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ABSTRACT
Elevated radioactivity levels of 226Ra, 232Th, and 40K in building materials
were measured using gamma-ray spectrometry and their associated
lifetime cancer risks were also determined. The mean activity
concentrations of 226Ra, 232Th, and 40K are 45.72 § 0.55, 65.90 § 8.89,
and 487.32 § 15.20 Bq kg¡1, respectively. Statistically, the principal
component (PC) analysis indicates that higher loadings were recorded in
Principal Component One (PC1) with large contribution from 232Th and
40K. The leverage studies indicate that BN Ceramics (BNC) contributes
more to the loadings in PC1 followed by Golden Crown Ceramic (GCC)
sample and GC. The mean values of 0.399 mSv y¡1 for annual effective
dose from the samples surpassed the world’s average value of 0.07 mSv
y¡1 by a factor of 5.7. The mean gamma index from the measured
samples is 0.644, whereas a mean value of 0.271 for alpha index is noted
in the samples. The activity utilization index (AUI) from the samples
satisfied the AUI <2, which corresponded with the annual effective dose
of <0.3 mSv y¡1, except interlock Site 2 and Gomez Spain tiles.
Significantly, the mean value of excess lifetime cancer risk of 0.0014 is
slightly lower than the world average value of 0.29£ 10¡3.

KEYWORDS
building materials;
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1. Introduction

Human society has always been exposed on a daily basis to natural radionuclides such as 232Th,
226Ra, and 40K (Amin and Naji 2013). These radionuclides in the series are headed by 226Ra
(238U) and are relatively less important from a dosimeteric point of view (UNSCEAR 1993).

Humans are exposed to natural radiation from external sources, which include natural
radionuclides in the earth (series of uranium-238, uranium-235, and thorium-232) and
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cosmic radiation, and by internal radiation from natural radionuclides incorporated into the
body (UNSCEAR 2000). The main routes of radionuclide intake are ingestion through food,
water, and inhalation. A particular category of exposure to internal radiation, in which the
bronchial epithelium is irradiated by alpha particles from the short-lived progeny of radon,
constitutes a major fraction of the exposure from natural sources (UNSCEAR 2000; Sharma
et al. 2015).

The worldwide average indoor effective dose due to gamma rays from building materials
is estimated to be about 0.4 mSv y¡1 (UNSCEAR 2000; Sharma et al. 2015). Globally, build-
ing materials that contain radioactive nuclides have been used for many decades. As individ-
uals spend more than 80% of their time indoors, the internal and external radiation
exposures from building materials create prolonged exposure situations (ICRP 1999). The
use of such materials which contain naturally occurring radionuclides for house construction
may enhance the natural radiation background to which some population groups are
exposed (UNSCEAR 2000). This exposure occurs on a daily basis and the ability of the
radionuclides to move rapidly in air allows them to be easily transmitted into the environ-
ment in which humans come in contact with (Gupta et al. 2009).

In building construction, the existence of this radionuclide in the raw material such as
cement, brick, and tiles may lead to undesirable radiation exposure to the public. The major
exposure problem is associated with structure that naturally acts as radionuclide-bearing mate-
rial (Tzortzis and Tsertos 2004). This indoor radiation exposure is due to the presence of these
radioactive elements in the building materials (Jwanbot et al. 2014; Qureshi et al. 2014). Con-
struction materials are derived from both natural sources (e.g., rock and soil) and waste prod-
ucts (e.g., phosphor-gypsum, alumshale, coal, fly ash, oil shale ash, some are minerals and
certain slugs) as well as from industry products (e.g., power plants, phosphate fertilizer, and
the oil industry (O’Brein 1997)). Although building materials act as sources of radiation to the
inhabitants in dwellings, they also shield against outdoor radiation (Akkurt et al. 2007).

In Nigeria, the commercial building materials such as cement, bricks, and tiles have been
widely used. Most of them are imported from all over the world such as India, China, Italy,
UAE, and Spain. However, some others are from the local supplier around Nigeria. As there
is a lack of report in risk exposure for all of these building materials, in this article, focus is
given to the assessment of radioactivity concentration and radiological risk indices in com-
mercial building materials.

2. Methods and materials

2.1. Samples collection and preparations

The river sand used for this study was scooped from a nearby river at Igboloye village in
Ota, Ogun State, Nigeria. The area falls within the Eastern Dahomey (Benin) basin of south-
western Nigerian that stretches along the continental margin of the Gulf of Guinea. Rocks in
the Dahomey basin are Late Cretaceous to Early Tertiary in age (Jones and Hockey 1964;
Omatsola and Adegoke 1981; Billman 1992; Olabode 2006). The stratigraphy of the basin
has been classified into Abeokuta Group, Imo Group, Oshoshun, Ilaro, and Benin Forma-
tions. The Cretaceous Abeokuta Group consists of Ise, Afowo, and Araromi Formations con-
sisting of poorly sorted ferruginized grit, siltstone, and mudstone with shale-clay layers.
The geology of the area is presented in Figure 1.
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2.2. Samples collection and preparations

The building material samples used for this work were purchased from the Nigerian commercial
markets and the river sand was scooped from a nearby river at Igboloye village in Ota, Ogun
State, Nigeria. Initial labeling and cataloguing was done for easy identification. The ceramic tiles
and the marbles were broken into smaller pieces so as to allow further processing. All the samples
were crushed and prepared according to Omeje et al. (2013, 2014); and Alnour et al. (2012). The
sieved samples of ceramic tiles, cement, river channel sand (sharp and plaster), and white
cements (two were Nigerian-made and one was from UAE), which were contained in each
bottle, weighed 200 g; there was a total of 21 samples in all as listed in Table 1.

2.3. Gamma spectroscopy analysis of the radionuclides

The powdered samples were put in a plastic beaker container, sealed for 4 weeks to
achieve secular equilibrium (Trimble 1968). Analysis of the samples was conducted in
Canada (Activation Analysis Laboratory System) using High-Resolution Germanium detec-
tor, Canberra LynxTM Digital Signal Analyzer (DSA), a 32 K channel integrated signal ana-
lyzer and a top-opening lead shield (400 lead, copper/tin liner) to prevent high background
counts with 50% relative efficiency and resolution of 2.1 keV at 1.33 MeV gamma energy
of 60Co (Tsoulfanidis 1995). The Genie-2K V3.2 software locates and analyzes the peaks,

Figure 1. Geologic map of Ogun State showing the location where the sand sample was collected (circled
in black). Source: Omeje et al. (2017).
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subtracts background, identifies the nuclides. The efficiency curves for this analysis were
corrected for the attenuation and self-absorption effects of the emitted gamma photons.
CAMET and IAEA standards (DL-1a, UTS-2, UTS-4, IAEA-372, and IAEA-447) were
used for checking the efficiency calibration of the system. For the activity measurements,
the samples were counted for 86,400 seconds with the background counts subtracted from
the net count. The minimum detectable activity of the detector was determined with a con-
fidence level of 95% (Currie 1968). The uncertainty errors were estimated keeping into
account the associated errors from gamma courting emission probability and efficiency cal-
ibration standard of the system. The progeny of 226Ra, 214Bi, and 214Pb emits gamma line
609 keV, 934 keV, 2204 keV, 1764 keV, 351 keV, and 295 keV that were used but the reso-
lution of 226Ra was from the emission of 1764 keV since it has low self-attenuation effect at
high energy. Since 232Th cannot be directly detected, the estimated activity via its progeny
208Tl and 228Ac using 2614.53 keV (35.63%), 583 keV (30.3%), and 911 keV, 338 keV,
463 keV. The gamma line of 1461 keV (10.7%) was used to resolve 40K. The activity concen-
trations were calculated according to the methods of Debertin and Helmer (2001) and
Davisson and Evans (1952).

2.4. Statistical evaluation for radionuclides measurement in the building materials
samples

Explanatory analysis of each radionuclide present in each building material was per-
formed using descriptive statistics. Material classification and principal component
analysis (PCA) were also executed to identify the contributions of each radionuclide to
the building materials. Data evaluation was carried out using GraphPad Prism 6 for
windows (GraphPad Software Inc.) and Unscrambler X (CAMO software AS, version
10.4).

Table 1. The list of building materials, countries of production, and the sizes.

S/N Company name Country of origin Sample size

1 Black Galaxy India India 600£ 300 mm
2 Blue Pearl India India 600£ 300 mm
3 BN Ceramics Floor tiles Nigeria 450£ 450 mm
4 BN Floor tiles Benia Spain 600£ 600 mm
5 Dangote Cement (42.5N) Grade Nigeria 50 kg
6 Elephant Portland Cement Nigeria 50 kg
7 Golden Crom Floor tiles Ogum Nigeria 300£ 300mm
8 Golden Crown Ceramics Nig Nigeria 250£ 400 mm
9 Gomez Spain 450£ 450 mm
10 Goodwill Ceramics Nigeria 400£ 250 mm
11 Goodwill verified tile India 400£ 400 mm
12 Green Pearl India India 600£ 300 mm
13 Goodwill Super Polish Porcelein tiles India 600£ 300 mm
14 Iddris Floor tile – China China 600£ 600 mm
15 Interlock stone tiles Site 3-CU Nigeria 600£ 600 mm
16 Interlock Stone Site 1 Nigeria 140£ 60 mm
17 Interlock Stone Site 2 Nigeria 140£ 60 mm
18 IRIS Ceramics tiles Italy Nigeria 250£ 400 mm
19 Golden Crown Floor tiles Ogum Nigeria 300£ 300 mm
20 Golden Crown Ceramics China 250£ 400 mm
21 Gomez (Spain) 450 mm Spain 450£ 450 mm
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3. Results and discussion

3.1. Radioactivity concentrations

The detected naturally occurring radionuclides (226Ra, 232Th, and 40K) from the building
materials are presented in Table 2. The highest specific activities of 226Ra, 232Th, and 40K in
the samples are 98.29 § 0.53 Bq kg¡1 (Goodwill Super Polish Porcelain tiles – 600 £
600 mm), 174.14 § 7.76 Bq kg¡1 (Interlock Stone Site 2), and 1829.40 § 15.10 Bq kg¡1 (BN
Ceramics Floor tiles Nig – 450 £ 450 mm), respectively, while the lowest values noted in the
same samples were found to be 17.64 § 0.59 (Goodwill Ceramics – Nig – 400 £ 250 mm),
25.18 § 10.60 Bq kg¡1 (Elephant Portland Cement), and 29.81 § 15.47 Bq kg¡1 (Golden
Crown Ceramics (GCC) Nig – 250 £ 400 mm), respectively. The mean value of 226Ra is
45.72 § 0.55 Bq kg¡1; for 232Th, the mean value is 65.90 § 8.89 Bq kg¡1, whereas the mean
value for 40K is 487.32 § 15.20 Bq kg¡1. These mean values obtained from this present study
are distinctly higher than the corresponding values of worldwide average values of 35, 30,
and 400 Bq kg¡1 by factors of 1.31, 2.20, and 1.22, respectively (UNSCEAR 2000).

This higher mean value of 40K in the samples may be due to the ion-exchange of clay con-
tents together with a simultaneous sedimentation of mineral particles containing uranium
and thorium which could be attributed to the elevated activity concentrations found
(Dragovic et al. 2015).

3.2. Radiological health risk parameters

3.2.1. Radium equivalent (Raeq) activity
There is need to estimate the radium equivalent activity in the analyzed samples. To com-
pare the activity concentrations of the present samples, which contain 226Ra, 232Th, and 40K,

Table 2. Activity concentrations in the measured building material samples.

Sample name/company of production Sample ID 226Ra (Bq kg¡1) 232Th (Bq kg¡1) 40K (Bq kg¡1)

Black Galaxy India (600£ 300 mm) BGI 81.51 § 0.53 102.11 § 7.87 871.72 § 15.01
Blue Pearl India (600£ 300 mm) BPI 60.45 § 0.53 79.86 § 8.02 824.78 § 15.01
BN Ceramics Floor tiles Nig (450£ 450 mm) BNC 58.18 § 0.55 54.73 § 9.63 1829.40 § 15.10
BN Floor tiles Benia – (600£ 600 cm) BNF 44.28 § 0.54 47.69 § 9.11 635.28 § 15.03
Dangote Cement (42.5N) Grade DC 39.63 § 0.54 25.90 § 11.04 142.46 § 15.28
Elephant Portland Cement EPC 31.05 § 0.55 25.18 § 10.60 137.25 § 15.37
Golden Crown Floor Ogum – (300£ 300 mm) GCF 41.77 § 0.55 77.11 § 8.40 126.33 § 15.24
Golden Crown Ceramics Nig – (250£ 400 mm) GCC 19.82 § 0.60 47.66 § 8.80 29.81 § 15.47
Gomez Spain (450 mm) Gomez 29.70 § 0.63 57.00 § 8.76 701.85 § 15.05
Goodwill Ceramics-Nig (400£ 250 mm) GWC 17.64 § 0.59 41.27 § 9.18 34.36 § 15.40
Goodwill verified tile (400£ 4000 mm) GVT 80.93 § 0.53 88.16 § 8.36 460.87 § 15.17
Green Pearl India (600£ 300 mm) GPI 41.99 § 0.60 42.09 § 9.24 181.40 § 15.29
Goodwill Super Polish Porcelain tiles (600£ 600 mm) GSPP 98.29 § 0.53 92.17 § 8.28 551.93 § 15.08
Iddris Floor tile – China (600£ 600 mm) IFT 69.87 § 0.54 90.56 § 8.89 323.10 § 15.29
Interlock stone tiles Site 3-CU IST 26.10 § 0.58 86.55 § 8.32 906.25 § 15.27
Interlock Stone Site 1 IS1 27.38 § 0.57 38.27 § 9.82 510.16 § 15.04
Interlock Stone Site 2 IS2 37.87 § 0.57 174.14 § 7.76 690.82 § 15.14
IRIS Ceramics tiles Italy IRIS 62.28 § 0.53 37.61 § 10.17 417.95 § 15.13
Golden Crom Floor tiles Ogum – (300£ 300 mm) GCFO 41.77 § 0.51 71.11 § 7.44 126.33 § 15.21
Golden Crown Ceramics Nig – (400£ 400 mm) GC 19.82 § 0.50 47.66 § 8.21 29.81 § 15.34
Gomez (Spain) 450 mm GS 29.70 § 0.53 57.00 § 8.71 701.85 § 15.29
Mean values 45.72 § 0.55 65.90 § 8.89 487.32 § 15.20
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the radium equivalent concentration was used as the common index to ascertain the sum of
the activities. Raeq activities were determined based on the estimation of 370 Bq kg¡1 (10
pCi¡1) of 226Ra, 259 Bq kg¡1 (7 pCi¡1) of 232Th, and 4810 Bq kg¡1 (130 pCi¡1) of 40K, each
producing the same gamma ray dose rate (IAEA 1989, Krieger 1981, Beretka and Mathew
1985, Beck 1980). Raeq with unit as Bq kg¡1 was calculated using Eq. (4.1).

Raeq D CRa C 1:43 CTh C 0:077 CK (4:1)

where CRa, CTh, and CK are the specific activities of 226Ra, 232Th, and 40K measured in
Bq kg¡1, respectively. The same external and internal gamma dose rate is produced
from the radium equivalent activity. The maximum value of Raeq in building materials
must be less than 370 Bq kg¡1 as recommended by UNSCEAR (1988a). This amount is
equivalent to 1.5 n Gry¡1 (Krisiuk et al. 1971; Krieger 1981). The Raeq values obtained
from this present study varied from 53.19 to 340.083 Bq kg¡1 with the highest value of
340.083 Bq kg¡1 noted in interlock stone Site 2, whereas the lowest value of 53.19 Bq
kg¡1 was noted in Elephant Portland Cement. The mean value for the analyzed samples
was found to be 172.71 Bq kg¡1. From the measured samples, none of the Raeq values
exceeded the recommended limit of 370 Bq kg¡1 according to UNSCEAR (1988b);
hence, this value for Raeq obtained in this study does not pose any radiological risk if
used for construction buildings.

3.2.2. External hazard index (Hex)
The external hazard index obtained from 226Ra, 232Th, and 40K for this present study is
shown in Table 3. The intent of applying this health hazard index, which is useful for the
characterization of materials used for building, is to set limiting value on the acceptable
equivalent dose recommended in a report by ICRP (1999). To limit the radiation dose from
a construction material to 1.5 mSv y¡1, the value of Hex must be less than unity (Erees et al.
2006, Ghose et al. 2012, Kobeissi et al. 2013, Gupta and Chauhan 2012). The external hazard
index is also an additional criterion to assess the radiological suitability of building materials
(UNSCEAR 2000, Avwiri et al. 2011) using Eq. (4.2).

Hex D ARa

370
C ATh

259
C AK

4810
� 1 (4:2)

where ARa » AU, ATh, and AK are the average activity concentrations of 226Ra, 232Th, and 40K
in Bq kg¡1, respectively.

For the radiation hazard to be acceptable, it is recommended that Hex must be less than
unity. The estimated Hex for all the samples varied from 0.210 to 0.918 with highest value
noted in interlock from Site 2, whereas the lowest value of 0.237 reported in Dangote
Cement (42.5N) Grade. The mean value of the estimated Hex is 0.479 and was found to be
lower than the recommended limit of 1. More so, this highest value from the interlock from
Site 2 for this present study is still lower than the recommended value of �1 according to
UNSCEAR (2000).
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3.2.3. Internal hazard index (Hin)
The internal hazard index obtained from this work is shown in Table 3. The internal
exposure to radon and its progeny can be quantified using the internal index which is
determined using Eq. (4.3) (Xinwei 2005; Alharbi et al. 2011; Beretka and Mathew
1985).

Hin D ARa

185
C ATh

259
C AK

4810
� 1 (4:3)

For the utilization of a building material to be considered safe, the internal hazard must
be less than 1 (Ghose et al. 2012; Alharbi et al. 2011). In the present study, the Hin ranged
from 0.26 to 1.02 with the highest value of 1.02 noted in Interlock Stone Site 2 sample
whereas the lowest value of 0.262 reported in Goodwill Ceramics – Nig (400 £ 250 mm) tile
sample. The mean value of all the samples is 0.603 which is less than the world average of
<1, indicating that the internal hazard is lower than the critical value. The internal hazard
indices of Black Galaxy India (600 £ 300 mm) marble sample, Interlock Stone Site 2 and
Goodwill Super Polish Porcelein tiles (600 £ 600 mm) are 1.02, 1.02 and 1 respectively.
These values are higher than the recommended safe level when compared with safe value by
UNSCEAR (2000), Ghose et al. (2012), Alharbi et al. (2011) and are considered not safe for
building purposes.

3.2.4. Absorbed gamma dose rate (DR)
The absorbed dose rate indoor air (DR) and the corresponding annual effective doses
(AEDR) contributed to gamma ray emission from the natural radionuclide (226Ra, 232Th,
and 40K) in building materials which were estimated according to formulas initiated by

Table 3. The radium equivalent activity (Bq kg¡1), internal and external hazard indices.

Sample name/company of production
Radium activity convention

(Raeq) (Bq Kg¡1)
External hazard
index (Hex)

Internal hazard
index (Hin)

Black Galaxy India (600£ 300 mm) 294.65 0.79 1.02
Blue Pearl India (600£ 300 mm) 238.16 0.64 0.81
BN Ceramics Floor tiles Nig (450£ 450 mm) 277.31 0.75 0.91
BN Floor tiles Benia – (600£ 600 cm) 161.39 0.44 0.56
Dangote Cement (42.5N) Grade 87.64 0.24 0.34
Elephant Portland Cement 77.63 0.21 0.29
Golden Crom Floor tiles Ogum – (300£ 300 mm) 161.76 0.44 0.55
Golden Crown Ceramics Nig – (250£ 400 mm) 90.27 0.24 0.30
Gomez Spain (450 mm) 165.25 0.45 0.53
Goodwill ceramics – Nig (400£ 250 mm) 79.30 0.21 0.26
Goodwill verified tile (400£ 4000 mm) 242.46 0.65 0.87
Green Pearl India (600£ 300 mm) 116.15 0.31 0.43
Goodwill Super Polish Porcelain tiles (600£ 600 mm) 272.59 0.75 1.00
Iddris Floor tile – China (600£ 600 mm) 224.23 0.61 0.79
Interlock stone tiles Site 3-CU 219.65 0.59 0.66
Interlock Stone Site 1 121.39 0.33 0.40
Interlock Stone Site 2 340.08 0.92 1.02
IRIS Ceramics tiles Italy 148.24 0.40 0.57
Golden Crom Floor tiles Ogum – (300£ 300 mm) 53.18 0.41 0.53
Golden Crown Ceramics Nig – (250£ 400 mm) 90.27 0.24 0.30
Gomez (Spain) 450 mm 165.25 0.45 0.53
Mean 172.71 0.48 0.60
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UNSCEAR (2000) and EC (1999). In the UNSCEAR and European Commission reports, the
dose conversion coefficients were calculated for the center of a standard room. The DR was
estimated using Eq. (4.4) as given by EC (1999) and UNSCEAR (2000).

DR D 0:436ARa C 0:599ATh C 0:0417AK .nGy h
¡ 1/ (4:4)

Considering the absorbed dose rates presented in Table 4, the absorbed dose rate varied
from 34.51 to 151.49 nGy h¡1 with the highest value of 151.49 reported in interlock material
from Site 2 whereas the lowest value of 34.51 nGy h¡1 was noted in Elephant Portland
Cement as shown in Table 4. Comparing the highest absorbed dose rate in this present study
with the standard limit safe level of 84 nGy h¡1 recommended by UNSCEAR (1988a), is
higher by a factor of 1.9. The mean value of the analyzed samples is found to be 81 nGy h¡1

which is lower than the world average of 84 nGy h¡1. The average absorbed dose due to the
existence of 226Ra, 232Th, and 40K in the samples is 81 nGy h¡1. This value is higher than the
world’s average value of 59 nGy h¡1 (UNSCEAR 2000; Xinwei 2005) by a factor of 1.04.

3.2.5. The external absorbed dose rate (Dout)
Details of the estimated outdoor external absorbed doses due to the existence of 226Ra, 232Th,
and 40K are presented in Table 4. The external absorbed dose rate (Dout) in nGy h¡1 deliv-
ered by the radionuclides under investigation to the general public in the outdoor air was
calculated using equation 2, which has been presented by researchers (Rahman et al. 2013;
Khandaker et al. 2012; Ahmed 2005)

Table 4. The absorbed gamma dose rate, internal and external absorbed dose rate.

Company of production
Dose rate

(DR)
External absorbed
dose rate (Dout)

Internal absorbed
dose rate (Din)

Black Galaxy India (600£ 300 mm) 135.68 140.06 196.08
Blue Pearl India (600£ 300 mm) 110.56 114.31 160.03
BN Ceramics Floor tiles Nig (450£ 450 mm) 136.22 140.10 196.15
BN Floor tiles Benia – (600£ 600 cm) 75.75 77.92 109.09
Dangote Cement (42.5N) Grade 39.89 40.22 56.31
Elephant Portland Cement 35.28 35.86 50.20
Golden Crom Floor tiles Ogum – (300£ 300 mm) 71.14 74.34 104.07
Golden Crown Ceramics Nig – (250£ 400 mm) 39.19 41.30 57.82
Gomez Spain (450 mm) 77.42 80.74 113.03
Goodwill Ceramics – Nig (400£ 250 mm) 34.51 36.34 50.87
Goodwill verified tile (400£ 4000 mm) 109.86 112.83 157.96
Green Pearl India (600£ 300 mm) 52.39 53.63 75.08
Goodwill Super Polish Porcelain tiles (600£ 600 mm) 124.10 126.83 177.56
Iddris Floor tile – China (600£ 600 mm) 100.45 103.74 145.24
Interlock stone tiles Site 3-CU 102.13 107.59 150.63
Interlock Stone Site 1 57.04 59.06 82.69
Interlock Stone Site 2 151.48 161.29 225.81
IRIS Ceramics tiles Italy 68.92 69.55 97.37
Golden Crom Floor tiles Ogum – (300£ 300 mm) 67.52 70.37 98.52
Golden Crown Ceramics Nig – (250£ 400 mm) 39.19 41.30 57.82
Gomez (Spain) 450 mm 77.42 80.74 113.03
Mean 81.24 84.20 117.87
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The Dout was estimated using Eq. (4.5) as given by EC (1999).

Dout D 0:427 CRa C 0:662 CTh C 0:0432 CK .nGy h
¡ 1/ (4:5)

where CRa, CTh, and CK are the specific activities of 226Ra, 232Th, and 40K measured in Bq
kg¡1, respectively. The Dout in Table 4 ranged from 35.86 to 161.30 nGy h¡1 with the mean
value of 84.20 nGy h¡1. This highest value of 161.30 nGy h¡1 was reported in interlock Site
2 sample, whereas the lowest value of 35.86 nGy h¡1 was reported in Elephant Portland
Cement. This mean value of 84.20 nGy h¡1 may not contribute to gamma activity of 370 Bq
kg¡1 that will keep higher external dose rate up to 1.5 mSv y¡1 according to UNSCEAR
(2000).

3.2.6. The internal absorbed dose rate (Din)
Considering the fact that the indoor dose contribution is 1.4 times higher than the outdoor
dose contribution, the gamma dose indoor (Din) in the indoor environment is delivered by
radionuclides (gamma emission from 226Ra, 232Th, and 40K) in the assessed construction
materials using Eq. 4.6 by UNSCEAR (2000), Usikalu et al. (2011), Arabi et al. (2008), and
Debertin and Helmer (2014).

Din D 1:4 Dout (4:6)

The internal absorbed dose listed in Table 4 for this present study varied from 50.20 to
1191.93 nGy h¡1 with a mean value of 225.81 nGy h¡1 with the highest value noted in Inter-
lock Stone Site 2 whereas the lowest value was reported in Elephant Portland Cement as
shown in Table 4.

3.2.7. Annual effective dose rate (AEDR)
The indoors annual effective dose equivalent received by human is estimated from the
indoor internal dose rate (Din), occupancy factor which is defined as the level of human
occupancy in an area in proximity with radiation source, which is given as 80% of 8760 h in
a year, and the conversion factor of 0.7 SvG y¡1 which is used to convert the absorbed dose
in air to effective dose received by the adult (ICRP 1991).The annual dose received by the
building occupants due to the activity emanating from the building materials was deter-
mined using Eq. 4.7 (Usikalu et al. 2017).

HR mSvð Þ D DR.nGy h
¡ 1/£ 8766 h£ 0:8 occupancy factorð Þ

£ 0:7 SvG y¡ 1 conversion factorð Þ£ 10¡ 6
(4:7)

The value of the AEDR from the analyzed samples ranged from 0.262634 to 0.744 mSv
y¡1 with a mean value of 0.43 mSv y¡1 as presented in Table 5. The sample with highest
AEDR is interlock stone Site 2 and Black Galaxy India (600 £ 300 mm) as shown in Table 5,
with a value of 0.666 and 0.744 mSv y¡1, respectively, whereas Golden Crown Ceramics Nig
(250£ 400 mm) reported the lowest AEDR. The mean values of 0.399 mSv y¡1 annual effec-
tive dose from the samples surpass the world’s average value of 0.07 mSv y¡1 according to
UNSCEAR (2000) by a factor 5.7.
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3.2.8. Gamma activity index representations
The distribution of values of gamma index for the building materials measured in this pres-
ent study is presented in Table 5. The gamma index is correlated with the annual dose rate
attributed to excess external gamma radiation caused by superficial materials. The value of
Igr �2 correspond to a dose rate of criterion of 0.30 mSv y¡1, whereas 2 < Ig � 6 corre-
sponds to a criterion of 1 mSv y¡1, whereas a gamma activity index �0.5 corresponds to
0.3 mSv y¡1 if the materials are used in bulk quantity (EC 1990; Anjos et al. 2010). If the Ig
for building material is greater than 6, such material should be avoided since it corresponds
to dose rate higher than 1 mSv y¡1 (EC 1999; Kant et al. 2006) which is presumed to be the
highest dose rate value recommended for the general public (UNSCEAR 2000).

The gamma index representation (Igr) is estimated using Eq. (4.8) as presented by OECD
(1979).

Ig D CRa

300 Bq kg¡ 1 C CTh

200 Bq kg¡ 1 C CK

3000 Bq kg¡ 1 (4:8)

The gamma index for the measured building materials varied from 0.275 to 1.23 with the
highest value noted in interlock stone Site 2, whereas the lowest value of 0.275 reported in
Elephant Portland Cement with a mean value of 0.644. It can be observed that all samples
are lower than 4, the average value. Since these materials are used for building, it is appropri-
ate to consider the level of impact of the average value of these different materials. With this
average value of 0.644, it indicates a dose rate of lower than 0.30 mSv y¡1. As such, the
annual effective dose delivered by the building materials is smaller than the annual effective
dose constraints of 1 mSv y¡1. It could be suggested that these building materials can be
exempted from restrictions concerning radiological and radioactivity risks.

Table 5. The annual effective dose, gamma activity index, and alpha index.

Sample name/company of production
Annual effective

dose (AEDR (mSv y¡1))
Gamma activity

index (Ig)
Alpha index (Ia)

Black Galaxy India (600£ 300 mm) 0.67 1.07 0.41
Blue Pearl India (600£ 300 mm) 0.54 0.88 0.30
BN Ceramics Floor tiles Nig (450£ 450 mm) 0.67 1.08 0.29
BN Floor tiles Benia – (600£ 600 cm) 0.37 0.60 0.22
Dangote Cement (42.5N) Grade 0.20 0.31 0.20
Elephant Portland Cement 0.17 0.28 0.16
Golden Crom Floor tiles Ogum – (300£ 300 mm) 0.35 0.57 0.21
Golden Crown Ceramics Nig – (250£ 400 mm) 0.19 0.31 0.20
Gomez Spain (450 mm) 0.38 0.62 0.15
Goodwill ceramics – Nig (400£ 250 mm) 0.17 0.28 0.09
Goodwill verified tile (400£ 4000 mm) 0.54 0.86 0.40
Green Pearl India (600£ 300 mm) 0.26 0.41 0.21
Goodwill Super Polish Porcelain tiles (600£ 600 mm) 0.61 0.97 0.49
Iddris Floor tile – China (600£ 600 mm) 0.49 0.793 0.35
Interlock stone tiles Site 3-CU 0.50 0.82 0.13
Interlock Stone Site 1 0.28 0.45 0.14
Interlock Stone Site 2 0.74 1.23 0.89
IRIS Ceramics tiles Italy 0.34 0.53 0.31
Golden Crom Floor tiles Ogum – (300£ 300 mm) 0.33 0.54 0.21
Golden Crown Ceramics Nig – (250£ 400 mm) 0.19 0.31 0.09
Gomez (Spain) 450mm 0.38 0.62 0.15
Mean 0.40 0.64 0.27
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3.2.9. Alpha index
The alpha index has been developed as an assessment of the excess alpha radiation exposure
caused by the inhalation originating from building materials. The alpha index in this present
study was calculated using Eq. 4.9 (Righi and Bruzzi 2006; Xinwei 2005):

Ia D CRa

200 Bq kg¡ 1 (4:9)

where CRa is the activity concentration of radium (Bq kg¡1) in building materials. If the
radium activity level in building material exceeds the values of 200 Bq kg¡1, there is possibil-
ity that the radon exhalation from the material could cause indoor radon concentrations
exceeding 200 Bq m¡3. The International Commission on Radiation Protection recom-
mended an action level of 200 Bq m¡3 for radon in dwellings (ICRP 1994; EC 1999). At the
same time, if this radium activity level is below 100 Bq kg¡1, it shows that radon exhalation
from building materials may not likely cause indoor concentration greater than 200 Bq m¡3

(Xinwei and Xiaolon (2008)). It is reported that the recommended exempted value and the
recommended upper limit for radon concentrations are 100 Bq kg¡1 and 200 Bq kg¡1,
respectively, in building materials (RPA 2000). It is noted that the upper limit of radon con-
centration (Ia) is equal to 1 (Tufail et al. 2007). The results of this present study show that
the radon concentration varied from 0.1275 to 0.4075, respectively, in Table 5. With this
lower value, it indicated that the radon exhalation from all the analyzed samples would cause
indoor concentration lower than 200 Bq kg¡1.

3.2.10. Activity utilization index (AUI)
Estimation of the activity utilization index from different combinations of the 226Ra, 232Th,
and 40K in building materials can be obtained using the following Eq. 4.8 (UNSCEAR, 1993):

AUI D CRa

50 Bq kg¡ 1

� �
fRa C CTh

50 Bq kg¡ 1

� �
fTh C CK

500 Bq kg¡ 1

� �
fk (4:8)

where CTh, CRa, and CK are the actual values of the activities per unit mass (Bq kg¡1) of
232Th, 226Ra, and 40K, respectively, in the assessed building materials. fTh, fRa, and fK
are the fractional contributions of the total dose rate in air attributed to gamma radiation
from the actual activity concentration from the measured radionuclides. The activity uti-
lization index is 2 by definition and is deemed to imply a dose rate of 80 nGy h¡1

(UNSCEAR 1993). In this present study, the AUI varied from 1.40 to 5.62 with the high-
est value of 5.62 noted in interlock stone Site 2 while the lowest value of 1.40 was noted
in Elephant Portland Cement sample as shown in Table 6. The values are presented in
Table 4.5. It can be observed that these values satisfied the AUI <2, which corresponds
to the annual effective dose of <0.3 mSv y¡1 according to El-Gamal et al. (2007) and
Sahu et al. (2014) except Black Galaxy India (600 £ 300 mm), Blue Pearl India (600 £
300 mm), Goodwill verified tile (400 £ 4000 mm), Gomez Spain (450 mm), Goodwill
Super Polish Porcelein tiles (600 £ 600 mm), and Iddris Floor tile – China (600 £
600 mm). Interlock Stone Site 2 and Gomez Spain (450 mm) should be monitored if used
for construction of building as well as their exposure to dwellers.
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3.2.11. Excess lifetime cancer risk (ELCR)
One of the radiological parameters calculated in this study was the excess lifetime cancer risk
(ELCR) which was calculated using Equation 8 by Taskin et al. (2009) and Beck (1980). The
ELCR is presented in Table 4.5.

ELCR D AEDR £ DL £ RF (4:9)

where AEDR, DL, and RF are the annual effective dose equivalent, Duration of life (70 y),
and risk factor (0.05 Sv¡1), respectively. The risk factor is the fatal cancer risk per Sievert.
For stochastic effect, the International Commission on the Radiological Protection (ICRP
60) uses a value of 0.05 for the general public (Taskin et al. 2009; Holm and Ballestra 1989).
The values estimated from this study rages from 0.0007 to 0.0023 with highest value of
0.0023 found in Black Galaxy India and BN Ceramic Tiles, whereas the lowest value of
0.0007 was noted in Dangote as presented in Table 6. The mean value of ELCR from the
present study was 0.0014 which is higher than the world average value of 0.29 £ 10¡3

according to UNSCEAR (2000) by a factor of 4.8.

3.3. Statistical analysis Using Principal Component Analysis (PCA)

PCA is a technique adopted by several researchers to explain the differences that exist
in large data in which their variables are connected. It reduces the complexity of inter-
preting large data set by means of dimensionality approach (Emenike et al. 2017). In
this study, the PCA was conducted and from the screen plot, two components were
produced (PC1 and PC2). Both components amount up to 99% of the total variance as
shown in the scree plot (Figure 2). PC1 contributed 98.48% while PC2 added less than

Table 6. The activity utilization index and excess lifetime cancer risk.

Sample name/company of production Activity utilization
index (AUI)

Excess lifetime cancer
risk (ELCR £ 10¡3)

Black Galaxy India (600£ 300 mm) 5.41 0.0023
Blue Pearl India (600£ 300 mm) 4.46 0.0019
BN Ceramics Floor tiles Nig (450£ 450 mm) 5.92 0.0023
BN Floor tiles Benia – (600£ 600 cm) 3.11 0.0013
Dangote Cement (42.5N) Grade 1.60 0.0007
Elephant Portland Cement 1.40 0.0006
Golden Crom Floor tiles Ogum – (300£ 300 mm) 2.63 0.0012
Golden Crown Ceramics Nig – (250£ 400 mm) 1.41 0.0007
Gomez Spain (450 mm) 3.14 0.0013
Goodwill ceramics – Nig (400£ 250 mm) 1.25 0.0006
Goodwill verified tile (400£ 4000 mm) 4.30 0.0019
Green Pearl India (600£ 300 mm) 2.04 0.0009
Goodwill Super Polish Porcelain tiles (600£ 600 mm) 4.91 0.0021
Iddris Floor tile – China (600£ 600 mm) 3.85 0.0017
Interlock stone tiles Site 3-CU 4.07 0.0018
Interlock Stone Site 1 2.33 0.0010
Interlock Stone Site 2 5.62 0.0026
IRIS Ceramics tiles Italy 2.83 0.0012
Golden Crom Floor tiles Ogum – (300£ 300 mm) 2.51 0.0012
Golden Crown Ceramics Nig – (250£ 400 mm) 1.41 0.0007
Gomez (Spain) 450 mm 3.14 0.0013
Mean 3.21 0.0014
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1% (0.42%) to the entire variance. The important radionuclide parameter controlling
the process is often located in PC1. This may be due to the presence of filler such as
quartz (SiO2), alumina (Al2O3), or zirconia (ZrO2) which gives mechanical strength to
the tile. Within the explained variance of PC1 (Figure 3), strong positive loadings were
recorded in 40K (r D 1.000). There also exist a strong positive loading produced by
232Th (r D 0.9398) and a moderate positive loading by 226Ra in PC2 which may be due
to the constituent of geologic materials such as kaoline, plasticity clay, feldspar, granite,
as well as magnesia bodies such as calcium and additives (plasticizers, binders). Build-
ing materials with similar characteristics and information within the samples can be
identified using the score plot (Figure 4). From the results, GCC, GPI, GWC, EPC, and
DC possess similar attributes. These samples are characterized with loadings on PC1
having values ¡458.1885, ¡306.4048, ¡453.8252, ¡351.1153, and ¡345.7419, respec-
tively. Other materials having similar composition include GCF and GCFO (loadings of
¡360.7882 and ¡360.6501, respectively); Gomez and BNF (loadings of 213.9588 and
147.4553, respectively); GSPP, GVT, and IFT (loadings of 66.1005, ¡25.3152, and

Figure 2. Scree plot of explained variance for individual principal components.

Figure 3. Correlation loadings with respect to components.
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¡163.1648, respectively); BPI and IST (loadings of 337.8973 and 418.8911, respec-
tively). The leverage plot (Figure 5) shows the contribution of individual materials on
the respective components. In PC1, the highest contributors are BNC, GCC, GC, and
GWC. PC2 had contributors emanating from BNC, IS2, BGI, and EPC. This study con-
sidered the correlation range of 0.1–0.29 as a weak relationship, 0.3–0.69 as moderate
relationship and 0.7–0.99 as strong relationship. Within the correlation, there exist a
moderate relationship between 226Ra and 232Th (r D 0.3737), and moderate relationship
between 40K and 226Ra (r D 0.3265). The results obtained corroborate the significant

Figure 4. Scree plot of individual samples with respect to principal components.

Figure 5. Leverage plot showing the respective contributions of samples to the principal components.
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ratio existing between 226Ra and 232Th. similar correlation was obtained in previous
works by Omeje et al. 2014.

4. Conclusion

In this study, the activity concentrations of 226Ra, 232Th, and 40K in commercial building
materials were measured to estimate the radiological health risk parameters for the eval-
uation of the potential lifetime cancer risk to human health. Statistically, there was a
slightly higher relationship between 226Ra and 232Th. A slightly lower relationship was
found between the 40K and 226Ra. The mean value of the absorbed dose rate of the ana-
lyzed samples was found to be 81 nGy h¡1, which is lower than the world average of 84
nGy h¡1 by a factor of 1.9. The mean value of 0.399 mSv y¡1 for annual effective dose
from the samples surpassed the world’s average value of 0.07 mSv y¡1 by a factor 5.7.
The value of some AUI satisfies the AUI <2, which corresponded to the annual effective
dose of <0.3 mSv y¡1. The estimated mean value of excess lifetime cancer risk (ELCR)
was 0.0014, which is higher than the world average value of 0.29 £ 10¡3. The result of
the activity utilization index showed that Black Galaxy and BN Ceramic Tile should be
monitored if used for construction of buildings due to excess lifetime cancer risk expo-
sure to dwellers. This study would help in regulating and monitoring the radioactivity
level effect from building materials.
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