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ABSTRACT
In this study the activity concentrations of natural radioactive elements “*Ra *°K ***Th and their
transfer factor for 36 samples of soil and vegetables in four agriculture locations (Rabea Al-Rashedia
Hamam Al-Aleel and Al-Salamia) were calculated. The average activity concentrations of “’K **°Ra
2Th in soil were found to be 624.66+75.4 20.64+3.63 and 6.73+1.84 Bq/kg respectively in the four
locations. Their values in dry vegetables were found to be 314.07+£36.3 7.9+1.63 and 1.68+0.92 Bq/kg
and in fresh vegetables were found to be 31.2+7.9 0.74+0.23 and 0.175+0.07 Bq/kg respectively. The
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average transfer factors of *°K **Ra ***Th from soil to dry vegetables were found to be 0.507+0.04
0.386+0.06 and 0.216+0.03 while their values to fresh vegetables were found to be 0.05+0.014

0.037+0.013 and 0.022+0.007 respectively in the four locations also. The average values of absorbed
dose and the total annual dose were found to be 0.04+0.0037 uGy/h 70.93 uSv/y respectively.

Keywords: Concentrations of natural radioactive elements, Transfer factor, Vegetables,
Radiation hazard index, Annual dose.
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€ B N
kg w t ( 100 ) I
Dy(nGy/h)
:(Mahur, et al., 2008. UNSCEAR, 2000)
Dy (pGy.h™) = (0.462Cg, + 0.604Cy, + 0.0417C¢) ..o )
YK PTh *Ra Ck Cm Cra
40 232 226R,
:(Mahur et al., 2008. UNSCEAR, 2000) (Raeg)
Raeq = Cra + 1.43C, + 0.077Cx ..., 3)

, (gamma index, I,)

:(Dragovic, et al., 2010)

I, = Crs/150+ Cp /100 + Cx /1500 <1 oo @)
(Mahur, et al., 2008. UNSCEAR, 2000) (Hex)
Hex = Cra/370 + C1y /259 + C /4810 <1 coooiiiviiveniniinnn (5)
(Hin)
:(Mahur, et al., 2008. UNSCEAR, 2000)
H;, = Cp./185+ C, /259 + C/4810 =1 ..o, (6)
Wy
C,=C, fo ............................................................... (7)
.(Bq/kg) Cad Cr
kg Wi Wy
:(Pulhani, et al., 2005) (annual internal dose, H)
H(Sv/y)= Cf (Bq/kg)xF (kg/y)x CF (SV/BQ) .evviriiiiiiiiiiiiiieieiee, (8)
F(kgly) ( ) Cf(Bq/kg)
Ce(Sv/Bq) .(4)
Saleh et al., 2007. 2.3x107  2.8x107  6.2x107 **Th *Ra *K
:(UNSCEAR, 2000)
( ) (Transfer factor)

.(Dragovic et al., 2010)
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_Activity of radionuclides in plant (Bg kg ldry (fresh)weight)

TF

Activity of radionuclides in soil (Bg kg~ !dryweight)

22T 226R4 40 (1)
472.66 Bg/kg K
- ) 702.22 Bg/kg ( - ) 524.71 Bg/kg ( - ) 76144 Bg/kg ( - )
( - )55834Bqkg ( - )713.56Bgkg ( - )57273Bgkg  (
611.31+46.24Bqg/kg ( - ) 696.55 Bglkg
43 2 1 631.60+24.73Bg/kg  643.62+34.7Bq/kg  2.13+36.7Bq/kg
UNSCEAR, ) (400Bq/kg) (140-850 Bg/kg )
(- )23573 Bgkg ( - ) 14.652 Bg/kg  **Ra .(2000
24786 (- ) 17.467 Bg/kg ( - ) 23227 Bgkg ( - ) 14.776 Bq/kg
( - ) 27215 Bgkg ( - ) 17.982 Bg/kg ( - ) Bgkg
19.58.£1.89 Bg/kg 19.29+1.61 Bg/kg 22Ra
60 17 Bg/kg ) 21.67£1.65Bq/kg 22.03+1.7 Bq/kg
3.521  **Th .(UNSCEAR, 2000) (35Bq/kg Bg/kg
( - )9.023Bgkg ( - ) 5.834 Bg/kg ( - )9.897 Bg/kg ( - ) Bg/kg
8.527 Bqg/kg ( - ) 4947 Bg/kg ( - ) 8.262 Bg/kg ( - ) 4.852 Bg/kg
5.79+1.2Bq/kg . ( - )
.6.79+£0.66 Bg/kg 6.41+0.8 Bg/kg 7.91+0.7 Bg/kg
.(UNSCEAR, 2000) (30 Bq/kg 64 Bg/kg 11 Bgkg )
554  41.7 Bg/kg (Pulhani, et al., 2005)
422 Bq/kg  18.7 Bg/kg 22Ra 512 Bg/kg  18.2 Bg/kg YK Bg/kg
22T, 226R, 4K ) 2327
.(Shyamal et al., 2013)

4OK
(1.035%) **°Th , (2.89%) **°Ra (96%) *K
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232Th
) 387.987 Bq/kg

226
Ra

40
(4OK)

.314.07 Bq/kg
) 4.795 Bg/kg

(Karunakara et al., 2003)

3
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.(Saleh et al., 2007)

(1)

- ) 237.65 Bg/kg
- ) 11.26 Bg/kg (*°Ra)
7.9 Bg/kg

2Th (Not Detected, ND-13.2) Bq/kg ~ (12-797) Bg/kg
( - - ) (ND) (1 - ) 3.865Bg/kg
432 1 ( - ) - ) )
.1.68 Bg/kg
( ) 232Th 40K 22611a 1
()
(TF) (Bq/kg)
BITH K 2Ra BT K 2Ra
3.521 631.563 23.573 |
ND 0.473 0.319 ND 298.745 7.521
4.032 588.342 19.739 5
0.525 0.549 0.503 2.116 323.175 9.946
4277 761.435 14.652
ND 0.483 0.334 ND 367.743 4.895 :
7.236 472.658 16.738 4
ND 0.639 0.372 ND 254.643 6.224
9.897 602.545 21.763 s
0.376 0.538 0.389 3.723 344.765 8.472
5.79+2.7 611.3£103.4 19.29+3.6 . .
0.18+0.25 0.54+0.06 0.38+0.07 1.16+1.7 318.8+43.59 7.41+1.95
C )
(TF) (Bq/kg)
2Th YK %Ra 22Th K 2Ra
7.886 702.223 21.865
0.394 0.552 0.396 3.112 387.987 7.666 6
8.884 596.773 18.444
0.271 0.433 0.523 2.412 258.628 9.656 ’
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232Th 40K 226Ra

5.834 524.712 14.776
ND 0.496 0.400 ND 260.542 5.922 ’
9.023 624.837 23.227
0.378 0.535 0.328 3.416 333.946 7.623 ?
7.91£1.5 612.13+£73.4 19.58+3.78
0.26+0.18 0.50+0.05 0.41+0.08 2.23+0.5 310.27+62.6 7.72+1.53 :
( )
(TF) (Bq/kg)
2Th YK 6Ra 2Th K *%Ra
5.073 691.628 21.323
ND 0.494 0.526 ND 341.664 11.225 10
4377 572.728 24.536
3950. 0.503 0.459 2.943 288.628 11.267 H
.8524 596.553 4.7862 .
ND 0.397 0.398 ND 237.657 .8739
8.262 713.556 17.467
0.467 0.425 0.376 3.865 303.667 6.582 B
6.41£1.7 643.62+69.4 22.03£3.4
0.22+0.25 0.455+0.05 0.44+0.06 1.74£2.0 292.90+43.1 9.74+2.2 *
( )
(TF) (Bg/kg)
232Th 40K 226Ra 232Th 40K 226Ra
7.834 673.762 19.532
0.366 0.550 0.244 2.872 348.664 4.795 14
5.678 626.833 27.215 5
N.D. 0.614 0.321 N.D. 384.556 8.759
8.527 696.548 23.583
0.384 0.465 0.247 3.277 323.741 5.827 o
4.947 558.335 20.033 .
N.D. 0.482 0.388 N.D. 269.752 7.788
7.006 602.545 17.982 18
0.303 0.572 0.361 2.123 344.765 6.497
6.79+1.48 631.60+55.3 21.67+£3.7
0.21£0.2 0.54+0.026 0.31+0.06 1.65+1.56 334.29+42.2 6.73+1.57 *
ND: Not detected* = o/ *..N , O N (Nsiah-Akoto et al., 2011).
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232Th 22612a 40K 2
.(Shyamal et al., 2013)
22Th (Bq/kg) 226Ra (Bq/kg) “K (Bq/kg)
5-37.3 5.3-66.8 41.5-418
12.2-44.2 44.7-106 195.3-640
1-360 2-440 9-1800
14-160 7-81 38-760
2-88 6-98 15-990
5-42 8-55 250-980
7.6-16.2 16.3-57.3 121.8-244.8
4-70 10-900 40-1000
2-210 6-250 25-1650
48938 14.6-27.2 472 713
30 35 400
232Th 226Ra 40K (1)
10.19 Bg/kg 2 - )5625Bgkg K
YK .31.243.53 Bg/kg (1 -
Maul and ) (40-240 Bg/kg) (Ibrahim, 2007)
) 0.249 Bg/kg (3 - )I1.14Bgkg *Ra .(O'Hara, 1989

.(UNSCEAR, 2000)(0.03 Bq/kg)

a - -
@ -

) (ND)
) 0.514 Bg/kg

4

(Shanthi et al., 2009)

- ) 0.639 Bg/kg

G -
(James et al., 2011)
- - )
(1 - )0525

G -

(ND)

232Th

) 0.526

4 3 21

232Th

\

26p,
) 0.397 Bg/kg

22611a

0.74+0.102 Bq/kg

- )G

40
40

0.386

-
(Shanthi et al., 2009)
2321
\ - ) (2 \
0.175+0.031 Bqg/kg
.(0.015Bg/kg)
(TF)
(1)
.0.507 (1
4 - ) 0.244
.(0.03-0.47)

- )

- ) )«



143

32Th 2Ra YK ) .0.216
e - ) 0.087 K
0.071 6Ra .0.05+0.014 B - ) 0.02
2Th .0.037+0.013 a - )0.015 2 -
321 ( - ) - ) ( ) ( - - ) (ND)
.0.022+0.007 B3 - )0.062
39.648
56.258 m226Ra mA40K m232Th m226Ra m40K m232Th
45.855 8441 28.684
19.418
23.794
10.185
1 11 088 o4 1OV I a5t ou4s 38
oS S o gy A Caly sl di Wb
APTh 5 40K 226Ra dndal) palia) Aad 8|8 APTh 5 40K 5 226Ra dxdiad palial Alad sl
(Artsdu)) AN aBgall B g piadll dhay) i) (Anass) I alipal B g puadll Adayd) il
W 226Ra m40K m232Th .0 oo W 226Ra MA0K ® 232Th et
33.84
31.021
25.252 26.649 27.33
22.663
11.545
03148187 256, e 1 113 514
bl A gladily el il Ll Ol adl il Lab

Cliall 232Th 5 40Ky 226Ra dadiad yalin) ddlad jusi
(fpdhad) ) o) (b g pall Ade)
232Th

40K 226Ra

A22Th 50K 5226Ra Aaduall pealial) idlad s 3
(Jatalt alan) EIEN a8 gall & il g pudadll A Sl il

4
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(DY)
(Hin) (Hex) (Iy) (Ragg )
.(3) (6-2)
- ) 0.0451 uGy/h (1 - ) 0.031 pGy/h 1
0.041£0.0009 pGy/h  0.04+0.0022 pGy/h ,0.039+0.0018 uGy/h Dy .(4
4 3 2 1 0.042+0.0018 uGy/h
.(0.093 pGy/h  0.018 uGy/h ) (UNSCEAR, 2000)
.4 - ) 89.41 Bqkg (1 - ) 63.48 Bq/kg
(Mahur et al., 2008. UNSCEAR, 2000) 77.73+2.72 Bqg/kg
) 0.7069 r - ) 0.499 .(370 Bg/kg)
.0.622+0.027 4 -
0.2677+0.0105 0.211540.036 (Hin) (Hex)
(4 )
(I,, Hex) (I, Dy), .(Agbalagba etal., 2012)
) (R?) (Raeg, Hex) (Iy, Racg)

G
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W 226Ra m40K m232Th W 226Ra W 40K m 232Th
7

S e O P T
CR2BITh 40K §226Rg Axdiall palizl) JUELY) Jalea w232Th < 40K « 226Ra dadial] waliad) NG Lalaa
A g o () 21080 i ST 5 T TRA S i S O

(A )) S(Aam) do¥t gl (2 (Ackl) lguaddl I 4gal
B 226Ra m40K m232Th 0.066 B 226Ra W 40K m 232Th

0.062

Alalak Jud Oladly  adl JAB el

’ Oadiy i gii Ll Gl
Gm23Th g 20K 5 226Rg davdial) jaalial) JUESH Jalaa Gn232Th g 20K 5 226Rg dadual) jaaiial) JUESH Jalaa
Y adgall (ki) g padd) A SN a8 el B (A ) g padd) A S
(At (J plas)



(Iy) (Ragg) (Dy)
(Hin) (Hex)
()
H;, H,, I,
Ra.(Bq/kg) Dy (uGv/h)
0.2723 0.2086 0.6134 77.2384 0.0394 1
0.2446 0.1912 0.5641 70.8071 0.0361 2
0.254 0.2144 0.6481 79.3986 0.0411 3
0.2167 0.1714 0.4991 63.4801 0.0318 4
0.2811 0.2223 0.6458 823117 0.0412 5
0.254+0.009 | 0.202+0.009 | 0.594+0.028 | 74.647+3.37 0.039:+0.0018 +
( )
H,, H,, 1 Dy
Ra . (Bq/kg) (nGv/h)
0.2946 0.2355 0.6928 87.2132 0.0441 6
0.2581 0.2082 0.6096 77.0996 0.0388 7
0.2115 0.1715 0.5067 63.5214 0.0322 8
0.2903 0.2275 0.6616 84.2423 0.0422 9
0.264+0.019 | 0.21+0.014 0.62+0.04 78.0242.63 0.04+0.0025 +
( )
H,, H,, 1 Dy
Ra.,(Bq/kg) (nGv/h)
0.2786 0.221 0.654 81.8327 0.0418 10
0.2804 0.2141 0.6198 79.271 0.0397 11
0.2767 0.2097 0.6115 77.6589 0.0393 12
0.2747 0.2275 0.6748 84.2255 0.0428 13
0.278+0.0012 | 0.218£0.004 | 0.64+0.015 80.75+1.44 0.041£0.001 +
( )
Hin Hes b Ra. (Bq/kg) > (0Gv/h)
0.2759 0.2231 0.6577 82.6143 0.0419 14
0.2993 0.2258 0.6561 83.6007 0.0421 15
0.3052 0.2415 0.7069 89.4108 0.0451 16
0.2435 0.1893 0.5552 70.099 0.0355 17
0.2495 0.2009 0.5916 74.3965 0.0377 18
0.275+0.013 | 0.216£0.0089 | 0.634+0.026 80.24+3.45 0.041+0.0018 +
1> 1> 1> 370 > 0.059 o

** Agbalagba etal., 2012.




147 B2y g 26R,
0.05 100
. v =0.0636x + 0.0002 y=12511%x + 0.6133
= o.085 R*= 0.9982 90 R?= 0.988]
=
e ~ w
>~ 004 0
= e
# — 70
o
E 0.035 __:f:,
2 = 60
S o002 d 3
33 o 50 b
% o
£ o
< 0.025 ¥ ap . : :
0.4 0.5 05 0.7 0.8 0.4 0.5 0.6 0.7 0.8
gamma index, I, gamma index, (1)
0.25
. ¥y =0.3381x+ 0.0015 0.25 v =0.0027x - 0.0002
_£0.23 4 R*=0.988 g Ri=1
T - 0.23
w 0.21 -
'T_-"|} 5 0.21
5 =
- 11 "= 019
2 =
S ow ] S o
L =
2 015 4 C 5 015 d
0.13 = 0.13
0.4 0.5 0.6 0.7 0.8 50 60 T0 B0 S0 100
gamma index, (1) Ra. eq. actuvity, (Ra,,)
(c) (b) , (a) 3
(d)
4)
232 226 40
12.99 uSvly  ( ) 2.12 uSvly 22Th Ra *K
uSv/y 70.93 uSvly (

(Ibrahim, 2007)

7.88+1.36

.(UNSCEAR, 2000) (290 puSv/y)

)
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4
232Th 2261{a 40K
(Bg/kg)
H(uSvly) Th K °Ra (kgly)
13.2 0.09 21.04 0.4 50
4412. 0.09 3114 0.82 28
6.91 0.09 26.86 0.57 20
2.12 0.04 17.57 0.34 10
7.98 0.22 34.47 0.95 15
12.99 0.45 56.26 111 17
4.47 0.22 23.79 0.89 10
5.76 0 45.85 1.04 10
5.06 0.45 42.4 0.94 8
70.93 1.65 299.38 7.06 168
7.88+1.36 0.18:0.059 33.26+4.25 0.78+0.0576 +
2.12-12.99 0-0.45 17.57-56.26 0.34-01.11
290 )
*** (UNSCEAR, 2000)
624.66+37.7 Ba/kg, **Th *Ra “K
7.9+0.81 Bg/kg 314.07+12.07Bg/kg 6.73+0.92 Bg/kg 20.64+1.68 Bg/kg
0.74+0.11 Bq/kg, 0.175+0.035 Bq/kg 31.243.9 Bq/kg 1.68+0.46 Bq/kg
40K
232Th 226Ra 40K
G ) ()

70.93 uSvly
(290 uSv/y)
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