Rafidain Journal of Science
https://rsci.mosuljournals.com
Vol. 33, No.1, pp.1-17, 2024 G

N 4
Cllaw Jata duf il (b Lo lady) i) Clpdge anily oS lady) BLad Gliglue a3 00
Al (s Aiblan  manasil) (gl
dpel pusd 3gana i A 51585 Ul Qasilad s paidaal ud Gl pad) o
Aaals faslell LIS el med sgae [ Aiggil LiaglsiCally alel) Gl 350 Jeasall asla faslel) AS /oliyil) aud
Olee dilals [ (egeld Glald)l g0l [igaisly [Asiaeilly dunglgand) isal

p-1SSN:: 1608-9391 el
e -ISSN: 2664-2786

Jere dihie & eled) blall Glgwe (wld ga duball ol e Caagll ()
Al @ dedall Glugll Lelad¥) Hhlaall Ghdse Gluag aowgll Jagal Ciiew

Article information el Slgies Glaad (HPGE) 55l e assloall 23S aa LS dedl bl
Received: 28/ 6/ 2023 e B3 58 (P1Cs) aelinally (4°K,232Th,225Ra); s w‘ Sl fesd
Revised: 25/ 7/ 2023 Ba/kg) s 2Ra 1 Lyl &dladll ad Jaee of bl coelily il Ciiew
Accepted: 30/ 7/ 2023 «(16.142+0.74 Ba/kg) s 22Th 1 duesill Lladll ad e ol «(12.78+1.035
DOI- cuilSy (153.903+4.98 Ba/kg) o e sill Ldladll 2 Jaes ol 0K 3 dually W
10.33899/rjs.2024.182839 .(0.6350.187 Ba/kg) s ¥7Cs I e sill dladll aid Jaae

b Al lasil) Gl Lo ledY) S8 ke 38y Byphall Cilydse lua
_ W «(47.719Ba/Kg) 5o (Raeq) psbll 3K ad Jara of ang 2y cAad )l ddlaie
corresponding aUth.o _L,‘_d .(22.074 nGy/h) 4iad culS 3@ (D) elsell 3 Lciad) dejall Jane ik
prof.1ai2014@gmail.com »ally (AEDEin) sl (mpill Lgl) dlladl) depnll (81K o8 Clas o
aIi.idriss.vaseen.mg@?niziﬁ;m pf Jues (108.288uSVly) s» (AEDEQ) of Jwe 0S5 (AEDEou)
lall s Uajdl LlaY) dse Clus &5 .(27.072 uSVIY) s (AEDEow)
(Hex) Zusylal) 5ysladll s Wi (94.752 % 106) e Jaes (IS5 (ELCR)
Jaa ()l Gl ¢(0.129) s (Hex) ad Jsne o 2ag5 lslun o5 28 (Hin) dulslally
(0.349) 4nd Jare (S5 (1) LelS el s Gaad 5 385 (0.165) 58 (Hin) 4o

{(155.306 p1SVIY) Jane: 0\Sé (AGDE) doluliill axall 281<a) de ) 5o Lol
«(29.236 NSV/M) 4sed culSy H*(10) Jamall L) depnll Jone a3
Qulle 4 zsewdl aall Gain culS gyohall Chdge af gaes o il el
sha Jhlia 39a5 ade Luhall 538 e G5 35 .UNSCEAR U8 (e 42 aasalls
doad) lalllly e Jore 8 cplelall Jlaall e g e pieadlly i) (inpail)
Al 3hlie L Bagagall
(HPGE) aalS: LS Adlibas cimiad) dejall cdacledy) [hlsall 4 el

s Alailaa (sl e

This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/ ).

1


https://rsci.mosuljournals.com/
mailto:prof.lai2014@gmail.com
mailto:ali.idriss.yaseen.phy@gmail.com
http://creativecommons.org/licenses/by/4.0/

G5 ATy Oy G e
dardall

Alllia Gpapdall psleadll cpgall g ledy) ) ALaYly cculs eledl aps 58l cd pa)V) mha e sball o)
Odall Ol (B s B el (Al AN e e Al Lcliall aladl e L) e
-(Grupen and Rodgers, 2016)

(1896 (3 JoySu U8 (e sl Jaliil) L) dany cdjianall ot il Lslid dba eledy) Lalaally
(aain yualic (Sl Aai dadial) Glarsall AL Slas) 48] o e lat¥) Bl Ciopat e 3585355 (S35 0SS
A0l e Sl Liags 4l Gl yai (530 ¢ W) planay cdladial) I (ra Btm Baasd Ao (gpta3 Ly Adiaal) Al
.(Péschl and Nollet, 2007) g (iaas Al cblid) b XKy dill 8 Lanh jileadd ZocledY)

Bsha Jia Y doaadal) il 86 iV of Cus € jlad 8 W i Y el g LeiY U (sl Lol diiia
Afiall (gyall Lol al) A cpgal g V) (giase g L)) o AiSan Hhalie ollia o Sly Al l Y e
-(Grupen and Rodgers, 2016)

ol dagay Lnll 4y ya Hodally dusilly lalally elally elsgll (o8 dadial)l laisill 58150 A58 il pasll (<l
g LDl A mpatl) Jana (o 5 daas JA3 prdall Laliall e B3l LalS Al ol g LeY) 13g) (5l (ym el
-(Lee etal., 2023) (sl

Dsiall g5 rnng dadia Al Jand K PPTh 5 20U Jie Bl o dalall daiall Slagill a5 )
8 Bagage Lol Aadl e SV Jlagd) o asleall e sl b dgmgall ¢ L) gsis AeS T A Canld Bagasal
.(Kiigikonder et al., 2023) (UNSCEAR, 1993) (0-25) cM (3eall xic duill dpalaud) a2kl

O S ol o Le3BU 5 SV cadll Jhag Al 8 dlsts cdaa V) 5,880 (e %2.59 A K Jias
b ailiad lbiay (3l (30.2 ) il yaad) 53 1¥7Cs, 139Cs e Cs il b @lla€y cclibully cililaal)
(Lee et al., 2023) dgsill calsally colaall Pl LalS Ll dae liaall Ladiall Ua (o 550 Lo Jiar K I dguliig
BTCsy eled) eish o (gmat ddlaial) el 3 Al of Cups (A3 Jigi i Aana (e A jdl) Glaliall L3 LS
.(P6schl and Nollet, 2007)

O el Gl ol 13gds (V) (5asSE die Sydieas Bgeany aldy Aala e led) (hajen Ciad dall Glalkll of
(Tagi and Namq, 2022) e i) Lalail) jlaie aasil cujal 88 il

A G g Aldlae b4l Al LeledV) Shladlly eledV) LLa) yastd cilaball e waedl ehal g
8 sl bais slian (30 il Ll cilie 8 e ladY) Ll cligiae s (Marie and Najam, 2022) otald)
Hamoo and ) olalll oo cNal(Tl) pcamsl cadllll ao WIS Lildas phadiul (@hall 4 (goan ddadlas
Olald) Ay (Bhall Jlad demsall A (o Adiie 3hlie 3 anlll g letY) Glsies b8 0 (Najam,2020
il 3hall 3 deagall dae 8 dlad je8 anlyy (B anbll Bl Gbgsies (el (Wais and Najam,2021)
Llall (uld o« (EL-Taher et al., 2017) gl o< Nal(TI) i€ alaaiuby (Nal(Tl) il ae WIS Ldllas
Gsialll iy ¢ e & (Assiut Cement Factory) dassd Ciew dase (e duf Ghlie & Ll eleV)
S s alie Gads Ciiadd) delia 3 ady) 8l Gl daal bl ¢ leaY) aniy (Al et al., 2014)
cCaaal) Adailae



S o= L) Ll Cgiose 113

Jara (e il 3laliall 455 & Al ilagill o Lat) Ll lisione st & dubyall 538 e Caagll o)
Lalle Ly omgall i nall aa gilia ISy dallally dubaall Aalid) Ll Gians e Lgiilie & (hay ¢(isols Crians
g paall Aibiell Bup b e LedV) BLall lginsed Aalill Lo ) il ciydie al cilua G,

dyal) ddlia Ciay
‘;5 cjza L_Sﬂ!ﬁ @ujﬂ\ gl Cilaw Jara okasl oo ‘2\_\)33\ ‘é_a W\ Cilydidag g:-\a_&\ﬂjau.d\ € XN ?ﬁfiﬂ
g Aliilae Ajla (1) JKEN Cpams el Jlad dompall Aite o 25 KM 2o e Aadlsl isols als

////' Hes ‘ \' \/\ A~ \\
Eh'.d‘ G : ? a,;l.nl\/ \ Gw\
T / /\, v C'ﬁ '\\ /!.,"”

| ‘ | (E ==
| | | s |

o Asblae Aa)s g 11 <)

Gl aaa

b e (10-15) CM Bary clinad) 341 235 camansill Giigols Ciians Jans (o A j@ll L5l (e G (25) pan a3
T Lehalsy aise (S (e Adide Lol 8 clise &G 380 3 885 e ST (M) IM) dalis 2aa% e Jlasialy 2 )Y)
a3 o5 G (g (2Kg) Aue IS OF ¢l ol e kST 8 Lgmms o3 3 ey cadign IS0 Auilaia die Lo gl
(2) IS Wl ¢(1 Jsaall) & mense LS Global Positioning System (GPS) geliyd Ly dusg jaall ailsall culilaal
Uisaly Ciiaws Jara (o Cimen Al Slisnll aBlgn (i



Qaly aul gy e

L) didaie cililas) guiag 1 Jgaal)

Sample No. Sample code Longitude E Latitude N
1 B1 42°93'44.89" 36°43'73.07"
2 B2 42°93'37.53" 36°43"75.79"
3 B3 42°93'35.52" 36°43'75.3"
4 B4 42°93'33.9” 36°43'74.17"
5 B5 42°93'32.82" 36°43'76.61"
6 B6 42°93'31.63" 36°43'75.82"
7 B7 42°93'28.04" 36°43'77.39"
8 B8 42°93"24.95" 36°43'81.5"
9 B9 42°93'19.71" 36°43'75.45"

10 B10 42°9323.85" 36°43'79.44"
11 B11 42°93'12.91" 36°43'82.06"
12 B12 42°93'15.02" 36°43'77.02"
13 B13 42°93'11.71" 36°43'73.77"
14 B14 42°93'07.57" 36°43'76.34"
15 B15 42°93'04.6" 36°43'7.9"

16 B16 42°93'06.68" 36°43'75.83"
17 B17 42°93'02.17" 36°43'76.08”
18 B18 42°93'04.59" 36°43'37.76"
19 B19 42°93'99.22" 36°43'37.01"
20 B20 42°93'96.61" 36°43'78.31"
21 B21 42°93'90.56" 36°43'85.36"
22 B22 42°93'85.65" 36°43'92.53"
23 B23 42°93'90.08" 36°43'86.29"
24 B24 42°93'9.54" 36°43'81"

25 B25 42°93'91.5" 36°43'84.31"
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4 8 (Bo/kg) Baag 4l cilie S (P'Cs , UK, #?Th , *°Ra) duesil) dulladl) ciligiva asd 12 Jgaal)

ufajélg Cilaw Jaza

Specific Activity (Bg/kg)

Sample ID 2%Ra 282Th 40K 1¥7Cs
Bl 15.466+1.1188 17.457+0.815 171.745.372 0.411+0.131
B2 12.457+1.019 15.574+0.671 130.4+4.627 0.458+0.133
B3 16.111+0.9871 19.094+0.79 170.4+4.953 0.433+0.161
B4 12.246+1.2377 20.18+0.529 167.845.04 0.747+0.12
B5 11.298+1.1324 18.37+£0.577 156.3+£9.002 0.55+£0.135
B6 12.747+0.8954 16.633+0.616 166.4+4.962 ND
B7 14.945+1.0139 20.245+0.708 183.2+5.782 0.22+0.096
B8 13.813+1.0797 20.218+0.916 206.8+£5.938 ND
B9 12.273+£1.1794 17.04+0.913 176.1+£5.186 0.214+0.991
B10 13.135+1.1713 16.272+0.946 154.1+£5.128 1.549+0.178
B11 12.694+0.948 17.075+0.728 151.4+4.873 0.26+0.137
B12 16.243+0.9214 15.723+0.914 157.6+4.988 0.454+0.152
B13 12.734+1.185 18.771+0.775 192.545.15 0.255+0.098
B14 14.696+1.1983 17.246+0.684 151+4.827 ND
B15 11.509+1.1192 15.033+0.75 136.5+4.459 ND
B16 12.339+1.04 14.378+0.696 129.5+4.476 0.761+0.168
B17 1.798+0.02147 1.325+£0.124 12.424+0.585 ND
B18 0.797+£1.1192 12.088+0.68 96.86+3.647 0.352+0.124
B19 14.465+0.9739 15.47+0.853 160.1+4.768 ND
B20 12.49+1.1055 20.454+0.878 180.845.45 ND
B21 13.405+1.1981 15.58+1.026 151.4+4.943 0.339+0.104
B22 13.181+0.9875 14.051+0.743 131+4.543 0.114+0.094
B23 11.364+0.8954 13.158+0.734 178.8+£5.398 3.226x0.27
B24 15.486+1.028 15.871+0.799 165.5+5.042 0.321+0.106
B25 12.938+1.3161 16.25+0.804 169+5.388 0.769+0.168
Min 1.798+0.02147 1.325+0.124 12.424+0.585 0.114+0.094

Max 16.243+0.9214 20.454+0.878 206.8+5.938 3.226x0.27
Ave, 12.785+1.035 16.142+0.746 153.903+4.98 0.635+0.187
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Bl 53.650 24.849 121.900 30.475 106.66 0.145 0.189 0.392 174.674 32.89

B2 44.769 20.600 101.053 25.263 88.42 0.121 0.156 0.326 144.537 27.38

B3 56.536 26.082 127.947 31.987 111.95 0.153 0.199 0.412 183.102 34.50

B4 54.024 24.844 121.873 30.468 106.63 0.146 0.181 0.395 174.882 32.89

B5 49.602 22.833 112.009 28.002 98.008 0.134 0.166 0.363 160.776 30.11

B6 49.345 22.874 112.212 28.053 98.18 0.133 0.170 0.362 161.164 29.76

B7 58.002 26.772 131.333 32.833 114.91 0.157 0.199 0.424 188.329 35.02

B8 58.648 27.217 133.515 33.379 116.82 0.158 0.198 0.432 192.129 35.23

B9 50.200 23.306 114.328 28.582 100.03 0.136 0.171 0.370 164.446 30.45

B10 48.270 22.323 109.506 27.376 95.81 0.130 0.168 0.353 156.992 30.67

B11 48.769 22.491 110.333 27.583 96.54 0.132 0.168 0.356 158.138 29.54

B12 50.862 23.573 115.639 28.910 101.18 0.137 0.184 0.371 165.399 31.43

B13 54.399 25.248 123.857 30.964 108.37 0.147 0.183 0.401 178.256 32.94

B14 50.985 23.503 115.296 28.824 100.88 0.138 0.180 0.371 164.913 30.74

B15 43.517 20.089 98.549 24.637 86.23 0.118 0.150 0.318 141.262 26.19

B16 42.871 19.785 97.058 24.264 84.92 0.116 0.151 0.312 138.891 26.66

B17 4.649 2.149 10.542 2.636 9.225 0.013 0.018 0.034 14.995 3.03

B18 34.541 15.866 77.834 19.459 68.105 0.093 0.121 0.251 111.215 21.16

B19 48.915 22.703 111.371 27.843 97.45 0.132 0.173 0.358 159.633 29.72

B20 55.661 25.664 125.897 31.474 110.16 0.150 0.186 0.408 180.863 33.18

B21 47.342 21.917 107.515 26.879 94.076 0.128 0.166 0.346 154.085 28.98

B22 43.361 20.039 98.304 24.576 86.016 0.117 0.155 0.316 140.596 26.42
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Ave. 47.719 22.074 108.288 27.072 94.75 0.129 0.165 0.349 155.306 29.23
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Country %Ra Spei;‘;ﬁf cnwtyﬂ?(q/kg s References
South Korea 21.9 11.1 661 0.9 Lee et al., 2023
Turkey 60.2 50.1 631 5.5 Turhan, 2023
Turkey 11.65 9.55 369.43 4.57 Isel et al., 2023
Bangladesh 27 64 762 - Dina et al., 2022
Iran 17.61 35.91 398.65 4.01 Shahroudi and Pourimani, 2023
Egypt 20.35 10.52 158.16 0.13 Mansour et al., 2021
Saudi Arabia 21.16 18.80 202.15 0.16 Mansour et al., 2021
Irag, Kirkuk 57.8 25.4 479.9 4.2 Taqgi and Namp, 2022
Irag, Duhok 21.6 35.4 438 1.0 Abdullah and Ahmed, 2012
Irag, Kurdustan 14.1 6.8 281 7.1 Smail et al., 2021
Irag, Rabia 12.85 19.66 214.52 - Wais et al., 2023
Irag, Badoosh 12.78 16.14 153.9 0.635 Present study
Worldwide Ave. 32 45 412 - UNSCEAR, 2010
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ABSTRACT

The aim of this study is to measure the radioactivity levels in the soil of the area around
Badoosh cement plant, and to evaluate the radiological hazards of radionuclides. We used gamma-
spectroscopy with an (HPGe) detector to estimate the specific activities of natural (*°Ra, 2%2Th,
%0K) and artificial (**'Cs) radionuclides in the soil of Badoosh cement plant.

The results show that the mean value of specific activity of ??°Ra is (12.78+1.035Bq/kg), and
for 232Th the mean value is (16.142+0.74 Bq/kg), and for “°K it was (153.903+4.98 Bg/kg), and the
mean value for ¥*Cs is (0.6351+0.18 Bq/kg).

Radiological hazard indices were determined according to the activity concentration of the
radionuclides in the area under study. The mean value of radium equivalent (Raeq) is (47.719
Bag/kg), while the mean value of absorbed dose (D,) is (22.074 nGy/h). The values were measured
for the indoor equivalent annual effective dose (AEDEin) and outdoor equivalent (AEDEoy), the
mean value of (AEDEin) is (108.288 uSv/y), and the mean value of (AEDEou) is (27.072 uSvly),

and the mean value of the excess life time cancer risk (ELCR) is (94.752 x 10).

When measuring the external (Hex) and internal (Hin) radiological indices, the mean value for
(Hex) is (0.129) and the mean value for (Hin) is (0.165). While the mean value for gamma radiation
index (Iy) is (0.349). The mean value of the annual gonadal dose equivalent (AGDE) is (155.306
uSv/y) and the mean value of the ambient dose equivalent rate H*(10) is (29.236 nSv/h).

The radiological hazard Indices were within the internationally accepted limits recommended
by UNSCEAR; thus, it can be concluded that there are no radiological hazards due to the direct and
continuous exposure of radiation on working workers in this cement plant and organisms that live in
this region.

Keywords: Radiological Hazard, Absorbed dose, gamma spectroscopy with (HPGe) detector, soil
samples, Nineveh Governorate.



