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EVALUATION OF NATURAL RADIONUCLIDES FOR MICA AND QUARTZ

IN EASTERN DESERT OF EGYPT, USI

NG GAMMA-RAY SPECTROMETRY

By applying high—-resolution y-ray spectroscopic system, the various radionuclides of mica and quartz samples have
been identified quantitatively. The specific activity of **Ra, **Th and *’K in 25 mica samples collected from
5 locations and 15 quartz samples from 3 locations of geographical areas located in G. Kadabora in Central Eastern

Desert of Egypt, were determined by gamma ray spectrome
subject is important in environmental radiological protection,
different industries. The results of analysis for 2**U, ***Th an

try with a high-purity germanium (HPGe) detector. This
since mica and quartz are widely used as raw materials in
d K specific activities were found to be higher than the

permissible level for all mica and quartz samples. The radium equivalent activities in Bq/kg, dose rate in nGy/hr, exter-
nal and internal hazards in nGy/yr and also (**Th/?**U) ratios Clark’s value s are calculated. From this study, it is clear
that G. Kadabora, Central Eastern Desert, Egypt can be considered unsafe to use as raw materials.
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Introduction

Natural radioactive minerals deposits are found
in suitable geological environment like unconformi-
ty contact, veins, surficial etc. [1]. There are few
regions in the world that are known for high back-
ground radiation areas, where the local geological
controls and geochemical effects cause enhanced
levels of terrestrial radiation [2]. The greatest contri-
bution to mankind’s exposure comes from natural
background radiation, and the worldwide average
annual effective dose is 2.4 mSv. However, much
higher levels of exposure are usual for inhabitants of
natural high background radiation areas. High radia-
tion above the earth is mainly due to naturally occur-
ring radioactive elements in the earth's crust such as

hazard index.

for *U, **Th and “’K. Areas at high altitudes are
also affected by cosmic radiations [3].

It is necessary to study the radiation and radioac-
tivity to assess the dose to the population, in order to
know the health risks, and to have a reference study
to document changes in the environmental radioac-
tivity in rock samples [4 - 6].

The present study initiates a radiological assess-
ment program for the area of study to establish a
database reference of radioactivity background le-
vels in the Eastern Desert region.

The samples were collected from G. Kadabora,
Central Eastern Desert of Egypt. About 66 km to the
south of Quseir city, injected with numerous pegma-
tite's. This location at latitude 30° 25" and longitude
34°30° (Fig. 1).
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Fig. 1. Geological map of Gabal Abu Dob area.
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The area is covered with numerous pegmatite’s.
Most of the pegmatite's are zoned, the zonation starts
with milky quartz at the core followed by feldspars,
which vary in color from rose to milky and in com-
position from K-feldspar to Na-feldspar. Mica flakes
(up to 0.5 thicknesses) occur at the gradational con-
tacts between K-feldspars and Na-feldspars.

In the present study, 25 mica samples were col-
lected from 5 different locations, 15 quartz samples
from 3 different locations, were analyzed using
gamma- ray spectrometry to determine the specific
activity of 226Ra, *Th and “°K, The results are used
to assess the potential radiological hazards asso-
ciated with these materials by computing the radium
equivalent activity index, the indoor gamma ab-
sorbed dose rate, external hazard, internal hazard
and radioactivity level index were also determined
and evaluated for all samples under investigation.

Experimental procedure
Sampling and Sample Preparation

The samples under investigation were collected
from G. Kadabora in Central Eastern Desert of
Egypt. Mica samples were collected from five dif-
ferent locations, five samples from each one. Also
quartz samples were collected from three locations,
five samples from each one. A total of 40 rock sam-
ples, each about 1 kg in weight, were crushed, ho-
mogenized and sieved to about 100 mesh by a cru-
shing machine. The samples were then placed for
drying at 105 °C for 24 h to ensure that moisture is
completely removed. The samples were transferred
to beakers polyethylene container of 250 cm’ vo-
lume. Each sample was carefully sealed for four
weeks to reach secular equilibrium between ***Th
and ***U and its short lived daughter products [7].

Radiometric Analysis

Spectra for different samples were measured with
a high-purity germanium (HPGe) detector of high-
resolution gamma-ray spectrometer. The individual
samples were placed on the detector manually and
each sample was analyzed for a time of about
70000 sec. The detector has a resolution of 1.85 keV
for the 1332.5 keV gamma-ray transition of “Co
with relative efficiency 30 %. To reduce the gamma-
ray background, a cylindrical lead shield with a
fixed bottom and movable cover shield the detector.
The lead shield contained two inner concentric cy-
linders of copper and cadmium.

The detection system was calibrated using multi-
gamma ray standard source MGS-4 to perform the
energy calibration of the detector [8]. The efficiency
curve of the HPGe detector in the energy range from

186 to 2450 keV was obtained through two stages.
In the first stage the relative efficiency curve of the
detector was performed using a **Ra point source.
In the second stage, the average relative curve of the
detector was normalized to an absolute potassium
chloride has been used [9].

Table 1 gives the energies used to determine the
concentrations of different radionuclides and their
yields [10]. In order to determine the background
distribution in the environment around the detector,
an empty bottle was counted in the same manner and
in the same geometry as the samples. The back-
ground spectra were used to correct the areas of
gamma rays of measured isotopes.

Table 1. Photoenergies and branching ratios
for different radionuclide’s

Nuclide Elllzr\%y, Photon per disintegration, %

28 series

24T 63.3 3.8

186.1 3.3

226 295.1 19.2

Ra 352.1 37.1

609.3 46.1

214 768.4 5.1

Pb 934.1 32

214Bj 1120.3 15
232Th series

209.4 4.1

3384 12.4

287 462.1 4.6

911.2 29.1

966.6 23.2

727.3 6.7

212g4 785.5 1.1

1620 1.7

2087y 583.1 30.9
23U series

143.8 10.5

23y 163.3 4.7

185.7 53.1

205.3 4.7

K 1460.0 10.7

Results and Discussion
Detection limits

The lowest limits of detection (LLD) of the mea-
suring system, which is required to estimate a mini-
mum detection level for appropriate determination
of radionuclides using analytical technique in each
sample, were obtained following environmental
measurement laboratory procedure using the expres-
sion [14, 15].

LLD =4.66 Sy/{ - I,
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where Sy, is the standard error of the net back-ground
count rate in the spectrum of the radionuclide; C is
the counting efficiency; I, is the abundance of gam-
ma emission per radioactive decay.

The LLD of a measuring system measures its
operating capability without the influence of the
sample. The LLD values for *K, **Th and ***U are
obtained in Table 2.

Table 2. The lowest limit of detection (LLD) for the
radionuclide “’K, **U and **’Th

Nuclide Lowest detection limit (Bq/kg)
“K 9.36
“u 1.32
“’Th 1.35

The specific activity

The radioactivity concentration of naturally
occurring radionuclides **U, ***Th series and *’K for
mica and quartz samples were calculated and re-
ported in Table 3.

From this table it is seen that the concentration of
38U is higher than the concentration of ***Th in mica
samples, but in quartz samples the concentration of
»2Th is higher than the concentration of **U. It is
clear that the average results of G. Kadabora in Cen-
tral Eastern Desert samples are higher than the per-
missible levels (35, 35, 370 Bq/kg) for uranium, tho-
rium and potassium.

Table 3. The average specific activity of 28 series, *2Th series and ’K (Bq/kg) for mica samples

p T - T
Kind Lab Cod N Specific activity, Bq - kg
| Ay | Ax
Range mean
2124 -2131 1116-1129 1692 - 1700
K-2/14 > 2128 1122 1696
1867 - 1874 1055 - 1067 1741 - 1754
K-2/3 > 1871 1061 1747.9
3 2397 - 2406 1328 - 1341 1624 - 1634
= K-222 > 2402 1334 1629
3094 - 3105 2054 - 2063 1886 - 1894
K-2/7 > 3099 2058 1890
oy X 190232 - 190249 108929 - 108939 11362 - 11378
190240 108934 11370

Radium equivalent activity

To compare the specific activity of the samples
containing **°Ra, ***Th and *’K, the radium equiva-
lent index (226Raeq) has been used to obtain the total
amount of these activities [11, 12]

**Ragq = 1.43Cqy + Cry+ 0.077Ck,

where Cr,, Crn and Cy are the activities concentra-
tion in (Bq/kg) of ***Ra (U series), **Th and *K
respectively.

Estimation of the absorbed gamma dose rate
and the effective dose rate

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

Dr = kiCx + KihCrn + KraCra,

where Dy is the absorbed dose rate (nGy/h), also Ky,
Kt and Ky, are the conversion factors (or dose rate
coefficients) expressed in (nGy hr'per Bq/kg™) for
potassium (0.043), Thorium (0.662) and Radium
(0.427), respectively [13].
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External and internal hazard index

To limit the annual external gamma-ray dose
from materials to 1.5 mGy for the samples under
investigation, the external hazard index H., is given
by the following equation

Hex = Cro/370 + Cry/259 + Cx/4810 <1.

The internal exposure to *’Rn and its radioactive
progeny is controlled by internal hazard index, (H;,)
which is given by

Hiy= Cro/185 + C1/259 + Cx/4810 < 1.

The value of radium equivalent in Bg/kg, dose
rate in nGy/hr, external hazard, internal hazards and
also Clark’s value (**Th/?**U) in ppm for mica and
quartz samples in G. Kadabora, Central Eastern
Desert, Egypt are listed in Table 4. From the table it
is clear that **Th/?*U ratio for mica samples are
less than Clark’s value, (U - enrichment). While
(**Th/**U) ratio for quartz samples are more than
Clark’s value (Th - enrichment).
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Table 4. The average specific activity of **U series, >**Th series and “°K (Bq/kg), for quartz samples

Specific activity, Bq - kg
Kind Lab Cod N Ay | Am Ax
Range mean
313-317 874 - 882 1691 - 1701

. K-2/9 315 878 1696

£ 54 -58 65-71 1818 - 1829

< -

El K-1/7 56 68 1824

313-319 447 - 457 897 -910
K-2/8 316 452 903
Table 5. The values of radium equivalent (Bq/kg) dose rate (nGy/hr),
external hazard, internal hazard and Brp /A8y
Sample No. Ra.,, Bg/kg Dg, nGy/hr H., Hin 22Th/>8y

K-2/14 3864 1724 10.4 16.1 1.5
K-2/3 3523" 1576 9.5 145" 1.7
K-2/2 4436 1979 11.9 18.4 1.6
K-2/7 6189 2767 16.7 25.1 2.0
K-2/1 346893 153836 937" 1451 1.7
K-2/9 907" 4157 257 337 8.4
K-1/7 3523" 1576" 9.5 145 3.6
K-2/8 1032 473 2.8 3.64 43

" The highest value.
* The lowest value.

Also we concluded that the average values of ra-
dium equivalent of all mica and quartz samples are
higher than the recommended maximum value
370 Bg/kg and the values of dose rate for mica and
quartz samples are higher than the international
average mean value 55 nGy/h [16].

The calculate average external hazard index and
internal hazard are more than unity. From the above
results, it is noticed the level of radioactivity of mica
and quartz samples are higher than the permissible
levels, and cannot use as raw materials.

Conclusion

The results of analysis of ***U, ?*Th and *’K spe-
cific activities for mica and quartz samples were

found to be higher than the permissible levels. The
ratio of **Th/**U (Clark’s value = 3.5) for all mica
samples are less than Clark's value, (U - enrich-
ment), for all quartz samples are more than Clark’s
value, (Th - enrichment). Also dose rate, external
hazard index and internal hazard index are higher
than the international average mean value.

Finally, it is quite clear that G. Kadabora, Central
Eastern Desert, Egypt can be considered unsafe to
use raw materials (mica and quartz) in industry. The
people working in that area have to be taking possi-
ble precautions and protection against the high ra-
dioactivity. Radiation protection must be used to
reduce the risk.
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H. Beaji Eap-din, A. Enb-Illepma6bi, C. Adidi, C. Ean-baxi, 1. Camip

OLIHKA BMICTY IPUPOJHUX PAJIOHYKJIAIB vV CJIIOAI TA KBAPOI
I3 CXIJHOI IIYCTEJI €THUIITY 3A JOIIOMOI'OI0 TAMMA-CIIEKTPOMETPII

3a IOTIOMOT0I0 TaMMa-CIIEKTPOCKOIIYHOI CHCTEMH BHCOKOI PO3IITBEHOI 34aTHOCTI OyJI0 BU3HAYEHO KiTBKICHO BMICT
PI3HHUX PagioOHYKIIAIB y 3pa3Kax CIIOAM Ta KBapiy. MeToJoM CIeKTpoMeTpii raMMa-BUIIPOMIHIOBaHHS TrepMaHieBUM
(HPGe) IeTeKTopoM BHCOKOI YHCTOTH GyIia BU3HAYCHA TMTOMA akTHBHIiCTh ~*Ra, *°Th i *K y 25 3paskax cmomn, 3i6-
paHuX y ISTH MiCIX 1 15 3pa3kax KBapily 3 TPbOX MICIb TeorpadigyHoro paioHy, pO3TAIlIOBAHOIO B MICIIEBOCTI
G. Kadabora B nenrpansHiit yactuni Cxignol mycreni €runry. g npobiema Mae BaykJIMBe 3HaYSHHS IS Paiosoriy-
HOI OXOPOHH HaBKOJIMIIHBOTO CEPEOBUINA, OCKUIBKH CIII0Ja Ta KBapll ITUPOKO BUKOPUCTOBYIOTHCS SIK CHPOBHHA B Pi3-
HUX TaiTy3sX OPOMHCIOBOCTI. Y pe3y/IbTati aHamizy BCTAHOBIEHO, 10 MHTOMa akTiBHicTh > U, *Th ta *’K Bussunacs
BHIIOI0, HK TOIYCTUMUH piBEHB IS BCIX 3pa3KiB CIFOIU Ta KBapily. Po3paxoBaHo pamieBhii €KBiBaJCHT aKTUBHOCTI B
Bx/kr, moTyxHicTh 103 B HI p/roj, HeOe3MeKy 30BHIITHBOIO Ta BHYTPIITHHOTO ONPOMiHEHHS B HI p/piK, a TaKOX 3Ha-
yeHHs BigHOmeHHS Kimapka (232Th/238U). I3 mporo mocmimKeHHS cTae SICHO, MO cHpoBUHY 3 MicieBocTi G. Kadabora B
neHTpanbHii yacTuHi CximHOI mycTeni €runTy He MOJKHA BBKATH O€3MEYHOIO JJIS1 BUKOPHCTAHHS.

Knrouogi crosa: nmpupoiHa pagioaKTUBHICTB, CI0a, KBapII, iHACKC 30BHINIHIX HeOE3MeK.

H. Besutn Dab-Aun, A. dab-Llepmadon, C. Apudpu, C. das-baxu, U. Camup

OIIEHKA COJIEPXAHUSA ECTECTBEHHBIX PAJMOHYKJ/INIOB
B CJIIOJIE M KBAPIIE M3 BOCTOYHOM IMYCTBHIHUA ETHUINTA
P NMOMOIIIN TAMMA-CIIEKTPOMETPHUN

[Ipu momorm raMmma-CeKTPOCKOIIMYECKOW CHCTEMBI BBICOKOTO Pa3pemieH st ObIT0 ONpeAesieHO KOJIMIECTBEHHO CO-
JepXKaHWe Pa3INYHBIX PAJAMOHYKIHIOB B 00pasmax CIFOAsl M KBapua. MeToIoM CHEKTPOMETPHUH raMMa-Hu3IydeHUs
repmanneBbiM (HPGe) meTexTopom BBICOKOH YHCTOTHI ObIIa ONpeeieHa yAeIbHas aKTUBHOCTh 2Ra, **Th u 'K B 25
o0pa3suax cirojibl, COOpaHHbBIX B IATH MecTax U 15 obpasiax KBapua U3 Tpex MeCT reorpaduueckoro paiioHa, pacrosno-
xeHHoro B MectHocTH ['. Kanabopa B uenrpanbHoi yactu Bocrounoii mycteian Erunra. Dta npobieMa MMeeT BakHOE
3Ha4YeHHe JJIS PAJHOIOTHYECKON OXpaHbl OKpYsKaroIlel cpebl, MOCKOIBKY CII0/Ia M KBapll HIMPOKO UCTIONIB3YIOTCS Kak
CBHIPbE B Pa3JIMUHBIX OTPACIISIX NPOMBIIIICHHOCTH. B pe3ynbrare aHaim3a yCTaHOBJIEHO, YTO YAENbHas aKTHBHOCTh
80, #°Th u *’K okasanack BblIlIe, 4eM JOYCTHMBIIl YPOBEHB I BCEX 0OPa3LOB CIIO/IbI M KBapla. Paccuntan pajue-
BbIH SKBUBAJICHT aKTUBHOCTH B BK/Kr, MOIIHOCTH N103bI B HI'p/4, OACHOCTH BHEIIHETO M BHYTPEHHETO OOIYyYeHHS B
ul'p/rox, a Take 3Hauenue orHourenns Knapka (2>Th/**U). U3 3Toro uccieJoBaHNs CTAHOBUTCS SICHO, YTO ChIPhE M3
mectHOocTH . Kagabopa B nieHTpanbsHOi yacTn BocTouHoi mycThian ErunTa Henb3st cuutaTh 0€301MacHBIM TS UCTIONh-
30BaHUs.

Kniouesvie cnosa: ecrecTBeHHAs paAHOAKTHBHOCTD, CIIFOJIA, KBAPII, MHIEKC BHEITHUX OMACHOCTEH.
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