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Geological materials usually contaminated with naturally
occurring radioactive materials (NORM) have become a focus of
great attention. The gamma radiation in samples of a variety of
natural tiling rocks (granites) collected from different factories in
Egypt for use in the building industry was measured, employing
high-resolution g-ray spectrometry.

In order to assess the radiological impact from the granites
investigated. The radiological hazard indices, annual effective dose
equivalent (outdoor and indoor) (D), hazard indices (H,, and H,,),
activity utilization indices (lg,la) and excess life time cancer risk
(ELCR) were calculated. The radiological hazard indices for most
granite samples are higher than the internationally recommended
values.
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atural radiation refers to ionizing radiation originat-

ing either from high energy cosmic rays entering the

earth’s atmosphere from outer space or from natu-

rally occurring radioactive materials (NORM) pres-

ent in the crust of the earth. This radiation is dis-
tinguished from artificial radiation produced through man-made
nuclear or atomic transformations. The exposure of human be-
ings to a background of natural radiation is a continuing and
inescapable feature of life on earth. The effective dose due to
this ionizing radiation for members of the public varies substan-
tially depending on where they live, occupation, personal habits,
diet, building type and house utilization pattern [1]. Higher ra-
diation levels are associated with igneous rocks, such as granite,
and lower levels are associated with sedimentary rocks. There
are exceptions, however, as some shale and phosphate rocks
have a relatively high content of radionuclides [2]. When radio-
active material in rocks disintegrates through natural processes,
radionuclides are carried to soil by rain and flows [3]. In addi-
tion to the natural sources; soil radioactivity is also affected by
man-made activities.

The petrologic features of granitic rock associated with
a common major minerals contain very low U and Th contents.
Both occur primarily in certain accessory minerals (minute
inclusions in major minerals) in which they are either major
constituents or replace other elements [4,5]. The list of these
includes oxides (uraninite, thorianite), silicates (zircon, tho-
rite, allanite), phosphates (monazite, apatite, xenotime) and
titanosilicates (titanite minerals) [6,7]. The potassium content
of rocks also increases with acidity. Potassium is usually found
in potash feldspars, 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 background levels in
rocks from the 238U and 232Th series and from 4°K make simi-
lar contributions to the externally incident gamma radiation
where the median concentrations of 238U, 232Th and 4°K in the
earths crust lie from outer space around 35, 30 and 400 Bq/kg
respectively [8]. Secular equilibrium in the decay series (where
activities of all daughter nuclides are equal to the activity of
their respective parents) is rarely achieved in most surface and
near-surface geological environments, because nuclides of the
chains are subject to migration due to physical or chemical pro-
cesses [9]. Quantification of background levels of radio nuclides
is necessary to evaluate the potential environmental risk, to de-
termine the boundary of a contaminated area and to establish
its clean up level [10]. In terms of natural radioactivity, gran-
ites exhibit an enhanced elemental concentration of uranium
(U) and thorium (Th) compared to the very low abundance
of these elements observed in the mantle and the crust of the
Earth. Geologists provide an explanation of this behavior in
the course of partial melting and fractional crystallization of
magma, which enables U and Th to be concentrated in the
liquid phase and become incorporated into the more silica-rich
products. For that reason, igneous rocks of granitic composition
are strongly enriched in U and Th (on an average of 5 ppm of U
and 15 ppm of Th), compared to rocks of basaltic or ultramafic
composition (< 1 ppm of U) [6,11].

Distinct types of granites have different geological origins
and mineralogical compositions and may be either magmatic or
metamorphic rocks [12]. Concerning their compositions, grani-
tes are mixtures of minerals of visible multicolored grains. One
colour grains are typically encircled by grains of other colors,
e.g. gray quartz is close to pink orthoclase, white plagioclase
and dark mica. Every commercial granite contains feldspar
(hardness 6 in Mohs Scale) of various colours: white, pink, red,
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yellow, brown, green and gray. Feldspar grains are typically not
translucent and have a cleavage. Many granites, especially of
light colors, contain quartz (hardness 7 in Mohs Scale) with
gray (sometimes bluish) colour and the grains are glassy trans-
lucent without cleavage. Further, there are dark minerals such
as hornblende, pyroxene and biotite with black, dark green or
dark brown colours. These minerals have larger specific gravity
and lower hardness than feldspars and quartz. Granites, usually
suitable as building and ornamental materials [13] for interior
and exterior use, are hard natural stones that require harder
tools to be cut, shaped and polished.

Characterization of dismantled items with very low radio-
activity levels and intended for recycling or reuse can be an
extremely complex and expensive operation if their radiologi-
cal characteristics are unknown. In such circumstances, nu-
merous additional measurement and analysis methods must be
implemented to determine the activity of each radionuclide
liable to be present in or on the material. In order to opti-
mize the means required for characterization, it is essential to
determine beforehand the most possible accurate data on the
nature, composition, distribution and order of magnitude of
the actual radioactivity. Recycling of material is in most cases
a more “environmental friendly” option than producing new
material. Reuse of facilities is also advisable in most situations.
This calls for setting regulatory limits for recycling and reuse
at levels that balance the advantage of recycling and the risk
(including the radiation risk) of using the recycled material. All
building raw materials and products, including granite, derived
from rock and soil contain various amounts of mainly natural
radionuclides of the uranium 238U and thorium 232Th series,
and the radioactive isotope of potassium 4°K. In the 238U se-
ries, the decay chain segment starting from radium 226Ra is
radiologically the most important and, therefore, reference is
often made to 22°Ra instead of 238U. These radionuclides are
sources of the external and the internal radiation exposures in
dwellings. It is a common practice to use industrial by-prod-
ucts and recycle certain industrial residues and waste as raw
materials for the building industry. Concern for potential risks
arises where the residues used as raw materials for building
products are derived from NORM contaminated waste materi-
als. In order to assess the radiological hazards to human health,
it is important to study the radioactivity levels emitted by these
materials. This paper is dealing with the natural radioactivity
in association with the mineralogical and chemical features
of granites used as building materials in order to understand
the relationship between natural radioactivity and the radioac-
tive minerals present. We also carried out an assessment of
dose exposure based on activities of studied granites. The data
obtained from that study are essential for development of stan-
dards and guidelines concerning the use and management of
granite as a building materials.

1. Experimental methods
1.1. Sample collection and preparation

Samples of 11 different types of the main Egyptian com-
mercial granites were collected directly from the producers in
ten Egyptian State as shown in Fig. 1. We did so in order to
avoid eventual miss identifications of the granites, due to the
fact that in the stone markets there are examples in which dif-
ferent granites are sold as if they had the same commercial
name or in other words, the same granite has different names.
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Similarly it happens in the extraction zone that, some-times,
blocks of granites showing small heterogeneities due to the dis-
tribution of multicolored grains, are extracted from the same
mining area (in some cases, from the same rock out-cropping)
are classified with different commercial names, although their
basic mineralogical composition had not been changed. Thus,
all of these collected granite samples were classified in ac-
cordance to their colors, sites of extraction and mineralogical
compositions.

| S TR

G-GRANITE
F- FACTORIES

Fig. 1. Map of the Sampling Sites and Factories in Egypt

The samples were dried in an oven at 110 C° till constant dry
weight was obtained, crushed and homogenized. The homog-
enized samples were packed in a 250 ml plastic container to its
full volume with uniform mass. These containers were shielded
hermetically and externally to ensure that all daughter products
of uranium and thorium, in particular, radon gas formed, do
not escape. The net weight of the sample was determined before
counting. These samples were then stored for 30—40 days before
counting so as to ensure 220Ra and its short- lived progeny to
reach radioactive equilibrium [14—17].

1.2. Radioactivity Measurements

The activity concentration of the natural radioactivity 233U,
226Ra, 232Th and 4K in the samples were determined using a
high-resolution HPGe g-spectrometry system with 30% count-
ing efficiency. The resolution of this spectrometer was 1.89 keV
at 1332 keV g-rays of 9°Co. The efficiency calibration of the
gamma-ray spectrometer was performed with the radionuclide
specific efficiency method in order to avoid any uncertainty in
gamma-ray intensities as well as the influence of coincidence
summation and self-absorption effects of the emitting gamma
photons. A set of high quality certified reference materials
(IAEA, RG-set) was used, with densities similar to the building
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materials measured after pulverization. This was performed by
taking 250 cm3 counting vials filled up to a height of 7 cm,
which correspond to 170 cm3, with reference building materi-
als. The measurement duration was up to 80 000 sec and were
carried out in the Laboratory of Atomic and Nuclear Physics,
Department of Physics, Suez Canal University.

The obtained spectra were analyzed with the use of Canberra
Genie 2000 software version 3.0. The determination of the pres-
ence of radionuclides and calculation of their activities were
based on the following gamma-ray transitions (in keV): the
226R g activities (or 238U activities for samples assumed to be in
radioactive equilibrium) were estimated from 234Th (92.38 keV,
5.6 %),while g-energies of 214Pb (351.9 keV, 35.8 %) and 214Bi
(609.3, 45 %),(1764.5 keV, 17 %) and?2°Ra (185.99 KeV, 3.5 %)
were used to estimate the concentration of 226Ra. The gamma-
ray energies of 212Pb (238.6 keV, 45 %), and 228Ac (338.4 keV,
12.3 %), (911.07 keV, 29 %), (968.90 keV, 17 %) were used to
estimate the concentration of 232Th. The natural abundance
of 235U is only 0.72 % of the total uranium content and hence
was not considered in the present study. The activity concen-
trations of 40K were measured directly by its own gamma rays
(1460.8 keV, 10.7 %).

In order to determine the background distribution due to
naturally occurring radionuclides in the environment around
the detector, an empty polystyrene container was counted in
the same manner as the samples. The activity concentrations
were calculated after measurement and subtraction of the back-
ground. The activities were determined from measuring their
respective decay daughters [18].The activity concentrations were
calculated from the intensity of each line taking into account
the mass of the sample, the branching ratios of the g-decay, the
time of counting and the efficiencies of the detector [19,20].
The activity concentrations of the investigated samples were cal-
culated from equation (1):

A=(CSP),,,/IxE;xM, 0

where A is the activity concentration in Bq/kg, (cps)net is the
(count per second) and equal {(cps)sample (cps)B.g}, 1 is the
intensity of the y-line in a radionuclide, E is the measured
efficiency for each y-line observed and M is the mass of the
sample in kilograms.

The correction for the contribution of 232Th via its daughter
nuclide 228Ac (1459.2 keV peak) to the 1460.8 keV peak of 4°K
was made according to [21]:

The error in 40K activity (%) = 9.3(Ar,/Ak), )

where Aq, and Ay are the activity concentration of 232Th and
40K, respectively, in Bg- kg!l.

1.3. Mineralogical Measurements

Compositions Assessment using EDEX Technique. Energy-
dispersive X-ray spectroscopy, (EDS or EDX) is an analytical
technique used for the elemental analysis or chemical charac-
terization of a sample. It is one of the variants of X-ray fluo-
rescence spectroscopy analyzing X-rays emitted by the matter
in response to being hit with charged particles, e.g. in SEM
the sample is subjected to an energetic electron beam (20 keV)
resulting in production of characteristic X-rays from the sample.
The number and energy of the X-rays emitted from a specimen
can be measured by an energy-dispersive spectrometer. As the
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energy of the X-rays is characteristic of the difference in energy
between the two shells, and of the atomic structure of the ele-
ment from which they were emitted, this allows the elemental
composition of the specimen to be measured. The samples were
grounded to an as fine particle size as possible in a laboratory
mill. The resulting powder was pressed into pellets of 40 mm
diameter and 5 mm thickness. The main mineralogical compo-
sition of the granite samples were determined from the XRD
analysis using a powdered X-ray diffractometer (model XD-DI,
Shimadzu, Japan) equipped with a copper target and nickel
filter.

2. Results and discussion
2.1. Elemental analysis

Chemical composition of samples shows in Table 1 which
forgets by using analysis (EDEX). It can be observed that in
all of them, Si is the predominant, followed by Al and other
elements such as Mg, Na, S, Ti,Zn, Cu, K, Cl and Fe are also
present. Since the majority of the examined samples have gra-
nitic composition, the K concentration of the rocks is expected
to be generally high. Indeed, only G(7) and G(9) samples, hav-
ing gabbroic and monzodioritic (basic) composition, respec-
tively. Based on that G(9) shows 40K activity concentrations
lower than that of the regular soil in contrast to the rest samples
showing values as high as two to four times the regular soil 40K
activity concentration Table 2.

Another interesting point is that the red colored granite
samples, i.e. G(1,2, 5,6) Table 1, are highly radioactive. The red
color of feldspars is due to hematite inclusions [22]. According
to [23], hematite could be radioactive containing uranium.
Thus, it is possible that hematite inclusions in feldspars might
contribute insignificantly to the level of natural radioactivity
of G(4), G(5), and G(6)red granites. However, no data are
available to support this suggestion. Although G (7) presents
a significant amount of iron, it has been expressed in terms of
Fe (14.24 wt.%), activity index (Ig = 1.87) relatively low com-
pared to other samples Which can be interpreted as, some iron
consists of fine, abrasive shoot particles used in the granite
cutting operation. Iron oxide is an auxiliary fluxing agent and
is responsible for the reddish color of sintered products. The
significant amount of iron is responsible for a darker coloring
of the sintered samples. As for the other highly radioactive
samples, one of them was light gray G(11), one was white G(10)
and one was pink G(4).

The granite samples reject are formed basically by SiO,,
Al,O;, Fe,0;, K,0 and CaO, with small amounts of MgO,
CuO, SO;, ZnO and Na,O[24]. As it was pointed out, Table 1,
K-rich minerals (K- feldspars and biotite) are main rock-form-
ing mineral constituents of almost all the rocks. Hence, the
K-rich minerals contribute to the level of the natural radioactiv-
ity of the samples investigated. Among the accessory minerals
of the samples, the ones containing uranium or thorium, and
hence considered as radioactive [23], are shown in Table 1 along
with the activity index (Ig). Such high indices suggest a potential
high external dose rates associated with these significant natu-
rally occurring radio nuclides.

X-ray diffraction technique has been used to investigate
the structure and characteristics of the prepared samples. The
obtained x- ray diffraction patterns of the investigated pow-
der samples are shown in figure 2. The XRD analysis showed
three main peaks characteristic of calcium and silicate minerals,
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Table 1: Chemical Composition of Granite Samples ( wt.%)

Sample Region C"'“‘Eferfni::lt“ame Na | Al si | s| a | ko | ca | Mn | Fe | cu | zn L,
G(1) | Halyb&Chalteen| Halyb&Chalteen| 8.73 | 12.55| 56.45| 0.15| 0.20 | 7.40 | 273 | 045 | 9.89 | 0.84 | 0.87 | 2.46
G(2) Aswan RedKamek 2.67| 998 | 67.20| 0.29| 0.51 | 8.10 | 3.18 | 0.16 | 6.35 | 0.76 | 0.80 | 2.22
G(3) Aswan GreenFardey | 4.29| 10.39 | 68.01| 0.34| 0.28 6.3 5.37 - 222 | 1.30 | 1.36 | 2.13
G@4) Aswan RozaHodey 8.63| 13.10 | 60.36 | 0.20| 0.27 | 8.84 | 1.62 | 0.20 | 6.60 | 0.15 | 0.03 | 2.93
G(5) Aswan GandoulaRed | 2.83| 10.29 | 6591 | 0.23| 0.13 | 7.60 | 7.01 | 0.07 | 425 | 0.84 | 0.83 | 3.25
G(6) RedSea BrownElqusar | 0.87| 9.62 | 68.32| 0.28| 029 | 9.42 | 463 | 0.09 | 415 | 1.16 | 1.17 | 3.24
G(7) Aswan Gandoul - 10.12 | 59.64 | 0.21| 023 | 4.61 | 12.14| 0.35 | 1424 | 039 | 042 | 1.87
G(8) Aswan RamadyAswan | 3.70 | 9.78 | 67.43 | 0.24| 0.32 | 874 | 453 | 0.05| 3.13 | 1.07 | 1.00 | 2.06
G(©9) Aswan Black 2.54| 790 | 73.86| 0.32| 0.17 2.6 5.67 - 490 | 143 | 0.79 | 1.41
G(10) Aswan Royal 6.80| 14.52 | 56.77 | 0.08| 0.24 | 11.01 | 5.55 0.22 | 299 0.86 | 0.96 2.71
G(11) Aswan Fray 1.69 | 10.54 | 66.15| - - 833 | 429 | 023 | 627 | 099 | 1.65 | 2.09
Q
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Fig. 2. XRD Patterns of Granite Samples (Q: quartz, M: mica, F: feldspars)

while other minor phases are attributed to metallic impurities.
This figure reveals that for Table 1 there is diffraction peaks; the
samples are found in the crystalline states.

Fig. 2 shows the XRD patterns of the granite samples.
These diffraction patterns indicate that the presence of a mi-
caceous mineral, amphibole, quartz, plagioclase (calcium—so-
dium feldspar) and potash feldspar can be observed in the
granite samples. Both the micaceous mineral and feldspar
are the sources of K,O and Na,O. In the granite waste, the
presence of quartz, mica, plagioclases and microcline was ob-
served. The results from Fig. 2 show that the silica is major in
different samples (0 = 27).
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2.2. Activity Concentration Analysis (A)

The activity concentrations vary from site to site, which
means a large variation in chemical and mineralogical proper-
ties [24]. In all sampling sites, activity concentrations are in or-
der 232Th < 238U < 49K In particular G(4), G(5) and G(6),the
activity concentrations of 238U is high, which could be due to
the solubility and mobility of U (VI)O, 2% [25]. Increasing con-
centrations of 232Th and 4°K may be due to the high content of
monazite [26].However in some sites the concentration of 232Th
is higher than world average value, indicating that monazite may
exist at that site.
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Table 2. Activity Concentration for Different Egyptian Granite Samples of U, Ra, Th and K in (Bq | Kg), for (U, Th)

in (PPm), (K) in (%) and Clark Values (Ratio of Th to U). Uncertainties are Given Within One Standard Deviation.

Th/U Ag(%) Aqp(ppm) A,(ppm) Ay (Ba/Kg) Aqp(Ba/Kg) Ag.(Ba/Kg) A,(Bq/Kg) | Sample
0.16 3.2610.04 8.80+0.71 18.35£1.04 1034.76+12.2 35.63+2.8 212.71£13.9 228.42+13.0 G(1)
0.23 3.70£0.06 8.05+£0.48 11.5940.83 1172.04+19.9 32.58+1.9 167.67+19.6 144.34+10.3 G(2)
0.22 2.63+0.05 6.75%1.0 10.13%£0.81 834.16116.7 27.3314.0 194.44+17.9 126.10£10.1 G(@3)
0.20 3.94+0.07 12.18%1.18 19.81£1.62 1248.64+20.9 49.33+4.7 240.78+21.4 246.58+20.2 | G(4)
0.29 3.61+0.06 18.70x1.28 21.08%+1.66 1144.64£19.0 75.71£5.1 258.96+22.2 262.40+£20.7 | G(5)
0.20 3.9510.07 15.47+1.17 25.47+1.73 1254.80£21.1 62.64+4.7 267.20+29.8 317.02+21.6 G(6)
0.17 1.94%0.05 6.76+0.98 12.65+1.38 615.92+14.4 27.36+3.9 178.45£17.7 157.42£17.2 G(7)
0.20 3.9410.07 5.49+1.2 9.11+0.87 1250.16£22.6 22.2414.8 150.83£19.1 113.46x10.8 G(8)
0.09 1.11£0.04 2.47%0.77 9.334+0.68 353.08%+11.6 10.00£3.1 161.40+15.6 116.16£8.5 G(©9)
0.26 4.61+0.07 10.69+£1.13 13.31£0.93 1462.00+£22.3 43.26+4.5 194.761+20.5 165.68t11.6 | G(10)
0.11 3.78+0.06 3.52+0.53 9.97+0.76 1197.52+19.8 14.26+2.1 172.49+16.7 124.161£9.4 G(11)
0.19 3.32+0.06 8.99+0.95 14.62%1.1 1051.61£18.2 36.39£3.8 199.97£19.5 181.98+£13.9 |Average

The activity concentrations (Bq/kg) of 238U, 226Ra, 232Th
and 49K along with the average values for the 11 granite exam-
ined samples collected from suppliers, grinding plants and fac-
tories in Egypt are presented in Table 2, where it is clear that the
concentrations of 238U and 226Ra are higher than that of 232Th.
The concentration of 238U ranged from 113.46 to 317.02 (Bg/kg)
and The concentration of 22°Ra ranges from 150.83 to
267.20 (Bq/kg) while the concentration of 232Th ranges from
10.00 to 75.71 (Bq/kg). The uranium concentration increases
until it reaches its maximum value at locations G(6) and G(5)
then it begins to decrease. The obtained results for 238U for all
samples are higher than the permissible levels [27] of (35, 35,30
and 370) Bq/kg. Concerning “°K the activity concentrations are
high in all locations except G(9) location. Regarding 232Th, five
of the samples G(3,7,8,9,11) show activity concentrations lower
than the regular soil (lower than the minimum detectable activ-
ity up to 30 Bq kg'!). Sample G(6) show activity concentration
value higher than the double of the regular soil 62.64 Bq kg'!
value. Since the majority of the examined samples have granitic
composition the 49K activity concentration of the rocks is ex-
pected to be generally high. Indeed, only G(9), having gabbroic
and monzodioritic (basic) composition, show lower 40K activity
concentrations than these of the regular soil. The rest samples
showing values as high as two to four times the regular soil of
40K activity concentration Table 2.

Table 2 presents also the activity concentration of 238U, and
232Th as well as 4K (Bq/kg) were converted to concentrations
of 238U and 232Th in (ppm) as well as 4°K in % using the
conversion factors given by [28], showing that they range from
9.11 to 25.47 (ppm), from 2.47 to 18.70 (ppm),and from 1.11 to
4.61(%) respectively. Since Th and U elements are considered
because of radioactive toxicity, it is important to check if they
are above the international levels or not. Permissible concentra-
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tions of Th and U in the building materials should not exceed
the internationally accepted levels of 20 and 10 mg/kg, respec-
tively [29]. The mean obtained values for U are not within the
international accepted values in general. It is also clear that the
ratio 232Th/238U is less than 3.5 (Clark’s value), which denotes
enrichment of uranium in the area under investigation. The
activity concentrations of 238U, 226Ra, 232Th and 4°K of the
examined samples are compared as shown in Fig. 3.

Fig.3. Histogram Comparing The
Activity Concentration For U,Ra,Th and
Kin The Granite Samples.
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Fig. 3. Histogram comparing the activity concentration
for U, Ra, Th and K in the Granite samples

The average activity concentrations of the natural radionu-
clides of granites from different countries all over the world
are shown in Table 3 for comparison, was reported by [30]. It
is clear that the average activity concentrations of 238U,226Ra,
232Th and 49K of the samples in the present study are slightly
higher (181.98, 199.97, 36.39 and 1051.61 Bq kg'!, respectively)
than those reported by [30] for granites from different coun-
tries all over the world (42, 73 and 1055 Bq kg'!, respectively).
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Table 3. Comparison of Radionuclide Concentrations (Bq kg™') in Granite Samples with those Obtained

in other Published Data, (The Average Activity Concentrations for Regular Soil are also Shown)

References A, (Bq/Kg) | Ag,(Bq/Kg) | Ay (Bq/Kg) | A, (Bq/Kg) Country Location
Chen and Lin (1996) [30] ) ) 73 1055 Coﬁfrrizfealfl“ﬁfitflfzrsv‘gﬂ 4| Chen and Lin (1996)
UNSCEAR (2000) [27] 35 35 30 400 - gfﬁgﬁrsz‘;ﬂ;
Tzortzis et al. (2003) [4] 1—588 1-906 50—1606 Cyprus Cyprus
El-Arabi (2005) [31] - 10-90 98—160 73-102 Egypt W.Allaki
Anjos et al. (2004) [32] - 43—651 51-351 418—1618 Turkey Turkey
Orgun et al. (2005) [26] - 31 73 1648 Brazil Brazil
Ahmed et al. (2006) [33] 25-59 28—759 970—1280 Egypt Wadi El-Gemal
S.Fares et al. 181.98 199.97 36.39 1051.61 Egypt Present work

This comparison was indicate that the variations in activity
concentrations of radium isotopes content in NORM samples of
different origins could be due to geological considerations.

lated for the standard room model of a rectangular parallelepiped
on house building 3m x 3m x 3m, with infinite thin walls without
doors and windows was of dimensions commonly considered [2].

The g-radiation doses are due to the sample content of ra-
dionuclides which can be estimated by employing the conve-
2.3. Calculation of Radiological Effects nient formula [34]:

2.3.1. Absorbed Gamma Dose Rate (D)

In order to assess the radiological impact of granites used
as building materials. In the UNSCEAR and the European
Commissions reports, the dose conversion coefficients were calcu-

D = (0.621Ap, + 0.462A,, + 0.0417A,) nGyh™!,  (3)

where A, Ag, and Ay represent the activity concentra-
tions of 232Th, 226Ra and 4°K in Bgkg™' respectively, The ab-

Table 4. Absorbed Dose Rate D (nGy h-'), Annual Effective Dose Rate D g (mSv y™!)
and the Internal and External Hazard Indices for Different Granite Samples

Hey Hin sy sy (wGy/h Sample
0.93+0.05 1.50%0.08 0.84%+0.05 0.21+0.012 170.81£10.4 G(1)
0.82+0.04 1.28%+0.07 0.67+0.07 0.17£0.017 135.79+£13.9 G(2)
0.80£0.05 1.33+£0.07 0.54%0.07 0.13+0.015 110.01+13.6 G(3)
1.10+0.08 1.75£0.13 0.961+0.08 0.24%+0.020 196.62+16.3 G@4)
1.23£0.08 1.93+0.14 1.06+0.08 0.26%0.021 215.98+16.9 G(5)
1.224+0.08 1.95+0.14 1.17£0.08 0.294+0.020 237.69£16.5 G(6)
0.72+0.06 1.20%0.11 0.574+0.06 0.144+0.016 115.40£13.4 G(7)
0.7540.05 1.16+0.08 0.58+0.07 0.1540.019 118.36215.0 G@®)
0.55+0.04 0.98+0.06 0.37+0.06 0.09+0.014 74.60£11.6 G(©9)
1.00£0.05 1.52+0.09 0.81£0.08 0.20+0.018 164.37£15.7 G(10)
0.77+0.04 1.24%+0.06 0.57£0.06 0.14%£0.015 116.15+12.2 G(11)
0.90+0.06 1.44+0.09 0.74+£0.07 0.184+0.017 150.53£14.1 Average
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sorbed gamma dose rates in air 1m above the ground surface
for the uniform distribution of radionuclides (332Th, 238U, and
40K) were computed on the basis of guidelines provided by
UNSCEAR [1993, 2000] [2, 27]. The conversion factors used
to compute absorbed gamma dose rates (D) in air per unit
activity concentration in (1Bqkg™!) samples are 0.621 nGyh™!
for 232Th, 0.462 nGyh™! for 238U, and 0.0417 nGyh™! for 40K
[35-37].The recommended acceptable total absorbed dose rate
by the workers in areas containing g-radiations from 233U and
232Th series and their respective decay progenies, as well as 49K,
must not exceed 55 nGy/h [2]. It is obvious that the calculated
total absorbed dose rates for all waste samples are higher than
the accepted dose levels. It is clear that the absorbed dose rates
depend on the activities of g-emitters (e.g. 226Ra, 232Th 40K.
Therefore, the total absorbed dose rate values increase with the
activity concentration, and consequently enhances the radiolog-
ical impact on the workers in the building material industries.

The absorbed dose rates in indoor air calculated from the
measured activities in granite samples are also given in Table 4
(column 2) for the different granite types and the regions from
where they were collected. The absorbed dose rates in indoor
air were found to vary from 74.60 to 237.69 nGy h-! with a
mean value of 150.53 nGy h™!. Average absorbed dose rates for
all samples are higher than the world average value of 55nGy/h
[27]. Studies indicate an average outdoor terrestrial gamma dose
rate of 60 nGy/h in the world ranging from 10 to 200 nGy/h
[3].From the present work we found that the average terres-
trial gamma dose rate is 150.53 nGy/h which is higher than the
world average.

2.3.2. The Annual Effective Dose Equivalent (Def)

The annual effective dose equivalent received lgy a member
has been calculated from the absorbed dose rate by applying
dose conversion factor of 0.7 Sv/Gy and the occupancy factor
for outdoor and indoor as 0.2(5/24) and 0.8(19/24), respectively
[38] using the following equations:

D (Outdoor) (mSv/y) =
= (Absorbed dose) nGy/h - 8760h - 0.7 Sv/Gy - 0.2 x10°°,  (4)

D (Indoor) (mSv/y) =
= (Absorbed dose) nGy/h - 8760h - 0.7 Sv/Gy - 0.8x10°°.  (5)

The calculated outdoor and indoor D values are given in
Table 4. The minimum, the maximum and the average values for
outdoorare0.09 mSv/y,0.29mSv/yand0.18 mSv/y, respectivelyand
the corresponding indoor values are 0.37 mSv/y, 1.17 mSv/y
and 0.74 mSv/y respectively. Table 5 shows the absorbed dose
rate D (nGy h'!) and the annual effective dose D (mSv y-1)
estimated for the examined granite samples. The annual effec-
tive dose limit was considered to be 1 mSv. It was concluded
that the absorbed dose rates for people living in dwellings made
of the examined granites would be higher than the absorbed
dose rates for those living in dwellings made of building ma-
terials having the regular soil composition. All samples have
40K activity concentrations higher than the double those of the
regular soil values, except sample G(9) with activity concentra-
tions of 353.08 Bq/Kg. Moreover samples G(4), G(5) and G(6)
have 232Th, 238U and 226Ra, activity concentrations higher than
double those of the regular soil concentrations. Finally Samples
G(5) and G(6) gave annual effective dose higher than 1 mSv/y,
which characterized by the highest activity concentrations for
all the measured radionuclides.
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Table 5. The Calculated Radium Equivalent Ra, 4 (Ba/Kg),
Gamma and Alpha Activity Indices (Iy, Io), ELCR

ELCR10-3 1,<1 L<1 (Bl:?fé'g) Sample
0.73 1.06+0.07 2.4610.13 343.34£18.8 G(1)
0.58 0.84%0.10 2.2240.16 304.51+£23.8 G(2)
0.47 0.97£0.09 2.13%+0.17 297.75+24.9 G(@3)
0.84 1.20+0.11 2.93+0.20 407.47£29.7 G#4)
0.93 1.2910.11 3.25+0.21 455.36%30.9 G(5)
1.02 1.34+0.15 3.2440.26 453.39+38.1 G(6)
0.50 0.89+0.09 1.87£0.17 265.00+24.4 G(7)
0.51 0.75+0.10 2.06+0.19 278.90+27.7 G(8)
0.32 0.81£0.08 1.41+0.14 202.89+20.9 G(©)
0.71 0.97£0.10 2.71£0.20 369.20+28.7 | G(10)
0.50 0.86%0.08 2.09+0.15 285.09+21.2 | G(11)
0.65 1.00£0.09 2.40£0.18 332.99+26.3 | Average

2.3.3. Radiological Hazard Indices (Hin—Hex)

The Gamma ray radiation hazard indices from radionuclides
in granite samples have been calculated. Even though total ac-
tivity concentration of radionuclides is calculated, it does not
provide the exact indication about the total radiation hazards.
Also these hazard indices are used to select the right materials.

Hazard Indices (H,, and H;,), represent the external and in-
ternal radiation hazards. These indices were calculated [39, 40].
As given in Table 4 according to the following criterion:

H,, = (Ay/370 + Ay, /259 + A, /4810) < 1, (©)
H,, = (A/185 + A, /259 + A, /4810) < 1, 0]

where Ay Ap, and Ay are the mean activity concentrations of
238U, 232Th and 4°K in Bq/Kg respectively. The values of these
indices must be less than unity in order to keep the radiation
hazard insignificant. The maximum value of H,, equal to unity
corresponds to the upper limit of Raeq (370 Bq kg'!). In addi-
tion to the external hazard, radon and its short-lived products
are also hazardous to the respiratory organs. The internal ex-
posure to radon and its daughter products is quantified by the
internal hazard index (H;,) which is given by the equation (7).
The H,, and an internal hazard index H,, which controls the
internal exposure to radon (?22Rn) and its daughter products
are similarly determined.

The values of H, for the studied granite samples range from
0.55 to 1.23, with an average value of 0.9, are less than unity.
While the values of H; for the studied granite samples are high-
er than unity except for sample G(9) as its mean value is 0.98,
Table 4. Hence the annual effective dose due to radioactivity in
the samples studied is less than 1.5 mSv y L. Indoor radon levels
will probably increase with increasing concentrations of 226Ra
(or uranium) in the soils (or in building materials).

Sloepna ma padiayiiuna 6e3nexa 1(53).2012




Opram/l3au1/m HAayYHO-TEXHHUYCCKOI'0 COIMPOBOXACHUA pa3BUTUA HZ[epHOf/’I OHEPIreTUKU U UCIIOJIb30BaHUA paauallMOHHBIX TEXHOJIOT U

2.4. Assessment of Radiation Hazard From Granite Samples

2.4.1. Radium equivalent activity (Raeq)

It is important to assess the gamma radiation hazards to
persons associated with the used sand, limestone, shale and
granite for building materials. To represent the activities due
to 226Ra, 232Th and 4%K by a single quantity which takes into
account the radiation hazards which may be caused a common
index called the radium equivalent activity (Raeq) in Bqkg! has
been introduced, defined as:

Rag, = Ap, + 143 Ag, + 0.077A, @®)

where Agp., Ap, and Ay are the activity concentrations of
226Ra,232Th and 4°K in Bgkg'!, respectively. While defining
Ra_ , it has been assumed that 1 Bq kg! of 226Ra, 0.7 Bq kg™!
of 252Th and 13 Bq kglof 40K produce the same gamma-ray
dose [39, 41, 42].

The world average of Raeq in soils is 89 Bq kg! [43]. As
reference, the permissible dose limit for public which is recom-
mended by ICRP (1991) [44] is 1.5 mSv y! or equivalent to
370 Bq kg'1.The mean calculated Ra,  values are shown in Table
5 for the different granite types an?‘l the regions from where
they were collected. The minimum (202.89 Bq kg!) and the
maximum (455.36 Bq kg!) values of Raeq were found in G(9)
and G(5) granite types, respectively. The mean Ra_, values of
all the measured samples were almost lower than the ?leit value
of 370 Bq kg! recommended by the Organization for Economic
Cooperation and Development.

2.4.2. Activity Indices {Gamma-index (Iy) and Alpha Index ( Io,)}:

A number of indices dealing with the assessment of the exter-
nal and internal radiations originating from building materials
and gamma concentration indexes have been proposed by several
investigators [45—48]. In this study, the gamma-index was calcu-
lated as proposed by the European Commission (EC, 1999):

I,= A, /150 + Apy /100 + Ay /1500, ©)

where Ag,, Apy, and Ay are the activity concentrations of >26Ra,
232Th and 40K in Bqkg™!, respectively. The mean values of Ig
calculated from the measured activity concentrations of 22°Ra,
232Th and 40K are presented in Table 5 for different granite types
and the regions from where they were collected. The calculated
values of Ig for the studied samples varied in the range between
1.41-3.25 for granite types are higher than the critical value of
unity. The mean calculated values of Ig for the studied samples
values varied in the range between G(5)— G(9) for all types of
granite which were higher than the critical value of unity.

I, <1 corresponds to a dose creation of 1 mSv y'!, while
I, < 0.5 corresponds to 0.3 mSv y'l. The values of the activity
index (I,) are shown in the third column of Table 5. It is clear
form in g”I"able 5 that the mean value of the activity index Ig is
2.40, which is higher than the upper limit for Ig.

In Table 5 are summarized the activity indices (I,) based on
the dose calculation using the standard room model. However,
this is not realistic since granite rocks are usually used in small
quantities on floors or exterior walls of buildings, tables and
various decorations in living rooms. Since, only a small portion
of the materials in a typical building is granite, [30] used a rein-
forced concrete living room of 6 m x4 mx 3 m with 0.2 m thick
wall and 0.02 m thick granite floor as a more reasonable model.
The granite material in this construction was estimated to be
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only 2.2 % of the total weight. Using their own equation which
takes into account the number of different kinds of the building
materials, their weight ratio, and the specific activities of238U,
226Ra, 232Th and 4°K in them, they found that the calculated
activity index for their worst granite sample, based on the stan-
dard room model (No. 3, with activity index (I,) = 1.57, their
Table 3), is Ig = (.38, which is far below 1. They also found that
if the activity of sample No. 3 increases 10 times i.e (Ig = 15.7),
the corresponding activity index will be only I, = 0.62. The
highest 1 -value of our investigated samples (based on the stan-
dard room model) is 3.24 {G(6), Table 5}, far below 15.7, which
corresponding to an I < 0.62. From the above calculations,
granites used in Egypt as building materials would not induce
an activity level exceeding the 1 mSv y'! dose limit.

So far, several alpha indices have been proposed to assess
the exposure level due to radon inhalation originating from
building materials [8]. The alpha index was determined using
the following formula:

I, = Ag,/200 (Bq kg™, (10)
where Ap, (Bq kg™) is the activity concentration of 22°Ra as-
sumed in equilibrium with 238U. The recommended exemp-
tion and upper level of 226Ra activity concentrations in building
materials are 100 and 200 Bq kg™!, respectively, as suggested by
[49]. These considerations are reflected in the alpha index. The
recommended upper limit concentration of 226Ra is 200 Bq kg!,
for which I = 1.

The mean computed I values for the studied samples are
given in Table 5 for the different granite types and the regions
where they were collected. The values of I, ranged from (0.75 to
1.34), with the mean value of 1.00. For the safe use of a material
in the construction of dwellings, I, should be less than unity.
The mean calculated values were equal unity.

2.4.3. Excess Lifetime Cancer Risk (ELCR)
Excess Lifetime Cancer Risk (ELCR) has been calculated
using the equation below and is shown in Table 5.
ELCR = D x DL x RF, (11)
where D, DL and RF are the annual effective dose equivalent,
the duration of life (70 years) and the risk factor (Sv'!), fatal
cancer risk per sievert. For stochastic effects, [44] uses values
of 0.05 for the public [3]. The range of ELCR is 0.32 x 103 to
1.02 x 10-3 with an average of 0.65 x 10-3. Average ELCR for all
samples is higher than the world average (0.29 x 10-3 ). Which
means that all samples have higher ELCR value.

Conclusions

The activities of the natural radionuclides 238U, 226Ra, 232Th
and 4K in the granite samples collected from suppliers, grind-
ing plants and factories in Egypt were measured by using the
technique of gamma-ray spectroscopy with HPGe detector.
The results may be useful in the assessment of the exposures
and the radiation doses due to the natural radioactive element
contents in granite sample. Analysis was carried out to examine
its impact on human health and the environment.

The activity concentrations of 238U, 226Ra, 232Th and
40K of most of the granites exceed the average level of these
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radionuclides in regular soil 35 Bg- kg'!, 35Bgkg!l, 30 Bg- kg'!
and 400 Bqkg'!, respectively. The corresponding absorbed dose
rate from all those radionuclides also exceeds significantly the
average value of 55 nGy h'! from these terrestrial radionuclides
in regular soil. Although the annual effective dose is higher than
the limit of 1 mSv y! for some studied granites, in particular the
samples G(4), G(5) and G(6), they could be used safely as build-
ing materials, considering that their contribution in most of the
house constructions is very low, as we suggest in section 3.3.2.

The high level of natural radioactivity of the investigated
granites is connected with the presence of both the K-rich min-
erals (K-feldspars, biotite) and accessories (monazite, zircon,
apatite, titanite, allanite and hematite) which are mainly found
in granitic rocks. This justifies the low level of radioactivity of
the sample G(9), deviating from the granitic composition, which
means that they do not contain K-rich minerals and the above
accessories. Obtained values show that the mean radium equiv-
alent activities (Ra,,), gamma indices (I,), alpha indices (I,),
the indoor absorbed dose rate (D) and the annual effective dose
rate (D) outdoor — indoor, in granite samples are 332.99 Bq
kgl 2.4, 1.00, 150.53 nGy h™! and (0.18—0.74) mSvy!, respec-
tively. The results show that the activity concentrations were
not within the acceptable limits and the use of granite in the
construction of buildings may be rise to any significant radia-
tion exposure to the occupants.

Large variation among the radioactivity concentration for
different sites has been observed, which might be a source for
granite used for cladding and decoration of buildings in cities.
It may be due to geological condition. The highest concentra-
tion was observed in Aswan city and Red sea area, the samples
G(4), G(5) and G(6). The present study has pointed out the en-
hanced activity areas under investigation need further studies in
order to better understand the presence of high dose rate. Any
changes or increased to the dose rates in future we can deduce
that contamination have taken place. The data can be used as a
base line for preparing a radiological map of Egypt.
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