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Sample ID sample type Location . (X-Y) coordipates
Wi RECIR L eLo g e (43732°2180",35°.81'8929)
W2 @l siall ol Sl ele g3 (43°.28 7549 ,35°.826412")
W3 s, LY ol ks — ol iy (43°.337252",36°.50 1817 )
W4 3L LY ol ey —Ae g 5 (43°.37°96 49 ,36°.49 3244 ")
W5 33, LY ol i) (42°.256019 ,36.70 1238 ")
W6 @l suall ol Zay) (42°.08 0136 ,36.74 6960 )
wr Aamal) gl ol Jease —CuS (e (43°.13 7970 ,36°.34 7406)
w8 Alall alual Jemsall 2t g5 50 (42°.82 7555 ,36°.61 8897 )
W9 Ll puiall ol Jemsall 2t g5 50 (42°.80 0155 ,36°.593718")
W10 3, LY ol Jeage — ilansgill (43°.13'3651 ,36 .44 2114))
wil Ala oLl snsal ) g5 e (43°.070072",36.37 66 00)
W12 Ll puiall ol snsall ) 555 (43°.07°6231",36".36 95 43"
W13 Ll piaall ol s — il (42°.78 7429 ,36°.56 7999 )
Wi Cuadl/ A& olual) Jemsall 2 g5 0 (42°.84 26 47 ,36°.62 9248")
W15 B Jaad el el Jsall 2t g i (42°.83 6220, 36 .63 07 06)
W16 Al dsd A sl Jemsall 2t g5 (42°.837987 ,36 .62 6549 )
w17 Ll iall ol e S (43°50 36 08", 36.29 69 14 )
w18 il pial ol Casnnl (437170403 ,36°.28 6322)
w19 iganall i) ol delel) plea (437215751 ,36.20 36 71)
W20 @l gl ol il Jimgal) e (43°.10 98 37,36 .34 9097 )
w21 il pcal ol sl (42°.74 3840 ,36°.44 66 27 )
W22 il pial sl i — b (43746 9922, 36°.27 58 40)
W23 i@l jsiall ol il (43°.46' 2791 ,36.36 0583 )
W24 il pial sl sxla (427884899 ,36.74 9459 ")
W25 33,L0 LY ol e S — Ailaeal) (43°.3326 61 , 36 .27 2966 )
W26 el A/ Aal slual) 5l (43°.35 4807 ,35.87 6650)
w27 JLlall sl Ay g5 pha (427590147, 3653 55 08")
W28 L gl sl Ay g5 e (42°.78 0056, 36 .53 5520 )
W29 iganal i) olie 35l (43°.35 40 53 7, 36.02 25 03")
W30 Sl el Sl Eise (43°.1864 88,36 .35 6276 )

hal) g W) Jara
&b emnh JSE i ) dedall iyl e AW e lady) BLil sha pasdl Alglae sha) & cJenll 138
&5 oS RN 5 hall il read) el Cilaygill a8 sUnaal) glsall ddlia el a8lsall gren b dpmgdall oLl
Lt Lgngall olaall (gyhall aviill Aadat b gieaY Bl dpcalall L0 agial) Hlae e Glad) (e pandl e 3<50
o) 558 a il Ay 5 oyl o3 V) g hal) el dlle 8 K PPTh P00 dasd) )
g paall il wsead 458 4l 538 2235 Kg/M>(1000) o 456<0 as .(Abbady and Al-Ghamdi, 2018)
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A (WWm™%) = 107°p(9.52C(ppm) + 2.56Crp(ppm) T 348Ckg0)...... ()
3505 Y Crn 5 Cu s KOIM™ sasss (s duall B 8 p ¢ PWM™ Bangs Bhall 2 1) Jaae ) A s G

% Aysial dunily pseslisdl 385 Jaa) ) C iy ¢ ppm s2s0 Z*Th 52U

LBl bty

zila b (VK « Z2Th FBU) dmphal) daial) cagsill el i) LU 3815 Gl gl Gy (2) Jsaal

0.161 Jsa i (W3) dial) 3 <€ 28U asmlysall 585 e o gt copelal Gum cleldas 5 Lmgdall olLuall
505 sl i Z2Th 3 il Wi . 0.060 ppm aed Lo sies (W7) dual) 5 0,006 ppm <uilS ied Jfy qppm
<0.231 ppm  4ag Jaus siey (W8) diall 3 0.110 ppm cuilS dad Jily ((W23) dall 8 0.462 ppm o Lol
& UK 385 s ¢ 0.123% sy Lok (W5) ssmdl 3 S K aspaligall bl 5,85 el of sl <yl LS
ot Ll €5 e dad of e a2yl e 2 0.080% e dassiess 0.023% Jsa LS (W30) L)
@il on K5 P8U Ll 585 ad hgie g e Loy s il Gl g & 2alll) Z2Th pp)5l
&3 28U Lyl Al « P2Th aspsill el 6 s Asndall slsall cilisal Aaiiall syall L) Jame o clalesY)
asofll yuaie o UGl apays (3) IS8 (2 Jsandl) Jsall e 719 5740 5741 alead sy FOK o grnlisd)
0.0145 PW/M™ s hall z il Janal (gpaiil) Janssiall 51S .100C° dans oLl go Jelity 55 o Lally Glisal) Ju8 2*Th
0.0091 Jisa oS (W23) dsmll & deis Jil5 0.0223 pW/M™ Jiss oS (W3) il 8 4ai el 2y
sLaall cilipe iyl A cpmlall slal) e (g Andtall iy gill Bl il Y ana wiisi s (4) IS pW/mP
1 pw/m3ere 38 g8lsall 8 (HPR) slall 2 Uy igunall JaaY) Janall (b ¢ Gmitia g L) Jine dumyilal
o e sl e g msamd) 3gall (e 08 K572 Th 520U 3815 o ) el e <(Faweya et al., 2018)
comnse sb LS ahall o) Jaee o Llle Lolgad Wiy a3 Y 38 (ane (S g8 dadiall Cilagsill dlal) e lazy) 8150
gl Aactiall oy sill calladl S5l dassgia e S5 JiT culS Lle Jsanll a3 ) bl ols o2 Jsaall)
Aan] 3 Lgpdall olpall 8 Zaiiall gylyall 213 aysis Aae Jsn lubiall (e £ 1591 028 a3 .(UNSCEAR, 2000)
@l A ernb e U0 aiiye (b ala gl e el i ad g aaall G elag Aphall Allall JalS agdl (gsuad
psibsll Aol Ak 5 Ath 5 Au L0l Glaleu) oane o (Ll olidl) il Aphall alg sl . Ghliall
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Bangs assulisdly PPM @ang “PTh 5 28U 3 Lagdal) olsall cilise b dadiall clagsll) 58158 gy 12 Jgaad)
(HPR) sal z ) Jura dliisy (%)

Sample Activity Concentrations Heat Production Rate (uW/m ) A
| D 238U 232-|—h 40K 238U 238-|—h K HW/mS
ppm ppm %
w1 0.088 0.365 0.113 0.837 0.934 0.393 0.0216
W2 0.074 0.247 0.115 0.704 0.632 0.400 0.0174
W3 0.161 0.150 0.091 1.532 0.384 0.316 0.0223
W4 0.033 0.222 0.100 0.314 0.568 0.348 0.0123
W5 0.072 0.272 0.123 0.685 0.696 0.428 0.018
W6 0.076 0.277 0.087 0.723 0.709 0.302 0.0173
W7 0.006 0.310 0.093 0.057 0.793 0.323 0.0117
W8 0.063 0.110 0.091 0.599 0.281 0.316 0.0119
W9 0.033 0.211 0.070 0.314 0.540 0.243 0.0109
W10 0.060 0.265 0.112 0.571 0.678 0.389 0.0163
W11 0.064 0.227 0.084 0.609 0.581 0.292 0.0148
W12 0.053 0.175 0.090 0.504 0.448 0.313 0.0126
W13 0.068 0.255 0.102 0.647 0.652 0.354 0.0165
W14 0.050 0.207 0.106 0.476 0.529 0.368 0.0137
W15 0.051 0.182 0.097 0.485 0.465 0.337 0.0128
W16 0.044 0.267 0.104 0.418 0.683 0.361 0.0146
W17 0.054 0.305 0.073 0.514 0.780 0.254 0.0154
W18 0.058 0.191 0.060 0.552 0.488 0.208 0.0124
W19 0.088 0.307 0.058 0.837 0.785 0.201 0.0182
W20 0.081 0.160 0.057 0.771 0.409 0.198 0.0137
W21 0.047 0.157 0.056 0.447 0.401 0.194 0.0104
W22 0.097 0.185 0.111 0.923 0.473 0.386 0.0178
W23 0.058 0.462 0.079 0.552 1.182 0.274 0.0200
W24 0.055 0.210 0.056 0.523 0.537 0.194 0.0125
W25 0.059 0.155 0.092 0.561 0.396 0.320 0.0127
W26 0.036 0.150 0.052 0.342 0.384 0.180 10.009
W27 0.057 0.200 0.060 0.542 0.512 0.208 0.0126
W28 0.034 0.255 0.048 0.323 0.652 0.167 0.0114
W29 0.052 0.170 0.046 0.495 0.435 0.160 0.0109
W30 0.055 0.341 0.023 0.523 0.872 0.080 0.0147
MIN. 0.006 0.110 0.023 0.057 0.281 0.080 0.0091
MAX. 0.161 0.462 0.123 1.532 1.182 0.428 0.0223
AV. 0.060 0.231 0.080 0.579 0.592 0.281 0.0145
£ 05 mU-238 WTh-232 wK-4
g oa
-% 03
E 0.2
- il HH Lk
z
: o
< W1 W3 WS W9 W1l WI3 W15 W17 W19 W21 W23 W25 W27 W29
Sample ID
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(%) shad gl Jana b (PPU,2Th,and k) dadad) ey sil) dadlusa dopuss :3 JS)

HPR

0.025

0.02

0.015
0.0
0.005 I
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Heat Production Rate
=

o
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8 Ol OB Y s hall £ ) Jare Man) g8 ) sgasdl) 58 Z2Th o ) i)y Lmisie sha 2 ) Jone
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Detection of Heat Resulting from Determining the Concentrations of some
Radionuclides for Different Samples of Natural Water in Nineveh
Governorate, Iraq

Danya S. Al sofy Firas M. Al-jomaily Atef M.EI-Taher
Department of Physics Department of Physics
College of Science College of Science
University of Mosul University of Al-Azhar/ Egypt
ABSTRACT

The current study included the determination of the Heat Production Rate (HPR) resulting
from the decay of radioactive elements (*®U, **Th, and “°k) after determining their concentrations
using the technique of collecting gamma ray’s spectrum by means of the sodium iodide detector
Nal (TI). The importance of determining the heat production rate, because it has a profound effect
on the surface of the earth’s crust, especially in the conditions of desertification that have swept the
globe in the last two decades. To achieve the objective of the study, 30 samples of natural water
were collected. These samples varied between rainwater, dams, groundwater and pure tap water to
natural spring water. The results showed that the concentrations of uranium (**®U) ranged between
0.161-0.006 ppm and thorium (?*>Th) concentrations between (0.462-0.110 ppm), in addition to the
potassium (“°k) concentration between (0.23-0.023%). These values showed radioactivity levels
below the safe and standard limits set by the UNSCEAR Committee. While the results showed for
the heat production rate values ranged between (0.0223-0.0091), which indicates a low heat
production rate that does not affect the temperature of the earth's crust within the limits of the
sample sites that this study included. The results of the current study can be used to provide basic
data for future epidemiological investigations and monitoring programs. In the areas under study.

Keywords: heat production rate, natural water, Nal(TI) detector, radionuclides, Radioactivity.



