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Abstract — The use of granite as a building material is a potential source of excessive radiation; therefore, natural
radioactivity was measured in Nagarparkar granite using a HPGe y-ray spectrometer. The average activities of >*°Ra,
232Th and *°K were found to be 25.93, 41.84 and 867.09 Bq.kg™', respectively. Based on the activities of *Ra, 2**Th
and “°K, assessment of the radiation indices, annual effective dose and excess lifetime cancer risk was made. All of
these were found to be comparable with the worldwide granite averages. Overall, Nagarparkar granite, Pakistan, was
evaluated as a safe building material. Based on the radiation indices, annual effective dose and excess life time cancer
risk, Nagarparkar granite was found to be the 7th safest building material among the world’s granites. In granites of
Pakistan, radioactivity increases from south to north. The granites with high radioactivity are located in the Eurasian-

Indian Plate collision zone in Northern Pakistan.
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1 Introduction

Granites were extensively used for construction pur-
poses in the uplands of Dartmoor National Park, the United
Kingdom, and many other European countries during the
Neolithic and early Bronze Age, medieval period and into
modern times. Current studies show that granite dwellings may
not be suitable for human habitation due to y-radiation and the
radon concentration. However, due to their durability and es-
thetic nature, granites are still widely used as a building mate-
rial the world over.

In Pakistan, granites are found in Gilgit, Dir, Chital,
Kohistan, Swat, Malakand, Swabi, Mansehra, Chagahi and
Nagarparkar, where they are used as a basic construction ma-
terial. In urban areas they are used as kitchen counters and
vanity tops, flooring tiles, facing material for interior and ex-
terior decoration, etc. Although it has not been specifically
measured, it is generally estimated that there are more than
1000 billion tons of granite reserves in Pakistan. Mansehra
and Nagarparkar granites are known to be large-scale superior-
quality deposits. Apart from local use, Nagarparkar granite is
exported to the Middle East and other countries.

Wynne (1867) first reported the occurrence of Nagarparkar
granite, located in the extreme southeast corner of Pakistan. It
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is located about 400 km to the southeast of Karachi, at 24° 21’
17”N and 70° 45" 15”E (Ali et al., 2012) (Figure 1). Kazmi
and Khan (1973) assigned a Precambrian age to these rocks.
Pathan and Rais (1975) proposed that these rocks are the west-
ern continuation of similar rocks exposed in the Indian Shield
region, connected at depth through a batholithic mass.

Granites contain ~0.5-4.7 ppm of uranium, ~1.6—
10.7 ppm of thorium and ~37-1100 ppm of radioactive potas-
sium (Faure, 1986; Menegar et al., 1993). The presence of ex-
cessive activities of >*Ra, >*Th and “°K (primordial radionu-
clides) in granites are a potential source of radiation. Studies
the world over have shown that the use of granites as a build-
ing material has a potential health risk. Therefore, radioactiv-
ity was measured in Nagarparkar granite using a HPGe y-ray
spectrometer to assess its suitability as a building material.
The radioactivity measured in the Nagarparkar granite sam-
ples was compared with granites exposed at 50 locations in the
world. Based on the limit values of various radiation indices,
the annual effective dose and the excess lifetime cancer risk,
the world’s granites were divided into three categories for var-
ious uses. The radioactivity of Nagarparkar granite occurring
in the intra-plate environment was compared with three other
granites of Pakistan associated with the Eurasian-Indian Plate
collision zone located in the Himalayan Ranges of Northern
Pakistan.
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Figure 1. Location of the Nagarparkar granite in the southeast corner of Pakistan. It lies about 400 km to the southeast of Karachi at 24° 21’

17”N and 70° 45" 15”E (Wynne, 1867; Ali et al., 2012).

2 Material and methods
2.1 Sample collection and preparation

Twenty samples were collected from the Nagarparkar
granite. The samples were crushed into small pieces, washed
with water to remove the dust and sun-dried. The samples
were then smashed and passed through a sieve of 200 um-
sized mesh to convert them into powder. The samples were
then dried in an oven at 110 °C for 24 h (Benke and Kearfott,
1999; Yang et al., 2005) and sealed in polyethylene Marinelli
beakers as per the procedure described in the literature (Le
et al., 2001; Akhtar et al., 2005; Tufail et al., 2007). The
net weight of each sample was noted. The reference material
RG1 obtained from the Analytical Quality Control Services of
the International Atomic Energy Agency was also packed in
a Marinelli beaker. The samples and reference material RG1
were stored for 45 days to achieve secular equilibrium between
226Ra and 2*2Rn (Tufail er al., 2006).

2.2 Activity measurements

A high-purity germanium (HPGe) y-ray spectrometer cou-
pled with a PC-based multi-channel analyzer (MCA) along
with a spectroscopy amplifier was employed for the measure-
ment of the activity concentrations of **Ra, 23>Th and “°K
in the samples. The detector had vertical dipstick geometry
with a liquid nitrogen cooling arrangement. The diameter of
the HPGe crystal was 59 mm and its length was 53.4 mm.
The photopeak efficiency of the detector relative to 5 cm X
5 cm Nal (Tl) was about 52.3% and the energy resolution
was 1.85 keV (FWHM) for the 1.33 MeV y-transition of a

%0Co point source. The detector was kept in a cylindrical cav-
ity shielded with a lead and aluminum lining for protection
against outer radiation (Khan et al., 1998).

The system was calibrated for energy with point
sources consisting of 2*'Am (59.536 keV), *'Co (122.046,
136.465 keV), '¥’Cs (661.615 keV), °Co (1173.231, 1332
and 508 keV) and ?*Na (1274.55 keV), as described by Knoll
(2000). The calibration of the detection system was accom-
plished using the RG1 sample containing uranium, thorium
and potassium reference materials. The efficiency calibration
of the system and fitting of the polynomial to the efficiency
curve was described by Tufail ef al. (2006).

The samples were assayed by acquiring a spectrum of each
sample for 20 000 s. Background collected at the weekend was
averaged and subtracted from the spectra of samples. The ac-
tivity concentration of >°Ra was assessed from the activities
of 21“Pb and 2'“Bi, whereas the 23>Th activity was evaluated
by measuring the radioactive progeny, ?Ac, >'?Pb and 2%TI.
The activity mass concentration of °K was assessed from the
1460.8 keV gamma transition.

The activity concentration A, of y-rays emitted by the
sample was calculated by using the following equation of
Quindos et al. (1987):

A, (Bqkg™) = A - B/sPtW

where A is the net area under the peak and B is the background
area under the same peak, Pt is the emission probability of the
particular y-rays, ¢ is the counting time, W is the weight of the
sample in kg, and ¢ is the efficiency of the HPGe detector at
the photopeak energy of the y-ray line.
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Table 1. Gamma activity (Bq.kg™') concentration of ??°Ra, 2*Th and *’K, radiation indices, the annual effective dose and excessive lifetime

cancer risk of Nagarparkar granite, Pakistan.

1 26.84 38.08 992.89 1057.81 0.61 157.62  0.50 146.01 0.72 2.51
2 31.8 52.39 939.47 1023.66 0.68 17891  0.57 162.04 0.80 2.78
3 14.26 36.70 825.33 876.29 0.51 130.18  0.39 119.52 0.59 2.05
4 29.02 42.21 812.31 973.22 0.58 151.81  0.49 138.11 0.68 2.37
5 27.7 46.26 735.76 809.72 0.57 150.38  0.48 135.23 0.66 2.32
6 27.95 41.26 740.71 809.92 0.55 143.87  0.46 130.36 0.64 2.24
7 5.65 22.12 986.8 1014.57 0.46 113.16  0.32 108.47 0.53 1.86
8 13.34 26.48 702.32 742.14 0.41 105.19  0.32 97.59 0.48 1.68
9 25.15 38.98 954.21 1018.34 0.60 15424 048 142.35 0.70 2.45
10 29.93 44.87 1021.06 1095.86 0.66 17257  0.55 158.58 0.78 2.72
11 24.84 35.18 992.89 1052.91 0.59 15147  0.48 140.98 0.69 2.42
12 32.72 53.23 963.23 1049.18 0.70  182.86  0.58 165.71 0.81 2.85
13 21.23 42.07 851.13 914.43 0.56 146.80  0.45 133.90 0.66 2.30
14 32.12 61.07 731.09 824.28 0.66 17560 0.56 155.21 0.76 2.67
15 29.41 51.21 785.34 865.96 0.62 16298  0.52 146.22 0.72 2.51
16 39.15 49.52 801.17 889.84 0.65 17152 0.57 154.58 0.76 2.66
17 11.51 36.02 882.7 930.23 0.51 130.87  0.38 120.83 0.59 2.08
18 31.33 36.71 799.12 867.16 0.55 14524  0.48 133.13 0.65 2.29
19 41.32 45.27 923.2 1009.79 0.67 177.01  0.59 161.67 0.79 2.78
20 23.32 37.17 901.11 961.6 056 14574  0.46 134.43 0.66 2.31
Minimum 5.65 22.12 702.32 742.14 0.41 105.19  0.32 97.59 0.48 1.68
Maximum 41.32 61.07 1021.06 1095.86 0.70 18286  0.59 165.71 0.81 2.85
Standard Deviation 9.03 9.17 101.52 0.07 21.30 0.08 18.19 0.09 0.31
Average 25.93 41.84 867.09 939.34 0.58 152.40 048 139.24 0.68 24

World Wide Average 81 105 1111 1297 1.17  317.66 1.08  279.64 1.37 4.8

Limiting Values - - - <1 370 <1 84 1 1.14

Worldwide granite averages of Iy, Rae,, Hiy, Diy, E; and ELCR;, are based on the worldwide averages of *°Ra, **Th and “°K (81, 105
and 1111 Bq.kg‘l, respectively) given in Table 2. Limit values were taken from EC, 1999 (Iy); Beretka and Mathew, 1985 (Ra,, and Hj,);

UNSCEAR, 2000 (E;,) and Nordic, 2000 ().

3 Results
3.1 Activity concentration

The activities of 2*°Ra, 2%2Th and *°K measured in the
Nagarparkar granite samples are given in Table 1. The activ-
ity of ?°Ra varies from 5.65 to 41.32 Bq.kg™!, with an aver-
age value of 25.93 Bq.kg™!, and that of 2*Th from 22.12 to
61.07 Bq.kg™!, with an average value of 41.84 Bq.kg™!. The
activity of °K ranges from 702.32 to 1021.06 Bq.kg™!, with
an average of 867.09 Bq.kg™'. The total activities due to **°Ra,
232Th and *°K range from 742.14 to 1095.86 Bq.kg™!, with an
average value of 939.34 Bq.kg™'. “°K is the main contributor
to the radioactivity (54.48%) in Nagarparkar granite.

The activities of >?°Ra, 23>Th and “°K in granites vary over
a wide range the world over (Qureshi et al., 2012). This can be
seen in Table 2, which contains data from 25 countries (50 lo-
cations) and more than 1377 analyses. As Table 2 shows, a
granite from Saudi Arabia has the minimum activity of >*°Ra:
10 Bq.kg™!. The Ambela granite from Pakistan contains the

maximum concentration of >*°Ra: 659 Bq.kg™'. Two Egyptian
granites from Gable el Misikat and Gable Gattar-II contain
high concentrations of ??°Ra: 1184 and 6018 Bq.kg™!, respec-
tively. These two granites may contain some radioactive min-
eralization and cannot be considered to be normal granites as
far as building materials are concerned. The minimum concen-
tration of 2*2Th is found in a granite from Greece: 17 Bq.kg™!,
whereas the maximum concentration is again found in the
Ambela Granite of Pakistan: 598 Bq.kg™!. The minimum and
maximum concentrations of “’K are found, respectively, in
granites from Greece (104 Bq.kg™!) and Wadi Karim in Egypt
(4849 Bq.kg™"). The minimum and maximum total activity is
found, respectively, in granites from Greece (249 Bq.kg™!) and
Wadi Karim in Egypt (4958 Bq.kg™").

Due to large variations in the activities of °Ra, 23>Th and
40K in granites, it is difficult to estimate an average concentra-
tion of these radionuclides the world over. Based on the data
in Table 2, average values of 2?°Ra, >*Th and *°K were esti-
mated to be 111, 127 and 1309 Bq.kg™!, respectively, during
the present study. The average values of *°Ra, 2*’Th and “°K
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Table 2. Comparison of gamma activity (Bq.kg™!) of 22°Ra, >Th and “°K and their total in Nagarparkar granite, Pakistan, with some of the
world’s other granites.

No. Country/location Samples 2Ra  22Th K Total Reference

1 Pakistan (Nagarparkar granite) 20 26 42 867 939 Present study

2 Pakistan (Mansehra granite) 30 27 50 953 1030 Qureshi et al. (2014)
3 Pakistan (S. S. Garhi granite) 42 51 70 1853 1974 Amanat et al. (2002)
4 Pakistan (Ambela granite) 20 659 598 1203 2460 Asghar et al. (2008)
5 Africa 4 23 42 811 876 Tzortzis et al. (2003)
6 Austria 1 40 253 1340 1633 Chen and Lin (1996)
7 Belgium 1 68 77 1129 1274 Tzortzis et al. (2003)
8 Brazil 1 91 152 1819 2062 Chen and Lin (1996)
9 Brazil 14 82 168 1297 1547 Tzortzis et al. (2003)
10 Brazil 71 45 106 1320 1471 Anjos et al. (2011)
11 Brazil 95 31 73 1648 1752 Anjos et al. (2005)
12 China 10(y) 88 114 1270 1472 Xinwei et al. (2006)
13 China 3 23 36 891 950 Xinwei et al. (2008)
14 China 8 95 158 1256 1509 Chen and Lin (1996)
15 China 55 112 71 672 839 Yang et al. (2005)
16 Cypress 28 74 140 1076 1290 Tzortzis et al. (2003)
17 Egypt Wadi Karim 39 56 54 4849 4958 El-Arabi (2007)

18 Egypt/Gable El Aradiya 10 126 25 480 631 Arafa (2004)

19 Egypt/Gable El Majal 10 198 30 681 909 Arafa (2004)

20 Egypt/HomertWaggat North 10 489 109 1590 2188 Arafa (2004)

21 Egypt/HomertWaggat South 10 87 162 2301 2650 Arafa (2004)

22 Egypt/Um Taghir 39 558 359 3918 4835 El-Arabi (2007)
23 Egypt/Gable El Misikat-1 9 1184 40 705 1929 Arafa (2004)

24 Egypt Gable Gattar II 10 6018 113 1140 7271 El- Shershaby (2002)
25 Europe South Eastern 13 42 42 630 714 Krstic et al. (2007)
26 Finland 3 94 163 1223 1483 Chen and Lin (1996)
27 Ghana/Kasoa 11 76 48 731 855 Otoo et al. (2011)
28 Greece 26 18 17 367 402 Stoulos et al. (2003)
29 Greece 16 64 81 104 249 Pavlidou et al. (2006)
30 India 4 119 172 1082 1373 Chen and Lin (1996)
31 India 4 93 306 1074 1473 Sannappa et al. (2010)
32 Iran 14 130 83 1287 1500  Jahangiri and Ashrafi (2011)
33 Ttaly 4 162 490 1540 2192 Tzortzis et al. (2003)
34 Italy 4 64 91 1206 1361 Menager et al. (1993)
35 Malaysia 1 86 134 1019 1239 Chen and Lin (1996)
36 Palestine 40 71 82 781 934 Khaleel (2013)

37 Portugal 1 117 105 1490 1712 Chen and Lin (1996)
38 Saudi Arabia 45 31 27 534 592 Alharbi et al. (2012)
39 Saudi Arabia 1 10 29 664 703 Qureshi et al. (2012)
40 South Africa 1 92 153 1151 1396 Chen and Lin (1996)
41 Spain 1 80 123 1289 1492 Chen and Lin (1996)
42 Spain 41 84 42 1414 1588 Guillén er al. (2014)
43 Sweden 2 107 110 1226 1443 Chen and Lin (1996)
44 Turkey 41 88 95 1055 1238 Turhan (2012)

45 Turkey (Ezine) 10(y) 175 205 1172 1552 Orgun et al. (2005)
46 Turkey/Kaymaz 7 306 248 1266 1820 Orgun et al. (2005)
47 Turkey/Sivrihisar 7 67 153 1058 1278 Orgun et al. (2005).
48 European Union (Database) 387 78 89 1049 1116 Trevisi et al. (2012)
49 USA 10(y) 57 69 1140 1266 Kitto et al. (2009)
50 Yemen 3 54 127 1743 1623  Abd El-Mageed et al. (2011)
a. Average based on above data 1377 111 127 1309 1551 Qureshi (current study)
b. World granite Average 137 42 73 1055 1170 Chen and Lin (1996)
c. China granite Average - 90 116 969 1175 Mao et al. (2006)
Worldwide Average (a + b + ¢) 81 105 1111 1299

Analyses 23 and 24 not included in the average calculation.
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in 137 granites were reported by Chen and Lin (1996) to be 42,
73 and 1055 Bq.kg™!, respectively. Mao et al. (2006) reported
average values of 90, 116 and 969 Bq.kg™! in China’s granites.
By combining the average data of the present study, with those
of Chen and Lin (1996) and Mao et al. (2006), the average
values of 22°Ra, 2*2Th and “°K were estimated to be 81, 105
and 1111 Bq.kg™!, which are considered standard worldwide
averages in the present study.

The average activities of 2*Ra, 2*’Th and “°K in the
Nagarparkar granite samples are 0.32, 0.39 and 0.79 times
lower than the worldwide average activity levels (81, 105 and
1111 Bq.kg™") of granites.

Four granites from Pakistan, including the current study,
have been investigated using spectrometric techniques. From
south to north, they are located in Nagarparkar, Mansehra,
Shewa Shahbaz Garhi and Ambela. The radioactivity of 226Ra,
232Th and “°K in these granites increases from south to north.
The Nagarparkar granite exposed in the southern part of
Pakistan has the lowest activity concentrations of 2>Ra, 2>Th
and “°K: 25.93 (26), 41.84 (42) and 867.09 (867) Bq.kg™!,
respectively. The Mansehra granite exposed about 1146 km
north of Nagarparkar granite has slightly higher activity con-
centrations of >*Ra, 2*Th and *°K: 27, 50 and 953 Bq.kg™',
respectively. The Shewa Shabaz Garhi granite exposed 1234
km north of Nagarparkar granite has higher activity concen-
trations of 22°Ra, 2Th and *°K: 51, 70 and 1853 Bq.kg‘l,
respectively. The Ambela granite, which is located 1295 km
north of Nagarparkar, has the significantly highest >°Ra, 2*Th
and *°K activity levels of 659, 598 and 1203 Bq.kg™!, respec-
tively. The systematic increase in the radioactivity in the four
granites can be seen in Table 2 and Figure 2. This increase
is attributed to their association with the Eurasian-Indian
Plate collision zone in the Himalayas of Northern Pakistan.
Nagarparkar Granite is exposed in the intra-plate zone within
the Indian Plate.

3.2 Radiation hazard indices

Radiation indices, namely the gamma index (/y), radium
equivalent activity (Ra.,), internal hazard index (H;,) and in-
door external dose (D;,), were estimated on the basis of the ac-
tivities of 2*Ra, 23>Th and *°K in the Nagarparkar granite sam-
ples to assess it as a building material. The formulae used for
the assessment of the radiation indices are given in Appendix.
The averages of the various indices for the granites were calcu-
lated on the basis of the worldwide average activities of 2*Ra,
22Thand *°K (81, 105 and 1111 Bq.kg™") reported in Table 2.

3.2.1 Gamma index Iy

Materials that have Iy < 1 means an annual effective dose
of 0.3 mSv, while Iy > 1 < 6 corresponds to an annual effec-
tive dose of 1 mSv.y~! (Chen and Lin, 1996; EC, 1999).

The average calculated value of Iy for Nagarparkar granite
is 0.58, which is less than the worldwide average of 1.17 and
the criterion limit of unity. Details concerning the calculated
values of various radiation indices during the present study are
given in Table 1.
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—m— Mansehra Granite
—A— Shewa Shahbaz garhi Granite
—v— Ambela Granite
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Radionuclides in the Pakistaﬁi Granites

Figure 2. Data from four Pakistani granites show that radioactivity
increases from south to north. The lowest values of 2?°Ra, 232Th,
40K and total activity are found in the Nagarparkar granite (current
study) exposed in the southernmost part of Pakistan. Slightly higher
values are found in the Mansehra Granite, which is located about
1147 km north of the Nagarparkar granite. Significantly higher val-
ues were noted in the Shewa Shabaz Garhi granite, 1234 km north of
the Nagarparkar granite, and Ambela granite, 1295 km north of the
Nagarparkar granite.

3.2.2 Radium equivalent activity Ra,,

In order to assess the total impact of radioactivity due to
226Ra, 232Th and “°K present in any material, a common radi-
ological index known as radium equivalent activity Ra,, was
calculated.

The limit value of Ra,, is 370 Bq.kg™!, which corresponds
to an annual effective dose of 1.5 mSv and the hazard index
(H;p) of unity. The average value of Ra,, of the Nagarparkar
granite samples is 152.40 Bq.kg™!, which is far below the
worldwide average of 317.69 Bq.kg™! and the criterion limit
of 370 Bq.kg™! for granites.

3.2.3 Internal hazard index H;,

For any material to qualify as a radiation-safe building ma-
terial, the H;, should be less than unity (Krisiuk et al., 1971;
Krieger, 1981; Beretka and Matthew, 1985). The granite under
study has an average H;, value of 0.48, which is well below
the worldwide granite average of 1.08 and the criterion limit
of unity.

3.2.4 Indoor external dose D;,

For the selection of a safe building material, an index called
the indoor external dose rate D;, is calculated for a standard
room with dimensions of 4 mx5 mx2.8 m, with wall thickness
of 20 cm.

The average value of D;, calculated for Nagarparkar gran-
ite is 139.24 nGy.h~!, which is lower than the worldwide aver-
age of 279.64 nGy.h~! but 1.7 times higher than the limit value
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of 84 nGy.h‘1 (UNSCEAR, 2000). The D;, calculated in most
studies in the world is usually found to be higher than the limit
value of 84 nGy.h‘l, as the formula used for the calculation of
D;, is for a room with closed dimensions of 4 m X 5m X 2.8 m,
with wall thickness of 20 cm. However, all buildings may not
have the same dimensions. As far as this criterion is concerned,
the Nagarparkar granite contains a slightly higher concentra-
tion of radioactivity but may be used as a construction material.
The buildings constructed using Nagarparkar granite should
have sufficient apertures and ventilation options.

3.3 Annual effective dose E;,

The annual effective dose D;, due to the measured activi-
ties of 2*Ra, *’Th and *°K in the granite samples was con-
verted into Ej, in air one meter above the ground surface us-
ing the conversion factor (0.7 Sv.Gy~!) and indoor occupancy
factor (0.8).

The E;, calculated during the present investigation for
Nagarparkar granite ranges from 0.48 to 0.81, with an average
value of 0.68 mSv.y~'. As per the UNSCEAR (2000) report,
the average value of E;, for an adult person is 0.3 mSv.y~!.
The average value of E;, calculated during the present study is
below the worldwide granite average of 1.37 mSv.y~! and the
limit value of 1 mSv.y~! as per the UNSCEAR (2000) report.

3.4 Excess lifetime cancer risk ELCR;,

According to the Surveillance, Epidemiology and End
Results Cancer Statistics Review, American men have a 44%
lifetime cancer risk, while women have a 38% lifetime cancer
risk due to background radiation exposure (National Cancer
Institute, 2009). This means that there is a chance that a per-
son will get some type of cancer at some stage of life due to
background radioactivity and inheritance factors. The excess
lifetime cancer risk is the additional risk that someone might
have of getting cancer if that person is exposed to excessive
radiation or other cancer-causing materials for a longer time.
A major source of excessive radiation for an ordinary person is
from the indoor environment, so the ELCR;,, is calculated from
the indoor annual effective dose that a person receives from his
indoor environment, where he spends 80% of his life-time.

Based upon the values of (E;,) calculated during the
present study, the ELCR;, due to the indoor exposure from
Nagarparkar granite was estimated using the equation given
in Appendix. In the equation, Ej, is the indoor annual effective
dose, LE the life expectancy (66 years for Pakistan) and RF
is the fatal risk factor per Sievert, which is 0.05 as per ICRP
Publication 65 (1994).

The ELCR;, calculated during the present study, given in
Table 1, has an average value of 2.4 x 1073, which is lower
than the worldwide average of 4.8 x 10~3. However, it is higher
than the limit of 1.16 x 1073 set for the possibility of having
cancer due to normal radioactivity in the indoor environment.
As far as this criterion is concerned, the Nagarparkar granite
has a 1.93 times higher risk of inducing cancer for a person
living for 66 years in a dwelling made of Nagarparkar granite.

4 Discussion

Based on the activities of 22°Ra, 2Th and “°K in
Nagarparkar granite, assessment of the radiation indices, an-
nual effective dose and excess lifetime cancer risk was made.
Three radiation indices, (Iy = 0.58), Ra,, = 152.40) and
(H;, = 0.48), are lower than the worldwide averages for gran-
ites (1.17,317.66 and 1.08) and their limit values (<1, 370 and
<1). The indoor external dose (D;, = 139.24) is lower than the
worldwide average of 279.64, but higher than its limit value of
84, which is usually the case for most granites in the world.

The indoor annual effective dose (E;, = 0.68) is lower
than the worldwide average of 1.37 and its limit value of unity.
The excess lifetime cancer risk ELCR;, of Nagarparkar gran-
ite is 2.4 x 1073, which is less than the worldwide average of
4.8 x 1073 but higher than the limit value of 1.14 x 1073, As per
the limit value, Nagarparkar granite imposes a 1.93% higher
chance of inducing cancer as compared with a building mate-
rial with normal radioactivity. This can be considered within
the safe limits, as other granites have very high values of the
ELCR;,.

Overall, Nagarparkar granite was evaluated as a suitable
building material that can be used as a basic construction ma-
terial with the provision of proper ventilation in the building
design, and for decorative uses without any restriction.

Most of the worlds’ needs are fulfilled from the granites
listed in Table 3. Radiation indices, the annual effective dose
and the excess lifetime cancer risk were calculated for these
granites on the basis of their activity concentrations of °Ra,
232Th and “°K. Table 3 shows that there is no linear relation-
ship between the activity concentrations of >*Ra, ?*>Th and
40K and the radiation indices, annual dose and excess lifetime
cancer risk. This is because the y-activity of 2*>Th imparts 1.42
and 18.57 times more y-ray dose equivalent than the activity
concentrations of 220Ra and “°K, respectively. Therefore, the y-
activity of 23?Th substantially increases the magnitude of vari-
ous radiation indices, the annual effective dose and the excess
lifetime cancer risk.

As per Table 3, some granites fit one criterion and are not
suitable according to another criterion as a basic construc-
tion material or for restricted use. As per the limit values of
(Iy = 1), (Ra,, = 370 Bqkg™), (H;, = 1) and (E; = 1
mSV.y‘l); only 32%, 62%, 40% and 26% of the world’s gran-
ites, listed in Table 3, qualify as radiation-safe material for ba-
sic construction. An approximate division of granites for vari-
ous uses as discussed above is given in Table 3.

In four granites from Pakistan investigated using the -
spectrometric technique, radioactivity increases from south
to north. The Nagarparkar granite exposed in the southern-
most part of Pakistan has the lowest activities of ??°Ra, 23*Th
and “°K. The Mansehra granite, Shewa Shabaz Garhi gran-
ite and Ambela granite located more than 1000 km north of
Nagarparkar have higher activities of ?°Ra, 2>Th and *°K:
these three granites are located within the Eurasian-Indian
Plate collision zone. The Nagarparkar Granite, with the lowest
activities of 2?°Ra, >*Th and *°K, is in the intra-plate environ-
ment within the Indian Plate.
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Table 3. Comparison of gamma activity (Bq.kg™") and the radiation indices, annual effective dose and excess lifetime cancer risk of Nagarparkar
granite, Pakistan, with granites in some other countries is shown in ascending order. Based on various indices, the granites have been classified
into three categories.

No. Country Iy Ra,, H;, D;, E; ELCR;, Category
(Bq.kg™) (nGyh™) (@mSv) x1073

1 Greece 0.27 70.52 0.24 64.62 0.32 1.11 May be used as a construction

material without any restriction

2 Saudi Arabia 0.40 102.51 0.30 94.22 0.46 1.62

3 Saudi Arabia 0.42 110.65 0.38 100.94 0.50 1.73

4 Africa 0.56 145.38 0.46 132.24 0.65 227

5 China 0.55 142.97 0.45 132.04 0.65 2.27

6 Europe South Eastern 0.56 150.46 0.52 135.24 0.66 2.32

7 Pakistan (Nagarparkar Granite)  0.58 152.4 0.45 139.24 0.68 2.40

8 Pakistan (Mansehra Granite) 0.66 171.74 0.54 156.08 0.77 2.68

9 Greece 0.65 187.71 0.68 156.30 0.77 2.68

10 Egypt/Gable El Aradiya 0.71 198.64 0.88 181.82 0.89 3.12

11 Ghana/Kasoa 0.74 200.80 0.75 181.20 0.89 3.11

12 Palestine 0.91 248.22 0.86 218.00 1.07 3.74

13 USA 0.92 243.26 0.81 219.54 1.08 3.77

14 China 0.95 265.12 1.02 234.90 1.15 4.04

15 Spain 0.96 252.77 0.91 236.60 1.16 4.06

16 Belgium 0.99 264.85 0.90 237.58 1.17 4.08

17 Brazil 1.02 262.05 0.79 240.66 1.18 4.13 For restricted use as

a decorative material
18 European Union (Data Base) 1.05 285.84 0.98 253.58 1.24 4.36

19 Italy 1.07 286.77 0.95 255.46 1.25 4.39
20 Brazil 1.12 297.97 0.93 263.60 1.29 4.53
21 Egypt/Gable El Majal 1.04 293.24 1.33 269.64 1.32 4.63
22 Turkey 1.12 304.87 1.06 269.86 1.32 4.64
23 Pakistan (S. S. Garhi Granite) 1.14 293.54 0.93 272.16 1.34 4.68
24 China 1.29 348.55 1.18 307.96 1.51 5.29
25 Cypress 1.31 356.77 1.16 308.16 1.51 5.29
26 Malaysia 1.30 355.81 1.19 308.04 1.51 5.29
27 Spain 1.31 354.87 1.18 312.02 1.53 5.36
28 Iran 1.28 347.57 1.29 313.86 1.54 5.39
29 Turkey/Sivrihisar 1.34 366.96 1.17 314.58 1.54 5.40
30 Sweden 1.32 358.45 1.26 317.52 1.56 5.45
31 Yemen 1.40 369.51 1.14 328.82 1.61 5.65
32 Portugal 1.41 381.62 1.35 342.34 1.68 5.88
33 South Africa 1.46 399.11 1.33 345.02 1.69 5.93
34 China 1.53 417.33 1.38 361.68 1.78 6.21
35 Finland 1.54 420.93 1.39 363.62 1.78 6.25
36 Brazil 1.55 421.77 1.36 364.00 1.79 6.25
37 India 1.62 447.95 1.53 385.24 1.89 6.62
38 Brazil 1.67 448.07 1.46 396.44 1.95 6.81
39 Austria 1.85 504.51 1.47 422.30 2.07 7.25
40 Egypt/HomertWaggat South 1.87 495.43 1.57 442.32 2.17 7.60 Not to be used
for any purpose
41 Turkey (Ezine) 2.00 558.01 1.98 480.26 2.36 8.25
42 Egypt Wadi Karim 2.07 506.14 1.52 498.84 2.45 8.57
43 India 2.20 612.76 1.91 508.08 2.49 8.73
44 Turkey/Kaymaz 2.68 757.67 2.87 655.60 3.22 11.26
45 Egypt/HomertWaggat North 2.71 767.02 3.39 696.98 342 11.97
46 Italy 3.50 980.46 3.09 811.24 3.98 13.94
47 Egypt/Gable El Misikat-1 4.38 1295.37 6.70 1189.68 5.84 20.44
48 Egypt/Um Taghir 4.96 1372.24 522 1221.70 6.00 20.99
49 Pakistan (Ambela Granite) 5.59 1605.82 6.12 1360.32 6.68 23.37
50 Egypt Gable Gattar IT 21.01 6267.12 3320  5752.06 38.23 98.81
Worldwide granite average 1.17 317.66 1.08 279.64 1.37 4.8
Limit values <1 370 <1 84 2 -

Worldwide granite averages are from Table 6. Limit values were taken from EC, 1999 (Iy); Beretka and Mathew, 1985 Ra,, and H;,);
UNSCEAR, 2000 (E;,) and Nordic, 2000 (1,).
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Appendix. Formulae used for the calculation of the radiation indices of Nagarparkar granite, Pakistan, and their limit values.

Hazard Index Formula Limit Reference
Ara  Amn - Ax
1. I = — + — 1 EC (1
Gamma Index Y= 300 A200 + 000 < C (1999)
2. Radium equivalent activity (Bq.kg™')  Ray, = % ng + ﬁ x 370 370 Beretka and Mathew (1985)
Ibrahim (1999)
Ara  A7p A
3. Internal hazard index . in = lgS + 2; 4811(0 <1 Beretka and Mathew (1985)
4. Indoor external dose (nGy.h™") D;, = 0.92Ag, + 1.1A7), + 0.08A ¢ 84 (world Average) EC (1999)
5. Annual effective indoor dose (mSv.y™') E;, = 4.905 x 107°D;,, 2.00 Ali et al. (2011)
6. Excess Lifetime Cancer Risk ELCR = (E;,) X LE X RF 0.29 x 1073 Taskin et al. (2009)

5 Conclusion

The hazard indices (I'y, Ra.q, H;, and D;,) of Nagarparkar
granite are lower than the worldwide granite averages and their
limit values. The E;, is lower than the worldwide granite aver-
age and its limit value. The ELCR;, (2.4 x 107%) is lower than
the worldwide granite average (4.8 x 1073) but slightly higher
than the indoor limit value (1.16 x 1072). So, the radioactivity
associated with Nagarparkar granite has negligible chances of
inducing cancer in the inhabitants of buildings.

Among the world’s granites, Nagarparkar granite is the 7th
safest granite, with low radioactivity. It can be used as a basic
construction and decorative material without any restriction.

The current limit values of various radiation indices do not
seem appropriate for screening granites for various uses such
as the categories: basic construction stone, for restricted use or
not to be used for any type of construction. Granites from 50
locations were categorized for various uses.

The four granites of Pakistan show that the radioactivity in-
creases from south to north in a systematic manner. The high-
est radioactivity is associated with the granites located in the
Eurasian-Indian Plate collision zone in the Himalayan ranges
of Pakistan in the north.
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