.60 564.48 2.18 Rahman et al,, 2011
Bangladesh (Inani Beach) 4439 69.79 1007.25 Not measured Ahmed et al., 2014 ©¥
Palestine (West Bank) 68.7 48 630 Not measured Dabayneh et al., 2008 ©”
Yemen (Sana'a) 48.2 41.7 939.1 Not measured Harb et al,, 2012 ©
Turkey (Rize) 85.75 51.08 771.57 236.38 Dizman et al., 2016
Iran (Fars) 26.3 14.9 271 6.37 Faghihi et al., 2011 ®”
Kuwait 16.99 12.70 333.20 Not measured Bajoga et al., 2019 **
Qatar 23.2 4.5 127.1 Not measured Nasir et al., 2012 ™V
Iraq (LZRB) 13.8 6.5 276.5 7 Smail et al., 2021
Iraq (Al-Nahrawan) 16.634 11.693 147.55 Not measured Essa et al., 2021 ™
Iraq (Najaf) 11.96 4.99 104.62 Not measured Hasan et al., 2021 ¥
Worldwide Average 35 30 400 Not measured UNSCEAR, 2000 ™
Iraq (Ali Al- Gharbi) 32.676 18.150 377.376 1.906 Present study

The calculated radium equivalent activity values
in the soil ranged from 56.137 Bq/kg (Ss) to 126.494
Bq/kg (S1) (with average 87.689+16.534 Bq/kg),
which is lower than the worldwide value of 370 Bq/
kg (). The Hex ranged from 0.151 (Ss) to 0.341 (Si1)
(0.236%0.044), which is lower than (1) . The Hi
ranged from 0.158 (Ss) to 0.477 (S1) (0.325+0.071),
which is less than (1) (. The gamma index values
scaled between 0.218 (Ss) and 0.470 (S1) (0.325 *
0.059), which is less than (1) @. The D in the air
ranged from 27.087 (Ss) to 60.604 (Si) nGy/h
(41.796+7.745 nGy/h, which is lower than the world
value (59 nGy/h) . Nonetheless, a little higher level
of the D was observed in a sampling site of S1(Large
Al-Amiya). The AEDE in the study area ranged from
33.219 (Ss) to 74.325 (S1) uSv/y (51.258+9.498 uSv/
y), which is lower than the world value (70 uSv/y) (.
However, a slightly higher level of AEDE was noticed
in the sampling region of S1(Large Alamiya). The
AGDE ranged from 196.283 (Ss) to 428.350 (S1) uSv/
y with a mean value of 295.335+53.734 uSv/y, which

is lower than the global value (300 uSv/y) M.
Nevertheless, slightly elevated AGDE levels were
detected in the specific areas, Si (Large Al-Amiya), Sz
(Small Al-Amiya), S3 (Al-Shuwaimi), S4 (Al-Wahda), Ss
(Al-Nujaydia), So(Al-Batool), S11(Al-Hasanain), S17(Al-
Sabbiha), Sz1(Al-Risala), and S22 (Al-Dawieina). The
ELCR ranged from 1.162x10-(Ss) to 2.601x10-* (S1)
(1.794+0.332x104) lower than the worldwide
average value of 2.9x10# (1. Based on the RHI
derived from the study, it can be concluded that the
surveyed area exhibits radiation levels within normal
ranges, posing no health risks to the population.

Comparison of RHI

The average RHI derived from the study area has
been compared with those obtained from regions in
Iraq and globally. This comparison is detailed in table
5. Raeg, Hex, Hin, Iy, D, AEDE, AGDE and ELCR of this
study are lower than studies reported in India, Dadri
(U.P.), Pakistan (Waziristan), Iran (Tehran), Jordan
(northern highlands), Iraq) Nineveh( and Iraq (Abu
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Al Khasib) (45-50) while higher than studies reported
in Bangladesh (Habiganj), Turkey (Bolu), Saudi

Arabia (Dammam), Iraq (Pshdar), Iraq (Al-Sadr), Iraq
(Wassit), Iraq (Najaf) (2 44.51-55),

Table 5. Comparison of radiological hazard indices from this study with global studies.

Nineveh (Iraq)

Country Radiological hazard indices Reference
Ragq H H. I D AEDE AGDE ELCR
(Ba/kg) o in Y |(nGy/h)| (uSv/y) | (uSv/y) | (x107)
India (U.P.) Dadri | 147.8 0.4 Not Not 1 715 80 Not Not |\ iahur et al., 2013
measured | measured measured | measured
Pakistan 281272 | 0759 | 0.947 Not  1100.982| 150 Not Not | vhan et al,, 2020
(Waziristan) measure measured | measured
Bangl.ades'h 58,51 0.160 Not Not 27.99 33.18 Not Not Ferdous(gt; al.,2015
(Habiganj) measured | measured measured | measured
Turkey (Bolu) 62.8 0.2 Not 0.2 29.9 36.6 209.7 1.3 |Dizman etal., 2019 ¥
measured
Not meas- Not Asgharizadeh et al.,
Iran (Tehran) 143.6 0.39 0.49 0.53 69.1 80 ured measured 2013 8
Jordan (northern Not Not Al-Hamarneh and
highlands) 103.1 028 039 | heasured| 1 63.2 3343 | easured | Awadallah, 2009 #
Saudi Arabia 63.93 0.17 0.22 025 | 31.68 39 Not 1.4 | Al-Ghamdi, 2019 ¥
(Dammam) measured
Iraq (Pshdar) | 69.83 | 0.20 0.22 Not | 3326 | 40.79 Not Not | Mustafa et al, 2016
measured measured | measured
90.75 0.244 0.332 0.656 43.08 Not Not Not

Najam et al., 2015 (52)
measured | measured | measured

Iraq (Al-Sadr) | 61.434 | 0166 | 0.208 Not 159535 | 37 Not 128 | AlAlawy etal, 2023
measured measured
Iraq (Wassit) 61.585 | 0.166 0.219 0.225 | 28.656 35 Not Not I\ ajam et al,, 2017 59
measured | measured
Iraq (Najaf) 26.23 0.07 0.1 0.188 11.02 15 80 0.53 |Hasanetal, 2021 ™
Iraq (Abu Al Not Not Not Not 5051 60 Not ) Mohammed and
Khasib) measured | measured | measured | measured : measured Ahmed, 2017 ©*
World average 370 1> 1> 1> 59 70 300 2.9 UNSCEAR, 2000 ™
Iraq (Ali 87.689 0.236 0.325 0.325 41.796 | 51.258 295.335 1.794
. Present study
Al- Gharbi)

This study reveals that the concentration of 226Ra
in most sites is below the global average, although
some locations such as S1 (Large Al-Amiya), S2
(Small Al-Amiya), S4 (Al-Wahda), and others show
slightly elevated levels. Similarly, the 40K values are
generally lower than the worldwide average, except
for certain locations where the concentration is
slightly higher, likely due to local agricultural
practices, including the use of artificial fertilizers. The
presence of 137Cs, which is not naturally occurring, is
attributed to fallout from nuclear incidents such as
the Chernobyl disaster. This long-term presence
highlights the impact of historical events on
environmental radioactivity.

The results have compared with those from
various regions globally, including Iraq, Iran, and
other countries, as detailed in table 4. The mean
activity concentrations of 226Ra, 232Th, and 4°K in the
study area are generally lower compared to countries
like Malaysia, India, and Pakistan, while being slightly
higher than those in regions such as Iran and Kuwait.
The calculated radiological health hazard indices also
indicate that the values are below the global average,
and despite some localized elevations, the overall
health risk from radiation exposure is minimal. A
statistical analysis was performed to validate the
significance of these differences, with p-values
supporting the variations observed across

radionuclide concentrations. The radioactivity in soil
shows variations across the sites, with 226Ra, 232Th,
and 49K generally aligning with worldwide averages,
though some locations have slightly higher levels due
to local geology or human activities like artificial
fertilizers. The presence of 137Cs, from fallout events
like Chernobyl, highlights long-term environmental
impacts. Comparing radionuclide concentrations
with other regions shows that while the study area
has lower levels than some countries (e.g., India,
Pakistan), it is higher than others (e.g, Iran, Kuwait).
Despite localized elevations, the calculated
radiological health hazard indices indicate that the
area poses no significant health risks overall. These
variations emphasize the need for localized studies to
better understand and manage radiation-related
health risks.

CONCLUSIONS

The study revealed that the mean activity levels in
the soils were below the recommended standards,
from these values, various RHHI were calculated. It
was found that the mean values of these indices in
the soil were below the global average. And
therefore, the results obtained in this research
indicate that the soils are considered radiologically
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safe with no associated health risk to the area's
inhabitants. This data may be crucial in developing a
radioactivity map of the area for monitoring possible
radioactivity pollution in future.

ACKNOWLEDGMENT

The author extends appreciation to the Radiation
Protection Center (RPC) of the Iraqi Ministry of
Environment for their scientific support in conducting
this research.

Funding: This study was supported by no funding.
Conflicts of Interests: There is no conflict of interest
in this study.

Author Contribution: Zahraa A. Ismail Alsudani
conceived and designed the study, conducted the
literature search and data collection, analyzed the
data, drafted the manuscript, and reviewed and
edited it. The manuscript is a single authored work
and no one else was involved in research and
preparation of manuscript.

Ethical consideration: Not applicable.

REFERENCES

1. UNSCEAR (United Nations Scientific Committee on the Effects of
Atomic Radiation) (2000) Sources, Effects and Risks of lonizing Ra-
diation. Report to the General Assembly, with Annexes, New York,
NY: United Nations, USA.

2. Dizman S, Gorur FK, Keser R, Gorir O (2019) The assessment of ra-
dioactivity and radiological hazards in soils of Bolu province, Tur-
key. Environ Forensics, 20 (3): 211-218. https://
doi.org/10.1080/15275922.2019.1629129

3. Kabir KA, Islam SMA and Rahman MM (2009) Distribution of radio-
nuclides in surface soil and bottom sediment in the district of
Jessore, Bangladesh and evaluation of radiation hazard. J Bangla-
desh Acad Sci, 33(1): 117-130. https://doi.org/10.3329/
jbas.v33i1.2956

4. Igbal M, Tufail M, and Mirza S (2000) Measurement of natural ra-
dioactivity in marble found in Pakistan using a Nal (TI) gamma-ray
spectrometer. J Environ Radioact, 51 (2): 255-265. https://
doi.org /10.1016/50265-931X(00)00077-1

5. Al-Jundia J, Al-Bataina BA, Abu-Rukah Y, and Shehadeh H M (2003)
Natural radioactivity concentrations in soil samples along the Am-
man Agaba Highway, Jordan. Radiat Meas, 36: 555-560. -https://
doi: 10.1016/51350-4487(03)00202-6

6. Ajayi OS (2009) Measurement of activity concentrations of *°K,

Ra and **Th for assessment of radiation hazards from soils of
the southwestern region of Nigeria. Radiat Environ Bioph, 48: 323-
332. https://doi: 10.1007/s00411-009-0225-0

7. Attia TE, Shendi EH, Shehata MA (2015) Assessment of natural and
artificial radioactivity levels and radiation hazards and their rela-
tion to heavy metals in the industrial area of Port Said city, Egypt.
Environ Sci Pollut R, 22(4): 3082-3097. https://d0i:10.1007/s11356-
014-3453z

8. El Samad O, Baydoun R, Nsouli B, Darwish T (2013) Determination
of natural and artificial radioactivity in soil in North Lebanon prov-
ince. J Environ Radioactiv, 125: 36-39. http://dx.doi.org/10.1016/
j.jenvrad.2013.02.010

9. Hussein ZA (2019) Assessment of natural radioactivity levels and
radiation hazards of soils from Erbil governorate, Iraqgi Kurdistan.
ARO- Scient J Koya University, 7(1): 34-39. http://
dx.doi.org/10.14500/ar0.10471

10.Jassam HA and Awadh SM (2021) Natural radioactivity in soil and
bitumen in Al-Marj spring and Abu-Jir village, Anbar, western Iraq.
Iraqi Geol J, 54 (2E): 12-23. https://doi: 10.46717/igj.54.2E.2Ms-
2021-11-18

11.Kardan MR, Fathabdi N, Attarilar A, Esmaeili-Gheshlaghi MT,
Karimi M, Najaf A, Hosseini SS (2017) A national survey of natural
radionuclides in soils and terrestrial radiation exposure in Iran. J

Environ Radioactiv, 178-179: 168-176. http://dx.doi.org/10.1016/
j.jenvrad.2017.08.010

12.Mohammed NA and Ebrahiem SA (2020) Radioactivity levels of
238U, 234Th, 0K and **C in the soil surface of selected regions from
Baghdad governorate. Int J Nucl Energ Sci Tech, 14(1): 15-27.
https://doi.org/10.1504/1JNEST.2020.108794

13.Najam LA, Mansour HL, Tawfig NF, Karim MS (2016) Measurement
of radioactivity in soil samples for selected regions in Thi-Qar gov-
ernorate-lraq. J Radiat Nucl Appl, 1(1): 25-30. http://
dx.doi.org/10.18576/jrna/010104

14.Rashed-Nizam QM, Tafader MK, Zafar M, Rahman MM, Bhuian
AKMSI, et al. (2016) Radiological risk analysis of sediment from Ku-
tubdia island, Bangladesh due to natural and anthropogenic Radio-
nuclides. Int J Radiat Res, 14(4): 373-377. https://doi: 10.18869/
acadpub.ijrr.14.4.373

15.Suresh S, Rangaswamy DR, Sannappa J, Dongre S, Srinivasa E, Ra-
jesh S (2022) Estimation of natural radioactivity and assessment of
radiation hazard indices in soil samples of Uttara Kannada district,
Karnataka, India. J Radioanal Nucl Ch, 331(6): 1869-1879. https://
doi:10.1007/s10967-021-08145-5

16.Taqi AH, Shaker AM, Battawy AA (2018) Natural radioactivity as-
sessment in soil samples from Kirkuk city of Iraq using HPGe detec-
tor. Int J Radiat Res, 16(4): 455-463. https://doi: 10.18869/
acadpub.ijrr.16.4.455

17.Thabayneh KM, and Jazzar MM (2012) Natural radioactivity levels
and estimation of radiation exposure in environmental soil sam-
ples from Tulkarem Province-Palestine. Open J Soil Sci, 2(1): 7-16.
https://doi: 10.4236/0jss.2012.21002

18.Almayahi BA, Hakeem JI, Saheb L (2018) The impact of low-level
exposure to radiation in natural ecosystems of Najaf and Dhi Qar
cities, Iraq. Iran J Med Phys, 15: 1-5. https://doi: 10.22038/
ijmp.2017.24540.1245.

19.Mohammed HK, Zyughir LS, Jaafar AA, Almayahi BA (2016) Biologi-
cal effects of background radiation and their risk of humans. Ma-
ghrebian J Pure Appl Sci, 2(2): 2-2.

20.Albazoni H and Almayahi BA (2022) Determination of radon gas
and lead ion concentrations in building materials using biosensors.
Int J Radiat Res, 20(1): 245-248.

21.0bayes KH (2024) Natural gamma emitters in soil samples of Gov-
ernmental departments of Al-Nasiriya city, Iraq. Int J Radiat Res, 22
(1): 219-222.

22.Shnishil DA and Reson NS (2022) Applications of population fertili-
ty measures and their geographical distribution in Maysan Gover-
norate. J College Educat, 3(46): 245-256. https://doi: 10.31185/
eduj.Vol3.1ss46.2115

23.CSO (Central Statistical Organization) (2019), Ministry of Planning
and Development Cooperation, Misan governorate Statistics Direc-
torate, population estimates by environment, gender, and admin-
istrative unit, Republic of Irag (unpublished data).

24.CSO (Central Statistical Organization) (2022-2023), Ministry of
Planning, Central Statistics Department, Research and Publishing
Department, Republic of Iraq (unpublished data for the year 2023).

25. AL-Ubaidi KHM, Mahmoud RR, Al-Saudany ZA (2015) Radioactivity
measurement of 23U, *Th, *°K, and *’Cs in soil of AL-Amara city -
Missan governorate-lraq. J Chem Bio Phys Sci, 5(3): 3360-3367.

26.CMI (Czech Metrology Institute) (2016). Production of Radioactive
Standards, Regional Branch Prague, Radiova 1136/3, 102 00 Praha
10, lonizing Radiation Building, Radiova 1288/1a, Czech Republic.

27.Jebur JH, Al-Sudani ZAl, Fleifil S Sh (2019) Measure the rate of radi-
ation activity in soil sample from the depth of Sindbad land in Bas-
rah governorate. I0P Conference Series: Mater Sci Eng, 571:
012120. https://doi: 10.1088/1757-899x/571/1/012120

28.Kadhim NF, Baqir YA, Najam LA (2020) Radiation hazard of chemi-
cal fertilizers used in growing agriculture crops in Iraq. J Radiat and
Nucl Appl, 5(2): 127-134. http://dx.doi.org/10.18576/jrna/050207

29.Yadav M, Rawat M, Dangwal A, Prasad M, Gusain GS, Ramola RC
(2014) Levels and effects of natural radionuclides in soil samples of
Garhwal Himalaya. J Radioanal Nucl Ch, 2(302): 869-873. https://
doi :10.1007/s10967-014-3277-9

30.Mostafa MYA, Kadhim NF, Ammer H, Bagir Y (2021) The plant
transfer factor of natural radionuclides and the soil radiation haz-
ard of some crops. Envir Monit Assess, 193(6): 320-331. http:// doi:
10.1007/s10661-021-09061-7

31.Kebede BZ, and Gebeyehu T (2021) Evaluation of natural radioac-
tive elements and hazardous indexes using high pure germanium
gamma ray spectroscopy in Sekota, Waghimra, Zone, Ethiopia. Am
J Phys Appl, 9(2): 48-52. http://doi: 10.11648/j.ajpa.20210902.14

32.Kurnaz A, Kugikdmeroglu B, Keser R, Okumusoglu NT, Korkmaz F,
Karahan G, Cevik U (2007) Determination of radioactivity levels


https://doi.org/10.1080/15275922.2019.1629129
https://doi.org/10.1080/15275922.2019.1629129
https://doi.org/10.1080/15275922.2019.1629129
http://dx.doi.org/10.3329/jbas.v33i1.2956
http://dx.doi.org/10.3329/jbas.v33i1.2956
http://dx.doi.org/10.1016/S0265-931X\(00\)00077-1
https://doi:
https://doi:
about:blank
http://dx.doi.org/10.1016/j.jenvrad.2013.02.010
http://dx.doi.org/10.1016/j.jenvrad.2013.02.010
https://doi:%2010.46717/igj.54.2E.2Ms-2021-11-18
https://doi:%2010.46717/igj.54.2E.2Ms-2021-11-18
http://dx.doi.org/10.1016/j.jenvrad.2017.08.010
http://dx.doi.org/10.1016/j.jenvrad.2017.08.010
https://doi.org/10.1504/IJNEST.2020.108794
http://dx.doi.org/10.18576/jrna/010104
http://dx.doi.org/10.18576/jrna/010104
https://doi:
https://doi:10.1007/s10967-021-08145-5
https://doi:10.1007/s10967-021-08145-5
http://dx.doi.org/10.4236/ojss.2012.21002
http://dx.doi.org/10.31185/eduj.Vol3.Iss46.2115
http://dx.doi.org/10.31185/eduj.Vol3.Iss46.2115
http://dx.doi.org/10.18576/jrna/050207
http://dx.doi.org/10.61882/ijrr.23.3.24
https://mail.ijrr.com/article-1-6640-en.html

[ Downloaded from mail.ijrr.com on 2026-02-19 ]

[ DOI: 10.61882/ijrr.23.3.24 ]

690 Int. J. Radiat. Res., Vol. 23 No. 3, July 2025

and hazards of soil and sediment samples in Firtina Valley (Rize,
Turkey). Appl Radiat Isotopes, 65(11): 1281-1289. https://doi:
10.1016/j.apradiso.2007.06.001

33.Ugbede FO, Okoye O N N, Akpolile AF, Oladele BB (2021) Baseline
radioactivity in the soil of Evangel takeRloff campus, Evangel uni-
versity, Nigeria, and its associated health risks. Chem Africa, 4(2):
703-713. https://doi: 10.1007/s42250-021-00254-8

34. Almayahi BA, Tajuddin AA, Jaafar MS (2012) Radiation hazard indi-
ces of soil and water samples in Northern Malaysian Peninsula.
Appl Radiat Isotopes, 70: 2652-2660. http://dx.doi.org/10.1016/
j.apradiso.2012.07.021

35.Rahman SU, Matiullah, Malik F, Rafique M, Anwar J, Ziafat M, Jab-
bar A (2011) Measurement of naturally occurring/fallout radioac-
tive elements and assessment of annual effective dose in soil sam-
ples collected from four districts of the Punjab Province, Pakistan. J
Radioanal Nucl Ch, 287 (2): 647-655. https://doi: 10.1007/s10967-
010-0819-7

36.Ahmed MM, Das SK, Haydar MA, Bhuiyan M MH, Ali MlI, Paul D
(2014) Study of natural radioactivity and radiological hazard of
sand, sediment, and soil samples from Inani beach, Cox’s bazar,
Bangladesh. J Nucl Particle Phys, 4(2): 69-78. https:// doi: 10.5923/
j.jnpp.20140402.04

37.Dabayneh KM, Mashal LA, Hasan FI (2008) Radioactivity concentra-
tion in soil samples in the southern part of the west bank, Pales-
tine. Radiat Prot Dosim, 131( 2): 265-271. https:// d0i:10.1093/
rpd/ncn161

38.Harb SR, El-Kamel A, Abbady A, Saleh II, Abd El-Mageed Al (2012)
Specific activities of natural rocks and soils at quaternary intraplate
volcanism north of Sana'a, Yemen. J Med Phys, 37(1): 54-60.
https://doi:10.4103/0971-6203.92721

39.Faghihi R, Mehdizadeh S, Sina S (2011) Natural and artificial radio-
activity distribution in soil of Fars province, Iran. Radiat Prot
Dosim, 145(1): 66-74. https:// doi:10.1093/rpd/ncq367

40.Bajoga AD, Al-Dabbous AN, Abdullahi AS, Alazemi NA, Bachama,
YD, Alaswad SO (2019) Evaluation of elemental concentrations of
uranium, thorium and potassium in top soils from Kuwait. Nucl Eng
Technol, 51 (6): 1638-1649. https://doi.org/10.1016/
j-net.2019.04.021

41.Nasir T, Al-Sulaiti H, Regan PH (2012) Assessment of radioactivity
in some soil samples of Qatar by gamma-ray spectroscopy. Paki-
stan J Sci Ind R, 55(3): 128-134. https://doi: 10.52763/
PJSIR.PHYS.SCI.55.3.2012.128.134

42.Smail JM, Ahmad ST, Mansour HH (2021) Estimation of the natural
radioactivity levels in the soil along the Little Zab River, Kurdistan
Region in Iraq. J Radioanal Nucl Ch, 331(1): 119-128. https://
doi.org/10.1007/5s10967-021-08064-5

43.Essa BH, Siyah MA, Al-Mashhadani AH (2021) Study the radioactive
concentration for soil samples contaminated with depleted urani-

um in Al- Nahrawan site at Baghdad governorate using high purity
germanium detector. IOP Conference Series: J Phys, 2114: 012011.
https://doi: 10.1088/1742-6596/2114/1/012011

44.Hasan NM, Alsaedi JK, Alnasri SK, Abdulhasan AA (2021) Determi-
nation of the natural radioactivity levels at selected regions in Al-
Najaf Governorate. Al-Nahrain J Scie, 24(2): 33-40. https:// doi:
10.22401/ANJS.24.2.06

45.Mahur AK, Gupta M, Varshney R, Sonkawade RG, Verma KD, Pra-
sad R (2013) Radon exhalation and gamma radioactivity levels in
soil and radiation hazard assessment in the surrounding area of
National Thermal Power Corporation, Dadri (U.P.), India. Radiat
Meas, 50: 130-135. http://dx.doi.org/10.1016/
j.radmeas.2012.09.008

46.Khan IU, Qin Z, Xie T, Bin Z, Li H, Sun W, Lewis E (2020) Evaluation
of health hazards from radionuclides in soil and rocks of North Wa-
ziristan, Pakistan. Int J Radiat Res,18(2): 243-253. https:// doi:
10.18869/acadpub.ijrr.18.2.243

47.Asgharizadeh F, Ghannadi M, Samani AB, Meftahi M, Shalibayk M,
Sahafipour SA, Gooya ES (2013) Natural radioactivity in surface soil
samples from dwelling areas in Tehran city, Iran. Radiat Prot
Dosim, 156 (3): 376-382. https://doi.org/10.1093/rpd/nct067

48.Al-Hamarneh IF and Awadallah MI (2009) Soil radioactivity levels
and radiation hazard assessment in the highlands of northern Jor-
dan. Radiat Meas, 44: 102-110.

49.Najam LA, Younis SA, Kithah FH (2015) Natural radioactivity in soil
samples in Nineveh province and the associated radiation hazards.
Int J Phys, 3(3): 126-132. https://doi:10.12691/ijp-3-3-6

50.Mohammed RS and Ahmed RS (2017) Estimation of excess lifetime
cancer risk and radiation hazard indices in southern Iraq. Environ
Earth Sci, 76(7): 303-312. https://doi: 10.1007/s12665-017-6616-7

51.Ferdous J, Rahman MM, Rahman R, Hasan S, Ferdous N (2015) Ra-
dioactivity distributions in soils from Habiganj district, Bangladesh
and their radiological implications. Malaysian J Soil Scie, 19: 59-71.

52.Al-Ghamdi AH (2019) Health risk assessment of natural back-
ground radiation in the soil of Eastern province, Saudi Arabia. J Ra-
diat Res Appl Sci, 12(1): 219-225. https://
doi.org/10.1080/16878507.2019.1637045

53.Mustafa MIM, Yazici NA, Mangur PHA (2016) The investigation of
terrestrial radioactivity in soil samples around Pshdar region in Ira-
gi-Kurdistan. ZANCO J Pure Appl Sci, 28(6):13-20. http://
doi.org/10.21271/ZJPAS.28.6.3

54.Al-Alawy IT, Taher WI, Mzher OA (2023) Soil radioactivity levels, ra-
diation hazard assessment and cancer risk in Al-Sadr city, Baghdad
Governorate, Iraq. Int J Radiat Res, 21(2): 293-298. https:// doi:
10.52547/ijrr.21.2.16

55.Najam LA, Karim MS, Hameed TK (2017) Evaluation of natural radi-
oactivity of soil samples from different regions of Wassit gover-
norate. Pollut, 3(1): 47-53. https://doi: 10.7508/p;j.2017.01.006


http://dx.doi.org/10.1016/j.apradiso.2012.07.021
http://dx.doi.org/10.1016/j.apradiso.2012.07.021
https://doi:10.4103/0971-6203.92721
https://doi.org/10.1016/j.net.2019.04.021
https://doi.org/10.1016/j.net.2019.04.021
http://dx.doi.org/10.52763/PJSIR.PHYS.SCI.55.3.2012.128.134
http://dx.doi.org/10.52763/PJSIR.PHYS.SCI.55.3.2012.128.134
https://doi.org/10.1007/s10967-021-08064-5
https://doi.org/10.1007/s10967-021-08064-5
http://dx.doi.org/10.1016/j.radmeas.2012.09.008
http://dx.doi.org/10.1016/j.radmeas.2012.09.008
https://doi.org/10.1093/rpd/nct067
https://doi
https://doi.org/10.1080/16878507.2019.1637045
https://doi.org/10.1080/16878507.2019.1637045
http://doi.org/10.21271/ZJPAS.28.6.3
http://doi.org/10.21271/ZJPAS.28.6.3
http://dx.doi.org/10.61882/ijrr.23.3.24
https://mail.ijrr.com/article-1-6640-en.html
http://www.tcpdf.org

