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ABSTRACT KEYWORDS
Determination of the natural radionuclide (**Ra, 28U, #?Th & “K) con- Radioactivity concentration;
tents of soil and rock samples collected from various geological forma- Absorbed dosg;
tions in some mountains and valleysin Sinai, Egypt has been carried out The activity concentrations
using gamma spectrometric techniques. The total average concentrations of 2?Rn in the air and soil;
of radionuclides ?°Ra, U, #?Th, and “°K were 51.37, 50.02, 19.34, and Gamma spectrometer;
286.66 Bqg kg?, respectively. Correlations made among these radionu- The external and internal
clides prove there is no existence of secular equilibrium in the investi- hazard indices;
gated soils. Thetotal average absorbed doserate in the study areasisfound Radium equivalent activity.

to be 47.08 nGy h, whereas the indoor and outdoor annual effective dose
equivalent has an average value of 0.23 and 0.06 mSv y* respectively. The
external and internal hazard indices and the radium equivalent activity as-
sociated with the investigated soils do not exceed the permissible limits.
Moreover, the radio-elemental concentrations of uranium, thorium and
potassium, evaluated for the various geological featuresin the study areas
were calculated to indicate whether relative depletion/enrichment of ra-
dioisotopes had occurred. The results of the present study were discussed
and compared with internationally recommended values.

In the present study some mathematical equations models are used to es-
timate the activity concentrations of 2?Rn in the air with the activities of
26Ra that contents in vegetables, as well as the doses rates that results
from the vegetables consumption and from inhalation of radon gas were
considered. The range of ?*Ra activity was found from 11.15 + 0.96 to
135.85 +£11.68 Bq/Kg. The concentrations of radon gas in the air was de-
termined as well as the activity concentrations of 2?Rn in vegetables.
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INTRODUCTION

Theexterna radiation exposurearisesmainly due
to cosmic rays and from terrestrial radionuclides.
Gammaradiation arising from naturally occurring ra-
dioactivematerids(NORMS), suchas?¥U, 2°U, #2Th
and K seriesandtheir decay products, existing a trace
levelsindl groundformations, istheprincipa externa
sourceof radiation to the human body™. Uranium has
two primary isotopes 22U (half-life: 4.5 x 10°years)
and 2*U (half-life: 7.04 x 108 years) which occurin
the proportion 99.27% (U) and 0.72% (>°U), re-
Spectively.

Both exhibit long and complex decay series. 22Th
(hdf-life: 1.4 x 10"years) isanother naturally occur-
ring radionuclidewith acomplex decay chain. Potas-
sium hasthreeisotopes (*K, “K and “K), K (half-
life: 1.28x10° years) beingthe only radioactiveisotope
having an abundance of 0.012% of total potassium.
Absorbed doseratein air, at sealevel, from cosmic
radiation was measured about 30 nGy/h for the South-
ern hemispherd®, Theleve sof terrestrid environmentd
radiationinan areaarerelated to thegeologica condi-
tion of that areaand a so to the content of Th, U and K
intherocksfrom which the soils originate®! Hence,
theleve sof natural environmenta radioactivity andthe
associated externa exposuredueto gammaradiation
areobservedto beat different levelsinthe soil of dif-
ferent regionsintheworld*2.

The presence of natural occurring radioactive ma-
terid (NORM) intheterrestrid compogition of thenatu-
ra background isdependent on the geol ogical compo-
sition of the soil and rocks. Therefore, systematic and
accurate measurementsof theradioactivity leve insoils
areessentia for understanding changesin the natural
radiation background asafunction of geographical lo-
cation and time?- 338, Radionuclides are present in
rocksinvarying amounts, and they areeasily mobilized
into theenvironment. Radioactivity in soil resultsfrom
therock from which they werederived. Thedistribu-
tionsof naturaly occurring radionuclide depend onthe
digtribution of rocksfromwhichthey originateand the
processes which result to their removal from the soil
and migratethem. Therefore, thenaturd environmenta
radioactivity mainly dependson geol ogical and geo-
physical conditions. The concentration of natural ra-
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dionuclideintherock variesconsiderably depending
ontherock formationand litho logic charactert 34,

Eventhough radon wasidentified at the beginning
of the 20" century, it was not until latein 1960 that a
correl ation between radon (daughter) exposureand lung
cancer among uranium minerswasestablished. A new
analysisof published resultsalso showsaslightly in-
creased risk of lung cancer from househol d radon, con-
sistent with the level of risk that has been estimated
based on the studies of underground miners#.

22Rnisadaughter of 2°Raandisinturn derived
from thelonger-lived antecedent 28U. Sincemost ma-
terials contain 22U, therefore, any material canbea
potential radon emitter. However, somemateriashave
higher concentrations of 28U and ?*Rasuch asalum
shadeand black shale. Radonisproduced intheground
from the radioactive decay of uranium-238. Beinga
gas, it canmovethrough the soil andisconstantly re-
|eased into outdoor air. Because of thenatural pressure
differentia that existsbetweenindoor and outdoor air,
radonfromthesoil ispreferentidly ‘sucked’ into build-
ingsthrough any gapsor imperfectionsthat may existin
thefoundations. Radon can be hazardousin theindoor
environment asin some homes and workplacesit may
build up to high concentrations. Quantification of back-
ground leve sof radio nuclidesisnecessary to eva uate
thepotentia environmentd risk, to determinethe bound-
ary of acontaminated areaand to establishit’s clean up
levell®,

Theobjective of thisstudy isto determinetheac-
tivity concentrations of natural radionuclides (*°Ra,
28, 22Thand “K) inrock and soil samplescollected
fromsomeMountainsand valeysin Sina areaof Egypt,
and estimate theradiol ogical hazard associated with
them.

MATERIALSAND METHODS

Geology of the study area

Sinai, the triangul ar-shaped peninsulaof Egypt,
is situated between Asiaand Africa. The separation
of thetwo continents caused theform and geographi-
cal shape of Sinai the way it looks today. Sinai is
approx. 380 kmlong (north - south) and 210 kmwide
(west - east). The surface area has an extension of
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61.000 km?, the coasts are stretching about 600 km on
thewest and on the east. On the western part thereis
the Gulf of Suez (with the Suez channel) and the east-
ern part of Sinai brings up the much deeper Gulf of
Agaba The seainthe Gulf of Suez measures approx.
80 metersonly, whilethe profile of the Gulf of Agaba
goes down to approx. 1.830 meters. The latter isa
part of the big land rift that extendsuntil Kenya. Big
selsmic activity and thetremendous eruptive phenom-
enahavegiven Sina itscharacteristiclooks. Thehigh-
est mountainsarethe Gebel Musa(Moses’ mountain)
with 2,285 meters, and the Sinai’s highest mountain
Mount St. Catherine (Gebel Kathrina) with 2,642
meters.

The peninsulaof Sinai may bedivided into three
geological districts, named from the granitic, lime-
stone, and sandstone rocks of which they are com-
posed. The central part of South Sinai is a moun-
tainousregion of Precambrian igneous and metamor-
phicrock, whichincludesEgypt’s highest peak, Saint
Catherine’s Mountain. Mount Sinai’s rocks were
formed in the late stage of the Arabian-Nubian
Shield’s (ANS) evolution. Mount Sinai displays a
ring complex®¥ that consists of alkalinegranitesin-
truded into diverse rock types, including volcanic.
Thegranitesrange in composition from syeno gran-
iteto alkali feldspar granite. The volcanic rocksare
alkaline to per akaline and they are represented by
sub aerial flows and eruptionsand sub vol canic por-
phyry. Generally, the nature of the exposed rocksin
Mount Sinai indicatesthat they originated from dif-
ferent depths. North of the Sinai Mountainsthereis
aseriesof valleysin which the Nubian sandstoneis
clearly exposed. At the centre of the peninsulaisthe
Tih Plateau which ismainly composed of Cretaceous
and Eocenelimestone. A wide plain with sand dunes
flanksthe M editerranean coastline. The southern part
has been affected by many tectonic movementsform-
ing spectacular folds and dark mineral-rich veins.

Samplecollection and preparation

A total of 21 surfacerocksand soil sampleswere
collected from 18 mountainsand 3valleysin Sinal re-
gion. Multiple sampleswere collected from 0-5 cm
depth at alocation and homogenized to makeonerep-
resentative sample. AsshowninFigure 1. Atotd of 21
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rock and soil samples, each about 2 kginweight, were
crushed, homogenized and sieved to about 100 mesh
by acrushing machine. The sampleswerethen placed
for dryingat 105 °C for 24 h to ensure that moisture is
completely removed. The samplesweretransferred to
beakers polyethylene container of 250 cm® volume.
Each sample was carefully sealed for four weeksto
reach secular equilibrium between 2°Th and 28U and
itsshort lived daughter products®.

Instrumentation and calibr ation

Theactivity concentration of thenatura radioactiv-
ity 28U, 22°Ra, 2?Th and “°K in the samples were de-
termined using ahigh-resol ution HPGey-spectrometry
system with 30% counting efficiency. Theresolution of
this spectrometer was 1.89 keV at 1332 keV vy -rays
of ®Co. Theefficiency calibration of the gamma-ray
spectrometer was performed with theradionuclide spe-
cific efficiency method in order to avoid any uncertainty
ingamma-ray intensitiesaswell astheinfluenceof co-
incidence summetion and self-absorption effects of the
emitting gammaphotons. A set of high qudity certified
reference materials (IAEA, RG-set) was used, with
dengtiessimilar to the collected samplesafter pul veri-
zation. Messurementswerecaried outinMaringli. The
obtai ned spectrawereandyzed with theuse of Canberra
Genie 2000 softwareversion 3.0. The measurement
duration was up to 80 000 sec. The activity concentra
tions of 22U and 2?Th were cal cul ated assuming secu-
lar equilibriumwith their decay products. Thegamma
ray transitions of energies 63.3 keV (** Th), 186.1
keV (?*Ra), 295.1, 352.1 keV (?4Pb) and
609.3,768.4, 934.1 and 1120.3keV (?“Bi) wereused
to determinethe concentration of the?¥U that werein
secular equilibriumwith 2°Rafollowing four weeksstor-
age, dueto thedifficulty of direct measurement caused
by the overlap with 25U at 185.7 keV. Gamma ray
linesat 185.70 and 186.1 keV, they includetwo differ-
ent sources: U (ly = 53.1 %), ?Ra (Iy = 3.3%)
respectively. Theselines can be used assuming the hy-
pothesisthat the??®Rai sin secular equilibriumwith 28U
and theisotopicratio between U and 22U is0.72 %.
The gamma-ray linesat 209.4, 338.4, 462.1, 911.2,
and 966.6 keV (?2Ac), and 583.1 keV (*®TI) were
used to determinethe concentration of the?Th series.
The 1460 keV gamma-ray transition was used to de-
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terminethe concentration of “K. Theactivity levelsof
the samples obtained for 26Ra, 24Pb, 24Bi, 22Ac, ¢TI
and “K areexpressed in Bg/kg.

In order to determine the background distribu-
tion due to naturally occurring radionuclide in the
environment around the detector, an empty polysty-
rene container was counted in the same manner as
the samples. The activity concentrations were cal-
culated after measurement and subtraction of the
background. The activities were determined from
measuring their respective decay daughters?”. The
activity concentrations were cal culated from thein-
tensity of each line taking into account the mass of
the sample, the branching ratios of the a-decay, the
time of counting and the efficiencies of the detec-
tor(1® 13, The activity concentrations of the investi-
gated samples were calculated from equation (1):
A=(CPS) _/1.E.M (1)
Where A is the activity concentration in Bg/kg,
(cps),,, isthe (count per second). | istheintensity of
the>-line in a radionuclide, E, isthe measured effi-
ciency for each3-line observed and M is the mass of
the samplein kilograms. The correction for the con-
tribution of #2Th via its daughter nuclide ?*2Ac
(1459.2 keV peak) to the 1460.8 keV peaks of “K
was made according to'?2:

Theerror in“K activity (%) =9.3(A,/A,) 2

A_ andA, aretheactivity concentration of 2?Th
and ©K, respectively, in Bgkg?, asin TABLE (3).

TABLE 1 gives the energies used to determine
the concentrations of different radionuclide’s and
their yields¥. The background spectrum was used
to correct the areas of gammarays of measured iso-
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topes. Thelowest limitsof detection (LLD) of themea-
suring system, whichisrequired to estimateaminimum
detection leve for gppropriate determination of radio-
nuclidesusingandytica techniquein each sample, were
obtained following environmenta measurement labo-
ratory procedure using the expression(® 2.
LLD=466S /Ty, (3
Where S, isthestandard error of the net back-ground
count rate in the spectrum of the radionuclide; 9 is
the counting efficiency; I° is the abundance of gamma
emission per radioactive decay. The LLD of amea
suring system measuresits operating capability with-
out the influence of the sample. The LLD valuesfor
4K, 22Th and ##U are obtained in TABLE (2).

RESULTSAND DISCUSSION

Activity Concentrations of ?®Ra, 28U, %?Th and
K in (Bg/K g) and (PPm), and radium equivalent
activity

The mean values of measured activity concen-
trations of sel ected radionuclides of ?2°Ra, 28U, 2?Th,
and“K in rock and soil samplesfrom all 21 sitesin
Sinal are shown in TABLE 3. The activity concen-
trations of 25Ra, 22U, 22Th, and®K areintherange of
11.15+0.096 — 135.85+ 11.68 Bq kg?, 13.20+1.13
—98.30 + 8.45Bq kg, 4.70+ 0.40 - 45.56 £3.91 and
46.95 + 4.03-573.11+ 49.28 Bq kg with a mean
valueof 51.37,50.02, 19.34 and 286.66 Bq kg?, re-
spectively. Theresultsshownin TABLE 3dsoindicate
that the mean value of 2?Th (19.34 Bq kg?) < ?*Ra
(51.37 Bg kg?') < %K (286.66 Bq kg?). Clearly, the

TABLE 1 : Photo energies and branching ratios for different radionuclides

Nuclide Cn&roy dz;]otte%r;arﬁgn Nuclide EN¥9 g iFs)ihnotte(z; Nion  Nudide ENETOY dizhﬁtt%'? tion
KeV 9 Kev o KeV %
0
238 series 22T h series 29U series

“*Th 63.3 7 “Ac 209.4 41 2y 143.8 105
26Ra 186.1 3.3 3384 12.4 163.3 4.7
214 295.1 192 462.1 46 185.7 53.1

352.1 371 911.2 29.1 205.3 4.7
214 609.3 46.1 966.6 23.2

768.4 5.1 K 1460.8 107

934.1 3.2 2087 583.1 30.9

1120.3 15
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TABLE 2 : The lowest limit of detection (LLD) for the averageresults51.37,50.02, 19.34 and 286.66 (Bg/
radionuclide “K, **U and **Th K g) samplesarehigher than thepermissiblelevels(35,

(LLD) Lowest detection limit (Bg/kg)  Nuclide  35) for radium, uranium, and less than (30, 400 Bog/
9.36 40 kg)for thorium and potassium.
1.32 28y Asit was mentioned above for all samplesA_,/
1.35 #Th A ratiowascalculated. Thisratio variesin therange

TABLE 3 : Mean Activity concentrations of *°Ra, **U, #Th and “K (Bg.kg"), P- Factor (g /e,,), (**Th/?U) Ratio
and theerror in “K for all samples under study

P- a0 o
Location Ar. (Ba/Kg) Ay (Ba/Kg) A+, (BaKg) A (Ba/Kg) A;./A, Factor Theerror '(g} ) K activity
GulGRa 0
. 573.11+

Jebd Katherira ~ 118.9 10.17 98.30+8.4545.56+3.91 ~, o~ 046 083 431
Jebel Umm Shaumar 6225+ 535 77.30+6.64 34.96+ 3.00 3322 é%i 045 1.24 4.21
Jebel Serbd 8525+ 733 81.00+ 6.96 40,60+ 3.49 252%%(;* 050  0.95 4.66
Jebel AbbasBasha 7733+ 6.65 66,40+ 5.71 27.08+2.32 2%75'%* 041  0.86 3.79
Jebe el Bab 13585+ 11.68 81.90+ 7.04 41.90+ 3.60 4‘;17'2? 051  0.60 4.76
Jebel Babel Donya 5575+479 32.80+2.82 15.26+ 1.31 23122? 047 059 4.33
Jebel Nga 4580 + 394 77.50+ 6.66 29.92+2.57 43‘;3? 039  1.69 3.59
Jebeld Bana 32254277 66.30+ 5.70 11.50+ 0.98 514522% 017  2.06 1.61
Jabal 2ur Sna 3465+ 298 58.80+5.05 16.24+ 1.39 4695+403 028  1.70 257
Jabd Musa  4940+425 5550+ 4.77 830+ 071 1083'§§ £ 015 112 1.39
Jba Thaot 1115+ 096 13.20+ 1.13 6.90 + 059 2‘1%2? 052 1.18 4.86
Bbd Sabbah 4820+ 4.15 55.40+4.76 13.68+ 1.17 221%‘;? 025 115 2.30
Jabd Mildhis 23504202 22.10+1.90 684+ 0.58 Z%Z%i 031 094 2.88
Jbal Maamir 29954258 43.90+3.77 19.32+ 1.66 4%%3? 044 147 4.09
Jabd Guna 9040+ 777 44.00+3.78 11.50+ 0.98 34235?? 026  0.49 2.43
Jabd Barga  4820+4.15 44.30+3.80 24.96+ 2.14 272‘;35’)‘& 056  0.92 5.24
Jabal Maharum 3345+ 288 55.20+4.74 19.02+ 1.63 4695+ 403 034 165 3.20
Jabd Fuga 2160+ 1.86 13.54%1.16 556+ 047 4%%51(%* 041  0.63 3.82
Wadi El Shallal 1655+ 142 14.30+1.22 714+ 061 Z%igi 050  0.86 4.64
Wadi Sahu 2400+ 2.14 2212+1.90 470 +040 5850+503 021  0.89 1.98
Wadi Firan 34104293 26.60+2.28 15.30+ 1.31 16&'%2* 058  0.78 5.35
Mean 51.37 50.02 19.34 28666 036 108 3.36

Worldwide* 35 35 30 400 =

*UNSCEAR (2000).
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from 0.15t0 0.58 with an overall mean value of 0.36.
Thehighest valuereferstotheWadi Firan, whereasthe
lowest valuewas noted in the sampl e collected from
Jabal Musa ObtainedA /A  concentrationratiosare
very low, strongly lower than datapublishedinlitera-
ture concerning rocks and sands collected from differ-
ent location in Sinait®. Finally, the ?2Ra/*K ratio
ranged from 0.05t0 0.33 (mean 0.1). Also; inthiscase
theratiosfor various soilsare cons sent with each other.

Valuesof A A A andA, aretheactivitiescon-
centration in Bg kg, were converted to elementd ac-
tivity concentration of eU, eTh and eRa, in ppm, as
well asK, in%,, using the conversion factor given by
Polish Central Laboratory for Radiological Protec-
tion?4, The specific parent activity of asamplecon-
taining 1 ppm, by weight, of U is12.35Bqkg?, 1 ppm
of 2°Rais11.1 Bgkg?, 1 ppmof 2°This4.06 Bqkg
tand 1% of “K is313 Bqkg?. Thesedatawere used
for calculation of someradiologica parametersto esti-
matetheenvironmenta radioactivity impactsof thera-
dionuclides.

The equilibrium factor, which was defined by*4
as P-factor and expressed as the ratio between ra-
diometrically measured equivalent uranium and
equivaent radium (¢ /e, ) wascalculatedinall rock
and soil samples. This factor is more or less than
unity indicating state of disequilibrium, while P-
egual unity indicates the state of equilibrium. From
the estimated values, whichillustrated in TABLE 3,
the mean values of the (g /e,) elemental activity
ratio, obtained in this study, were varied from 0.49
in Jabal Guna soilsto 2.06 in Jabal el Banat soils,
with mean value 1.08. In addition to that, asthe spe-
cific activities of 28U and ?*Rain the samples un-
der investigation were at the environmental level,
the slight deviation from the equilibrium condition
in uranium seriescould also be attributed to the sepa-
ration between 2°Th (parent of 22°Ra) and 22U. Thus,
on the base of the above presented results, one can
state that in the examined soilsastate of radioactive
equilibrium within the uranium seriesis most prob-
able. However, asthe soil samplesexaminedinthis
study are taken from the top soil layer, further de-
tailed studies, especially measurements of depth pro-
files, are needed for abetter assessment of the secu-
lar equilibrium conditionsin the uranium series. We
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notethat the composition (Rocks& Soil) of Sinai area
inequilibrium state within experimental error, except
(Jebd Umm Shaumar, Jebel Ngja, Jebd d Banat, Jaba
lur Sina, Jaba Musa, Jaba Thabt, Jaba Matamir, Jabal
Maharum and Jabal Sabbah), p- factor was>1. While
p- factor >1 for (Jebel Katherina, Jebel AbbasBasha,
Jebel e Bab, Jebel Bab & Donya, Jabal Fuga, Wadi El
Shalla, Wadi SahuandWadi Firan).

To comparethe specific activity of the samplescon-
taining 2°Ra, 2?Thand “°K , theradium equivalent in-
dex (226Raeq) has been used to obtain the total amount
of theseactivitied®> ),

#Ra,, = 143A  +A_ +0.077A, 4

A_ A, andA aretheactivitiesconcentrationin
(Bg/kg) of >°Ra (U series), #?Th and K respectively.
The #°Th and 13 Bqg kg of “K produce the same
gamma-ray dose. Asreference, the permissible dose
limit for public whichisrecommended by are 1.5
mSv y* or equivalent to 370 Bq kg?. The radium
equivaent activitiesof samplesunder investigationwere
calculated on the basis of the above equation and are
shownin TABLE 4. For dl soil samplesunder investi-
gation, Theradium equivaent valuesarelower thanthe
acceptablevalue of 370 Bq kg® ranging from 33.35
Bgkg'to 207.58 Bg kg™

Corréation studies

In order to find the extent the existence of these
radioactive nuclides together at a particular place,
correlation studies were performed between the com-
binations of radionuclideslike?®Ra,>®U, 2Th, and
40K, A search was carried out to detect the presence
of astatistically significant correlation between the
measured radionuclidesin the present rock and soil
samples. Infact, the knowledge of the secular equi-
librium conditionsis necessary in order to make cor-
rect assumptionsfor the dose assessments?.

In this context and considering al samples, re-
garding Figure 2. which shows linear regression of
the activity concentrations of 22U versus ?*Ra for
all samples. As can be seen in Figure 2, concentra-
tions of 22U and ?Rashowed a statistically signifi-
cant positive correlation (P < 0.05 thereis a statisti-
caly significant relationship between Raand U at
the 95.0% confidence level. The R-Squared statis-
tic indicates that the model as fitted explains
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TABLE 4: Thevalues of radium equivalent (Bg/kg), elemental activity concentration of eU, €Th and eRa, in ppm, K,
in %), and external, internal hazards for all samples under study

Ax Au

Ho o Hao o g5y AulePm) oy Ara(Ppm) Ra, (Ba/Kg) Location

093 061 1.83 11.25 7.90 9.50 207.58 Jebd K atherina
054 037 1.06 8.64 6.21 5.00 152.86 Jebel Umm Shaumar
067 044 0.82 10.03 6.51 6.85 158.81 Jebd Serba
058 038 0.95 6.69 5.33 6.21 128.04 Jebel Abbas Basha
099 062 141 10.35 6.58 10.91 175.82 Jebd el Bab
041 026 0.74 3.77 263 448 72.46 Jebel Bab el Donya
047 034 158 7.39 6.23 3.68 158.33 Jebel Nga
033 024 166 2.84 5.33 259 122.69 Jebd d Bana
026 017 0.15 4.01 472 2.78 85.64 Jabal 2ur Sna
032 019 0.33 2.05 446 397 75.32 Jabal Musa
013 010 0.67 17 1.06 0.90 39.21 Jaba Thabt
036 023 0.72 3.38 445 387 92.32 Jaba Sabbah
021 015 0.92 1.69 1.78 1.89 54.03 Jaba Milehis
033 025 148 4.77 353 241 107.15 Jabal Matamir
060 036 1.10 2.84 353 7.26 86.92 Jabd Guna
041 028 0.88 6.17 356 387 101.12 Jabd Barga
026 017 0.15 47 443 2.69 86.01 Jabal Maharum
022 016 1.31 1.37 1.09 1.74 52.95 Jabal Fuga
017 012 0.76 1.76 1.15 1.33 42.82 Wadi El Shdld
016 010 0.19 1.16 1.78 2.00 33.35 Wadi Sahu
028 019 054 3.78 214 2.74 61.48 Wadi Firan
041 027 0.93 4.45 382 413 96.83 Mean

1= 1= 13 74 28 28 370 Worl dwide

*UNSCEAR (2000).

54.8612% of thevariability in Ra. The correlation co-
efficient equals 0.740684, indicating a moderately
strong relationship between the variables. Further-
more, the good correlation coefficient of the 28U/
26Raactivity ratio indicates acommon source from
the parent material §V.

The software used has been Statgraphicsversion
17.1.06. Theoutput showstheresultsof fitting alinear
model to describe the rel ationship between 22U and
26Ra. Theequation of thefitted mode is:
28U = 20.8417 + 0.568061* **Ra

Other correlationsamong measured radionuclide
wereal so investigated. The correlation between the
activity concentrations of 2¥U and Z?Th was strong,
sincethe P-valueislessthan 0.05; thereisastatisti-
caly significant rel ationship between 22Th and 22U
at the 95.0% confidence level. The R-Squared sta-

tistic indicates that the model as fitted explains
73.0193% of the variability in 28Th. The correla
tion coefficient equals0.854514, indicating astrong
rel ationshi p between the variabl es, which disagreed
with a previous study in soil samples obtained at
Wadi Sahu Area®”,

On the other hand, weak correlations were also
observed between 28U and K inthe collected samples,
sincethe P-valueisgreater or equal to 0.05, thereis
not astatistically significant relationship between ©K
and 28U at the 95.0% or higher confidencelevel. The
R-Squared statistic indicatesthat the model asfitted
explains17.1876% of thevariability in“°K. Thecorre-
lation coefficient equals0.414579, indicating ardatively
wesk relaionship betweenthevariables. Similarly, wesk
correlations were a so observed between 2?Th and
4K. Although the correlation coefficient equal to
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0.454129, pointing to the presence of relatively weak
rel ationship betweenvariables, but the P-valuelessthan
0.05, thereisastatistically significant rel ationship be-
tween ThandK at the confidencelevel of 95.0%. R-
Squared statistic indicatesthat the model asfitted ex-
plains 20.6233% of thevariationin Th. Weak corrda
tion may bedueto soil processesthat affect differently
themobility of thetwo radionuclides.

Thelevelsof detected radionuclideinal samples
indicated wide variations and this may be attributed
tothediversity of formations and textures of the soil
in the studied area. The soil in most of studied val-
leysislayer plates of clay that resulted from runoff
of rain water while other samples from mountains
were mainly sands of different grain sizes and col-
ors. However, the variability among levels of 23U
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andlevels?Th arefrequently associated with thetype
of geologicd minerds. Therefore, detailed minera ogi-
ca investigations are needed for moreinterpretations.

Radiological hazard indices
Estimation of theabsor bed gammadoserate

The absorbed dose rate at one meter above the
ground due to the radioactivity in the samples are
calculated using the following equation

DR = KkAk + KThATh + KRaARa (5)
Where D,, is the absorbed dose rate (nGy/h), also
K. K, and K__isthe conversion factors (or dose
rate coefficients) expressed in (nGy.hr per Bg.kg?)
for Potassium (0.043), Thorium (0.662) and Radium
(0.427), respectively!el,

TABLE 5 shows the lowest absorbed dose rate

TABLE 5: Absorbed dose rate D, (nGy/h), The annual effective dose equivalent (D) and activity indices (1, I,) for

all samples under study

Dr

I, l, D« outdoor (mSv\y) Dindoor (mSvly) (nGyl\h) Location
049 1.63 0.12 0.48 97.61 Jebel Katherina
0.39 0.99 0.09 0.35 71.27 Jebd Umm Shaumar
041 1.15 0.09 0.36 73.33 Jebel Serbal
0.33 0.98 0.07 0.29 59.91 Jebe Abbas Basha
041 1.62 0.10 0.40 82.27 Jebel d Bab
0.16 0.68 0.04 0.17 34.29 Jebe Bab € Donya
0.39 0.93 0.09 0.37 74.99 Jebd Nga
033 0.68 0.07 0.29 59.41 Jebel el Banat
029 0.42 0.05 0.19 39.21 Jabd ?ur Sina
0.28 0.48 0.04 0.17 35.10 Jabd Musa
0.07 0.28 0.02 0.09 19.13 Jaba Thabt
0.28 0.61 0.05 0.21 43.49 Jabal Sabbah
011 0.42 0.03 0.13 26.45 Jabd Milehis
022 0.70 0.06 0.25 51.57 Jaba Matamir
022 0.95 0.05 0.21 41.81 Jabal Guna
022 0.75 0.06 0.23 47.41 Jabal Barga
0.28 0.44 0.05 0.19 39.27 Jaba Maharum
0.07 0.47 0.03 0.13 26.74 Jabal Fuga
0.07 0.34 0.03 0.10 20.96 Wadi El Shdld
011 0.25 0.02 0.08 15.58 Wadi Sahu
0.13 0.49 0.04 0.14 28.83 Wadi Firan
0.25 0.73 0.06 0.23 47.08 Mean
1= 1= 0.3-10 0.3-10 55 Worldwide*

*UNSCEAR (2000).
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was 15.58 nGy/hfor thesoil represented by Wadi Sahu
sample, whilethe highest doseratewas 97.61 nGy/h
for the soil represented by sampleof Jaba Katherina.
The published maxima admissibledoserateis55nGy/
h. Thevduesdetermined for Samples(Jebd Kathering,
Jebel Umm Shaumar, Jebel Serbd, Jebel AbbasBasha,
Jebel e Bab,Jebel Bab e Donyaand Jebel é Banat) in
the current work ishigher than theworldwidevaue.

Theannual effectivedose equivalent (D)

Theannud effectivedoseequivdent received by a
member dueto soil radioactivity has been calculated
from the absorbed doserate by applying the dose con-
version factor of 0.7 Sv/Gy and the occupancy factor
for outdoor and indoor as 0.2(5/24) and 0.8(19/24),
respectivelyt* using thefollowing equations:

D, (Outdoor) (mSv/y) = (Absor bed dose)

nGy/h x 8760h x 0.7 Sv/Gy x 0.2 x10° (6)
D, (Indoor) (mSvly) = (Absor bed dose)
nGy/h x 8760h x 0.7 Sv/Gy x 0.8x10° (7

TABLE 5 showstheabsorbed doserate D, (nGy
h*) and the annual effectivedoseD_, (mSv y*) esti-
mated for al the examined samples. The annual ef-
fectivedoselimit was considered to be 1 mSv. Some
sampleshave“K activity concentrations higher than
theregular soil values, for example Jebele Katherina
with activity concentrationsof 573.11Bg/Kg. More-
over, Jebele Kathering, Jebel Umm Shaumar, Jebel
Serbal, Jebel Abbas Basha, Jebel el Bab and Jebel
Naja has #?Th, 22U and ?*Ra, activity concentra-
tions higher than of theregular soil concentrations.

Finally, an attempt to find arelation between ter-
restria radiation dosesin ar outdoorsand the nature of
therock, studying dose contributions of each natural
series, Z°Th and 28U,and “K that occur with different
concentrationsonrock and soil compaosition. For rocks
and soil, the highest doserateis97.61 nGy h* (0.12
mSv y1) and wasregistered for JebeeKatherina, where
therelativeweight to doseis573.11+49.28 Bq/K g for
K, 98.30 + 8.45 Bg/Kg for 28U seriesand 45.56 +
3.91 Bg/Kgfor #2Th series. Thelowest doserate that
registered was 15.58 nGy h*(0.02 mSv y1) for Wadi
Sahu,wherethereativeweight to doseis58.50+ 5.03
Bg/Kg for ©K, 22.12 £1.90 Bq/Kg for *8U series
and 4.70 + 0.40 Bq/Kg for #?Th series. The world
average annual effective dose equivalent (D) from
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outdoor terrestrial gammaradiationis 70iSv/year™,
Therefore, the obtai ned valuesfrom this preliminary
study areall lower than the accepted, averageworld-
widevaue, except for Samples (Jebe Katherina, Jebel
Umm Shaumar, Jebel Serbal , Jebel AbbasBasha, Jebel
el Bab,Jebel Bab el Donyaand Jebel el Banat) inthe
current work ishigher thantheworldwideva ue.

Thecalculated outdoor andindoor D valuesare
givenin TABLE (5). Theminimum, themaximum and
the average valuesfor outdoor are 0.02 mSvl/y, 0.12
mSv/y and 0.06 mSvly, respectively and the corre-
sponding indoor valuesare 0.08 mSv/y, 0.48 mSv/y
and 0.23mSv/y respectively.

External and internal hazard index

Theexterna hazardindex (H,, ) isgiven by amodel
proposed by as:
H, =A./370+A_ /259 +A, /4810 <1 )

Theinternal exposureto ??Rn and itsradioactive
progeny iscontrolled by internal hazard index, (H, )
whichisgiven by.
H, =A_/185+A_ /259+A /4810<1 9)

A, A, andA, aretheactivity concentration of
26Ra, #2Th and “°K in Bg/kg, respectively. The mean
externd andinternal rediation hazardindicesH_ and
H. are0.27and 0.41 for all studied samples respec-
tively, TABLE 4. Ascan be seen, theaverage values
of the radiation hazard indices do not, in generd,
exceed the permissible recommended limits, indi-
cating that the hazardous effects of these radiations
aenegligible

Activity Indices{ Gamma-index (Iy) andAlphaln-
dex (1)}

A number of indices dealing with the assessment
of theexterna and internal radiationsoriginating from
building materials and gamma concentration indi-
ces have been proposed by several investigators*
1 Inthis study, the gamma-index was cal cul ated as
proposed by the European Commission*%:
ly=A_/150+A_/100+A /1500 (10)

A, A, andA aretheactivity concentrations of
26Ra, #’Thand “K inBgkg?, respectively. Themean
vauesof L ca culated from the measured activity con-
centrations of 2°Ra, 2Th and K are presented in
TABLE 5for different all samplesandall theregions
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fromwherethey were collected. The calculated values
of L, for the studied samples varied in the range be-
tween 0.25-1.63. The mean calculated values of IY for
the studied samplesvalues (0.73) varied intherange
between Wadi Sahu and Jebele Katherina. Whilethe
valuesof |, for the studied samplesarelessthan unity
except for Jebel Katherina, Jebel Serbal and Jebel €
Bab asitsvaluereaches1.63, 1.15and 1.62 (TABLE
5),whichwerehigher thanthecritica vaueof unity. |Y <
1 correspondsto adose creation of 1 mSv y1, whil el,
< 0.5 correspondsto 0.3 mSv y*. Depending on the
dosecriterion and themanner inwhichit used, and how
muchit safefor humanto carry out their ectivitiesinthe
area, regulatory control should be considered for ma-
terialsthat giveriseto doses between 0.3 mSv and 1
mSv per year.

Sofar, severd dphaindices have been proposed
to assess the exposure level dueto radon inhalation
originating from soil materials European Commis-
sion®, The alphaindex was determined using the
following formula:
|, = A../200 (Bq kg") (11)

A.. (Bgkg?) istheactivity concentration of *°Ra
assumed in equilibrium with 28U. Therecommended
exemption and upper level of 2°Raactivity concen-
trations in soil are 100 and 200 Bq kg?, respec-
tively, as suggested by*®. These considerations are
reflected in the a phaindex. The recommended up-
per limit concentration of *Ra is 200 Bq kg*, for
which =1 Themean computed L vauesfor thestud-
ied sanplesaeglven |nTABLE5for thedifferent rock
and soil samplesand theregionswherethey were col-
lected. The values of L ranged from (0.07 to 0.49),
withthemeanvaueof 0.25.

Evaluation of 22Rn

AsshowninTABLE 3, in most samplesunder in-
vestigation, it wasfound that theactivity concentration
of 28U and #*Th dgnificantly d evated which dueto the
natural stateand creetion of soil. Theradioactiveradon
gasthat arisesfrom the disintegration of 22U and 2°Th
intheearth’s crust is considered the main source of
exposuretoionizing radiation for humansthat repre-
senting 40% of theannua accumul ated dosg®d. There-
fore, inthe present study some of mathematica equa-
tionsmodel sare used to estimatethe activity concen-
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trationsof 2?Rnintheair with theactivitiesof 2° Rathat
contentsin vegetables, aswell astheannual effective
dosethat resultsfrom the vegetables consumption and
frominhalation of radon gaswere considered.

Deter mination theactivity concentration of ?°Ra
insidethe soil

Themagnitude of the concentration of *Rainside
the soil was calculated by!™:
CRa(n)=C(E,)-B(E )/ mftPE) (12
Where: n: isthenumber of soil sample, 1,2,3.....etc;
CRa(n) : istheradioactive concentration of ?°Rain
soil sample(n) in (Bg/Kg); C(E) : isthenet a-counts
above continuum at the characteristic energy (E);
B(E,) : isthe background counts at (E ); m: isthe
mass of thesamplein (Kg); f : isthebranching ratio of
they-emission at theenergy considered; t : isthemea-
suring livetimein (sec); P(E,) : isthe absol ute effi-
ciency at energy (E).
Deter mination of theradioactive concentr ation of
22Rnin air

Theformulathat used to measuring the radioac-
tive concentration of 22Rnin air as follows?!:

Firstly it must be estimate the radioactive con-
centration of 22Rninside the soil samplesby;
Gs(n)=F,. p. CRa(n) (13)
Where; Gs (n): concentration of radon gas inside
the soil for sample (n) in (Bg/m®); F : the constant
of emission of 2?Rnfrom thesoil that isequal to (0.1);
n : is the soil density that is equal to (1800 Kg/m3);
CRa(n) : istheradioactive concentration of 2°Rain soil
sample(n) in (Bg/K Q).

Now we can cal cul ate the concentration of 22Rn
intheair by equation:
Ca(n)=Gs(n) (d_, / D, )*? (14)
Where; Ca (n): is the concentration of 22Rnin the
air for sample(n) in (Bag/m?®); Gs(n) : concentration
of radon gas inside the soil for sample (n) in (Bg/
m); d_, : isthe diffusion rate constant of Rn** in
the soil (0.5 x10*m?/sec); D, :isthediffusionrate
constant of Rn??2 intheair (5 m%/sec).

Deter mination the concentration of ?°Rain veg-
etables

Expense of radioactivity in vegetables was de-
termined by using the foll owing equation(?®’:
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C,=A..CRa(n) (15)
Where; C_: istheconcentration of °Rain vegetables
in(Bg/Kg); A : isthetransfer coefficient of 2*Rafrom
s0il to Vegetablesthat isequal to (0.04)1*%; CRa(n): is
the radioactive concentration of ?*Rain soil sample(n)
in(Bg/Kag).

Deter mination theannual effectivedoseresulting
from inhalation of radon gas or vegetables con-
sumption

Theannua effective dosethat comingfrominha a
tion of radon gas and vegetabl esconsumption was de-
termined by using the bel ow equation™':
Hp=Cp.|p.DCF (16)
Where; Hp: istheannual effectivedoseresulting from
inhal ation of radon gas or vegetables consumptionin
(svly); Cp: isthe concentration of 25Rain vegetables
(Ba/Kg) or the concentration of 2?Rnintheair (Bg/
m?); Ip : istheamount of consumption of vegetablesin
year (90K g/y) and for air outside the home (1600 m?/
y)13: DCF: isthedose conversion coefficient: for 2°Ra
equal to (2.8x107 sv/Bq) and for ?Rneqgual to (1.3
x10°sv/BQq), &,

TABLE 6 representsthe estimated activity concen-
tration of ?Rninsoil andinair withitsannua effective
doseresulting from consumption of vegetables (*Ra)
and inha ation of 2?Rn gas (usv/y) respectively. Results
of radon concentrationsinair, revededrelatively high
radonlevels, ranging from 6.35to 77.33 Bg/m3; with
mean value28.31 Bg/m?

Thedataof theannual effectivedosefromtheveg-
etables consumption and inhalation of radon gasthat
givenin Table 6 within the allowed limitsthat equal
(Imsv/y)2-3 indl regionsthat selected in the present
search. Additiondly, high radon concentrationsto some
extent in air may be explained by assuming the pres-
enceof uranium-bearing rocks.

Itisworth mentioning, dueto the high concentra-
tion of radium higher than theworld averagein most
of the samples under study, particularly in Jebel
Kathering, Jebel Serbal, Jebel el Bab and Jabal Guna
sampl es, theradon concentration in thesoil and inthe
air were also high, thisled to higher effective dose
ratein these samples, thisisdueto the natural state
and creation of soil.
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CONCLUSION

Theactivity levdsand digtribution of naturd terres-
tria radionuclides of ?°Ra, 28U, #?Th, and “K were
measured by gamma-ray spectrometry systemfor sur-
face soil and rock samples collected from popul ated
areasin Sinai, Egypt. Theactivity and elemental con-
centrationsof thorium, uranium and potassiuminthe
studied soilsarefound to benormal. In soilsat Sinai
region, the uranium and radium contentsexceeded val-
uestypica of theupper part of the Earth’s crust due to
theexigtence of phosphaterocks. Inthiscontext, acom-
parison of median activitiesof 2°Ra, 22Th and “K in-
dicates that ?°Ra is the dominant gamma-emitting
sourceinthesoil. Moreover; corrdationsmadeamong
measured radionuclides provethe existence of secular
equilibriumintheinvestigated soils.

A searchwascarried out to detect the presence of
adtatigtically significant correl ation between themea
sured radionuclidesin the present rock and soil samples.
Infact, theknowledge of the secular equilibrium condi-
tionsisnecessary in order to make correct assump-
tionsfor the dose assessments. Linear regression of the
activity concentrations of 28U versus ?*°Ra for all
samplesindicatingamoderately strong rel ationship be-
tweenthevariables.

The obtained values of natural radioactivity and
3-absorbed dose rates due to the activity concentra-
tions of soil samplesand intheair show that none of
the studied samplesis considered aradiological haz-
ard. Inadditiontothat, estimationsof theradium equiva
lent activity, externa hazard index, internal hazard in-
dex andannud effectivedoseequivaent associated with
theinvestigated soilshave been made. Inregardtothe
results of the aboveradiation hazard parameters, ex-
cept for soilsfrom regionswhere phosphate rocks ex-
ist (Jebel Kathering, Jebel Serbal and Jebel € Bab), do
not exceed internationaly recommended va ues, hence
soilscan besafdy used in congtruction of buildingsand
exploitsfor the agriculture without posing any signifi-
cant radiological threat to population. Itisimportant to
point out that these valueswere not the representative
vauesfor theSinai areamentioned, but for theregions
from wherethe sampleswere collected. Further inves-
tigationistill needed both to measure soilsfrom deep
layersand vegetationsgrown by these soils.
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TABLE 6 : The activity concentrations of ?’Ra in soil samples (Bg/Kg), evaluation of the activity concentrations of
22Rn in soil and in air (Bg/m?3), the annual effective dose resulting from consumption of vegetables(*Ra)and inha-
lation of ??2Rn gas (usv/y), and the activity concentrations of 2®Ra in vegetables (Bq/Kg).

- Activity - Annual effective dose
cztznzncen.trgtlon of 2Z2Rngas Concentration of Annual eﬁ?% e from ?Ra
. Ara Rninsidethe A 226~ . dosfrom ““Rn S
L ocation . in Air Rain vegetables : consumption in
(Ba/Kg) Soil inhalation Hp
Gs(n) (Bym3) Ca(n) Cp (Bg/Kg) (usvry) vegetables
el = (Ba/m3) Hp (nsv/y)
e 118.9+
Kaherira  10.17 21276.00 67.28 393 139.94 99.09
Jebd Umm 62.25+
Shaumar 535 11205.00 35.43 3.09 73.70 7792
Jebel 85.25+
Serba 733 15345.00 48.53 324 100.93 81.65
Jebel
Abbas 7733+ 13919.40 44.02 2.66 91.56 66.93
6.65
Basha
Jebd el 13585+
B 11.68 24453.00 77.33 3.28 160.84 82.56
Jevel Bab 5575+ 1505 09 31.73 131 6601 3306
el Donya 479
Jebd Ngja 4%23* 8244.00 26.07 310 5423 78.12
Jebd el 32.25+
Bana 577 5805.00 18.36 2.65 38.18 66.83
?
Jabal Pur 34,65+ 6237.00 19.72 235 4102 59.27
Sina 298
494 +
Jabal Musa 405 8892.00 28.12 222 58.49 55.94
Jabd Thabt 1%)' éSGi 2007.00 6.35 0.53 13.20 13.31
Jabal 482 +
Sabbah 415 8676.00 27.44 222 57.07 55.84
Jabal 235+
Milehis 202 4230.00 13.38 0.88 27.82 22.28
Jabal 29.95+
Matamir 258 5391.00 17.05 1.76 35.46 44.25
Jabal Guna 9? '#E 16272.00 51.46 1.76 107.03 4435
Jbal Baga ‘oo 8676.00 27.44 177 57.07 4465
Jabal 33.45+
Maharum 588 6021.00 19.04 221 39.60 55.64
Jabal Fuga 211 'gGi 3888.00 12.29 054 2557 13.65
Wadi El 1?“252i 2979.00 942 057 19.59 1441
Shald '
. 249 +
Wadi Sahu 214 4482.00 14.17 0.88 2948 2230
Wadi Firan 2 ¢ 6138.00 19.41 106 4037 26,81
Mean 51.37 8953.97 28.31 195 58.90 49.15

Itisworth mentioning, duetothehigh concentra-  thesamplesunder study, particularly in Jebel Kathering,
tion of radium higher thantheworld averageinmostof  Jebel Serbal, Jebel e Bab and Jaba Gunasamples, the
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radon concentrationinthesoil and intheair werea so
high, this led to higher effective dose rate in these
samples, thisisdueto thenatural stateand creation of
soil.

REFERENCE

[1] AbdEl H.H.Naby, GM.Saleh; Radiod ement distri-
bution in the proterozoic granites and associated
pegmatites of gabal El fereyid area, Southeastern
Desert, Egypt, Appl.Radiat.Isot., 59, 289-299
(2003).

[2] AbidM.Imtia, A.Begum,A.S.Moallah, M.A.Zamam;
M easurements of radioactivity in booksand cal cu-
lations of resultant eye doses to readers // Health
physics., 88, 169-174 (2005).

[3] R.M.Anjos, R.Veiga, T.Soares, A.M.A.Santos,
J.G.Aguiar, M.H.B.O.Frasca, J.A.P.Brage,
D.Uze"da, L.Mangia, A.Facure, B.Mosquera,
C.Carvalho, PR.S.Gomes; Natural radionuclidedis-
tribution in Brazilian commercial granites,
Radiat.Mesas., 39, 245-253 (2005).

[4] W.Arafa; Specific activity and hazards of granite
samples collected from eastern desert of Egypt,
J.Environ.Radioact., 75, 315-327 (2004).

[5] JBeretka, J.Mathew; Natural radioactivity of Aus-
tralian building materials, Industrial wastesand by-
products, Health Phys., 48, 87-95 (1985).

[6] PChiozz,V.Pasquale, M .Verdoya; Naturally occur-
ring radioactivity at the al ps- apenninestransition,
Radiat.Mesas., 35, 147-154 (2002).

[7] K.M.Chung, S.Y.Lau, S.C.Au, W.K.Ng; Radionu-
clide contents in building materials used in Hong
Kong, Health Physics, 57(3), 397-401 (1989).

[8] Environmental Measurement L aboratory-USDOE,
United states department of Energy, Environmental
Measurement Laboratory procedure Manual / 27
Edition (Revised), Hasl-300, New York, 4.5.29
(1992).

[9] Environmental measurements laboratory / US de-

partment of energy, November, (1990).

European commission (EC), Radiation protection

112. Radiological protection principlesconcerning

the natural radioactivity of building materials, Di-

rectorate-general environment, Nuclear Safety and

Civil Protection, (1999).

R.W.Fairbridge; The encyclopediaof geochemistry

and environmental sciences, Van Nostrand Reinhold

Co., New York, 4A, 1215-1228 (1972).

[10]

[1]

191

—==  Qurrent Research Peaper

[12] H.Florou, PKritidis, “Gamma radiation measure-
mentsand doseratesin the coastal areas of avolca
nicisland, Aegean Sea, Greece”, Radiation Protec-
tion Dosimetry, 45(1-4), 277-279 (1992).

[13] P.Hayumbu, M.B.Zaman, N.C.H.Lubaba,
S.S.Munsanje, D.Nuleya; J.Radioana .Nucl.Chem.,
199, 229-238 (1995).

[14] A.H.Hussein, Abdel A.A.Monem, M.A.Mahdy, El
|.E.Aassy, GM.Dabbour; Onthegenesisof surficial
uranium occurrences in west central Sinai, Egypt,
Ore Geol.Rev., 7 (1992).

[15] IAEA, The environmental behavior of radium,
Vienna, Tech.Rep.Series, 1, 310 (1990).

[16] IBBSSPAIR., Safety seriesNo. 115. “International

basi ¢ saf ety standardsfor protection against ioniza-

tionradiation and for the saf ety of radiation source”,

Jointly Sponsored by IAEA, LLO, AEA (OECD)

WIto, (1996).

ICRP, Annals of the ICRP, 1990, Recommenda

tionsof theInternational Commission on Radiol ogi-

cal Protection, ICRP Publication 60, Oxford:

Pergamon Press, (1991).

ICRP, Protection against Rn-222 at home and at

work, Publication No. 65; Ann. ICRP, Pergamon,

Oxford, 23(2), (1994).

R.M.Keyser; “Characterization and applicability of

low- background germanium detectors”, Technical

Note, EG& G ORTEC, Oak Ridge, TN, USA,

(1995).

[20] R.Krieger; Radioactivity of construction materials,
Betonwerk.Fertigteil-Technol ., 47, 468 (1981).

[21] A.Kurnaz, B.Kii¢iikémerodlu, R.Keser,

N.T.Okumusoglu, F.Korkmaz, GKarahan, U.Cevik;

Determination of radioactivity levelsand hazards of

soil and sediment samplesin firtina valley (Rize,

Turkey), Applied Radiation and Isotopes, 65, 1281-

1289 (2007).

N.Lavi, F.Groppi, Z.B.Alfassi; “On the measure-

ment of “K in natural and synthetic materials by

the method of high-resolution gammaray spectrom-

etry”, Radiat.Meas., 38, 139-143, (2004).

J.H.Lubin, Jr.J.D.Boice; Lung cancer risk fromresi-

dentia radon: meta-analysisof eight epidemiologic

studies, J.Natl.Cancer Inst., 89, 49-57 (1997).

D.Malczewski, L.Taper, J.Dorda; Assessment of

natural and anthropogenic radioactivity levelsin

rocks and soilsinthe environs of Swieradow Zdroj
in Sudetes, Poland by in situ gamma-ray spectrom-

etry, J.Environ.Radioact., 73, 233-245 (2004).

[25] M.Markkanen; Radiation dose assessmentsfor ma-

[17]

[18]

[19]

[22]

[23]

[24]

ey Snoivonmental Science
An Judian Jowrual



192

Current Research Paper o=

terials with elevated natural radioactivity, Report
STUK-B-STO 32, Radiation and Nuclear Safety
Authority e STUK, (1995).

[26] MichalisTzortzis, Haralabos Tsertos; ““ Determina-

tion of thorium, uranium, and potassium elemental

concentrationsin surface soilsin Cyprus”, Published

inJournal of Environmental Radioactivity, 77, 325-

338(2004).

C.A.Papachristodoulou, P.A.Assimakopoulos,

N.E.Patronis, K.G.Loannides; Use of HPGe gray

spectrometry to assess the i sotopic composition of

uraniumin soils, Journal of Environmental Radio-

activity, 64(2-3), 195-203 (2003).

L.S.Quindos, GJ.Newton, M.H.Wilkening; Estima-

tion of indoor ?2Rn from concrete, Health Phys.,,

56, 107-109, (1988).

[29] S.Righi, M.Betti, L.Bruzzi, GMazzotti; Monitoring
of natural radioactivity in working places,
Microchem.J, 67, 119-126 (2000).

[30] A.F.Said,A.M.Salam, S.F.Hassan, W.S.Mohamed;

Assessment of the environmental radioactivity im-

pacts and health hazardsindices at wadi sahu area,

Sinai, Egypt, Tenth Radiation Physics & Protection

Conference, Nasr City - Cairo, Egypt, 27-30 No-

vember, (2010).

H.M.Salem, El A.A.Fouly; September, Minerasre-

connai ssance at saint catherine area, Southern cen-

tral sinai, EQypt and their environmental impactson
human health, ICEHM, Cairo University, Egypt,

586-598 (2000).

[27]

[28]

[31]

Evaluation of environmental radioactivity impacts

ESAlJ, 12(5) 2016

[32] B.Smit, H.Spa ding; Methodsfor cumulative effects
assessment, Environmenta Impact Assessment Rev.,
Elsevier Sciencelnc.: New York, 15, 81-106 (1995)..

[33] A.Sroor, El SM.Bahi, FAhmed, Abdel A.SHaeem;
Natural radioactivity and radon exhalation rate of
soil in southern Egypt, Applied Radiation and |so-
topes, 55, 873-879 (2001).

[34] E.Stranden; Some aspectson radioactivity of build-
ing materials, PhysicaNorvegica, 8, 167173 (1976).

[35] M.Tufail, N.Ahmed, S.M.Mirza, H.A.Khan; The
Science of the Total Environmental, 121, 283
(1992).

[36] UNSCEAR., Exposure from natural sources of ra-

diation: Report to the general assembly / United na-

tions scientific committee on the effects of atomic
radiation, 48-th Session. - New York: United Na-

tions, (1993).

UNSCEAR., Sourcesand effectsof ionizing radia-

tion, Report to general assembly, with scientific an-

nexes, United Nations, New York, (2000).

UNSCEAR., United nations scientific committeeon

the effects of atomic radiation, Sources Effectsand

Risk of lonizing Radiation United Nations, New York,

(1988).

R.G\Veiga, N.Sanches, R.M.Anjos, K.Macario,

J.Bastos, M.Iguatemy, J.GAguiar, A.M.A.Santos,

B.Mosquera, C.Carvalho, Baptista M.Filho,

N.K.Umisedo; M easurement of natural radioactiv-

ity in Brazillian beach sands, Radiation Measure-

ments, 41, 189-196 (2006).

[37]

[38]

[39]

Snvironmental Science (=
b Dudian W



