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ABSTRACT

38y, B2Th, Ra, and “K radioactivities were determined in commercial granite samples collected
from local market using a Nal (T1) gamma-ray spectroscopy system. >® U, 22Th, 22 Ra, and “*K activity
concentrations of the studied commercial granites range between 31 and 351.33 BqKg™!, 22.2 to 102.35
BgKg', 22.2 t0168.35 BqKg™! and 881.49 to 1460.67 BqKg™!, respectively. The highest values of activity
concentrations of %U, 2»Ra and “K were recorded in Lahm Mafroum commercial granites. High
radioactivity of Lahm Mafroum is attributed to the presence of meta-autonite, zircon, allanite, monazite,
sphene and apatite.

Absorbed Dose Rate (D), annual effective dose equivalent (AEDE), radium equivalent activity (Raeq),
external (Hex) and internal (Hin) hazard index, in addition to activity gamma index (Iy) caused by gamma
emitting natural radionuclide are determined from the obtained values of *Ra, 2*2Th and “’K. Fairly, many

of the studied commercial granites do not satisfy the universal standards.

INTRODUCTION

Usually granites have a commercial
name, petrographic and technological charac-
terizations, and identification of the producer
country (Abirochas, 2003; Pivko, 2003; An-
jos et al., 2005). Granites, usually suitable as
building and ornamental materials for interior
and exterior use, are hard natural stones that
require harder tools to be cut, shaped and pol-
ished, compared with marble. Distinct types
of commercial granites have different geolog-
ical origins and mineralogical compositions
and may be either magmatic or metamorphic
rocks. Thorium, uranium and potassium con-
centrations of granitic rocks are intimately
related to their mineral compositions and
general petrologic features (Whitfield et al.,
1959; Rogers and Ragland, 1961; Doventon
and Prensky, 1992). Uranium and thorium

in igneous and metamorphic rocks are usu-
ally found in a few accessory minerals such as
apatite, sphene and zircon. Other highly radio-
active minerals, like monazite, allanite, urani-
nite, thorite and pyrochlore, are widespread in
nature, but they are very minor constituents
of rocks. Uranium tends to be highly mobile
near the surface whereas thorium is relatively
stable. Uranium is easily oxidized to a water-
soluble form and can be readily leached from
pegmatites and granites and re-deposited in
sediments at large distances from the source
rock. Thorium is much less soluble than ura-
nium and potassium and does not move ex-
cept by mechanical means such as wind and
erosion processes. Both thorium and uranium
contents tend to be high in felsic rocks and to
increase with alkalinity or acidity, with their
highest concentrations found in pegmatites.
The potassium content of rocks also increases
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with acidity. It is usually found in potash feld-
spars, such as microcline and orthoclase, or
in micas, like muscovite and biotite. Rocks
that are free of these minerals have very low
K-activity. The petrologic features of granitic
rocks associated with effects of weathering
and metamorphism produce expressive alter-
ations in the relationship between the natural
radionuclides (Th, U, K, Th/U and Th/K).

The study of the concentrations and dis-
tributions of the natural radionuclides in rock
and soil allows the understanding of the ra-
diological implication of these elements due
to the gamma ray exposure of the body and
irradiation of lung tissue from inhalation of
radon and its daughters. In particular, it is
also important to assess the radiation haz-
ards arising due to the use of rock and soil
in the construction of dwellings. Therefore, it
is important to measure the concentration of
radionuclides in rocks used as building mate-
rials for assessing the radiological risks to hu-
man health and for the use and management
of these rocks. Several authors have studied
the natural radioactivity level of rocks from
different places (Xinwei , 2004; Xinwei et al.,
2000).

Most of the naturally occurring radionu-
clides exist in rocks and soils at concentra-
tions that are not of concern to human health
or the environment (Elles and Lee 2002). But
there are areas with relatively high natural
concentrations of U, Ra and Th due to their
geological evolution. Natural and anthropo-
genic accelerated radionuclides mobilization
also occurs in areas with high background
concentrations (Barnett et al., 2000). U and
Th are long-lived radionuclides with a suite of
radioactive daughter products which can pose
a human-health and ecological risk. Radiation
of natural origin is responsible for most of the
total radiation exposure to the general popu-
lation. Quantification of background levels
of radionuclides is necessary to evaluate the
potential environmental risk, to determine the
boundary of areas of high natural background

and to establish its cleanup level (Elles and
Lee 2002; Taboada et al., 2006; El-Aassy et
al., 2012).

SAMPLING AND EXPERIMENTAL
TECHNIQUES

Thirty six commercial granite samples
used as building materials were collected from
local markets representing local and imported
types. Different locations of the local samples
were recorded on Fig.(1). They subjected to
radiometric analysis using Nal (Tl) gamma-
ray spectrometers for determination of their
radioelements concentration and activity.
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Fig. 1 : Different localities of commercial granite
(El-Ramly, 1972)

These samples were prepared for gamma-
ray spectrometric analysis in order to deter-
mine their uranium, thorium, radium and
potassium contents by using multichanel
analyzer of gamma-ray detector (Gamma-
Spectrometer technique). The instrument
used in determination of the four radioactive
elements consists of a Bicron scintillation
detector Nal (Tl) 76x76 mm, hermetically
sealed with the photomultiplier tube in alu-
minum housing. The tube is protected by a
copper cylinder protection of thickness 0.6
cm against induced X-ray and a chamber of
lead bricks against environmental radiation.
Uranium, thorium, radium and potassium
are measured by using four energy regions
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representing Th-234, Pb-212, Pb-214 and K-
40 at 93 kV, 239 kV, 352 kV, and 1460 kV
for uranium, thorium, radium and potassium,
respectively. The measurements were carried
out in sample plastic containers, cylindrical in
shape, 212.6 cm’® volumes with 9.5 cm average
diameter and 3 cm height. The rock sample is
crushed to about 1 mm grain size, and then the
container is filled with about 300-400 gm of
the crushed sample sealed well and left for at
least 21 days to accumulate free radon to at-
tain radioactive equilibrium. The relation be-
tween the percentage of Rn-222 accumulation
and time increase till reaching the steady stage
after about 38 days (Matolin, 1991).

ASSESSMENT OF DOSE
Absorbed Dose Rate in Air (D)

The absorbed gamma dose rates in air at
Im above the ground surface for the uniform
distribution of radionuclides (***Ra, **’Th and
40K) were calculated by using Eq.(1) on the
basis of guide lines provided by UNSCEAR
(2000) (rg in et al., 2007).

D (nGy/h) = 0.462A,_ + 0.604A _ +0.0417A )
where A, , A, and A are the average specific activi-
ties of 2°Ra, #*Th and “K in Bq/kg, respectively.
Annual Effective Dose Equivalent (AEDE)

The annual effective dose equivalent
(AEDE) was calculated from the absorbed
dose by applying the dose conversion factor
of 0.7 Sv/Gy and the outdoor occupancy factor
of 0.2 (UNSCEAR, 2000, 7 giin et al., 2007).

Radium Equivalent Activity (Raeq)

The radium equivalent activity for the sam-
ples was calculated. The exposure to radiation
(Tufail et al., 1992) can be defined in terms
of the radium equivalent activity (Raeq), which
can be expressed by the following equation:

Ra, = A, +10/7A +10/130A (@)

where A, , A, and A are the specific activities of Ra,
Th and K, respectively, in Bq/kg.

External and Internal Hazard Index (H_
and H, )

To limit the annual external gamma-ray
dose (Saito and Jacob, 1995; Saito et al., 1998;
UNSCEAR, 2000) to 1.5 Gy for the samples
under investigation, the external hazard index
(Hex) is given by the following equation:

H = A, /370 + A, /259 +A /4810 3)

The internal exposure to ?2Rn and its ra-
dioactive progeny is controlled by the internal
hazard index (H, ), which is given by Nada
(2003):

H, =A,/185+A, /259 + A /4810 ()

These indices must be less than unity in or-
der to keep the radiation hazard insignificant
(Lakehal et al., 2010; Baykara et al., 2010).

Activity Concentration Index (Iy)

Another radiation hazard index called the
representative level index, Iy, is defined as fol-
lows (NEA-OECD, 1979):

10=A, /150 +A_,/100+A, /1500 )

where A, , A, and A are the activity concentrations

of #°Ra, »?Th and “K, respectively in Bq/kg (Abbady et
al.,2005). The safety value for this index is < 1 (El Galy et al.,
2008; El-Aassy et al., 2012).

RESULTS AND DISCUSSION

Most of the studid commmercial gran-
ite facies (coarse-, and fine-grained granites)
have the same mineralogy (quartz, plagio-
clase, K-feldspar, biotite and muscovite) and
only differ in their modal proportions. In the
fine-grained facies the amounts of biotite are
less than in the coarse-grained facies and mus-
covite more than biotite. The main difference
between facies is textural: the coarse-grained
granite can be either porphyritic or equigranu-
lar; fne-grained facies always have an equi-
granular texture and finer grain size. Petro-
graphically, most of the the studied granites
are alkali feldspar granites. They are medium-
, to coarse-grained and consist essentially of
perthites, quartz, oliogclase, microcline and
biotite. They are normally of hypidiomorphic
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granular texture. Perthites form euhedral mi-
crocline and orthoclase perthite crystals. The
microcline perthites may dominate strongly
over orthoclase perthites. The perthites in-
clude string, flame and feather types. Quartz
occurs as anhedral grains, interstitial to the
perthites. A graphic texture has been observed
in few samples. Oligoclases are less abundant
than perthites. It occurs as small interstitial
crystals between quartz and perthites. Biotite
occurs as brown to reddish green subhedral
flaky crystals in minor amounts. The flakes
are pleochroic and mottled with iron oxides.

Uranium Bearing Minerals

Accessory minerals are represented mainly
by zircon, allanite, monazite, sphene, apatite
and fluorite. Zircon occurrs as small subhedral
to euhedral crystals. Itis also observed as inclu-
sions in quartz, biotite and chlorite. Some zir-
con crystals are occasionally metamicted and
surrounded by strong pleochloric haloes due
to radiogenic effects (Fig.2). It is sometimes
zoned, often associated and rimmed by iron
oxides (Fig.3). Allanite occurs as few subhe-
dral to euhedral reddish brown medium-grain
size crystals intimately associated with biotite
(Fig.4). Monazite occurs as small euhedral to
subhedral, prismatic crystals enclosed within
biotite and quartz (Fig.5). Their colours vary
from pale yellow to yellowish brown. Sphene
is found as euhedral sphenoidal shaped char-
acterized by perfect cleavage, usually asso-
ciated with mafic minerals (Fig.6). Fluorite
occurs as colorless or violet anhedral grains.
Opaques are disseminated as fine-grained
within the mica or feldspar plates.

Secondary Uranium Minerals

In the oxidation zone, U** is oxidized
to uranyl ion U™ which is soluble and
mobile in solutions and easy to combine
with other cations such as Ca*, Cu*? and
Pb™, and anions such as those present
in the form of sulphates and phosphates
tend to form secondary uranium min-
erals such as uranophane, beta-urano-
phane, kasolite, torbernite, autunite and

meta-autunite. Autunite & Meta-autunite
[Ca(UO0,),(PO,),:2-6H,0] represents the
secondary uranium minerals in highly
radioactive type of the studied commer-
cial granites (Lahm Mafroom). The ag-
gregates of autonite and meta-autonite
are soft and consist of lemon yellow to

»y NN - = a8
Fig.2: Pleochroic haloes around zircon crystals
(Zr) in biotite, XPL

Fig.3: Iron oxides surrounded zoned zircon in
chlorite, XPL
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Fig.6: Sphene (Tit) and apatite (Ap) in quarz, XPL

greenish yellow small crystallites with a
micaceous habit. Occasionally meta-au-
tonite is found as tabular square crystals
often in parallel growths and terminated
by bipyramidal forms. This mineral con-
tains 11.87% P,0,, 46.80% UO, and the
associated mmerais contain 2.81% K,0,
31.14% CaO0, 0.42% MnO, 1.90% Fe O
2.98% Si0, 1.59 % SO, and 0.48%
ALO,, as detected by ESEM (Fig.7). The
presence of meta-autonite crystals were
confirmed by XRD technique (Fig.8).

Environmental Impacts

The average activity concentrations for
granite are shown in Table (1), in which
281, 26Ra, *K and **Th were 351.33 Bqkg',
168.35 Bgkg™', 1460.67 Bqkg™! for (Lahm Ma-
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Fig.7: SEM backscattered image and EDX
analyses for the separated meta-autonite
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2500 M. :Meta-autunite, ASTM card No. (12-0423).
Qz. : Quartz, ASTM card No. (5-0490).
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Fig. 8 : XRD pattern of the studied meta-autonite

froum) and 102.35 Bgkg™! for (Abradour), re-
spectively. Minimum average activity concen-
trations of #%U 2Th: 22°Ra 4 K were 31.00
Bq kg' for (Rosa Nasr), 22.22 Bqgkg"' for
(Fard Ghazal), 22.20 Bqkg"! for (Rosa Nasr)
and 881.49 Bqkg! for (Ramady), respectively.
Average activity concentrations of the studied
commercial granites were lower than activity
concentration of commercial Chinese acidic
granite (Xinwei et al., 2006) (Table 1). The
lowest activity concentrations were recorded in
Rosa Nasr and Ramady where the highest val-
ues were in Lahm Mafroum, Ahmer Aswan and
Al Shaieb. High radioactivity of Lahm Mafroum
is attributed to the presence of meta-autonite,
zircon, allanite, monazite, sphene and apatite
(Figs.2-6).

The average absorbed y dose rate (D) val-
ues for commercial granite samples are shown
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in Table (1). The values obtained in all the stud-
ied samples ranged between 81.50 and 262.27
nGyh'! with an average 154.00 nGyh-1. These
estimated values of absorbed y dose rate in the
studied samples are comparably higher than the
world average value 57 nGyh'! (Tzortzis et al.,
2003, Abbady et al., 2005).
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Furthermore, the average values of annual
effective dose for all commercial granite sam-
ples were also listed. The values obtained varied
between 0.10 and 0.32 mSvy'!. The mean value
(0.19) found to be less that than 0.48 mSvy' [rec-
ommended by UNSCEAR, 2000] as the world-
wide average of the annual effective dose.

Table 1 : Results of radionuclide concentrations, the dose rate (D), the annual effective dose equivalent
(AEDE), radium equivalent activity (Racq), external (H, ), internal (H, ) hazard indices and gamma index

(L) for samples.

. . el ¢Th Ra K D AEDE Ra,
S.No. Location Commercial Name Bokg BqKg' Bqkg' Bokg @Gyh)  (mSvly) Bqut} He Hi I,
1 Aswan Ahmer Aswan.1 744 56.56 333 1399.11 126.88 0.16 211 0.71 091 199
2 Ahmer Aswan.2 4216 84.84 3441 120505 296.27 0.36 558.00 172 286 446
3 Ahmer Aswan.3 62 5656 444 142415 12219 0.15 2475 0.68 0.85 193
4 Ahmer Aswan4 62 4848 444 1361.55 114.70 0.14 21839 0.64 0.81 181
5 Ahmer Aswan.5 1612 68.68 66.6 12833 16947 0.21 26343 097 140 262
6 Ahmer Aswan. 14 68.68 444 13146 15359 0.19 4364 087 121 23
Av. Ahmer Aswan 15087 6397 96.20 1331.29 163.85 0.20 289.99 093 134 253
7T South Sinai Ramadyl 868 “a 44 105481 1083 om0 086 1M
8 Ramady.2 744 56.56 555 948.39 108.08 0.13 209.25 0.62 0.82 1.69
9 Ramady.3 99.2 36.36 99.9 867.01 103.95 0.13 21854 0.59 0.86 1.60
10 Ramady.4 1488 36.36 7.7 795.02 123.86 0.15 190.80 071 111 189
11 Ramady.5 1736 44 66.6 1007.86 149.07 0.18 207,61 0.85 12w
12 Ramady.6 1488 404 66.6 838.84 128.13 0.16 188.84 0.73 113 196
13 Ramady.7 62 36.36 444 798.15 83.89 0.10 15774 047 0.64 131
14 Ramady.8 44 404 333 74181 8.71 011 148.08 051 071 13
Av. Ramady 108.50 4192 6105 88149 1122025 01375 188735  0.63875 093125 173
15 South Sinai Fard Ghazal.1 62 U4 444 1183.14 92.62 0.11 170.04 051 0.67 144
16 Shg;‘:lﬂg: Fard Ghazal 2 228 1212 99.9 1233.22 184.78 023 21208 1.04 178 276
17 Fard Ghazal.3 2438 nRn 444 1205.05 81.23 0.10 183.27 0.4 051 129
18 Fard Ghazal 4 86.8 44 22 1158.1 103.04 0.13 14591 0.57 0.80 159
19 Fard Ghazal.5 86.8 1212 333 1205.05 91.67 0.12 14331 053 0.77 1.50
20 Fard Ghazal.6 48 2828 22 1101.76 7448 0.09 141.35 041 047 118
AV Yard Ghazal 9300 2n Rakll 118105 0564 043 16699 058 083 163
2 Hurgada Lahm Mafroum.1 1066.4 4848 5439 1302.08 576.26 0.71 .32 334 622 846
n Lahm Mafroum.2 1116 68.68 555 1461.71 154.00 0.19 266.05 0.87 117 241
A} Lahm Mafroum.3 44 64.64 555 127391 126,54 0.16 24584 0.72 092 199
A4 Lahm Mafroum.4 99.2 nn 444 147423 151.23 0.19 261.69 0.86 2y
25 Lahm Mafroum.5 1116 64.64 555 143354 15038 0.18 258.12 0.85 s 23
26 Lahm Mafroum.6 644.8 68.68 2553 181853 41521 0.51 493.30 239 413 620
AV Lahm Mafroun 35133 6464 16835 146067 w03 3 LS 245 3%
27 Hurgada Al Shaieb.1 232 1212 1443 1161.23 2475 028 406.77 131 192 347
28 Al Shaieb.2 62 404 333 951.52 9212 0.11 164.21 052 0.69 145
29 Al Shaieh.3 1736 117.16 1221 1314.6 205.79 025 390.59 119 166 321
A NShib 193 929 99 U445 M2 02 MR 10 12
30 Imported Abradour.1 14 117.16 7.7 1527.44 19175 024 36257 11 14 3.0
31 Italian and Abradour.2 86.8 109.08 999 139598 16420 0.20 363.11 095 118 260
32 Brazilian Abradour.3 1116 80.8 555 1389.72 15831 0.19 27183 0.90 120 248
I gaits Abradow 10741 A3 T MEL 1ML 02 33 0% 127 2
3 Aswan Gandoula.1 1116 9292 555 127391 160.80 020 286.24 093 123 252
H Gandoula.2 124 76.76 66.6 1364.68 160.56 020 281.23 092 125 250
Av. . Gandoula 11780 84.84 6105 1319.30 160.68 020 283.74 093 124 251
3 El Ain El Rosa Nasr.1 312 2828 22 1245.74 86.21 0.11 15843 047 0.57 1.36
36 Sukhna Rosa Nasr.2 2438 nRn 22 1098.63 76.79 0.09 152.88 042 049 122
Av RosaNast 3100 3030 2.0 17219 8150 010 15566 045 033 1%
International ~ average 45 2 420 51 048 370 1 1 0.5
Chinese acidic granite (Xinwei et al..,2006) 79.6 99.9 1128 57 048 370 1 1 0.5

Values of eU, eTh and eRa in ppm, as well as K, in %, were converted to activity concentration, Bq kg, using the conversion factors given
by Polish Central Laboratory for Radiological Protection (Malczewski et al., 2004; Said et al., 2010)
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The radium equivalent activity Ra_ for Egyp-
tian and imported commercial granites ranges
between 155.66 and 373.05 Bq Kg!' with 264.15
Bq Kg' as a mean value. These values are lower
than the recommended maximum value of 370
Bq kg!, with the exception of Lahm Mafroum
Raeq is significantly higher than the maximum
permitted value.

The values of external and internal hazard
indices (H_ and H, ) for the studied commercial
grantes range between 0.45 and 1.51 and 0.53 to
2.45, respectively. External and internal hazard
indices are higher than unity for most studied
granites indicating that these granites can not be
used as building and interior decorative material
of dewelling.

The gamma activity index (Iy) used to as-
sess safety requirement for building materials
were evaluated and presented in Table (1). The
obtained values for both of them ranged between
1.29 and 3.96 with 2.38 as an average. The ob-
tained values of gamma activity indices in all
commercial granite samples were higher dose
criterion (0.3mSvy"!) and corresponds to an ac-
tivity concentration index of 2< Iy<6 proposed
by EC (1999) for materials used in bulk con-
struction.

Contribution of ?**U, ?*?Th and “K radio-
nuclides for the absorbed dose rate within the
studied rocks are plotted on Fig. (9). It is clear
that the contribution of 2**U, #*?Th and K are
different for most rock varieties. K plays the
main and most important role in dose rate con-
tribution.

CONCLUSIONS

Maximum activity concentrations of 238U,
226Ra, YK and »**Thwere 351.33 Bqkg™', 168.35
Bgkg!, 1460.67 Bgkg'! for (Lahm Mafroum)
and 102.35 Bqkg' for (Abradour), respec-
tively. Minimum concentrations of 2*U- **Th-
226Ra and “K were 31.00 Bgkg' for (Rosa
Nasr), 22.22 Bgkg! for (Fard Ghazal), 22.20
Bgkg! for (Rosa Nasr) and 881.49 Bqkg™! for
(Ramady), respectively. The highest values of
activity concentrations of 2*U, *Ra and K
were recorded in Lahm Mafroum commercial
granites. High radioactivity of Lahm Mafroum
is attributed to the presence of meta-autonite,
zircon, allanite, monazite, sphene and apatite.

Absorbed Dose Rate (D), annual effective
dose equivalent (AEDE), radium equivalent
activity (Raeq), external (Hex) and internal
(Hin) hazard index in addition to activity

Ahmer Aswan Ramady Al Shaieb Abladour
10% 11% 4% 1% 7% 7%
4% 6%
OeU
OeU
$6% mem | | 85% Beth 82% 9eU | grg, oeU
oK oK ;;Th ;fgh
Fard Ghazal Lahm Mafroum
Gandoula Rosa Nasr
7% 19% 3%
2% 8% 6% 3% 2%
geU OeU DeU 959, DeU
91% mem| [78% mem 86% mem § mem
oK oK oK OK

Fig. 9 : Contribution of 28U, »2Th and “)K radionuclides for the absorbed dose rate within the studied

rock samples
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gamma index (Iy) caused by gamma emitting
natural radionuclide are determined from the
obtained values of ??Ra, 22Th and “’K. Fairly,
many of the studied commercial granites do
not satisfy the universal standards.
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