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The activity concentrations of natural radionuclides (226Ra, 232Th, and 4°K) for a set of 31
agricultural soil samples from the Nile River banks in the area of El-Sebaiya city, Aswan
Governorate, Egypt were measured by gamma-spectrometry. The study revealed that
the average activity concentrations of natural radionuclides 226Ra, 232Th, and 4°K were
23.2£2.8Bq/kg, 21.1 + 2.8 Bq/kg, and 218.6 + 3.7 Bq/kg, respectively. The obtained re-
sults of the activity concentrations are within the range of values reported for neighbour-
ing areas in Egypt.

The values obtained for the hazard indices and the representative level index in all sam-
pling sites were lower than unity, showing that there is no significant risk arising from the
exposure to the soil in the studied area.The absorbed dose rate and annual effective dose in
air outdoors and indoors were calculated from 226Ra, 232Th, and 4°K in soil, the average
values being 32.64 nGy/h, 40.06 uSv, and 160.25 uSv, respectively. The absorbed dose
rate at the eastof El-Sebaiya city is higher than that obtained for the west because of higher
concentrations of tri-calcium phosphate in the soil. The studied area is not significantly af-
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fected by the industrial activities, except for a few isolated spots.
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INTRODUCTION

Practically all natural materials contain radioac-
tive nuclides though usually in such a low concentra-
tion that they can be detected only by very sensitive
analysis. Phosphate rocks contain a relatively high
concentration of naturally occurring radioactive mate-
rials (NORM) from the uranium and thorium decay se-
ries [1]. The average uranium content in phosphate
rock is usually around at 50-200 parts per million
(ppm) or 0.005-0.020 %, but some commercial rich
ores can contain up to 150.000 ppm of uranium [2].

Mining has been identified as one of the potential
sources of exposure to NORM [3, 4]. Materials from the
deposit may be brought to the surface soil through pro-
cesses such as weathering of rocks and soil formation
[5]. Mining and mineral processing may result in higher
concentrations of 238U and ?32Th in the surrounding
area being spread, distributed in air and deposited on the
soil surface [4, 6, 7]. Outdoors,humans are exposed to
the natural terrestrial radiation that originates predomi-
nantly from the upper 30 cm of the soil only [8]. Edition
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Soil is widely used as a construction material in Upper
Egypt such as in the production of bricks, as filling ma-
terials efc. Thus the measurement of natural radioactiv-
ity in soil, which is the basic indicator of radiological
contamination in the environment, is important in esti-
mating the present health risks and establishing the
baseline data for future monitoring of exploration and
in radiation protection.

El-Sebaiya city (Egypt) is located on both banks of
the Nile River (fig. 1). The presence of phosphate
mines,the El Nasr Phosphate Factory, and Nile's port
used for phosphate transportation, aroused considerable
interest to examine whether the cultivated areas around
and in El-Sebaiya city contain an excess of NORM
which present a potential risk to the population. In the
present work, we measured the concentration of 22°Ra,
232Th, and “)K in soil samples collected from some dif-
ferent sites of El-Sebaiya city using a gamma ray spec-
trometer and calculated the associated absorbed dose
rates. Previously, similar work has been performed on
agricultural soils to assess the radionuclide content and
the associated hazards as a results of the production of
fertilizers, and these soil samples were collected from
around the factories (therefore in the vicinity of the siev-
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Figure 1. Map of sampling sites in El-Sebaiya city

ing and smelting processes) and these samples contained
high amounts of NORM [9, 10]. The present work en-
compasses a larger area; soil samples were collected not
only around the factories but along the pathway of the
transportation processes of the phosphate on the way to
the Nile port.

MATERIAL AND METHODS
Sampling area

El-Sebaiya city is located between 25.174961°N
and 32.678633°E ( fig. 1) in the far north of the Aswan
Governorate, being famous for its abundance of phos-
phate ore in the surrounding mountainous areas,
whether on the east or west Nile bank, where there are
many phosphate mines. El-Sebaiya city is divided into
two regions; one region is located on the eastern bank
of the Nile River, being characterized by phosphatic
soil, phosphate mines, quartz ore, a grinding plant and
phosphates factories. On the other Nile bank is the
west region of El-Sebaiya city, characterized by culti-
vated soil, a residential region and some smaller phos-
phate mines. Thirty one samples were collected from
different agricultural soils with sampling sites divided
into two zones: 14 samples were collected from the
east El-Sebaiya city and 17 samples from the west
El-Sebaiya city (fig. 1).

Sampling and sample preparation

The soil samples were collected according to the
IAEA TECDOC-1415 [11] and recommendations of
the Egyptian Geological Survey and Mining Author-
ity.In the laboratory, soil samples were first cleaned
from coarse roots, pebbles, then were dried at 105 °C
for 24 hours and mechanically crushed to powder. The
powdered samples were sieved through a 560 pm
sized sieve to obtain sample homogeneity [12, 13].
The prepared samples were transferred to radon-im-

permeable plastic containers, weighted and sealed for
four weeks to reach the secular equilibrium between
226Ra and its daughters, and >*?Th and its daughters,
before being taken for gamma spectrometric analysis.

Gamma spectrometry

The radionuclide activity concentrations in the
samples were measured using a High-Purity Germa-
nium Detector (HPGD). The gamma spectrometry
system consists of an N-type HPGD (CANBERRA),
mounted in a cylindrical lead shield (100 mm thick)
and cooled in liquid nitrogen, and coupled to a com-
puter based Multi-Channel Analyzer(MCA). The rela-
tive efficiency of the detector was 40 %, with an en-
ergy resolution of 2 keV at a gamma ray energy of
1332 keV of %°Co. LABSOCS efficiency calibration
software, mathematical efficiency calibration soft-
ware and software program (Genie 2000) were used to
calculate the activity concentrations of the samples,
taking care to subtract the natural background level.

The most intensive gamma lines for the
radionuclides of interest were used for calculations.
226Ra activity was determined from 609.3, 1120.3, and
1764.5 keV gamma ray peaks of 2'“Bi and from the
351.9 keV gamma ray peaks of 2“Pb. On the other
hand, the 238.6 keV of >1?Pb, the 911.2 keV gamma ray
peaks of ?8Ac and 2614.7 keV of 2%*T1 were used to
evaluate 23?Th. “°K was determined using a 1460.8 keV
peak.

CALCULATION OF RADIOECOLOGICAL
PARAMETERS

Activity concentrations

The activity concentration A;; (Bg/kg) of a
radionuclide 7 and for a peak of energy E, was calcu-
lated using the following formula

. (1)

I,egmT

where Nii is the net peak area at energy E, &g — the de-
tection efficiency at the energy E, T—the counting live
time in seconds, /, — the gamma ray yield per disinte-
gration of the specific radionuclide for a transition at
energy E, and mi is the mass of the dry weight [kg] of
the measured sample [5].

Radium equivalent (Ra.q)

The term radium equivalent activity, Rag,
[Bgkg '] is normally used to compare the uniformity
in radiation of materials containing different amounts
of226Ra, 23?Th, and *°K. It was proposed that the activ-
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ity concentration of 259 Bg/kg of 2*2Th and 4810
Bq/kg of K is equivalent to 370 Bq/kg of *°Ra and in
these quantities, each of these radionuclides gives an
effective dose of 1 mGy/y. Based on these values,
Hamilton, 1971 [14] and Beretka 1985 [15] defined

Ra,, as
Ap,  Am A
Rag =1 R4 2Th K 1370 (2
370 259 4810

where A, is the specific activity of **Th, A, — the
specific activity of *°Ra, and 4k — the specific activity
of *K, all activities being in Bq/kg.

Calculation of radiation hazard indices

Standard radiation hazard indices are used to
evaluate the effects of radiation on the health condition
of people exposed to radiation.

External and internal radiation hazard

The external hazard index (/7,,) was calculated
from eq. (3) and the internal hazard index (/4;,) from
eq. (4) [3, 16].

. _ A, +Am N Ay
370 259 4810

(€)

. :ARa +ATh + AK (4)
185 259 4810
Values of H equal to unity correspond to Ra,
(370 Bg/kg)

cq

Representative level index

The representative level index, 7, is generally
used to assess the hazardous level from radionuclides
to the human body when externally (indoor or out-
door) exposed to an amount of annual effective doses
of y—radiations decayed from radioactive nuclides in
soils. The representative level index (/,) is used to esti-
mate the level of the gamma radiation hazard associ-
ated with the natural radionuclides in specific building
materials.

Values of 7, can be calculated according to the
following semiempirical formula (5) [9,17,18]

_Ara n Ay n Ag

= 5
7150 100 1500 )

Calculation of dosimetric parameters
Absorbed dose rate

The absorbed dose rate is defined as the amount
of energy deposited in a substance. By using eq. (6),
the absorbed dose rate from the soil samples in air at
1 m above ground was calculated from the activity
concentrations [3]

D[ mGy/h]=04624y, +0.604 4, +00424, (6)

Annual effective dose
outdoors and indoors

The annual effective dose outdoors and indoors
must be estimated on the basis of measurable or calcu-
lated quantities. To estimate annual effective doses,
both the conversion coefficient from the absorbed dose
in air to the effective dose (0.7 Sv/Gy) and the outdoor
or indoor occupancy factor must be taken into consider-
ation. The effective dose was calculated from [3]

Dout/in =DCfCT (7)

where Dgyin [LSV] is the annual effective dose out-
doors (out) and indoors, Cr — the conversion coeffi-
cient from the absorbed dose in air to the effective
dose, Cr—the outdoor or indoor occupancy factor (i. e.
the fraction of time spent outdoors and/or indoors,
with the usual values of 0.2 and 0.8, respectively).

RESULTS AND DISCUSSION

Specific activity concentrations of *?Ra, 23°Th,
and “°K in Bg/kg of the collected soil samples from
El-Sebaiya are shown in tab. 1 and fig. 2. The range of
activity concentrations varies from 11.7 £3.7 to 59.4 +
+ 1.7 Bg/kg for 2°Ra, from 14.7+3.2t031+2.3 Bg/kg
for 22Th, and from 111.7 + 4.6 to 286.4 + 3.3 Bq/kg for
40K, with overall mean values 0f23.3 +2.8 Bg/kg, 21.2 +
+ 2.8 Bg/kg and 218.6 £ 3.7 Bg/kg, respectively. The
highest values of 22Ra and 23Th concentrations in soil
samples were observed in samples SE21 and SW11,
whereas the highest “°K concentration was registered in
sample SE26. Meanwhile, the lowest °Ra and 232Th
concentrations were observed in samples SW10 and
SW7, respectively, whereas the lowest “°K concentration
was obtained in sample SE21.

The obtained results revealed that the >°Ra and
232Th concentrations in soil samples from the eastern
bank of the Nile are higher than those collected from the
western bank of the Nile (tab. 1, fig. 2). The explanation
may reside in the higher concentrations of tri-calcium
phosphate in the east comparatively with those in the
west. The Aynahand Mahamid mines on the eastern
bank contain around 65 % tri-calcium phosphate and
mine content is 64-65 %, while the concentration in the
western soilis only about 22-28 % [19].

Average values of activity concentrations are
slightly higher than reported worldwide and in the
other locations in Egypt, but are comparable with
those found in the Aswan province (tab. 2). On the
other hand, the measured concentrations for the inter-
est radionuclides in this study are lower than the corre-
sponding ones obtained by [10]. However, there is a
pronounced difference in the activity concentration
for 22°Ra obtained in our previous work [10] and the
present one. Previously, the phosphate layer samples
were collected from inside and outside the territory of
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Table 1. Activity concentration in soil samples from El-Sebaiya, Aswan

Sample no. Sample texture Co-ordinates - Activity concze;zltration [Bqkg™]
Lat. Long. Ra Th ‘ K
Western bank of the Nile river
SW1 Clay 25.20014 32.666 141+34 16.5+3.2 2532+3.5
SW2 Clay 25.20645 32.67032 273+2.6 223429 237.4+3.7
SW3 Clay 25.17627 32.66265 26.5+2.5 17.1+£3.0 228.7£3.5
SwW4 Clay 25.19271 32.66392 21.6 £3.0 21.0+3.0 263.80 £ 3.53
SW5 Clay 25.18038 32.70597 30.8+2.3 247425 171.7+£3.9
SW6 Clay 25.16638 32.70954 20.0+3.0 21.9+2.8 217.5+£3.7
SW7 Clay 25.16372 32.68178 16.8 £3.1 14.7+£3.2 205.4 £3.7
SW8 Clay 25.15821 32.72198 24.1+£2.7 19.3+3.0 2522 +£3.5
SW9 Clay 25.14278 32.73082 144 +£3.5 183+£3.2 246.9 £3.6
SW10 (claylva[llri((f(siand) 25.13829 32.71606 11.7£3.7 199+£29 2453 £3.5
SW1l Mixed 25.14686 32.70215 224427 310423 175.943.9
(clay and sand)
SW12 Clay 25.1569 32.68731 21.2+2.7 17629 2042 £3.7
SW13 Clay 25.18743 32.68783 16.5+£3.2 204+2.9 255.6 £3.5
SW14 Clay 25.19269 32.66726 153+33 21.9+£2.8 247.8 £3.6
SWI15 Clay 25.19362 32.64708 17.9+£3.0 18929 230.7+3.6
SW16 Clay 25.19911 32.63435 16.1 £3.1 17.7+2.9 2469 +3.4
SW17 Clay 25.17312 32.70403 159+3.2 184+29 237.5+£3.5
Average 19.6 20.1 230.6
SD 5.3 3.7 27.2
Min 11.6 14.7 171.6
Max 30.8 31.0 263.8
Eastern bank of the Nile river
SE18 Clay 25.23335 32.63169 14.0+3.7 19.7+3.2 264.6 £3.7
SE19 Mixed (clay and sand) 25.22733 32.65547 21.7+2.8 27725 247.6 £3.5
SE20 Mixed (clay and sand) 25.22483 32.6392 21.5+£2.7 245+2.6 209.0 £3.6
SE21 Sand 25.2323 32.6691 59.4+1.7 194+28 111.7+4.6
SE22 Sand 25.21462 32.68157 25.6£2.5 20.8 £ 2.8 187.8 £3.8
SE23 Mixed (clay and sand) 25.20351 32.68761 252+2.6 23.3+2.7 179.7£3.9
SE24 Clay 25.19729 32.70212 339+23 273+£25 189.4£3.9
SE25 Clay 25.17767 32.72086 27.7+25 252+2.6 179.3+3.9
SE26 Clay 25.1605 32.73458 203+£29 20.0+£2.9 286.4+3.3
SE27 Clay 25.15636 32.73312 17.5+£3.1 20.1+£2.9 2389+3.5
SE28 Clay 25.14601 32.75953 17.5+3.0 189+29 2299+3.5
SE29 Clay 25.16944 32.73085 32.1+£23 224127 2023 £3.7
SE30 Clay 25.18557 32.71668 34622 23.2+2.6 179.3 +£3.8
SE31 Sand 25.20884 32.68344 373+22 21.9+£2.8 149.6 +4.2
Average 27.7 22.5 204.0
SD 11.6 2.9 46.5
Min 14.0 18.8 111.7
Max 59.4 27.7 286.4
Descriptive statistics of all samples
Average 23.2 21.2 218.6
SD 2.8 2.8 3.7
Min 11.7 14.7 111.67
Max 59.4 31.0 286.4
the Sebaiya phosphate factory and mine, which could Table 3 presents the radium equivalent activity
explain the higher concentration of ?2’Ra when com- (Ra,y), absorbed dose rate (D) and annual effective
pared to that from cultivated soil samples investigated dose rate in air outdoors (D,,,) and indoors (D,,), radi-

in the present work. ation hazard indices externally H,, and internally H,,,
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i e ® " eopde 3 samples.
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- ¢ .@“"‘"2’ > P & 53.6£7.9 Bq/kgto 95.8 £ 6 Bq/kg with an average
. . o) ﬂ,.“’:, . of 70.4 £ 7.2 Bq/kg. The minimum and maximum
BT e e .’b ® o ‘R values were registered in SW7 and SE21 samples,
e e Py . respectively. All soil samples showed Ra,, far be-
& e 2 ¢ R low the limit of 370 Bq/kg. Therefore, the soil from
. M = the area where the samples were collected is safe
8 e 3z 32 3z az™ 3zn R and suitable to be used both for agriculture and
0 0025 005km x building materials. .
e The calculated external, internal hazard and the
representative level index (7)) values are shown in tab. 3.
32¢ 3288 128 a2 32 327 The values of external and internal hazardindices are be-
A . R ' Thaszlbakel R tween 0.14 £ 0.02 to 0.26 + 0.02 (mean 0.19 £ 0.02) and
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S SRS dex 1, values ranged from 0.40 = 0.06 to 0.66 + 0.04
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& ) 5\_\;1?\.:» ° & for all sampling sites are lower than unity. Therefore,
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] [N, ) \\\. P | the soil of the studied area. Nevertheless, periodic radia-
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0 0025 005km A As shown in fig. 3, the absorbed dose rates on the
E— eastern bank are higher than those obtained for the west-
ern bank of the Nile, with analmost gradual decrease
from east to west. This is due to the higher concentrations
P A A U A of 22°Ra and >*?Th in the soil samples from the east sites
S \:‘ & e 00000 " when compared to those from the west sites and geologi-
O 7\\ o BOREE o cal features [19]. The average absorbed dose rate in
o LN RSP the investigated soil samples was 32.64 + 3.17 nGy/h
3 o et g it River % (25.18 + 3.51-43.82 + 2.66 nGy/h), thisvalue being in
'. o i agreement with the Egyptian average dose due to expo-
I S R sure to these radionuclides in soils, which is 32 nGy/h
. o, @ \"\.'\ i [3]. The outdoor and indoor annual effective doses
g ¢ ¢ & o & ranged from 30.90 + 4.31 to 53.78 £ 3.26 and from
. o .\,\\\ . 123.61 £ £17.23 to 215.11 + 13.04 uSv/y, with mean
e . TR RN U LR values of 40.06 + + 3.89 and 160.25 + 15.55 pSv/y, re-
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[

Figure 2. Graduated symbols indicating the activity
concentrations [Bq kg™'| of radionuclides

spectively. It has to be mentioned that the worldwide av-
erage annual effective dose is 70 uSv/y (outdoor) and
410 uSv/y (indoor) [3], hence the mean values of doses at
investigated sites are generally lower than those reported
worldwide [3, 21, 22].

Table 2. Activity concentration in soil samples from El-Sebaiya and other locations

Activity concentration [Bgkg ']

Country 2R, 232y, 0 Ref.

11.9 10.5 1636
Eaent 8.7-17.9 3.5-16 1401-1870 o]

EYP 13.7 123 1233

7.7-16.9 10.1-16.1 838-1692

17 18 320
Egypt 5-64 296 29-650 [3]

13.6 242 162.1
Ghana 226-30.57 6.0-93.64 39.81-551.72 [4]
El-Mahamid, Aswan, Egypt 21.55 18.77 377 [20]

. 2153 27.4 544.0
El-Sebaiya, Aswan, Egypt 69.0-464.8 20.1-33.8 249.9-764.5 [10]

. 233 212 218.6

El-Sebaiya, Aswan, Egypt 11.7-59.4 14.7-31.0 111.7-286.4 Present work
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Table 3. The radioecological (radium equivalent activity, radiation external and internal hazard indices, representative
level index) and dosimetric (absorbed dose rate, annual effective dose rates in air outdoors and indoors) parameters

calculated in the present work

252

252

Sample # _ Radioecological parameters . Dosimetric paregneters .
Rag [Bakg ] Hey H; I, D [nGyh ] | Dow[pSvy ] | Din[uSvy ]
SW1 57.13+£8.29 | 0.15+0.02 0.21 £0.04 0.43+£0.06 | 27.01 £3.67 | 33.15+4.50 |132.58+18.01
SW2 77.38+7.03 | 0.21£0.02 0.32+£0.03 0.56+£0.05 | 3594+3.11 | 44.11£3.81 [176.43 £15.26
SW3 68.57+£7.05 | 0.19+0.02 0.29 £0.03 0.50£0.05 | 32.11+£3.11 | 3941 +3.82 |157.64£15.26
SW4 71.94+7.47 | 0.19+0.02 0.28 £0.03 0.53+£0.05 | 33.66+£3.30 | 41.31+4.05 |165.24+16.22
SW5 79.36+£6.20 | 0.21+0.02 0.34+£0.03 0.57+£0.04 | 3632+2.75 | 44.57+3.37 |178.27+13.49
SW6 68.20+7.27 | 0.18+0.02 0.26 £0.03 0.50+£0.05 | 31.60+£3.22 | 38.78£3.96 |155.11 +15.83
SW7 53.58+7.94 | 0.14+0.02 0.21 £0.03 0.40+£0.06 | 25.18+3.51 | 30.90+4.31 |123.61 +£17.23
SW8 71.12+7.27 | 0.19£0.02 0.29 £0.03 0.52+£0.05 | 33.31+£3.21 | 40.87+3.94 |163.50+15.76
SW9 59.53+£8.24 | 0.16+0.02 0.22 £0.04 0.44£0.06 | 27.98+3.65 | 3434+4.48 |137.36+£17.92
SW10 59.07+8.15 | 0.16+0.02 0.21 £0.04 0.44+£0.06 | 27.66+3.62 | 33.95+4.45 |135.80+17.79
SW11 80.36 £6.27 | 0.22+0.02 0.31£0.03 0.58+£0.04 | 3645+£2.79 | 44.73+£3.43 |178.92+13.71
SW12 62.04+723 | 0.17+0.02 0.25 £0.03 0.45+0.05 | 28.92+3.19 | 3549+3.92 |141.96 +15.68
SW13 65.36+7.73 | 0.18+0.02 0.24 £0.03 0.48£0.05 | 30.60+3.42 | 37.56+4.20 |150.23 +16.81
SW14 65.88 £7.61 0.18 £0.02 0.24 £0.03 0.49+£0.05 | 30.71+£3.38 | 37.68+4.15 |150.74 £16.59
SW15 62.63+7.49 | 0.17+0.02 0.24 +£0.03 0.46+£0.05 | 29.28+3.32 | 3593+4.07 |143.73£16.29
SW16 60.47 £7.51 0.16 £0.02 0.23 £0.03 0.45+£0.05 | 28.45+3.32 | 3491+£4.08 |139.65+16.31
SW17 60.47+£7.74 | 0.16+0.02 0.23 £0.03 0.45+0.05 | 28.35+3.43 | 3479+4.21 |139.16+16.83
SE18 62.62+8.48 | 0.17+0.02 0.22 +£0.04 0.47£0.06 | 29.43+£3.76 | 36.12£4.61 |144.49 £18.46
SE19 80.43+6.57 | 0.22+0.02 0.30 £0.03 0.59+£0.05 | 37.10+£2.92 | 4554+3.58 |182.14+14.32
SE20 72.57+£6.64 | 0.20+0.02 0.28 £0.03 0.53+0.05 | 33.42+£295 | 41.01 £3.62 |164.05 £ 14.46
SE21 95.75+£6.04 | 0.26+0.02 0.49 £0.02 0.66 £0.04 | 43.82+£2.66 | 53.78 £3.26 |215.11+£13.04
SE22 69.77+£6.75 | 0.19+0.02 0.29 £0.03 0.50+£0.05 | 32.21+£2.99 | 39.53+3.66 |158.11 +14.66
SE23 72.44£6.67 | 0.20+£0.02 0.30 £ 0.03 0.52+0.05 | 33.25+£2.96 | 40.80£3.63 |163.20 £ 14.51
SE24 87.56+£6.20 | 0.24+0.02 0.37£0.03 0.63+£0.04 | 40.07+£2.75 | 49.17+£3.37 |196.69 +13.49
SE25 7745+£649 | 0.21+£0.02 0.32+£0.03 0.56+£0.05 | 3546+2.88 | 43.51+3.53 |174.05+14.12
SE26 71.00 £ 7.41 0.19 £0.02 0.27 £0.03 0.53+£0.05 | 33.42+£3.28 | 41.02+4.02 | 164.08 £16.09
SE27 64.66+7.44 | 0.17+0.02 0.24 £0.03 0.48£0.05 | 30.20+£3.30 | 37.06+4.04 |148.24+16.18
SE28 62.14+7.44 | 0.17+0.02 0.24 £0.03 0.46£0.05 | 29.05+£3.29 | 35.65+£4.04 |142.59 £16.16
SE29 79.77+£6.46 | 0.22+0.02 0.34£0.03 0.57+£0.04 | 36.82+£2.85 | 45.19+3.50 |180.76 £ 14.00
SE30 81.50+6.23 | 0.22+0.02 0.36 £0.03 0.58+£0.04 | 37.44+£2.76 | 45.95+3.38 |183.79+13.53
SE31 80.24+6.44 | 0.22+0.02 0.36 £0.03 0.57+£0.04 | 36.75+£2.84 | 45.10+3.49 |180.38 +£13.96
Average 70.35 0.19 0.28 0.51 32.64 40.06 160.25
SD 7.15 0.02 0.03 0.05 3.17 3.89 15.55
Min 53.58 0.14 0.21 0.40 25.18 30.90 123.61
Max 95.75 0.26 0.49 0.66 43.82 53.78 215.11
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Figure 3. Spatial distribution of the dose rate in nGy/h of
the area under investigation

The concentration of naturally occurring radioac-
tive materials (NORM) from the uranium and thorium
decay series in soil samples collected from El-Sebaiya
city, Aswan Governorate, Egypt, has been investigated.
The area is rich in phosphate ore which usually contains
a significant amount of NORM thus presenting a poten-
tial health risk for the population. Measurements re-
vealed that the radioactivity concentrations of *Ra,
232Th in different sampling areas are correlated with the
amounts of tri-calcium phosphate in the soil. The radio-
activity concentrations of *?°Ra and >*?Th obtained
were close to the results found for soils of similar tex-
tures in Egypt and other countries such as Ghana.
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All radioecological and dosimetric indices cal-
culated from the radioactivity concentrations were
well below a hazardous level indicating the safe usage
of this soil in agriculture or as a building material.
However, the Republic directions are to establish more
industrial facilities dealing with the processing of
phosphate ore in the studied area, hence it is highly
recommended that periodic radiation monitoring in
situ (in the field) and ex situ (at a laboratory) be carried
out to follow up any possible changes of activity con-
centrations in El-Sebaiya city.
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Iladan XAPB, Hyp AXME]l, Baea BAJTABU, Harpa CAJ]

INPOLIEHA PAINOJOMKUX ITAPAMETAPA Y30PAKA
SEM/BMIITA U3 OBIACTU BOT'ATE ®OCPATUMA

Ilomohy rama cmekTpoMeTpa WH3MepeHa je KOHIEHTpaldja AaKTHBHOCTH IPUPOITHUX
pamuonykmuza (?°Ra, 22Th u “°K) u3 TpugeceTjeHOr y30pKa NOJLONPUBPEJHOT 3€MIBHIITA Kpaj obana
peke Hun, y mospyyjy rpaga En-Cebawuja, y o6nactu Acyan y Erunty. Pesynratu Mmepema nokasyjy ja
npoceyHe KOHIEHTpallije aKTHBHOCTH NPUPOHUX paguoHykauaa 2°Ra, 22Th u °K uznoce 23.2+2.8 Bq/kg,
21.1+2.8 Bq/kgu218.6 £3.7 Bq/kg, peciekTuBHO. [lo6MjeHe KOHIIETpalije aKTUBHOCTH Hajla3e ce y OICery
BPEIHOCTH MPHUKAa3aHUX 3a OKOJIHE obnactu y Erunry.

MHpukaTopu xa3apia ¥ MHJEKC pelpe3eHTaTuBHOT HUBOA HAa CBHMM JIOKAlMjaMa y30pKOBatba
MMaJy Cy BPETHOCTH HITKE Of jelNHMIIE, IIITO YKa3yje la HeMa 3HauajHoT moBeharba piu3nKa off m3arama
3pavery U3 3eMJBUINTA Y HICOUTHBAHO] 00JacTH. JaunHa aricopOoBaHe 103€ U FONIIba e(PeKTUBHA 032 Y
CIIOJbAII0] CPEJIMHE M YHYTPAILE-EM IPOCTOPY u3HOcUIe ¢y 32.64 nGy/h, 40.06 pSv u 160.25 uSv, 3a 2*°Ra,
232Th n K, pecnekTuBHO. JaunHa ancopOoBaHe 103€ Y KCTOUHOM fieny rpajia En-CeGanja nosehana je y
OfIHOCY Ha 3amajgHW f1eo Tpaja 36or Behe KoHmeHTpanuje Tpu-Kammujym docdara y 3eMIBUIITY.
HcnutuBana o6macT HUje 3HAYAjHO YrpOsKEHA WHAYCTPUjCKOM AaKTHBHOIIAY, OCHM Ha HEKOIHUKO
M30JI0OBAHUX MECTA.

Kwyune peuu: HOPM, 3emmuuitie, paduoaxitu8HOCitl, 2ama CileKipomeiipuja, uHoekc xazapoa




