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Extended Abstract

Radon (*’Rn) is a naturally occurring radioactive gas with a half-life of 3.82 days released from
the normal decay of the elements uranium, thorium, and radium in rocks and soil. It is an invisible,
colourless, odourless, and chemically inert gas and has no taste. Radon is fairly soluble in water and
organic solvents that seeps up through the ground and diffuses into the air. It dissolves into ground
water and surface water and can be released into the air when the water is used. Radon is also present
outdoors and indoors, but it is normally found at very low levels in outdoor air and in water from
rivers and lakes,

Water is represented as the most important source for life and forms up (70-75)% of total body
weight. While 70% of the world's surface is covered by water, only 0.3 % of the total water
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resources on earth is drinkable and suitable for daily use. Human race provides their water from
surface water and ground water. Ground water is more radioactive than surface water since it passes
through rock and soil formations, dissolves many compounds, minerals and radioactive substances.
Naturally occurring radioactive material in groundwater (springs and wells) mainly comes from the
uranium decay series with major members that are of concern for human health are >**U and **U,
Ra, *Rn and *'°Pb. The Concentrations of the radionuclides may vary over a wide range and
depend on the bedrock in which the aquifer is located as well the water parameters such as pH, Eh
and alkalinity.

Radon decays into solid radioactive elements called radon daughters or radon progeny such as
28po, 24po, 2“Bi and 2'*Pb. These daughters can attach to dust and other particles and can be
breathed into the lungs. As radon and radon progeny in the air decay, they give off alpha particles, a
form of high-energy radiation, when inhaled, these radioactive particles can damage the DNA inside
the body's cells and also damage the cells that line the lung. Long-term exposure to radon can lead to
lung cancer, the only cancer proven to be associated with inhaling radon. There has been a
suggestion of increased risk of leukemia associated with radon exposure in adults and children.

The contribution to the mean effective dose equivalent from inhalation of **’Rn and its short-
lived decay products *'*Po, *'*Po, *'*Bi and *'*Pb estimated to be about 50% of the total effective
dose equivalent from natural radiation sources. The presence of 222Rn in the environment and
ground waters is associated mainly with trace amounts of uranium and its immediate parent, radium
(**Ra), in rocks and soil. Radon can easily lose from water when it is agitated for example, when
river or other water sources flows over rocks or moved by wind.

Natural Water and Drinking water may contain varying levels of radioactivity. It is therefore
important to determine the radon and the radium levels as well as other radionuclides levels in water
for public health and radiation protection. This paper presents results of radon (*’Rn), radium
(**Ra), uranium (**U), Bismuth (*'*Bi) and potassium (*’K) concentrations in under ground water
(springs and wells), surface water (from rivers and lakes), drinking water from different sources as
well as the rain water in Nenava governorate in Iraq.

Thirty four (34) samples of natural waters were brought from different sources: projects of tap-
water, underground wells, pure and mineral springs, as well as, rains water in Nenava governerate.
Long-term technique for alpha particles emission with solid state nuclear track detector (SSNTD)
CR-39 and short-term technique for gamma spectroscopy with high purity germanium detectors
(HPGe) have been used to determine the concentration of radon (**Rn), uranium (**U) and other
radioactive isotopes such as radium (*°Ra), bismuth (**Bi) and potassium (*’K) in the water
samples.

The solid state detector CR-39 was exposed to water samples, for 95 days within the period from
23/12/2003 to 5/4/2004, except that for rain water sample the period of exposure was from 25/1 to
30/4/2004, to measure the concentrations of radon, radium, and uranium in the water samples
through alpha particles emission, while multi-channel analyzer was used to determine the
concentrations of potassium and also uranium, through gamma-ray emission from these samples.

The results showed concentrations between (0.838-1.758) Bq.L"' for radon (*?Rn) with high
value in rain water. Uranium (***U) concentration has ranged between (67-142) ppb and (73.2-138.3)
ppb using SSNTD’s and HPGe techniques respectively, and these values are lower than the
maximum allowed concentration of dissolved uranium in drinking water which is about 9000 ppm.
Concerning of radium (**Ra), its level was ranged between (2.29-4.8)*10” ppb, while the
concentration of potassium (*K) was (6.525-10.125) Bq.L'l and bismuth (*'*Bi) was (5.179 - 9.446)
Bq.L'.

The annual effective dose of radon was calculated and it was ranged between (4.40-9.24) usv.y™
in case of ingestion and (2.30-4.82) psv.y'l in case of inhalation. These values are regarded less in
comparison with allowed normal limit which is about 0.1 msv.y™ for drinking water. In general the
concentrations of radon in natural waters are less than the maximum allowed limit which is about 18
Bq.L", and there will be no risk on the human being life.

Keywords: Radon; Drinking water; Spring and well water; Annual effective dose, CR-39.
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**Rn (1)
Cy
Bq Kg’ Bq L' PCi L' Bqm”
1.127 1.127 30.46 1127 R,
1.036 1.036 28.0 1036 R,
0.993 0.993 26.838 993 R;
1.196 1.196 32.324 1196 R,
0.838 0.838 22.649 838 Rs
1.246 1.246 33.676 1246 R¢
1.193 1.193 32.243 11.93 R,
0.976 1.043 28.189 1043 R
1.018 1.018 27.514 1018 Ro
1.170 1.170 31.622 1170 Rio
1.063 1.063 28.73 1063 Ri;
0.976 0.976 26.378 976 R
1.001 1.010 27.297 1010 Ri3
1.058 1.058 28.595 1058 Ry,
1.485 1.485 40.135 1485 Ris
1.378 1.378 37.243 1378 Ris
1.062 1.063 28.73 1063 Ry,
0.980 0.981 26.514 981 Ris
1.029 1.029 27.811 1029 / Rio
1.039 1.039 28.081 1039 / Rao
0.888 0.888 24 888 / R
0.848 0.847 22.892 847 / Ra»
1.188 1.188 32.108 1188 Ras
1.400 1.401 37.865 1401 / Ros
1.015 1.015 27.432 1015 / / Ras
1.060 1.060 28.649 1060 / / Rag
1.088 1.088 29.405 1088 / / Ry,
1.087 1.087 29.378 1087 / / Ros
1.288 1.288 34.812 1288 Rao
1.758 1.758 47.514 1758 / R0
1.035 1.035 27.973 1035 R
1.031 1.031 27.865 1031 Rs,
1.112 1.112 30.054 1112 / Ri3
1.115 1.115 30.135 1115 / / Ry
. (2)
)
5.7% 1.067Bq.L-1
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2Rn :3)

BqL' BqL’
Cold Well Water Al-Karak (Jorden) 1.692-2.016 1.845 [16]
Cold Well Water Irbid (Jorden) 3.1-5.7 4.5 [11]
Cold Well Water Albany (USA) 1-29 14 [17]*
Cold Well Water Scotland 3-35 23 [18]*
Cold Well Water San Luis (Mexico) 1.21-8.7  3.325 [19]*
Cold Well Water San Luis Potosi (Mexico) 0.068-9.324 3.097 [20]*
Cold Spring Water AL-Karak (Jorden) 0.132-0.534 0.271 [16]
Cold Spring Water Irbid (Jorden) 3.3-10.7 5.4 [11]
Cold Spring Water San Luis (Mexico) 0.117-2.362 0.936 [19]*
Cold Well Water Nenava Governorate (Iraq) 1.015-1.115 1.063 P.W
Private Ground Co.wicklow (Ireland) 1-3316 - [21]
Drinking and Well Water Co.wicklow (Ireland) 0-100  -—--- [21]
\?\;:tlekr‘jlﬁi(vseface) Co.wicklow (Ireland) < [21]
Well Water Chester Pennsylvania,USA 11.1-1961 [22]
Baltic Sea Roskilde (Denmark) 0.003-0.03  ----- [23]
Well Water Aucashat (Iraq) 0.11-0.158  -—--- [24]
Xglb?é"err‘gloun dSp““gs Fuzhou and She-nyang (China) 0.035-1013 7.82  [25]
Well and Spring Water Bait-Sahem Spring and Sultani well 0.132-2.016  —omv [16]
(Jorden)
Different  Types  of v 1ok University and Rahoob (Jorden) ~ 2.5- 107 —-ee- [1]

Natural Water
Drinking Water and Hot AL-Lajoon—Qutraaneh well-Awajan well

Springs (Jorden) 3-1166 - [26]

Drinking Water, Springs Shandiz, Zoshk and Abrdeh regions
and Rivers (Mashhad-Iran) 0.0-31.881 6284 [27]
Drinking Water Nenava province (Iraq) 17.4-36.1  26.37 [28]
Spring and Well Water  Lebanon 0.91-49.6 114 [29]
3\]“;{2:6 Well and Spring 1. . . vania region (Romania) 0.5-1203 154  [30]
Natural Water Nenava Governorate (Iraq) 0.838-1.758 1.268 P.W
Bq.L' Bqm’ (16) *
present work P.W

-(5) 6Ra
222Rn
( ) 226Ra 238U

- .222RH
2.88x10”ppb
“4)
31%
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I31]

4)
(0.61-1.27)*107 ( ) 66.7%
0.806x10"'Bq.kg".d" Bq.kg'.d"
( )
( ) :4)
(222Rn) 226Ra (222Rn) _5226Ra
7 5 5 Cra x10
Crox107 Cra 10 Crax107 (ppb)
(BqKg'dh (ppb) (BqKg'dh
0.71 2.68 Ris 0.82 3.08 R,
0.74 2.81 Ry 0.75 2.83 R,
0.75 2.84 Rao 0.72 2.71 R;
0.64 2.43 Ry 0.87 3.27 R,
0.61 2.32 Ra, 0.61 2.29 Rs
0.86 3.25 Ras 0.9 3.40 R¢
1.01 3.83 Ros 0.86 3.26 R;
0.73 2.77 Rys 0.75 2.85 Rg
0.77 2.30 Ry 0.74 2.78 Ro
0.79 2.97 Ry, 0.85 3.2 Ryo
0.79 2.97 Rus 0.77 291 Ry
0.93 3.52 Ry 0.71 2.67 Ry,
1.27 4.80 R0 0.73 2.76 Ris
0.75 2.83 R, 0.77 2.89 Ry,
0.75 2.82 Ri, 1.08 4.06 Ris
0.8 3.04 Ri; 1.0 3.77 Ry
0.81 3.05 Ry, 0.77 2.9 Ry,
*Ra :(5)
226Ra
(BqL") x107

2.83 1

2.99 2

2.813 3

3.78 4

4.8 5

3.4 ( )

10
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[31] Abu-Murad et al.
(1.24-4.15)Bq.L™
Bq.L'

[33] Singh et al.

0.062 Bq.L"
0.064 Bq.L" ( )
()
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() ()
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) Rs 78.7 ppb  67ppb
HPGe SSNTD (
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SSNTD ( ) Ry
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2.2% (1.7
70% 60.8% 65.5% 27%
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HPGe 55%

.[32] 9000 ppb
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SSNTD 28y :(6)
HPGe
238U
Cx (Bq L'l) HPGe SSNTD’s
ppb  BqL' ppb  BqL' ppb  BqL'

9.043+0217 9555 1184  100.1+12 1.4 91+25 1127 R,
74294026 8435 1.053 857+13 1070 83+24 1036 R,
9.112+0264 8475 1.052 895+14 1111  80+£24 0993 R,
8798 £0273 9225 1.149 885+17 1.102 96+26 1196 R,
9.006+ 0351 7285 0911 78.7+14 0984 67+21 0838 R
8.181£0352 1008 1256  101.6+20 1266 100£2.6 1246 R,
9381£0272 1028 1278  109.6+16 1362 96+2.6 1193 R,
9.739+ 0477 858  1.066 87.6+22 1.088 84+24 1.043 Ry
7.802+£0281 8665 1.076 91.3+17 1.133 82+24 1018 Ry
8969+£0323 958  1.193  97.6+21 1215 94+26 1170 Ry,
8.941+0250 8145 1.007 769+15 0951 86+24 1063 Ry
6.525+0307 772 0954  754+20 0932 79+£23 0976 Ry,
97220486 869  1.083 92.8+15 1.156 81+24 1010 Ry
9.799+ 0314 8505 1.059 851+16 1.059 85+24 1.058 Ry
10.125£ 0324 11695 1.447  113.9+18 1409 120£29 1485 Ry
8.807+£0308 1057 1312  1004%18 1246 111+28 1378 Ry
8934+0286 899  1.124 948+16 1.185 8524 1063 Ry
8308+£0324 872 1083 94816 1.185  79+23  0.98l Rus
9229+0286 825  1.023  81.3+10 1.017 83£24 1029 Ry
6.819+0259 9525 1.089  106.5+16 1318 8424 1.039 Ry
9.035+0316 721 0902  732+17 0916 71+£22 0888 Ry
8295+0357 732 0912 78414 0977 68+£22 0847 Ry
8.562+0265 9495 1.176 93.9+18 1.163 96+2.6 1.188 Ry
8.192+£0336 1135 1406 11429 1412  113£28  1.401 Ros
8993 +0243 8475 105  87.5+14 1.084 82+24 1015 Ry
9.057+0299 8735 1.089  89.7+14 1.118 85+24 1.060 Ry
93640225 922 114  964+13 1.192 88+25 108 Ry
9235+0212 9495 1.187  102.9+13 1287 87+25 1087 Ry
93540206 109.6 1358 115213 1427  104#27 1288 Ry
8.482+£0280 140.15 1.735 138319 1711  14243.1 1758 Ry
7217+£0253 8735 1.088 91.7+13 1.142 8324 1035 Ry
8919+0268 9335 1.16  103.7+16 1288 83+24  1.031 R
9.041£0262 89.85 1.123  90.7+15 1.133 89+25 1112 Ry
8280+£0331 8955 L1l  89.1+14 1104 90+25 1115 Ry
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R1.34: (P.W) Uranium (U-238)
2.2
R36-37: (Ref. 29
- 2| 36-37 ( ) B SSNTD's technique
- R3s: (Ref. 34) D HPGE technique
o 1.8 {
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= 1.6
L
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=
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2
s 1
o
g 08
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'c 0.6
o
D 04
0.2
0 ““““““““““““““““““ l‘ l‘ . .
123456 7 8 910111213141516171819202122232425262728293031323334353637383940
Sample No.
HPGe SSNTD 2y :(3)

238U (7)
HPGe SSNTD’s
*U (ppb)
(bpb) HPGe  SSNTD's
7% 86.33 89.25 83.4 / 1
5% 90.5 92.7 88.3 / 2
8% 89.26 92.72 85.8 3
1.7% 110.75  109.8 111.7 4
2.7% 140.15 1383 142 5
2.2% 103.4 10455  102.24 ( )
40 Mpi K
6.525Bq.L" 2144 ¢
( / ) Rz
) Rys 10.125 Bq.L" HPGe
214Bi ( 40K
5.179 Bq.L" *MBi (0.762keV/channel) 1462 keV
(/ ) Ry (13119 keV/channel) 2536 keV
( ) Ris 9.446 .(8)
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.HPGe 214Bj K :(8)
2 14Bi 40K 2 14Bi 40K
Cei (BqL™) Cx(BqL™) Csi (BqL™) Cxk(BqL™
5.480 + 0.405 8.308 + 0.324 Rig 7.551 £0.498 9.043 +0.217 R,
6.628 +0.411 9.229 + 0.286 Rio 6.376 £0.516 7.429 £0.26 R,
5.179 £ 0.528 6.819 + 0.259 Ry 6.671 £0.581 9.112 +0.264 R;
6.526 +0.522 9.035+0.316 Ry 7.324 +£0.558 8.798 +0.273 R,
6.113 +0.495 8.295 +0.357 Ra 7.986 +0.631 9.006 + 0.351 Rs
7.803 +£0.515 8.562 + 0.265 Ro; 7.288 +0.663 8.181+0.352 R¢
5.818 +0.564 8.192 +0.336 Ry 7.819 +£0.516 9.381+0.272 R,
7.857 £0.519 8.993 +0.243 Ros 7.089 +0.744 9.739 + 0.477 Rg
6.419 +0.629 9.057 + 0.299 Ry 6.472 + 0.602 7.802 +0.281 Ro
8.099 + 0.462 9.364 + 0.225 Ry 6.746 + 0.573 8.969 + 0.323 Rio
8.029 +0.473 9.235+0.212 Ras 7.691 + 0.499 8.941 +0.250 Ry
7.964 +0.454 9.354 + 0.206 Ry 5.614+0.73 6.525 +0.307 R
8.158 +0.498 8.482 + 0.280 Rso 8.200 + 0.902 9.722 + 0.486 Ris
7.283 +0.459 7.217 £0.253 Rs; 5.855+0.556 9.799 + 0.314 Ry,
8.195 +0.557 8.919 +0.268 Ry, 9.446 + 0.680 10.125+ 0324  Rys
7.862 +0.550 9.041 + 0.262 Ry 6.875 +0.612 8.807 + 0.308 Ris
7.406 + 0.963 8.280 + 0.331 Ris 7.127 +0.691 8.934 + 0.286 Ry
[31] etal.  (5) 4)
40K 214Bi 40K
40K
214Bi -
(9) [31] Abu-Murad et al.
(1.17-5.73) Bgq.L' 0K
3.45 Bq.L"
214Bi .8.684 Bq.L" 2 N
(1.11-7.9) Bq.L
4.5 Bq.L"'
.7.511 Bq.L"
Abu-Murad 0K

14
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R1-34: (P.W)
R36: (Ref. 16)
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R36: (Ref. 16)
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Sample No
HPGe 21Bj (5)
K :9)
214Bi (Bq L—l) 40K (Bq L—l)
7.241 8.724 / 1
6.397 8.424 / 2
7.668 8.975 3
8.095 9.429 4
8.158 8.482 5
7.512 8.684 ( )
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(10)

[26] (Annual Effective Dose)
116.6 Bq.L" 9.24 usv.y
usv.y” 4.4 psv.y' ( ) Ry !
320usv.y"' 612.9 ( ) Rs
4.82usv.y'
R3o usv.y” 2.30
(Conversion Factor) ) Rs
14.4¥10° usv.y.Bq!
2.8%107 psv.y.Bq'.m” 3.25 psv.y! 6.5 psv.y'

.[31] (2-20) msv.y"'

*Rn :(10)
Desr Detr Cw Desr Des Cw
(usvy™) (usvy’)  (BqL") (usvy™) (nsvy™  (BqLY

2.69 5.16 0.981 Rig 3.09 592 1.127 R,
2.82 5.41 1.029 Ry 2.84 5.45 1.036 R,
2.85 5.46 1.039 Rao 2.73 5.22 0.993 R;
3.44 4.67 0.888 Ry 3.28 6.29 1.196 Ry
2.32 4.45 0.847 Ry, 2.30 4.40 0.838 Rs
3.26 6.24 1.188 Ry; 342 6.55 1.246 Rg
3.84 7.36 1.401 Ros 3.27 6.27 1.193 R,
2.79 5.33 1.015 Rys 2.86 548 1.043 Ry
291 5.57 1.060 Ry 2.79 5.35 1.018 Ry
2.99 5.27 1.088 Ry; 321 6.15 1.170 Rio
2.98 5.71 1.087 Rog 2.92 5.59 1.063 Ry
3.53 6.77 1.288 Ry 2.68 5.13 0976 R,
4.82 9.24 1.758 R3o 2.77 5.31 1.010 Ri;
2.84 5.44 1.035 Rj; 2.90 5.56 1.058 R4
2.83 5.42 1.031 Rs, 4.08 7.81 1.485 Ris
3.05 5.84 1.112 Rs3 3.78 7.24 1.378 Rie
3.06 5.86 1.115 Ris 2.92 5.59 1.063 Ry;

16



222
Rn

2Th 0.838 -) Bq.L"
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