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Sample No. Sample code Longitude E Latitude N
1 Bl 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°93'23.85" 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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Jaxars (206.8+5.93 Ba/kg) s (12.424+0.58 Bg/ Kg) o consli A sill ddlaill o oo “OK 3 dally Wl <(kg
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45 b (Ba/kg) saas 4l clie 3 (PF'Cs « Ko PTh « #°Ra) Lesill 4ladl ciligiva af 12 Jgaal)

Gl Claw Jara

Specific Activity (Bg/kg)

Sample ID “Ra “2Th K Bcs
B1 15.466+1.1188 17.457+0.815 171.74£5.372 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 9.797+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 3.226+0.27
Ave. 12.785+1.035 16.142+0.746 153.903+4.98 0.635+0.187
MRa226 ETh232 MK40 MCs137
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.(UNSCEAR, 2000) (10002Sv/y) 4Ll 153 4 gensal)

116.826 x 1075 9.225x10° 1 4nih cangli 385 ((ELCR) slall (500 lajudly LlaY) jise ol 23 355
290 x 10 s alls U5 ds ponsal) 2l e 525 (10) JSAN & mmse LS5 94,752 x 107 Janay,

(0.013) o zsbi (Hex) aff of 25 loboa & a8 (Hip) Lalally (Hey) dasplad) 5ysladll clyiise W
Jly Gt 55 ¢(0.165) Jamass (0.199) 5 (0.018) o ensly (Hin) e (6 <l ¢(0.129) Janass (0.158)
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LS5 ¢(155.306uSV/Y Jarers (192.129uSV/Y) 5 (14.995 uSVIY) o 4ied cangli 3 (AGDE) 4lulall sxall
«(UNSCEAR,2000) (3002SV/y) 4alllly Lualle: sasinal) ¥ anall (yacia 45l 2ag5 ¢(10) S b peaia e
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B1 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

Bi1 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

B23 43.948 20.654 101.318 25.330 88.653 0.119 0.151 0.327 146.258 30.08

B24 50.925 23.642 115.978 28.995 101.48 0.138 0.182 0.372 166.160 31.31

B25 49.189 22.840 112.042 28.011 98.037 0.133 0.170 0.361 160.969 30.50

Min 4.649 2.149 10.542 2.636 9.225 0.013 0.018 0.034 14.995 3.03

Max 58.648 27.217 133.515 33.379 116.82 0.158 0.199 0.432 192.129 35.23

Ave. 47.719 22.074 108.288 27.072 94.75 0.129 0.165 0.349 155.306 29.23

Worldw | o0 55 1000 1000 290 1 1 1 ; ;
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Sl (e 2 e Audall o3a 3 Lggle Jpaanll o5 i el clagsill A sill Alladl) Y dxa o8 A)lie 3 3
el ASledl) g Apyliia PP ay cgsis Adablan b Ay Al LS5 ae dplite PR ab uilSs cpallally dplaal
(4 Jsall) b mse LSy il UyS o dgliie "¥TCS ay ¢ yemne e Ay’ OK oy chagyy diaiag 4 gand)

oary b Al 4 alie b (PTCs « K PPTh ¢ PPRa) oe JS desil) dtladl Jaa A5ja 14 Jgaal)
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Country %Ra Spei'g‘;ﬁhA ct|V|ty4(0EI3<q/kg k1N References
South Korea 21.9 11.1 661 0.9 Lee etal., 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 Tagi and Namp, 2022
Irag, Duhok 21.6 354 438 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
Iraq, Badoosh 12.78 16.14 153.9 0.635 Present study
Worldwide Ave. 32 45 412 - UNSCEAR, 2010
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Soil Samples of Badoosh Cement Plant in Nineveh Governorate, Iraq
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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, **Th,
“K) 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+1.035Bg/kg), and
for *2Th the mean value is (16.142+0.74 Bg/kg), and for “°K it was (153.903+4.98 Bqg/kg), and the
mean value for **’Cs is (0.6351+0.18 Bqg/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 (Raeg) is (47.719
Ba/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 (AEDE;,) and outdoor equivalent (AEDE,), the
mean value of (AEDE;,) is (108.288 uSv/y), and the mean value of (AEDEyy) is (27.072 uSv/y),

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

When measuring the external (He) and internal (Hi,) 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 (I,) 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.



