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The ac tiv ity con cen tra tions of nat u ral radionuclides (226Ra, 232Th, and 40K) for a set of 31
ag ri cul tural soil sam ples from the Nile River banks in the area of El-Sebaiya city, Aswan
Governorate,  Egypt  were  mea sured  by  gamma-spec trom e try.  The  study  re vealed  that 
the av er age ac tiv ity  con cen tra tions  of  nat u ral  radionuclides  226Ra,  232Th,  and  40K  were  
23.2 ± 2.8Bq/kg, 21.1 ± 2.8 Bq/kg, and 218.6 ± 3.7 Bq/kg, re spec tively. The ob tained re -
sults of the ac tiv ity con cen tra tions are within the range of val ues re ported for neigh bour -
ing ar eas in Egypt.
The val ues ob tained for the haz ard in di ces and the rep re sen ta tive level in dex in all sam -
pling sites were lower than unity, show ing that there is no sig nif i cant risk aris ing from the
ex po sure to the soil in the stud ied area.The ab sorbed dose rate and an nual ef fec tive dose in
air out doors and in doors were cal cu lated from 226Ra, 232Th, and 40K in soil, the av er age
val ues be ing 32.64 nGy/h, 40.06 µSv, and 160.25 µSv, re spec tively. The ab sorbed dose
rate at the eastof El-Sebaiya city is higher than that ob tained for the west be cause of higher 
con cen tra tions of tri-cal cium phos phate in the soil.The stud ied area is not sig nif i cantly af -
fected by the in dus trial ac tiv i ties, ex cept for a few iso lated spots.

Key words: NORM, soil, ra dio ac tiv ity, gamma spec trom e try, haz ard in dex

IN TRO DUC TION

Prac ti cally all nat u ral ma te ri als con tain ra dio ac -
tive nuclides though usu ally in such a low con cen tra -
tion that they can be de tected only by very sen si tive
anal y sis. Phos phate rocks con tain a rel a tively high
con cen tra tion of nat u rally oc cur ring ra dio ac tive ma te -
ri als (NORM) from the ura nium and tho rium de cay se -
ries [1]. The av er age ura nium con tent in phos phate
rock is usu ally around at 50-200 parts per mil lion
(ppm) or 0.005-0.020 %, but some com mer cial rich
ores can con tain up to 150.000 ppm of ura nium [2].

Min ing has been iden ti fied as one of the po ten tial
sources of ex po sure to NORM [3, 4]. Ma te ri als from the 
de posit may be brought to the sur face soil through pro -
cesses such as weath er ing of rocks and soil for ma tion
[5]. Min ing and min eral pro cess ing may re sult in higher 
con cen tra tions of 238U and 232Th in the sur round ing
area be ing spread, dis trib uted in air and de pos ited on the 
soil sur face [4, 6, 7]. Out doors,hu mans are ex posed to
the nat u ral ter res trial ra di a tion that orig i nates pre dom i -
nantly from the up per 30 cm of the soil only [8]. Edi tion

Soil is widely used as a con struc tion ma te rial in Up per
Egypt such as in the pro duc tion of bricks, as fill ing ma -
te ri als etc. Thus the mea sure ment of nat u ral ra dio ac tiv -
ity in soil, which is the ba sic in di ca tor of ra dio log i cal
con tam i na tion in the en vi ron ment, is im por tant in es ti -
mat ing the pres ent health risks and es tab lish ing the
base line data for fu ture mon i tor ing of ex plo ra tion and
in ra di a tion pro tec tion.

El-Sebaiya city (Egypt) is lo cated on both banks of
the Nile River (fig. 1). The pres ence of phos phate
mines,the El Nasr Phos phate Fac tory, and Nile's port
used for phos phate trans por ta tion, aroused con sid er able
in ter est to ex am ine whether the cul ti vated ar eas around
and in El-Sebaiya city con tain an ex cess of NORM
which pres ent a po ten tial risk to the pop u la tion. In the
pres ent work, we mea sured the con cen tra tion of 226Ra,
232Th, and 40K in soil sam ples col lected from some dif -
fer ent sites of El-Sebaiya city us ing a gamma ray spec -
trom e ter and cal cu lated the as so ci ated ab sorbed dose
rates. Pre vi ously, sim i lar work has been per formed on
ag ri cul tural soils to as sess the radionuclide con tent and
the as so ci ated haz ards as a re sults of the pro duc tion of
fer til iz ers, and these soil sam ples were col lected from
around the fac to ries (there fore in the vi cin ity of the siev -
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ing and smelt ing pro cesses) and these sam ples con tained
high amounts of NORM [9, 10]. The pres ent work en -
com passes a larger area; soil sam ples were col lected not
only around the fac to ries but along the path way of the
trans por ta tion pro cesses of the phos phate on the way to
the Nile port.

MATERIAL AND METHODS

Sampling area

El-Sebaiya city is lo cated be tween 25.174961°N 
and 32.678633°E ( fig. 1) in the far north of the Aswan
Governorate, be ing fa mous for its abun dance of phos -
phate ore in the sur round ing moun tain ous ar eas,
whether on the east or west Nile bank, where there are
many phos phate mines. El-Sebaiya city is di vided into
two re gions; one re gion is lo cated on the east ern bank
of the Nile River, be ing char ac ter ized by phos phatic
soil, phos phate mines, quartz ore, a grind ing plant and
phos phates fac to ries. On the other Nile bank is the
west re gion of El-Sebaiya city, char ac ter ized by cul ti -
vated soil, a res i den tial re gion and some smaller phos -
phate mines. Thirty one sam ples were col lected from
dif fer ent ag ri cul tural soils with sam pling sites di vided
into two zones: 14 sam ples were col lected from the
east El-Sebaiya city and 17 sam ples from the west
El-Sebaiya city (fig. 1). 

Sampling and sample preparation

The soil sam ples were col lected ac cord ing to the
IAEA TECDOC-1415 [11] and rec om men da tions of
the Egyp tian Geo log i cal Sur vey and Min ing Au thor -
ity.In the lab o ra tory, soil sam ples were first cleaned
from coarse roots, peb bles, then were dried at 105 °C
for 24 hours and me chan i cally crushed to pow der. The
pow dered sam ples were sieved through a 560 µm
sized sieve to ob tain sam ple ho mo ge ne ity [12, 13].
The pre pared sam ples were trans ferred to ra don-im -

per me able plas tic con tain ers, weighted and sealed for
four weeks to reach the sec u lar equi lib rium be tween
226Ra and its daugh ters, and 232Th and its daugh ters,
be fore be ing taken for gamma spec tro met ric anal y sis.

Gamma spectrometry

The radionuclide ac tiv ity con cen tra tions in the
sam ples were mea sured us ing a High-Pu rity Ger ma -
nium De tec tor (HPGD). The gamma spec trom e try
sys tem con sists of an N-type HPGD (CAN BERRA),
mounted in a cy lin dri cal lead shield (100 mm thick)
and cooled in liq uid ni tro gen, and cou pled to a com -
puter based Multi-Chan nel An a lyzer(MCA). The rel a -
tive ef fi ciency of the de tec tor was 40 %, with an en -
ergy res o lu tion of 2 keV at a gamma ray en ergy of
1332 keV of 60Co. LABSOCS ef fi ciency cal i bra tion
soft ware, math e mat i cal ef fi ciency cal i bra tion soft -
ware and soft ware pro gram (Ge nie 2000) were used to
cal cu late the ac tiv ity con cen tra tions of the sam ples,
tak ing care to sub tract the nat u ral back ground level.

The most in ten sive gamma lines for the
radionuclides of in ter est were used for cal cu la tions.
226Ra ac tiv ity was de ter mined from 609.3, 1120.3, and
1764.5 keV gamma ray peaks of 214Bi and from the
351.9 keV gamma ray peaks of 214Pb. On the other
hand, the 238.6 keV of 212Pb, the 911.2 keV gamma ray
peaks of 228Ac and 2614.7 keV of 208Tl were used to
eval u ate 232Th. 40K was de ter mined us ing a 1460.8 keV
peak.

CALCULATION OF RADIOECOLOGICAL
PARAMETERS

Activity concentrations

The ac tiv ity con cen tra tion AiE (Bq/kg) of a
radionuclide i and for a peak of en ergy E, was cal cu -
lated us ing the fol low ing for mula

A
N

I m T
iE

iE

E s

=
g e

(1)

where NiE is the net peak area at en ergy E, eE – the de -
tec tion ef fi ciency at the en ergy E, T – the count ing live
time in sec onds, Ig – the gamma ray yield per dis in te -
gra tion of the spe cific radionuclide for a tran si tion at
en ergy E, and ms is the mass of the dry weight [kg] of
the mea sured sam ple [5].

Radium equivalent (Raeq)

The term ra dium equiv a lent ac tiv ity, Raeq,
[Bqkg–1] is nor mally used to com pare the uni for mity
in ra di a tion of ma te ri als con tain ing dif fer ent amounts
of 226Ra, 232Th, and 40K. It was pro posed that the ac tiv -
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Fig ure 1. Map of sam pling sites in El-Sebaiya city



ity con cen tra tion of 259 Bq/kg of 232Th and 4810
Bq/kg of 40K is equiv a lent to 370 Bq/kg of 226Ra and in 
these quan ti ties, each of these radionuclides gives an
ef fec tive dose of 1 mGy/y. Based on these val ues,
Ham il ton, 1971 [14] and Beretka 1985 [15] de fined
Raeq as

Ra
259 4810

eq
Ra Th K= + +

ì
í
î

ü
ý
þ

×
A A

370
370

A
(2)

where ATh is the spe cific ac tiv ity of 232Th, ARa – the
spe cific ac tiv ity of 226Ra, and AK – the spe cific ac tiv ity
of 40K, all ac tiv i ties be ing in Bq/kg.

Calculation of radiation hazard indices

Stan dard ra di a tion haz ard in di ces are used to
eval u ate the ef fects of ra di a tion on the health con di tion 
of peo ple ex posed to ra di a tion.

Ex ter nal and in ter nal ra di a tion haz ard

The ex ter nal haz ard in dex (Hex) was cal cu lated
from eq. (3) and the in ter nal haz ard in dex (Hin) from
eq. (4) [3, 16].

H
A A A

ex
Ra Th K= + +

370 259 4810
(3)

H
A A A

in
Ra Th K= + +

185 259 4810
(4)

Val ues of H equal to unity cor re spond to Raeq

(370 Bq/kg)

Rep re sen ta tive level in dex

The rep re sen ta tive level in dex, Ig, is gen er ally
used to as sess the haz ard ous level from radionuclides
to the hu man body when ex ter nally (in door or out -
door) ex posed to an amount of an nual ef fec tive doses
of g – ra di a tions de cayed from ra dio ac tive nuclides in
soils. The rep re sen ta tive level in dex (Ig) is used to es ti -
mate the level of the gamma ra di a tion haz ard as so ci -
ated with the nat u ral radionuclides in spe cific build ing
ma te ri als.

Val ues of Ig can be cal cu lated ac cord ing to the
fol low ing semiempirical for mula (5) [9,17,18]

I
A A A

g = + +Ra Th K

150 100 1500
(5)

Calculation of dosimetric parameters

Ab sorbed dose rate

The ab sorbed dose rate is de fined as the amount
of en ergy de pos ited in a sub stance. By us ing eq. (6),
the  ab sorbed  dose  rate  from the soil sam ples in air at
1 m above ground was cal cu lated from the ac tiv ity
con cen tra tions [3]

D A A A[ mGy/h ] Ra Th K= + +0462 0604 0042. . . (6)

Annual effective dose
outdoors and indoors

The an nual ef fec tive dose out doors and in doors
must be es ti mated on the ba sis of mea sur able or cal cu -
lated quan ti ties. To es ti mate an nual ef fec tive doses,
both the con ver sion co ef fi cient from the ab sorbed dose
in air to the ef fec tive dose (0.7 Sv/Gy) and the out door
or in door oc cu pancy fac tor must be taken into con sid er -
ation. The ef fec tive dose was cal cu lated from [3]

D DC Cout / in f T= (7)

where Dout/in [µSv] is the an nual ef fec tive dose out -
doors (out) and in doors, Cf – the con ver sion co ef fi -
cient from the ab sorbed dose in air to the ef fec tive
dose, CT – the out door or in door oc cu pancy fac tor (i. e.
the frac tion of time spent out doors and/or in doors,
with the usual val ues of 0.2 and 0.8, re spec tively).

RESULTS AND DISCUSSION

Spe cific ac tiv ity con cen tra tions of 226Ra, 232Th,
and 40K in Bq/kg of the col lected soil sam ples from
El-Sebaiya are  shown  in  tab.  1  and  fig. 2. The range of
ac tiv ity con cen tra tions var ies from 11.7 ± 3.7 to 59.4 ±
±.1.7 Bq/kg for  226Ra,  from 14. 7 ± 3.2 to 31 ± 2.3 Bq/kg
for 232Th, and from 111.7 ± 4.6 to 286.4 ± 3.3 Bq/kg for
40K, with over all mean val ues of 23.3 ± 2.8 Bq/kg, 21.2 ±
±.2.8 Bq/kg and 218.6 ± 3.7 Bq/kg, re spec tively. The
high est val ues of 226Ra and 232Th con cen tra tions in soil
sam ples were ob served in sam ples SE21 and SW11,
whereas the high est 40K con cen tra tion was reg is tered in
sam ple SE26. Mean while, the low est 226Ra and 232Th
con cen tra tions were ob served in sam ples SW10 and
SW7, re spec tively, whereas the low est 40K con cen tra tion 
was ob tained in sam ple SE21.

The ob tained re sults re vealed that the 226Ra and
232Th con cen tra tions in soil sam ples from the east ern
bank of the Nile are higher than those col lected from the 
west ern bank of the Nile (tab. 1, fig. 2). The ex pla na tion
may re side in the higher con cen tra tions of tri-cal cium
phos phate in the east com par a tively with those in the
west. The Aynahand Mahamid mines on the east ern
bank con tain around 65 % tri-cal cium phos phate and
mine con tent is 64-65 %, while the con cen tra tion in the
west ern soilis only about 22-28 % [19].

Av er age val ues of ac tiv ity con cen tra tions are
slightly higher than re ported world wide and in the
other lo ca tions in Egypt, but are com pa ra ble with
those found in the Aswan prov ince (tab. 2). On the
other hand, the mea sured con cen tra tions for the in ter -
est radionuclides in this study are lower than the cor re -
spond ing ones ob tained by [10]. How ever, there is a
pro nounced dif fer ence in the ac tiv ity con cen tra tion
for 226Ra ob tained in our pre vi ous work [10] and the
pres ent one. Pre vi ously, the phos phate layer sam ples
were col lected from in side and out side the ter ri tory of
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the Sebaiya phos phate fac tory and mine, which could
ex plain the higher con cen tra tion of 226Ra when com -
pared to that from cul ti vated soil sam ples in ves ti gated
in the pres ent work.

Ta ble 3 pres ents the ra dium equiv a lent ac tiv ity
(Raeq), ab sorbed dose rate (D) and an nual ef fec tive
dose rate in air out doors (Dout) and in doors (Din), ra di -
a tion haz ard in di ces ex ter nally Hex and in ter nally Hin,
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Table 1. Activity concentration in soil samples from El-Sebaiya, Aswan

Sample no. Sample texture
Co-ordinates Activity concentration [Bq kg–1]

Lat. Long. 226Ra 232Th 40K

Western bank of the Nile river

SW1 Clay 25.20014 32.666 14.1 ± 3.4 16.5 ± 3.2 253.2 ± 3.5

SW2 Clay 25.20645 32.67032 27.3 ± 2.6 22.3 ± 2.9 237.4 ± 3.7

SW3 Clay 25.17627 32.66265 26.5 ± 2.5 17.1 ± 3.0 228.7 ± 3.5

SW4 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 24.7 ± 2.5 171.7 ± 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 ± 3.0 252.2 ± 3.5

SW9 Clay 25.14278 32.73082 14.4 ± 3.5 18.3 ± 3.2 246.9 ±3.6

SW10 Mixed
(clay and sand) 25.13829 32.71606 11.7 ± 3.7 19.9 ± 2.9 245.3 ± 3.5

SW11 Mixed
(clay and sand) 25.14686 32.70215 22.4 ± 2.7 31.0 ± 2.3 175.9 ± 3.9

SW12 Clay 25.1569 32.68731 21.2 ± 2.7 17.6 ± 2.9 204.2 ± 3.7

SW13 Clay 25.18743 32.68783 16.5 ± 3.2 20.4 ± 2.9 255.6 ± 3.5

SW14 Clay 25.19269 32.66726 15.3 ± 3.3 21.9 ± 2.8 247.8 ± 3.6

SW15 Clay 25.19362 32.64708 17.9 ± 3.0 18.9 ± 2.9 230.7 ± 3.6

SW16 Clay 25.19911 32.63435 16.1 ± 3.1 17.7 ± 2.9 246.9 ± 3.4

SW17 Clay 25.17312 32.70403 15.9 ± 3.2 18.4 ± 2.9 237.5 ± 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 27.7 ± 2.5 247.6 ± 3.5

SE20 Mixed (clay and sand) 25.22483 32.6392 21.5 ± 2.7 24.5 ± 2.6 209.0 ± 3.6

SE21 Sand 25.2323 32.6691 59.4 ± 1.7 19.4 ± 2.8 111.7 ± 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 25.2 ± 2.6 23.3 ± 2.7 179.7 ± 3.9

SE24 Clay 25.19729 32.70212 33.9 ± 2.3 27.3 ± 2.5 189.4 ± 3.9

SE25 Clay 25.17767 32.72086 27.7 ± 2.5 25.2 ± 2.6 179.3 ± 3.9

SE26 Clay 25.1605 32.73458 20.3 ± 2.9 20.0 ± 2.9 286.4 ± 3.3

SE27 Clay 25.15636 32.73312 17.5 ± 3.1 20.1 ± 2.9 238.9 ± 3.5

SE28 Clay 25.14601 32.75953 17.5 ± 3.0 18.9 ± 2.9 229.9 ± 3.5

SE29 Clay 25.16944 32.73085 32.1 ± 2.3 22.4 ± 2.7 202.3 ± 3.7

SE30 Clay 25.18557 32.71668 34.6 ± 2.2 23.2 ± 2.6 179.3 ± 3.8

SE31 Sand 25.20884 32.68344 37.3 ± 2.2 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 rep re sen ta tive level in dex (Ir), which were cal cu -
lated for 226Ra, 232Th, and 40K in the col lected soil
sam ples.

The  ob tained  val ues of Raeq ranged from
53.6 ± 7.9 Bq/kg to 95.8 ± 6 Bq/kg with an av er age
of 70.4 ± 7.2 Bq/kg. The min i mum and max i mum
val ues were reg is tered in SW7 and SE21 sam ples,
re spec tively. All soil sam ples showed Raeq far be -
low the limit of 370 Bq/kg. There fore, the soil from
the area where the sam ples were col lected is safe
and suit able to be used both for ag ri cul ture and
build ing ma te ri als.

The cal cu lated ex ter nal, in ter nal haz ard and the
rep re sen ta tive level in dex (Ig) val ues are shown in tab. 3.
The val ues of ex ter nal and in ter nal hazardindices are be -
tween 0.14 ± 0.02 to 0.26 ± 0.02 (mean 0.19 ± 0.02) and
0.21 ± 0.04 to 0.49 ± 0.02, re spec tively. The ac tiv ity in -
dex Ig val ues ranged from 0.40 ± 0.06 to 0.66 ± 0.04
(mean 0.51 ± 0.05). All val ues of Hex, Hin, and Ig ob tained 
for all sam pling sites are lower than unity. There fore,
there is no sig nif i cant risk aris ing from the ex po sure to
the soil of the stud ied area. Nev er the less, pe ri odic ra di a -
tion mon i tor ing should be car ried out to fol low up the dy -
nam ics of the ra di a tion back ground fu ture changes as a
re sult from ac cu mu la tion of the phos phate pro cess ing
and trans por ta tion op er a tions.

As shown in fig. 3, the ab sorbed dose rates on the
east ern bank are higher than those ob tained for the west -
ern bank of the Nile, with analmost grad ual de crease
from east to west. This is due to the higher con cen tra tions 
of 226Ra and 232Th in the soil sam ples from the east sites
when com pared to those from the west sites and geo log i -
cal  fea tures [19].  The  av er age  ab sorbed  dose  rate  in
the in ves ti gated soil  sam ples was 32.64 ± 3.17 nGy/h
(25.18 ± 3.51-43.82 ± 2.66 nGy/h), thisvalue be ing in
agree ment with the Egyp tian av er age dose due to ex po -
sure to these radionuclides in soils, which is 32 nGy/h
[3]. The out door and in door an nual ef fec tive doses
ranged from 30.90 ± 4.31 to 53.78 ± 3.26 and from
123.61 ± ±.17.23 to 215.11 ± 13.04 µSv/y, with mean
val ues of 40.06 ± ±.3.89 and 160.25 ± 15.55 µSv/y, re -
spec tively. It has to be men tioned that the world wide av -
er age an nual ef fec tive dose is 70 µSv/y (out door) and
410 µSv/y (in door) [3], hence the mean val ues of doses at 
in ves ti gated sites are gen er ally lower than those re ported
world wide [3, 21, 22].
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Fig ure 2. Grad u ated sym bols in di cat ing the ac tiv ity
con cen tra tions [Bq kg–1] of radionuclides

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

Country
Activity concentration [Bqkg–1]

Ref.226Ra 232Th 40K

Egypt

11.9
8.7-17.9

10.5
3.5-16

1636
1401-1870

[9]
13.7

7.7-16.9
12.3

10.1-16.1
1233

838-1692

Egypt 17
5-64

18
2-96

320
29-650 [3]

Ghana 13.6
2.26-30.57

24.2
6.0-93.64

162.1
39.81-551.72 [4]

El-Mahamid, Aswan, Egypt 21.55 18.77 377 [20]

El-Sebaiya, Aswan, Egypt 215.3
69.0-464.8

27.4
20.1-33.8

544.0
249.9-764.5 [10]

El-Sebaiya, Aswan, Egypt 23.3
11.7-59.4

21.2
14.7-31.0

218.6
111.7-286.4 Present work



CONCLUSIONS

The con cen tra tion of nat u rally oc cur ring ra dio ac -
tive ma te ri als (NORM) from the ura nium and tho rium
de cay se ries in soil sam ples col lected from El-Sebaiya
city, Aswan Governorate, Egypt, has been in ves ti gated.
The area is rich in phos phate ore which usu ally con tains 
a sig nif i cant amount of NORM thus pre sent ing a po ten -
tial health risk for the pop u la tion. Mea sure ments re -
vealed that the ra dio ac tiv ity con cen tra tions of 226Ra,
232Th in dif fer ent sam pling ar eas are cor re lated with the
amounts of tri-cal cium phos phate in the soil. The ra dio -
ac tiv ity con cen tra tions of 226Ra and 232Th ob tained
were close to the re sults found for soils of sim i lar tex -
tures in Egypt and other coun tries such as Ghana.
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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

Sample #
Radioecological parameters Dosimetric parameters

Raeq [Bqkg–1] Hex Hin Ig D [nGyh–1] Dout [µSvy–1] Din [µSvy–1]

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 35.94 ± 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 39.41 ± 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 36.32 ± 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 34.34 ± 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 36.45 ± 2.79 44.73 ± 3.43 178.92 ± 13.71

SW12 62.04 ± 7.23 0.17 ± 0.02 0.25 ± 0.03 0.45 ± 0.05 28.92 ± 3.19 35.49 ± 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 35.93 ± 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 34.91 ± 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 34.79 ± 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 45.54 ± 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 ± 2.95 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 77.45 ± 6.49 0.21 ± 0.02 0.32 ± 0.03 0.56 ± 0.05 35.46 ± 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

Fig ure 3. Spa tial dis tri bu tion of the dose rate in nGy/h of
the area un der in ves ti ga tion



All radioecological and dosimetric in di ces cal -
cu lated from the ra dio ac tiv ity con cen tra tions were
well be low a haz ard ous level in di cat ing the safe us age
of this soil in ag ri cul ture or as a build ing ma te rial.
How ever, the Re pub lic di rec tions are to es tab lish more 
in dus trial fa cil i ties deal ing with the pro cess ing of
phos phate ore in the stud ied area, hence it is highly
rec om mended that pe ri odic ra di a tion mon i tor ing in
situ (in the field) and ex situ (at a lab o ra tory) be car ried
out to fol low up any pos si ble changes of ac tiv ity con -
cen tra tions in El-Sebaiya city.
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[aban HARB, Nur AHMED, Vael BADAVI, Nagva SAD

PROCENA  RADIOLO[KIH  PARAMETARA  UZORAKA
ZEMQI[TA  IZ  OBLASTI  BOGATE  FOSFATIMA

Pomo}u gama spektrometra izmerena je koncentracija aktivnosti prirodnih
radionuklida (226Ra, 232Th i 40K) iz tridesetjednog uzorka poqoprivrednog zemqi{ta kraj obala
reke Nil, u podru~ju grada El-Sebaija, u oblasti Asuan u Egiptu. Rezultati merewa pokazuju da
prose~ne koncentracije aktivnosti prirodnih radionuklida 226Ra, 232Th i 40K iznose 23.2 ± 2.8 Bq/kg, 
21.1 ± 2.8 Bq/kg i 218.6 ± 3.7 Bq/kg, respektivno. Dobijene koncetracije aktivnosti nalaze se u opsegu
vrednosti prikazanih za okolne oblasti u Egiptu.

Indikatori hazarda i indeks reprezentativnog nivoa na svim lokacijama uzorkovawa
imali su vrednosti ni`e od jedinice, {to ukazuje da nema zna~ajnog pove}awa rizika od izlagawa
zra~ewu iz zemqi{ta u ispitivanoj oblasti. Ja~ina apsorbovane doze i godi{wa efektivna doza u
spoqa{woj sredini i unutra{wem prostoru iznosile su 32.64 nGy/h, 40.06 µSv i 160.25 µSv, za 226Ra,
232Th i 40K, respektivno. Ja~ina apsorbovane doze u isto~nom delu grada El-Sebaija pove}ana je u
odnosu na zapadni deo grada zbog ve}e koncentracije tri-kalcijum fosfata u zemqi{tu.
Ispitivana oblast nije zna~ajno ugro`ena industrijskom aktivno{}u, osim na nekoliko
izolovanih mesta.

Kqu~ne re~i: NORM, zemqi{te, radioaktivnost, gama spektrometrija, indeks hazarda


