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Assessment of natural radioactivity levels and environmental hazard indicators
in the soil of the Diyala Jisr region-Baghdad
Meethaq Talib Hassan'* , Mahmood Salim Karim?* and Abdul Sahib Kadhim Ali!
Traqi Atomic Energy Organization, Iraq
“Department of Physics, College of Education, Al-Mustansiriyah University, Iraq
*Email meethaq9963@gmail.com
Abstract:

This study investigates the natural radioactivity levels in surface soil samples collected from the Jisr Diyala region,
south of Baghdad, and evaluates the associated radiological hazards, The results provide a necessary database for moni-
toring any variation in radioactive activity and optimal protection measures for the population. Gamma-ray spectrometry
using a high-purity germanium (HPGe) detector was employed to measure the activity concentrations of 28U, 2*2Th, and
4K. The mean activity concentrations were found to be 12.09 + 0.85 Bg/kg, 11.26 + 0.97 Bg/kg, and 220.10+13.33 Bg/
kg, respectively, with “’K contributing the highest activity .Radiological hazard parameters were calculated based on the
measured activities. The average radium equivalent activity (Racq) was 44.93 Bg/kg, while the absorbed gamma dose
rate in air was 21.47 nGy/h. The indoor and outdoor annual effective doses were estimated as 26.33 pSv/y and 105.31
uSv/y, respectively. Additional radiological indices, including the gamma activity index (Iy), external hazard index (H, ),
internal hazard index (H, ), excess lifetime cancer risk (ELCR), and annual gonadal dose equivalent (AGDE), were all
found to be below the internationally recommended safety limits.The obtained results indicate that the natural radioac-
tivity levels and associated radiological hazards in the studied soils are within the permissible limits recommended by
(UNSCEAR,2000), and therefore do not pose any significant radiological risk to the population or the environment.

Keywords: Environmental hazards, Cancer risk, surface soil, Jisr Diyala, (HPGe) detector.
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1 Sl 0.466 33.234204 44.520465
2 S2 0.400 33.233264 44.518691
3 S3 0.387 33.23268 44.517656
4 S4 0.438 33.234032 44.522119
5 S5 0.394 33.23398 44.523313
6 S6 0.378 33.23268 44.524992
7 S7 0.420 33.23546 44.523192
8 S8 0.418 33.242112 44.529604
9 S9 0.413 33.240143 44.532728
10 S10 0.409 33.23715 44.537038
11 S11 0.435 33.233212 44.54178
12 S12 0.432 33.22969 44.545517
13 S13 0.452 33.22840 44.546816
14 S14 0.421 33.222783 44.546179
15 S15 0.405 33.224835 44.550456
16 S16 0.418 33.219893 44.551614
17 S17 0.416 33.217529 44.53667
18 S18 0.378 33.20009 44.539781
19 S19 0.439 33.220683 44.542584
20 S20 0.396 33.197141 44.541424
21 S21 0.390 33.200966 44.536811
22 S22 0.433 33.202169 44.53581
23 S23 0.440 33.206017 44.533525
24 S24 0.433 33.21876 44.526447
25 S25 0.502 33.221065 44.528688
26 S26 0.427 33.220794 44.530847
27 S27 0.451 33.198619 44.540310
28 S28 0.458 33.199746 44.544766
29 S29 0.415 33.202826 44.547672
30 S30 0.431 33.205656 44.548592
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S11 12.09+0.86 12.74541.05 231.96+13.8
S12 11+£0.82 11.895+1.015 199.76+12.33
S13 22.915+1.615 18.14542.38 427.41+£24.9
S14 10.63+0.73 10.985+1.025 210.6+12.88
S15 12.1554+0.91 12.76+1 210.46+13
S16 11.135+0.9 11.105+1.44 202.56+12.54
S17 11.4240.8 11.47+1 233.98+14
S18 11.205+0.85 11.324+0.95 202.94+12.9
S19 11.53+0.8 10.7354+0.93 226.03+13.42
S20 12.975+0.85 11.325+0.95 228.01+13.85
S21 6.15+0.4 6+0.4 119.84+7.5
S22 12.45+0.85 11.75+0.8 229.7+13.6
S23 11.7+0.885 11.884+0.825 226.61+13.41
S24 11.23+0.78 10.485+0.795 215.22+12.98
S25 10.59+0.755 10.045+0.78 208.4+12.28
S26 9.89+0.745 8.62+0.72 180.46+11.53
S27 11.48+0.765 11.245+0.875 219.77£13.08
S28 12.105+0.855 12.085+0.845 231.92+13.69
S29 12.15+0.85 11.15+0.8 206+12.7
S30 10.8+0.75 8.85+0.7 191.3+11.9
Min. 6.15+0.4 6+0.4 119.8+£7.5
Max. 22.915+1.615 18.145+2.38 427.41+£24.9
Ave. 12.092+0.848 11.263+0.973 220.097£13.325
Worldwide Ave. [18] 35 30 400

B.D. L= Below Detection Limt
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(Bq/kg) 4> 5) (K= 40 ¢ Th-232U-238) e )l il ol st mad 5 1(4) S
s e dilate 3 okl 4 A lis
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— — a ] ) I =
i W Cad b w3 ' Ll
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Qs e e 3 Lmlandl & Slie 3 SN plas Y1 e

M u-z238
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B K-40

Jiall 3 e J3 =3 «(Ba/kg 44.929)
B/ 370) &Ll sl ¢ 5ol il L)
izl e A1 Jure Ll . (kg) (UNSCEAR, 2000
11.461) oy atad gl 5 025 (DY) ¢l 541 &
21.467) Jdxess (nGy/h 39.369) 1 (nGy/h
U AW dalligd e |31 58 5 (nGy/h
ol {,_, 5 .(UNSCEAR, 2000) (nGy/h 55)

Sl o Lol iV pdadd ol A5 (b

Ll s Uy delaaNs, s dad | ol S5
St 0) PUCT S | PEIALRCH R W U B PN |
e et 3 B £ ) L) (UK, THE
O G ((3) Jsa ) G e g IS5 e dlos
o) 5 (R ) sl I 318G o3 0T s
Jiaes s (Bg/kg 81.773) JI (Bg/kg 23.955)
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(6) JsaY! >3 -(UNSCEAR,2000)
ST el 5 e i 5305 LT (8) 5 (7D
;\'_;.]o-\.U\ UL«.Q.“ :\_C«J,;-\ V_:.; 9 (Dy) 9 (Raeq) U_A
J_la:'- f:;‘;_ﬁj (AEDE)Out 3._:.2-)@-[5 (AEDE)I.“
il e A1y ( ELCR) oLk JL oY
550kl ol 550 b5 (AGDE) Zuliall s3]
= (L) LalS ansT Jdos (H) 5 (H) e S
Qs s dilate 3 U5l e Sliall o3l 5
UMQL..:A.“C:Q:LQ‘JJ‘;_U o.l_kv_;.;g’;_.:\s‘j

Al s

Sl sl 4 gl bl e Al ol s
il &yl Dladll ie 415 (AEDE), L
o Ao 315 Gy ((AEDE) |, UL L5
(56.223 - 193.129) (uSvly) — (AEDE)
sl A5 . uSvly 105.310) Jdmess

(14.056 — 48.282) (pSvly) u— (AEDE)

- -
-

U peslel s (26327 uSvly) Jdrass
Jot s LS & gl il e A Joirs OF 5
i gondl DY (s 2 L C)L;%;L;\
.(UNSCEAR, 2000) (uSv/y 1000) ixJUl 5 Lile
Sooe DU b Lo 25e ol 5L
S5 el el 5 Esw (ELCR) L4
107X168.987-107°x49.196) (G 53l
Jaall 1day «(107°%92.746) Jdmasy ( °
LU Ll el 2l e Jl
= &I JiS . (UNSCEAR, 2000) . (107°x290)
ldlsa il islslliie A a5 03 anud
(USVIY) o aed o>l 5 s (AGDE)
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i goodl el e 5T Juadl s «(uSviy
(UNSCEAR, 2000) (300 pSv/y).isWi, Lils
e o 51 75 (Iy) LolS dadN 5 )y lad | L5 L
4wdU((0.340) Jures5(0.187-0.619)
(H,) il Lol a N5, p ol ) ol 550 0 i
5 5l el o5 0 (H ) U
«(0.153) Ju2es5(0.087-0.283) (n (H,)
—0.221) e Lgtad ool 5 (H) dad Lol
U sl s .(0.127) Jdnas 5 (0.065
T ol aagdll (e JSTCH, <H 4Iy) (e (S
d Le 81 s dos gl aaasdls Ll
é)u\&uy|;u@ Lol ialall sasll oY)



89 ||

dudlyell deoladl - dyy Ul dyds - duolellg dugy Ul SluwlysJl ddao
02026 Ul - cyjuall pgle - puiuc S dl aodl - ggpiuellg eyludl saell

Qs e Bt 3 el ) Ol (3 Lol 1 35 gl | 530 (3) J s

i yid) Al e o)
Sample Ra,, D, i:gv/y) -4\.:515..‘;1)\Aj EL- AGDE Iy Soshall s
05| i | @@ (AEDE)_| (AEDE)__ CRWX0T (S y) H | H_
Sl 41.051 | 19.594 | 96.120 | 24.030 | 84.105 | 139.354 [0.308 [0.142 [ 0.111
S2 [ 43.034 | 20536 | 100.741 | 25.185 | 88.148 | 146.099 | 0.324 [0.148 | 0.116
S3 [ 41439 19.858 | 97415 | 24354 | 85239 |141.505|0.313[0.1420.112
S4 | 44710 | 21324 | 104.607 | 26.152 | 91.532 | 151.917 [ 0.337[0.151 | 0.121
S5 | 47.032 | 22582 [ 110.778 | 27.695 | 96.933 | 161.212 0356 [0.159 | 0.127
S6 | 47.018 | 22.542 [ 110582 | 27.646 | 96.761 | 160.791 | 0.356 | 0.160 | 0.127
S7 | 49348 | 23.442 | 114.997 | 28.749 | 100.622 | 166.136 [ 0.368 [0.174 | 0.133
S8 | 47.416 | 22583 | 110.783 | 27.696 | 96.936 | 160.757 | 0.357 | 0.161 | 0.128
S9 [ 44.015 | 20941 [ 102.728 | 25.682 | 89.887 | 148.924 [0.330[0.150 [ 0.119
S10 | 47.008 | 22.515 | 110450 | 27.612 | 96.642 | 160.513 | 0.355|0.160 | 0.127
SI1 | 48.176 | 22.956 | 112.613 | 28.153 | 98.536 | 163.468 | 0.363 [ 0.163 | 0.130
S12 [ 43391 ] 20.597 | 101.041 | 25260 | 88.41 |146.436]0.325[0.147]0.117
S13 | 81.773 | 39.369 | 193.129 | 48282 | 168.987 | 280.860 | 0.619 [ 0.283 | 0.221
S14 | 42555 | 20328 | 99.721 | 24930 | 87.255 | 144.892 [0.321[0.144 | 0.115
S15 | 46.607 | 22.097 | 108399 | 27.100 | 94.85 |156.980 [ 0.349 [0.159 | 0.126
S16 | 42.612 | 20299 | 99579 | 24.895 | 87.133 | 144.430 [0.320 | 0.145 | 0.115
S17 | 45838 | 21.961 | 107.732 | 26.933 | 94.266 |156.702 [0.347 [0.155 | 0.124
SI18 | 43.019 | 20477 | 100.452 | 25.113 | 87.896 | 145.664 | 0.323 [0.146 | 0.116
S19 | 44285 | 21.236 | 104.175 | 26.044 | 91.154 | 151.473 [0.335[0.151 | 0.120
S20 | 46.727 | 22.343 | 109.606 | 27.401 | 95.904 | 159.026 [ 0.352[0.161[0.126
S21 [ 23.955| 11.461 | 56.223 | 14.056 | 49.196 | 81.701 |0.181[0.081 | 0.065
S22 | 46.939 | 22.427 | 110.018 | 27.504 | 96.264 | 159.711 |0.354 [ 0.160 | 0.127
S23 | 46.137 | 22.031 | 108.075 | 27.019 | 94.567 | 156.967 | 0.348 [ 0.156 | 0.125
S24 | 42795 | 20.496 | 100.545 | 25.136 | 87.976 | 146.107 | 0.323 [ 0.146 | 0.116
S25 | 41.001 | 19.650 | 96.395 | 24.099 | 84.347 | 140.149 [ 0.3100.139 | 0.111
S26 | 36.112 | 17.301 | 84.872 | 21218 | 74.263 | 123.256 |0.272 | 0.124 | 0.098
S27 | 44.483 | 21.260 | 104293 | 26.073 | 91.256 | 151.485[0.335[0.151 | 0.120
S28 | 47.244 | 22.563 | 110.685 | 27.671 | 96.849 | 160.743 [ 0.356 | 0.160 | 0.128
S29 | 43.957 | 20.938 | 102.713 | 25.678 | 89.873 | 148.835 | 0.330|0.152[0.119
S30 | 38.186 | 18312 | 89.831 | 22458 | 78.603 | 130.433 | 0.288[0.132[0.103
Min. | 23.955 | 11.461 | 56.223 | 14.056 | 49.196 | 81.701 |0.181]0.081 |0.065
Max. | 81.773 | 39.369 | 193.129 | 48.282 | 168.987 | 280.860 | 0.619 | 0.283 [ 0.221
Ave. | 44.929 | 21.467 | 105310 | 26327 | 92.146 | 152.884 |0.340|0.153 | 0.121
Worldwide
Ave. 370 55 1000 1000 290 300 1 1 1
[18]
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5 e Slwl il odia ay el i (4)
- e (Bg/Kg) ol o i I il !
il e 0 7 bl els ) g sl
ST G315 e 31l Al dod) Gl o

Lol Y LI 1515 ol Ll ol gl
w@dbu_ndl_bjc:\_:ﬂ\cb\‘_ié‘"\_:@\
232—(ﬁ)jﬂ\j 238—(:‘5_:3\)}2J\J_.~3L~ C';?\j;
Jgd ) om0 5 400 5l ol o d 3L2)

501 Radats 5 bl 5 2yl ZL L) J 51 s (3 il ol ) e ) ZJ W] Y s (4) J 5|

Ref. “K (Bg/kg) | 2Th (Bq/kg) | 2*U (Bq/kg) (el o) Ly
[21] 661 11.1 21.9 (2023) ay gk b,y sS
[22] 762 64 27 (2022) 53
[23] 398.65 35.91 17.61 (2023) 0l )
[24] 202.15 18.8 21.16 (2022) &3 gadl &y ol
[25] 389.512+15.36 | 10.252+0.66 | 11.644+0.424 (2019) Jlate mas slas,
[26] 363.47 +19.06 | 25.29 +5.028 | 21.83 + 4.672 (2017) 5531 & 531 o3 50
[27] 422.6+24.59 | 16.09+1.16 | 0.94+16.28 (2018) 55531 & 531 0 o
[28] 479.9 25.4 57.8 (2022) 8,5 5/ 5l ¢
[29] 158.37+5.36 | 13.38+0.73 | 11.172+1.09 (2023) Jlall ple /G155
[30] 104.62+ 6.85 | 4.99+0.45 | 11.96+ 1.065 (2021) el /53,2
sl i, | 220.097413.33 | 11.2630.973 | 12.092+0.848 | (2026) Jbs er /51 ZIUL1 il
[18] 400 30 35 Al
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