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ABSTRACT

This work reported the activity concentrations of 4°K, 238U, 232Th, radiological impact assessment, the con-
centration of Cd, Cr, Zn, Cu, Pb, As, Mn, Ni, Co, and human risk assessment of the potentially toxic elements
(PTEs) of commonly used tiles in Nigeria. The gamma-ray spectrometry was carried out by means of High Purity
Germanium gamma detector, and the whole content of the PTEs in the sampled tiles were analyzed using ICP-MS
instrument. The gamma-ray analysis reveals varying results that are higher than their corresponding global
values in most cases. Similarly, the analysis of the PTEs reveals concentrations that are in some cases 100 times
higher than the recommended limits. Surprisingly, for gamma dose rates, all the tiles (100%) have values greater
than the recommended limit of 84.00 nGy/h provided by UNSCEAR. The radiological impact assessment reveals
that Nigerians are at high risk of overexposure to indoor ionizing radiation for using these tiles for their building
and construction purposes. The P 95% and mean cumulative probabilities from the Monte Carlo Simulation
(MCS) indicates that the lifetime cancer risks for most of the sampled tiles exceed the recommended limit of 3.75
% 1073 by UNSCEA i.e. the P 95% ranges between 5.00 x 1072 and 20.60 x 1073, and the mean cumulative
probabilities ranges between 2.53 x 10> and 11.90 x 10~3. This high risk was confirmed by the MCS, which
reveals that inhabitants using NISPRO verified tiles, Goodwill Verified, Virony Glazed, IDDRIS tiles, PNT Veri-
fied, and PNT Ceramic tiles are most likely to experience over-exposure to indoor ionizing radiation because even
their lowest probable exposure risk, P 5% exceeds the limit recommended by UNSCEAR for indoor exposure.
However, the Hazard Index (HI) and the Incremental Lifetime Cancer hazard (ILCR) of the PTEs reveals low
cancer and non-cancer risks for all the tiles investigated.

1. Introduction

Building and construction materials such as tiles, granites, quartz,
marble resulting from mineral rocks generally contain varying quanti-
ties of contaminants such as heavy metals (PTEs) and naturally occur-
ring radionuclides like 238U, 2327?1, their products, and the non-series g
(Omeje et al., 2018; Joel et al., 2018a,b,c; Orosun et al., 2020a; Orosun
et al.,, 2020b, Orosun et al., 2021a). These toxic metals and the
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primordial radionuclides are typically inherited from the mother rock
(such as granitic rocks) during the pedogenic process (Orosun et al.,
2020a) . Since the presence of these toxic elements and the naturally
occurring radionuclides in the building and construction materials,
which contributes to biotoxic effects and radiation exposure, informa-
tion about the source, quantity, and assessment of the associated health
risks becomes very important in assessing the likely radiological hazards
and biotoxic effects to individual health. The knowledge about the
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Table 1
Levels and values of assessment standards according to Haqueet al. (2018) and Li
et al. (2017).

Risk Levels Range of risk Acceptability
value
Level I (Extremely lowrisk) < 107° Completely accept
Level II (Low risk) 1075 -107° Not concerned about the possible
risk
Level III (Low-medium 10’5, —5x Not to be mindful about the risk

risk) 10°°

Level IV (Medium risk) 5x107°-107* Worry about the probable risk

Level V (Medium-highrisk)  107%, — 5 x Mind the risk and eager to invest
10"

Level VI (High risk) 5x107%-10"%  Give thought and take step to

solve it
Level VII (Extremely high >1073 Required to solve it

risk)

Table 2
Exposure factors used in solving the human health risks (Isinkaye, 2018; Orosun,
2020a, 2021).

S/ Exposure Values S.I Unit
N Parameters
2. Inhalation rate 20 m®/day
(InhR)
3. Exposure frequency 365 day/year
(EF)
4. Exposure duration 55 Years
(ED)
5. Body mass (BW) 70 Kg
6. Time period of ED x 365 Days
exposure (AT)
7. Particle emission 1.36 x 10° m®/kg
factor (PEF)
8. Exposed skin 5700 for soil cm?
surface area (SA)
9. Adherence factor 0.07 mg/cm>-
(AF) day
10. Dermal absorption 0.03 for As and 0.001 for others
factor (ABS)
11. Chronic reference Inhalation RfD:Mn (1.43 x 107°), Zn mg/kg/
dose (RfD) (3.00 x 1071), Cu (4.02 x 1072), Cr day
(2.86 x 107%), Ni (2.06 x 10-2), Co
(5.71 x 107°), Pb (3.25 x 107%), As
(3.01 x 1074, Cd (5 .70 x 107°),
Dermal RfD: Mn (1.84 x 1073), Zn
(6.00 x 10-2), Cu (1.20 x 1072), Cr
(6.00 x 1075), Cd (5 .00 x 10~4), Ni
(5.40 x 1072%), Co (1.60 x 1072), Pb
(5.25 x 1074), As (1.23 x 1074
12. Carcinogenic slope Inhalation SF: Cr (6.30) , Cd (4.10), Ni (mg/kg/
factor (SF) (0.84) , As (15.1), Pb (0.042). day)™!
Dermal SF: As (3.66), (0.042)
13. Permeability Pb, As, Cu (0.0001), Cr (0.002), Zn cm/hour

constant (KP) (0.006)

concentration of these toxic nuclides is also crucial in developing
guidelines and principles for the exploitation and running of these
construction materials since 80-90% of most residents days are spent
indoors (Turhan, 2009; Jankovi¢ et al., 2013; Joel, 2018a; Orosun,
2020Db). Tiles are one of the frequently used building materials that
contain a mixture of diverse raw materials like clays, feldspar, and
quartz. Almost all the commercial tiles in Nigeria are glazed with zircon.
The presence of the zircon in these commercial tiles can significantly
enhance the concentrations of these heavy metals and the naturally
occurring radionuclides beyond limits acceptable for building materials
(Dizman and Keser, 2019; Jankovi¢ et al., 2013).

Exposure of humans to these heavy metals and the ionizing radiation
emanating from the radionuclides and their progenies is a leading source
of cancer and other health challenges from radiation, harmful to vital
organs of the human body that can lead to death in some cases (Orosun,
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Table 3
Mean (n = 6) activity concentrations of 40K, 238y, 232Th in the sampled tiles
Sample Type Country “K(Bgq/kg) 2*°U (Ba/ 232Th (Bq/
kg) kg)
BN Ceramic Pulp Nigeria 670.00 + 37.50 + 101.50 +
Floor tile 14.00 7.00 11.00
BN Ceromic Pulp  Spain 570.00 + 55.00 + 104.50 +
42.00 3.00 9.00
Golden Crown Pulp Nigeria 460.00 + 49.50 + 57.50 +
Ceramics 18.00 3.00 5.00
Golden Crown Pulp Nigeria 390.00 + 27.00 + 113.00 +
Floor tiles 18.00 4.00 18.00
Goodwill Pulp Nigeria 530.00 + 62.00 £ 74.50 +
ceramics 23.00 3.00 15.00
Goodwill super Pulp Nigeria 270.00 + 44.00 + 51.50 +
polish 12.00 3.00 11.00
Gordwill Pulp Nigeria 540.00 + 70.50 + 445.50 +
Vitrified 28.00 5.00 18.00
IDDRIS tiles Pulp  China 740.00 + 65.00 + 337.00 +
46.00 3.00 11.00
IRIS Ceramic Pulp Italy 940.00 + 59.50 + 79.00 +
92.00 3.00 12.00
NISPRO Vitrified  Pulp  Nigeria 860.00 + 59.50 + 461.00 +
tiles 78.00 6.00 29.00
Pamesa Pulp Spain 650.00 + 30.50 + 64.00 +
13.00 3.00 3.00
PNT Ceramic Pulp Nigeria 510.00 & 241.00 + 77.50 =
tiles 18.00 9.00 3.00
PNT Vitrified Pulp Nigeria 370.00 + 35.50 + 346.50 +
12.00 3.00 24.00
Rose bite Pulp India 940.00 + 55.50 + 95.50 +
37.00 3.00 12.00
Royal Pulp Nigeria 630.00 + 58.00 + 76.00 +
29.00 4.00 6.00
Royal Classic Pulp Nigeria 390.00 + 65.50 + 44.00 +
ceramic 14.00 6.00 3.00
Royal Crown Pulp Nigeria 440.00 + 51.50 + 41.00 +
16.00 3.00 3.00
Time ceramics Pulp Nigeria 510.00 + 27.00 + 96.00 +
18.00 3.00 9.00
Virony Pulp China 530.00 + 55.50 + 126.50 +
21.00 5.00 12.00
Virony Glazed Pulp China 290.00 + 75.00 + 405.50 +
23.00 5.00 23.00
Virony Rustic Pulp China 390.00 + 42.50 + 63.00 +
glass 22.00 3.00 21.00
Virony unglazed Pulp China 440.00 + 55.00 + 52.00 +
32.00 5.00 9.00
Global average 420.00 32.00 45.00

Global average (UNSCEAR, 2000)

2020c; United State Environmental Protection Agency “EPA”, 2018;
USEPA, 1997; Orosun, 2018, 2020b—e, 2021; Orosun et al., 2021b).
However, tiles used for building purposes, the inhabitants are exposed to
these dangerous radiations and heavy metals continuously over the
lifetime of occupying such buildings.

Hence, the aims of this study is to examine the concentration of
heavy metals and the activity levels of 238U, 2*2Th, and *“K in the
sampled commercial tiles used in Nigeria and assess the human carci-
nogenic and non-carcinogenic risks connected with the heavy metals
and radiological hazards associated with the primordial radionuclides in
the tiles. This is necessary to ascertain the level of human exposure to the
toxic chemical and radiological risks from the natural radionuclides.
Additionally, since the estimation of the radiological risk values using
the risk assessment model provided by the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR) either over-
estimates or underestimates the actual radiological risk, it is impossible
to determine the likelihood (either above or below the 95th percentile)
that the inhabitants will be at risk without simulation. Consequently, in
this work, a probabilistic approach using Monte Carlo simulation (MCS)
that has the advantage of minimizing uncertainty, has been employed to
inspect the probable cancer risk risks associated with primordial ra-
dionuclides (238U, 232Th and 40K) in the ceramic tiles.
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Table 4

Mean radiological hazard parameters for the selected tiles samples.
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Sample Dindoor (0Gy/h) AEDjpdoor (mSV/y) Ra.q (Bq/kg) Hext Hine RLI ELCR (X 107%) AGED (mSv/y)
BN Ceramic Floor tile 199.75 0.98 234.24 0.64 0.74 1.72 3.43 0.75
BN Ceromic 211.15 1.04 248.33 0.68 0.82 1.80 3.63 0.79
Golden Crown Ceramics 145.59 0.71 167.15 0.45 0.59 1.21 2.50 0.54
Golden Crown Floor tiles 180.34 0.88 218.62 0.60 0.67 1.57 3.10 0.68
Goodwill ceramics 181.39 0.89 209.35 0.57 0.74 1.52 3.11 0.67
Goodwill super polish 118.73 0.58 138.44 0.38 0.50 0.99 2.04 0.44
Gordwill Vitrified 598.11 2.93 749.15 2.04 2.23 5.29 10.27 2.25
IDDRIS tiles 489.70 2.40 603.89 1.65 1.82 4.30 8.41 1.84
IRIS Ceramic 216.84 1.06 244.85 0.67 0.83 1.82 3.72 0.81
NISPRO Vitrified tiles 630.64 3.09 784.95 2.14 2.30 5.58 10.83 2.38
Pamesa 150.46 0.74 172.07 0.47 0.55 1.28 2.58 0.57
PNT Ceramic tiles 347.77 1.71 391.10 1.06 1.71 2.73 5.97 1.23
PNT Vitrified 443.41 2.18 559.49 1.52 1.62 3.95 7.61 1.67
Rose bite 231.31 1.13 264.45 0.72 0.87 1.96 3.97 0.87
Royal 187.36 0.92 215.19 0.59 0.74 1.57 3.22 0.69
Royal Classic ceramic 139.86 0.69 158.45 0.43 0.61 1.14 2.40 0.51
Royal Crown 127.68 0.63 144.01 0.39 0.53 1.05 2.19 0.47
Time ceramics 171.24 0.84 203.55 0.55 0.63 1.48 2.94 0.64
Virony 232.61 1.14 277.21 0.75 0.90 1.99 3.99 0.87
Virony Glazed 538.25 2.64 677.20 1.84 2.05 4.75 9.24 2.02
Virony Rustic glass 139.60 0.68 162.62 0.44 0.56 1.18 2.40 0.52
Virony unglazed 143.00 0.70 163.24 0.44 0.59 1.18 2.46 0.53
Recommended Limit 84.00 0.41 370.00 <1 <1 <1 3.75 0.30

Recommended Limit (UNSCEAR, 2000).
2. Material and methods
2.1. Sample preparation and Gamma-Ray spectrometry

Six (6) samples of each of the twenty-two (22) selected ceramic tiles
commonly used in Nigeria (both imported and Nigerian made) were
gotten from diverse suppliers and were arranged based on IAEA TRS-295
(IAEA, 1996). This put the total number of samples at 132. Each sample
was placed in a synthetic beaker and preserved for four (4) weeks secular
balance. Analysis of the samples was carried out in Canada (Activation
Laboratory System) employing High Purity Germanium detector, Can-
berra Lynx™ Digital Signal Analyzer (DSA), a 32 K control incorporated
signal analyzer and a top-opening lead safeguard (4”lead, copper/tin
liner) to avert increase environment counts with 50% relative effective-
ness and resolution of 2.1 keV at 1.33 MeV gamma energy of 60 Co. The
Genie-2 K V3.2 software sites and evaluates the climaxes, take away the
background and recognizes the nuclides. The competence curves meant
for this study are perfect for the reduction and self-absorption effects of the
emanated gamma photons. CAMET and IAEA standards (DL-1a, UTS-2,
UTS-4, IAEA-372, and IAEA-447) were utilized for examining the effi-
ciency calibration of the system. In measuring the activity, the samples
were calculated for 86,400 s with the background counts deduct from the
net count (Joel et al., 2018b). The lowest noticeable activity of the de-
tector was resolute with a confidence level of 95%. The uncertainty faults
were predicted keeping into report the coupled faults from gamma
courting emission possibility and effectiveness calibration average of the
system. The progeny of radium, 21*Bi, and 2!Pb releases gamma line 609
keV, 934 keV, 2204 keV, 1764 keV, and 351 keV, 295 keV were used,
however; the resolution of radium was from the release of 1764 keV
because it has small self-attenuation consequence at high energy. Given
that 232Th cannot be honestly identified, the expected action through its
progeny 2%8TI and 22®Ac by means of 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 utilized to determine 40,

2.2. Materials and method for toxic metals contents in the samples

The diverse building material samples used in this study were ac-
quired from the Orile market in Lagos State, Nigeria. The samples were
compressed, pounded, and put through a sieve of 75 um mesh for ho-
mogeneity, position in a plastic vial, and tagged in permanent marker for

simple recognition prior to transferring it to Bureau Veritas Laboratory
Ltd, Canada, for investigation. About 0.2 g of the samples were correctly
weighed into a container perfluoroalkoxy polymer, that was subse-
quently positioned in a microwave pressure vessel (Ethos Plus Micro-
wave Lactation, Milestone Inc., Shelton, CT, USA), using the standard of
USEPA method 3052. Subsequent accumulation of concentrated nitric
acid and concentrated hydrochloric acid at 4 ml and 0.5 ml and ab-
sorption of the samples using microwave power gradually raised to 400
W within 40 min. Following cooling, water was correctly added to the
solutions to 100 ml. Nevertheless, open digestion in a beaker was per-
formed with 0.5 g of sample, evaluated completely, by heating with 12
ml of aqua regia for 40 min, trailed via evaporation to drought. 25 ml of
concentrated hydrochloric acid and 2.5 ml of hydrogen peroxide were
added to the burning residue with a precise intensity of 50 ml of water. A
duplicate per digestion technique was completed for every sample
(Hoffmann et al., 1999). The whole content of heavy metals in the house
materials was analyzed with an ICP-MS device attached to the intuitive
WinLab32 software system encompasses the apparatus to examine,
report as well as accomplished the calculated data (Bonta et al., 2016;
Zhang & Hu, 2011; Hoffmann et al., 1999). Calibrating the samples, the
standard resolutions (panreac) of 100 mgL’1 of all metals were used,
and therefore, were calibrated from 10 to 100 ppb.

2.3. Quality control for the analysis of toxic metals in the samples

In this research, the quality control for the study of the samples with
ICP-MS with the model, Perkin Elmer ICP-MS was accomplished through
the standard operation procedures (SOPs) following the manufacturer
guidelines. All equipment used in this work was regulated according to
(Hoffmann et al., 1999). A calibration curve close to 1 was acquired for
ICP-MS prior to the investigation was carried out on the samples so that
the absorption of the atom of all components to be calculated will be
more precise according to Bonta et al., 2016; Zhang & Hu, 2011.

2.4. Estimation of the radiological impact parameters

2.4.1. Absorbed dose rate

The indoor absorbed dose rate (D) in the air due to the average
specific activities of “°K, 238U, and 232Th (Bq/kg) in the ceramic tile
samples was estimated using equation (1),
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Table 5
Mean (n = 6) concentration of the selected heavy metals in the sampled tiles in ppm.
Sample Cu Pb Zn Ni Co Mn As cd Cr
BN Ceramic Floor tile 2233 +1.1 67.62 £ 2.3 448.20 + 42.1 71.80 £ 4.1 9.30+1.1 191.00 + 6.50 £ 1.1 1.24 + 58.00 + 2.7
11.0 0.3
BN Ceromic 21.19+15 68.41 + 3.6 425.20 £+ 23.1 54.70 + 2.2 1540 + 1.3 220.00 + 10.80 = 0.49 + 69.00 + 0.3
21.0 1.8 0.1
Golden Crown 95.21 +£ 3.1 57.44 £ 2.1 644.00 + 43.9 333.60 +£13.2 18.00 + 1.3 309.00 + 3.90 + 0.3 0.22 + 163.00 + 9.1
Ceramics 23.1 0.0
Golden Crown Floor 59.99 + 2.3 52.36 £ 2.1 259.60 + 21.1 268.70 + 33.1 25.70 £ 1.7 283.00 + 6.10 + 0.6 0.22 + 182.00 +
tiles 61.3 0.0 11.2
Goodwill ceramics 25.41 +£ 29 54.87 £ 2.3 733.70 £ 71.0 80.30 +£ 1.5 9.70 £ 1.1 221.00 + 5.30 £ 0.9 1.01 + 98.00 +12.1
22.0 0.0
Goodwill super polish 29.39 £ 1.2 39.48 £1.3 696.60 + 81.3 103.60 £ 1.7 17.60 + 1.2 353.00 + 3.40+1.1 0.46 + 95.00 +£ 2.4
21.8 0.1
Gordwill Vitrified 24.46 + 1.6 68.70 +£ 5.2 429.60 + 43.2 22.40 +£1.3 6.00 + 1.4 158.00 + 4.80 +1.3 2.49 + 34.00 £ 1.2
15.1 0.7
IDDRIS tiles 2995+ 1.9 98.41 £ 5.8 700.10 + 47.1 26.30 £ 2.1 14.70 + 1.8 159.00 + 15.90 + 0.42 + 72.00 £ 2.5
13.1 0.9 0.0
IRIS Ceramic 2264.17 + 26.86 £ 1.3 392.30 £+ 51.2 4772.20 £ 16.70 + 1.4 219.00 + 14.60 += 0.30 + 35.00 + 2.1
243.0 244.0 12.4 1.6 0.1
NISPRO Vitrified tiles 67.36 + 1.8 43.29 £ 1.1 145.00 + 11.3 118.30 +£12.1 3.50+1.1 88.00 + 6.2 210+ 0.3 0.11 + 47.00 £+ 2.1
0.0
Pamesa 1287.65 + 73.80 £ 7.9 1353.00 + 2621.70 + 25.00 £ 2.3 390.00 + 20.40 + 0.68 + 68.00 + 2.8
103.0 157.0 121.0 15.2 0.6 0.4
PNT Ceramic tiles 2233+ 1.3 117.45 + 443.50 + 34.1 121.30 £ 2.7 27.70 £ 2.1 299.00 + 4.10 £ 0.3 218 + 131.00 +
7.1 29.1 1.1 23.1
PNT Vitrified 23.67 £ 1.2 69.26 + 4.3 527.60 + 51.2 65.80 + 3.2 2460 £ 1.4 267.00 + 7.40 £ 0.5 0.28 + 85.00 + 4.3
21.8 0.0
Rose bite 362.26 + 23.9 24.41 £ 21 43.20 £ 1.3 694.60 + 43.2 4.00 £ 1.2 732.00 + 2.80 £ 0.3 0.02 + 4.00 £ 1.1
229 0.0
Royal 1580.81 + 44.56 + 1.4 473.00 £ 43.3 3254.80 + 1510+ 1.8 307.00 + 3.30 £0.2 0.20 = 56.00 + 1.9
133.0 134.0 23.1 0.0
Royal Classic ceramic 2298 +£1.6 44.67 £ 1.3 425.60 + 31.1 49.50 + 1.7 6.50 £ 1.1 238.00 + 2.30 +£ 0.6 0.09 + 49.00 £ 1.5
21.6 0.0
Royal Crown 18.80 + 1.2 4594 +£1.9 2468.50 + 95.0 40.40 + 1.9 3160+ 1.1 231.00 + 1.90 £0.1 0.23 + 65.00 + 3.1
17.3 0.0
Time ceramics 27.11 £ 1.2 49.67 £ 1.7 843.20 + 21.2 134.90 +£ 11.2 36.80 + 1.3 183.00 + 2.90 £ 0.1 1.49 + 151.00 +
13.8 0.0 13.1
Virony 325.14 £+ 32.0 47.02 £ 1.2 135.30 £17.1 641.70 + 32.1 570 £ 1.2 221.00 + 25.10 £ 0.16 + 34.00 £ 1.2
12.9 2.3 0.0
Virony Glazed 881.70 £+ 67.0 68.68 + 1.8 574.70 £ 51.4 1855.00 + 91.3 383.70 + 442.00 + 14.00 = 2.49 + 315.00 +
18.1 32.7 1.2 0.1 13.2
Virony Rustic glass 17.25+ 1.3 54.42+1.4 587.50 + 61.3 9.70 £ 1.3 520+1.1 214.00 + 9.50 + 1.3 0.34 + 43.00 £ 2.1
21.0 0.0
Virony unglazed 16.08 £ 1.2 46.42 £ 2.1 139.40 £17.7 9.80 £ 1.3 370+ 1.1 212.00 + 26.00 + 0.34 + 33.00 + 3.1
21.1 2.8 0.0
Global Average 38.90 27.00 70.00 29.00 - 488.00 6.83 0.41 59.50
Global average (Kabata-Pendiaset al., 2004 and Chen, 1999).
Dindoor(nGy/h) = 0.92C, + 1.1Cy;, + 0.08Ck (¢} 2.4.4. Representative level index (RLI)

where Cg, Cr,, and Cry, are the activities of g, 22‘5Ra, and 2°2Th in the
tile samples respectively (UNSCEAR, 2000).

2.4.2. Annual effective dose for external exposures (AEDgy.)
The effective dose expected by a member of the general public
annually was designed using the dose rates.

AEDijndoor (MSV/Y) = Dindoor (n1Gy/h) x 8760 h x 0.7 (Sv Gy’l) x 0.8 x
107° ®)

Dose conversion factor of 0.7 Sv/G and occupancy factor for indoor
as 0.8 were adopted (Joel, 2018a-c, Orosun, 2018, 2019; UNSCEAR,
2000).

2.4.3. Radium equivalent activity index (Raeq)

The radium equivalent (Raq) was calculated using the formula:
Ra,, = C, +1.43Cp, 4+ 0.077Ck 3
whereC,, Cry, Ck are the radioactivity concentration in Bq/kg of 238y,

232Th and “°K. Average value of the Radium Equivalent Activity Index
(Raeg) is 370 Bq/kg.

The RLI was estimated using equation (8) (UNSCEAR, 2000; Orosun
et al., 2018; Adewoyin et al., 2019):

Cu CT/] Ck

~ 150 100 " 1500 =

RLI (©)]
where, Cra, Crh, and Ckg maintain their us‘ual definition.

RLI values = 1 corresponds to an AED < 1 mSy. Thus, RLI is a
radiological impact parameter for screening building materials con-
taining significant amounts of these primordial radionuclides and assess
the gamma radiation risk associated with them (UNSCEAR, 2000).

2.4.5. Radiation hazard indices

These indices were used to calculate the stage of Gamma- radiation
hazard connected with the regular radionuclide in samples. The external
radiation hazard (Hey) and the internal radiation hazard (Hj,) was
estimated as follows:

_(Cy Cr Ck

Hew = (370) + (259) * (4810) )
_(Cy Crn Cx

Hw = (185) + <259) + (4810) ©)
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Table 6

Estimated THQjnhalations THQperma and the Hazard Index (HI) for the sampled tiles.
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Sample Mn (THQinn Zn (THQinh Cu (THQinn Co (THQinn Cd (THQinn Pb (THQinh As (THQinn Cr (THQinh Ni (THQinn HI
+ THQperm) + THQperm) + THQperm) + THQperm) + THQperm) + THQperm) + THQperm) + THQperm) + THQperm)
BN Ceramic 2.45E-05 8.83E-06 3.30E-06 9.30E-03 8.15E-04 7.38E-04 9.04E-03 5.94E-03 7.65E-05 2.59E-
Floor tile 02
BN Ceromic 2.83E-05 8.38E-06 3.13E-06 1.54E-02 3.22E-04 7.47E-04 1.50E-02 7.06E-03 5.83E-05 3.87E-
02
Golden 3.97E-05 1.27E-05 1.41E-05 1.80E-02 1.45E-04 6.27E-04 5.42E-03 1.67E-02 3.56E-04 4.13E-
Crown 02
Ceramics
Golden 3.64E-05 5.11E-06 8.86E-06 2.57E-02 1.45E-04 5.72E-04 8.48E-03 1.86E-02 2.86E-04 5.39E-
Crown 02
Floor tiles
Goodwill 2.84E-05 1.45E-05 3.75E-06 9.70E-03 6.64E-04 5.99E-04 7.37E-03 1.00E-02 8.56E-05 2.85E-
ceramics 02
Goodwill 4.54E-05 1.37E-05 4.34E-06 1.76E-02 3.02E-04 4.31E-04 4.73E-03 9.72E-03 1.10E-04 3.30E-
super 02
polish
Gordwill 2.03E-05 8.46E-06 3.61E-06 6.00E-03 1.64E-03 7.50E-04 6.68E-03 3.48E-03 2.39E-05 1.86E-
Vitrified 02
IDDRIS tiles 2.04E-05 1.38E-05 4.43E-06 1.47E-02 2.76E-04 1.07E-03 2.21E-02 7.37E-03 2.80E-05 4.56E-
02
IRIS Ceramic 2.81E-05 7.73E-06 3.35E-04 1.67E-02 1.97E-04 2.93E-04 2.03E-02 3.58E-03 5.09E-03 4.65E-
02
NISPRO 1.13E-05 2.86E-06 9.95E-06 3.50E-03 7.23E-05 4.73E-04 2.92E-03 4.81E-03 1.26E-04 1.19E-
Vitrified 02
tiles
Pamesa 5.01E-05 2.67E-05 1.90E-04 2.50E-02 4.47E-04 8.06E-04 2.84E-02 6.96E-03 2.79E-03 6.46E-
02
PNT Ceramic 3.84E-05 8.74E-06 3.30E-06 2.77E-02 1.43E-03 1.28E-03 5.70E-03 1.34E-02 1.29E-04 4.97E-
tiles 02
PNT Vitrified 3.43E-05 1.04E-05 3.50E-06 2.46E-02 1.84E-04 7.56E-04 1.03E-02 8.70E-03 7.01E-05 4.47E-
02
Rose bite 9.40E-05 8.51E-07 5.35E-05 4.00E-03 1.32E-05 2.66E-04 3.89E-03 4.09E-04 7.40E-04 9.47E-
03
Royal 3.94E-05 9.32E-06 2.34E-04 1.51E-02 1.32E-04 4.86E-04 4.59E-03 5.73E-03 3.47E-03 2.98E-
02
Royal Classic 3.06E-05 8.38E-06 3.40E-06 6.50E-03 5.92E-05 4.88E-04 3.20E-03 5.01E-03 5.28E-05 1.54E-
ceramic 02
Royal Crown 2.97E-05 4.86E-05 2.78E-06 3.16E-02 1.51E-04 5.02E-04 2.64E-03 6.65E-03 4.31E-05 4.17E-
02
Time 2.35E-05 1.66E-05 4.01E-06 3.68E-02 9.80E-04 5.42E-04 4.03E-03 1.55E-02 1.44E-04 5.80E-
ceramics 02
Virony 2.84E-05 2.67E-06 4.80E-05 5.70E-03 1.05E-04 5.13E-04 3.49E-02 3.48E-03 6.84E-04 4.55E-
02
Virony 5.68E-05 1.13E-05 1.30E-04 3.84E-01 1.64E-03 7.50E-04 1.95E-02 3.22E-02 1.98E-03 4.40E-
Glazed 01
Virony Rustic ~ 2.75E-05 1.16E-05 2.55E-06 5.20E-03 2.24E-04 5.94E-04 1.32E-02 4.40E-03 1.03E-05 2.37E-
glass 02
Virony 2.72E-05 2.75E-06 2.38E-06 3.70E-03 2.24E-04 5.07E-04 3.62E-02 3.38E-03 1.04E-05 4.40E-
unglazed 02

Hjn¢ ought to be less than unity for the radiation hazard to be
insignificant.

2.4.6. Excess Lifetime cancer risk (ELCR)
The Excess Lifetime Cancer Risk (ELCR) was estimated using equa-
tion (7):

ELCR = AED x DL x RF 7)

where, AED is the Annual Effective Dose, DL is the average life interval
(assuming 70 years) and RF is the fatal cancer risk per Sievert assumed
to be 0.05 for stochastic effects for the populace ((UNSCEAR, 2000;
Orosun et al., 2019; Adewoyin et al., 2019). The recommended limit for
the ELCR is 3.75 x 1072,

2.4.7. Annual gonadal equivalent dose (AGED)
The AGED for the public using the tiles for building was calculated by
the following equation (Omeje et al., 2020)

AGED (puSv/y) C = 3.09Cy + 4.18Cry, + 0.314Cxg (€)]

2.5. Human health risk assessment

Human health risk assessment of heavy metals involves the estima-
tion and assessment of the form and likelihood of health effects in a
person who might be uncovered to the potentially toxic substance in
concentrations above the recommended threshold in a contaminated
environment. The relationship between the concentration of these
potentially toxic elements (heavy metals) and the probable risk to
human health is generally evaluated by the human health risk assess-
ment approach presented by the USEPA (2004), USEPA (2007), USEPA
(2009) and UNC (2011). This procedure is available through a risk
assessment information system (RAIS) (USEPA, 2004) and is reinforced
by the toxicological profiles developed and assembled by the United
State Environmental Protection Agency’s Integrated Risk Information
System (IRIS) (Orosun, 2020a, 2021; U.S. Environmental Protection
Agency (EPA), 2007), and by the United State Agency for Toxic Sub-
stances and Disease Registry — Toxicological profiles (ATSDR, 2007). In
this current research, the evaluation of exposure was completed by
evaluating the chronic daily intake (CDI) of each of the selected heavy
metals by inhalation and dermal contact.
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Estimated Incremental Life Cancer Risk (ILCR) values for the sampled tiles.
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Table 8
Summary of the Monte Carlo simulation

Sample Cd (Inh Pb (Inh As (Inh Cr (Inh Ni (Inh ILCR
+ + + + +
Derm) Derm) Derm) Derm) Derm)
BN Ceramic 1.07E- 6.00E- 1.68E- 7.68E- 1.27E- 1.69E-
Floor tile 09 10 05 08 08 05
BN Ceromic 4.22E- 6.07E- 2.79E- 9.13E- 9.65E- 2.80E-
10 10 05 08 09 05
Golden 1.89E- 5.10E- 1.01E- 2.16E- 5.89E- 1.03E-
Crown 10 10 05 07 08 05
Ceramics
Golden 1.89E- 4.65E- 1.58E- 2.41E- 4.74E- 1.60E-
Crown 10 10 05 07 08 05
Floor tiles
Goodwill 8.70E- 4.87E- 1.37E- 1.30E- 1.42E- 1.38E-
ceramics 10 10 05 07 08 05
Goodwill 3.96E- 3.50E- 8.78E- 1.26E- 1.83E- 8.92E-
super 10 10 06 07 08 06
polish
Gordwill 2.14E- 6.10E- 1.24E- 4.50E- 3.95E- 1.24E-
Vitrified 09 10 05 08 09 05
IDDRIS tiles 3.62E- 8.73E- 4.11E- 9.53E- 4.64E- 4.12E-
10 10 05 08 09 05
IRIS 2.58E- 2.38E- 3.77E- 4.63E- 8.42E- 3.86E-
Ceramic 10 10 05 08 07 05
NISPRO 9.47E- 3.84E- 5.42E- 6.22E- 2.09E- 5.51E-
Vitrified 11 10 06 08 08 06
tiles
Pamesa 5.86E- 6.55E- 5.27E- 9.00E- 4.63E- 5.32E-
10 10 05 08 07 05
PNT 1.88E- 1.04E- 1.06E- 1.73E- 2.14E- 1.08E-
Ceramic 09 09 05 07 08 05
tiles
PNT 2.41E- 6.14E- 1.91E- 1.13E- 1.16E- 1.92E-
Vitrified 10 10 05 07 08 05
Rose bite 1.72E- 2.17E- 7.23E- 5.29E- 1.23E- 7.36E-
11 10 06 09 07 06
Royal 1.72E- 3.95E- 8.52E- 7.41E- 5.74E- 9.17E-
10 10 06 08 07 06
Royal 7.75E- 3.96E- 5.94E- 6.49E- 8.74E- 6.01E-
Classic 11 10 06 08 09 06
ceramic
Royal 1.98E- 4.08E- 4.91E- 8.60E- 7.13E- 5.00E-
Crown 10 10 06 08 09 06
Time 1.28E- 4.41E- 7.49E- 2.00E- 2.38E- 7.71E-
ceramics 09 10 06 07 08 06
Virony 1.38E- 4.17E- 6.48E- 4.50E- 1.13E- 6.50E-
10 10 05 08 07 05
Virony 2.14E- 6.09E- 3.62E- 4.17E- 3.27E- 3.69E-
Glazed 09 10 05 07 07 05
Virony 2.93E- 4.83E- 2.45E- 5.69E- 1.71E- 2.46E-
Rustic 10 10 05 08 09 05
glass
Virony 2.93E- 4.12E- 6.71E- 4.37E- 1.73E- 6.72E-
unglazed 10 10 05 08 09 05

For the inhalation and dermal contact exposure trailed, the chronic
daily intake (CDI) (mg/kg/day) was predicted by the following equa-
tions set by USEPA (2007).

For inhalation pathway,

Cs x InhRs X EF x ED

ADIiph—qust =
hdust PEF x BW x AT ®

where Cs is the concentration of the given heavy metal in the sample
tiles. BW is bodyweight of the exposed person, ED is the lifetime expo-
sure period (year), EF is the exposure frequency (day/year), AT is the
time period through which the dose is averaged (day) and InhRs is the
inhalation rate of the tile dust (mg/day). PEF is the element emission
factor (m3/kg).
For Dermal pathway,
C x SA x AF x ABS x EF x ED

ADlLyorm = 10
d BW x AT an

Excess Lifetime Cancer Risk (ELCR) (xlO’ﬁ

P5% Mean P95 %
NISPRO Vitrified tiles 5.55 11.90 20.60
Gordwill Vitrified 4.97 11.40 20.00
Virony Glazed 4.81 10.80 19.00
IDDRIS tiles 4.59 10.10 18.00
PNT Vitrified 4.40 9.72 17.30
PNT Ceramic tiles 3.67 7.35 12.50
Virony 3.08 6.11 10.60
Rose bite 3.08 6.06 10.40
IRIS Ceramic 2.87 5.75 10.00
BN Ceromic 2.53 5.46 9.82
BN Ceramic Floor tile 1.18 3.57 6.59
Royal 1.21 3.51 6.35
Goodwill ceramics 0.95 3.26 6.19
Golden Crown Floor tiles 0.95 3.25 6.20
Time ceramics 0.91 3.13 5.97
Pamesa 0.82 2.93 5.68
Golden Crown Ceramics 0.82 2.81 5.48
Virony unglazed 1.02 2.90 5.40
Royal Classic ceramic 0.83 2.80 5.44
Virony Rustic glass 0.98 2.87 5.41
Royal Crown 0.71 2.62 5.15
Goodwill super polish 0.72 2.53 5.00

where KP is the permeability constant of the skin, SA is the exposed skin
surface area (cmz), ET is the exposure time and ABS is the skin ab-
sorption factor.

2.5.1. The Non-Carcinogenic risk assessment

The expected Chronic daily intake (CDI) in proportion to reference
dose (RfD) of an exact toxic element identified as target Hazard Quotient
(HQ) (Orosun, 2020a, 2021; USEPA, 2007), is employed to highlight the
non-carcinogenic risk measurement. The HQ employs the non-
carcinogenic threshold (reference dose (RfD)), which is acknowledged
as the daily absorption rate under which no major risk of unpleasant
health effects is predicted above 70-years lifetime. The formula is given
by USEPA as;

ADI

HQzRfiD 1)

where CDI is the chronic daily intake of a given toxic constituent and
RfD is the persistent reference dose for the element (mg/kg-day)
(USEPA, 2007). If the HQ > 1, however, there is an increased probability
of unfavorable health effects to the exposed populace. Conversely, if HQ
< 1 subsequently there is no possibility of negative health effects (Saleh
et al., 2019; Rinklebe et al., 2019).

The hazard index (HI) is described as the total addition of HQ and
calculated for the different pathways using equation (11) (Rinklebe
et al., 2019; USEPA, 2007). The significance of the hazard index (HI) is
in the ability to calculate and predict the human health risks by more
than a particular heavy metal (Orosun, 2021).

HI =Y "HQ 12)

2.5.2. The carcinogenic risk assessment

The carcinogenic risk estimation gives an index of risk or possibility
of an aimed people to grow cancer of several kinds following contact to
carcinogen over a predictable lifetime (Isinkaye, 2018; Orosun, 2020a,
2021). Incremental Lifetime Cancer Risk (ILCR) that gives the incre-
mental probability of an individual affected with cancer over a time
because of exposure to the heavy metals is calculated using equation
(13) (Isinkaye, 2018; Orosun, 2020a).

ILCR = ADI x SF 13)

where ADI (mg/kg/day) and SF (mg/kg/day) are the average everyday
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Fig. 1. Cumulative probability plot of the Excess Lifetime Cancer Risk associated with the measured radionuclides in the sampled tiles. (a) NISPRO Vitrified tiles, (b)
Goodwill Vitrified, (c¢) Virony Glazed, (d) IDDRIS tiles, (e) PNT Vitrified, (f) PNT Ceramic tiles, (g) Virony, (h) Rose bite, (i) IRIS Ceramic, (j) BN Ceramic, (k) BN
Ceramic Floor tile, (1) Royal, (m)Goodwill ceramics, (n) Golden Crown Floor tiles, (0) Time ceramics, (p) Pamesa, (q) Golden Crown Ceramics, (r) Virony unglazed,
(s) Royal Classic ceramic, (t) Virony Rustic glass, (u) Royal Crown, and (v) Goodwill super polish.

intake and the carcinogenic gradient factor in that order. Cancer risk
higher than 1 x 10~* are measured high as they cause higher cancer
danger while values below 1 x 10~ are assumed not to cause any cancer
danger to the populace; the suitable range is flanked by 1 x 10~* and
1 x 107° (Saleh et al., 2019; Qasemi et al., 2019). The risk ideals are
categorised into 7 levels as proposed by Delphii method according to
Haque et al. (2018) and Li et al. (2017) and are set in Table 1. Table 2

provides the exposure parameters used in evaluating the human health
risks.

3. Results and discussion

The outcomes of the activity application of the radionuclides, and
heavy metal investigation conducted on the selected tile samples
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Fig. 1. (continued).

analyzed are given in Tables 3, and 5. The results are offered together
with the present suggested thresholds available by numerous regulatory
organizations, committees or agencies all over the world.

3.1. 28y, 232 and *KActivity concentration in the sampled tiles

The average activity concentrations of 238U, 232Th, and *’Kof the
sampled tiles are available in Table 3. As expected, the activities of “°K
dominated that of 28U and 2*?Threspectively. The estimated average
values of the activity concentration of “’Kranges between 940 Bq/kg
(Rose bite and IRIS Ceramic) and 270 (Goodwill super polish) Bq/kg.
This follows that Rose bite (India) and IRIS Ceramic (Italy) have the
highest “°K activities and Goodwill super polish (Nigeria) have the

lowest activities. Out of the 22 selected commonly used tiles in Nigeria,
only 6(27%) have 40K activities within the recommended level of 420
Bq/kg. The maximum and minimum activities of U were confirmed in
Virony Glazed (China) with 75 Bq/kg and Time ceramics (Nigeria) and
Golden Crown Floor tiles (Nigeria) both with 27 Bq/kg. Only 3 (13%) of
the sampled tiles have their activities within the recommended limits of
32 Bq/kg. From Table 3, the lowest ideals of the activity concentration
of?*2Th were recorded in Royal Crown (Nigeria) with the mean activity
of 41 Bq/kg, while the corresponding highest value was recorded in
NISPRO Vitrified tiles (Nigeria) with the mean value of 461 Bq/kg. It
similarly reveals that only 2 (9%) of the sampled tiles have activities
fewer than the recommended value of 45 Bq/kg. These high values
observed in most of the sampled tiles call for serious concern since a
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Fig. 1. (continued).

considerable increase in the concentration of the radionuclides usually
leads to an increase in the level of background radiation that is very
harmful to human health.

3.2. Evaluation of the radiological hazard parameters for the selected tiles
samples

The radiological impact parameters were estimated to assess the
radiological hazards that relate to the use of the sampled tiles and assess
their suitability for building and construction purposes. Table 4 presents
the estimated hazards indices. The absorbed dose rate (D) was estimated
using equation (1) and the ensuing values were used to evaluate the
annual effective doses. The maximum and minimum mean values of

absorbed dose rate were observed in NISPRO Vitrified tiles (Nigeria)
with 630.64 nGy/h and Goodwill super polish (Nigeria) with 118.73
nGy/h respectively. Surprisingly, all the tiles (100%) have values
greater than the recommended limit of 84.00 nGy/h provided by
UNSCEAR. This trails that the risk of interior y- radiation exposure is
higher for all the sampled tiles (both Nigerian-made and imported).
Similarly, the highest and lowest mean annual effective dose values
were observed in NISPRO Vitrified tiles (Nigeria) with 3.09 mSv/y and
Goodwill super polish (Nigeria) with 0.58 mSv/y respectively. The
samples tiles have their AED 100% above the recommended level of
0.41 mSv/y for indoor exposures, revealing that Nigerians are at risk of
overexposure to indoor ionizing radiation for using these tiles for their
building and construction purposes.
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Fig. 1. (continued).

The estimated radium equivalent (Raeq), Hext, and Hj, follow similar
trends with maximum values observed in NISPRO Vitrified tiles
(Nigeria) and minimum values recorded in Goodwill super polish
(Nigeria) respectively. Only six (27%) out of the 22 products sampled
have their Raeq, Hext and Hj, above the recommended limits provided by
UNSCEAR and other regulatory agencies.

The results of the representative level index (RLI) otherwise referred
to as gamma-index (Iy), reveal that only Goodwill super polish tiles
(Nigeria) whose only value is < 1, is fairly suitable for use in structure
and building purpose. The estimated values for the ELCR and AGED
corroborated our earlier findings with NISPRO Vitrified tiles (Nigeria)
and Goodwill super polish (Nigeria) recording the maximum and min-
imum mean values respectively. These high values of ELCRand AGED
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further amplified our concerns in the use of these tiles for building and
construction purposes.

3.3. Measured concentration of the selected heavy metals in the sampled
tiles

Table 5 presents the average concentration of the selected heavy
metals in the sampled tiles. Varying results were observed that are in
some cases 100 times higher than their corresponding global values. The
maximum concentration recorded was Ni’s 4772.20 ppm (IRIS Ceramic)
and the minimum was found in Cd with0.02 ppm (Rose bite). The
concentration of Cu ranges between 2264.17 ppm (IRIS Ceramic) and
16.08 ppm (Virony unglazed), the concentration of Pb ranges between
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Fig. 1. (continued).

117.45 ppm (PNT Ceramic tiles) and 24.41 ppm (Rose bite). The con-
centration of Zn ranges between 2468.50 ppm (Royal Crown) and 43.20
ppm (Rose bite), Ni ranges between 4772.20 ppm (IRIS Ceramic) and
9.70 (Virony Rustic glass), Co ranges between 383.70 ppm (Virony
Glazed) and 3.50 ppm (NISPRO Vitrified tiles). The concentration of Mn
ranges between 732.00 ppm (Rose bite) and 88.00 ppm (NISPRO
Vitrified tiles), the concentration of As ranges between 26.00 ppm
(Virony unglazed) and 1.90 ppm (Royal Crown). The concertation of Cd
ranges between 2.49 ppm (Gordwill Vitrified and Virony Glazed) and
0.02 ppm (Rose bite), and finally, the concentration of Cr ranges be-
tween 315.00 ppm (Virony Glazed) and 4.00 ppm (Rose bite). The high
concentrations of these potential toxic elements call for serious worries
due to the very detrimental biotoxic effects on human health. For
instance, it was observed to cause “dermal lesions, skin cancer, pe-
ripheral neuropathy, and peripheral vascular disease” (Orosun, 2021).
These heavy metals can get into the human system via inhalation of the
tile dust and dermal contact.

3.4. Human health risk assessment due to concentration of the selected
heavy metals in the sampled tiles

The Human health risk assessment was carried out via estimation of
the human carcinogenic and non-carcinogenic risk assessment of the
selected heavy metals in the sampled tiles. The estimated mean values of
the THQjnhalation, THQpermal, and the Hazard Index (HI) are given in
Table 6. Table 7 presents the estimated Incremental Life Cancer Risk
(ILCR) values for the sampled tiles. The Hazard Indices (HI) expected for
all the tiles are generally lower than the recommended value of 1.00
given by USEPA (2007). The highest and the lowest assessments of the
hazard index (HI) are 4.40E—01 (Virony Glazed) and 1.19E—02 (NIS-
PRO Vitrified tiles) respectively. This hence, means that the likely non-
cancerous risk is small for all the sampled tiles. The Incremental Lifetime
Cancer Risk (ILCR) was calculated and the values range between 6.72E
and 05 (Virony unglazed) and 5.00E-06(Royal Crown). Bearing in mind
that cancer hazards higher than 1.00E—4 are said to be higher as they
cause greater cancer risk and values<1.00E—6 are assumed not to cause
any cancer risk to human beings. For that reason, trails that the cancer
hazards are within the acceptable range. Similarly, based on the Delphi
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classification shown in Table 1, the risk levels fall within level II.

3.5. Monte Carlo simulation (MCS)

Decision-makers as regards human health and environmental safety
often encounter obscurities, variabilities, and uncertainties in radio-
logical risk assessments or analyses (Changshenget al., 2012, NRC,
1994; USEPA, 1997). Estimation of the excess lifetime cancer risk
(ELCR) using the model presented by equation (7) generally underesti-
mate or exaggerates the actual cancer risk (Orosun, 2021; Omeje et al.,
2021; Changsheng et al., 2012). Whereas underestimation of the cancer
risks will result in avoidable radiological health hazards to the residents,
exaggerating the risks can result in expending resources on unneeded
remediation. Consequently, Monte Carlo simulation (MCS), a probabi-
listic approach, has been employed appropriately in this study to eval-
uate more realistic cancer risks attributed to the concentration of natural
radionuclides (**8U, 232Th, and “°K) present in the sampled tiles. This
technique executes the hazard analysis through building models of
probable consequences by exchanging an array of values (probability
distribution) for any reason with intrinsic doubt (Changsheng, 2012;
Ghaderpoori et al., 2020; Orosun, 2020a, 2021; NRC, 1994; USEPA,
1997). The Monte Carlo simulation then calculates the outcomes
numerous times (10,000 trials were used in this work), expending
several arbitrary values from the probability functions on each occasion.
That is, the MCS would take in many computations involving rate of
exposure to the primordial radionuclides rather than a singular
computation; in each case (computation), the model uses an assessment
for each randomly selected input factor from the probability density
function for that variable (Ghaderpoori et al., 2020). It takes an array of
values for the input parameters, which mirrors the probability density
function of each input parameter. Therefore, the recurring estimations
take many haphazardly chosen mixtures of the rate of exposures and the
level of activity concentrations into account, thereby working out
probability densities for the outputs. Thus, a level of risk signifying 95th
percentile, mean, 5th percentile or any other level of probability of in-
terest, can be determined based on the distribution of the output. The
Monte Carlo Simulations were performed using the Oracle Crystal Ball
package version 11.1.2.4.850.
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Fig. 1. (continued).

The summary of the simulation is presented in Table 8 and Fig. 1a-v.
The P95% and mean cumulative probabilities for the lifetime cancer
risks for most of the sampled tiles exceed the recommended limit of 3.75
x 1073 (UNSCEAR, 2000). The results reveal that inhabitants using
NISPRO Vitrified tiles, Goodwill Vitrified, Virony Glazed, IDDRIS tiles,
PNT Vitrified, and PNT Ceramic tiles are most likely to experience over-
exposure to indoor ionizing radiation because even their P 5% cumu-
lative probabilities(best case scenario i.e. lowest possible exposure risk)
exceeds the limit recommended by UNSCEAR for indoor exposure.
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4. Conclusion

This research reported the activity concentrations 0t4°K, 238U, 232Th,
radiological impact assessment, the concentration of Cd, Cr, Zn, Cu, Pb,
As, Mn, Ni, Co, and human risk assessment of the potentially toxic ele-
ments of commonly used tiles in Nigeria. The gamma-ray analysis re-
veals varying results that are higher than their corresponding global
values in most cases. Similarly, the analysis of the heavy metal reveals
concentrations that are in some cases 100 times higher than the rec-
ommended limits. The radiological impact assessment reveals that
Nigerians are at high risk of overexposure to indoor ionizing radiation
for using these tiles for their building and construction purposes. This
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Fig. 1. (continued).

high risk was confirmed by the Monte Carlo simulation, which reveals
that inhabitants using NISPRO Vitrified tiles, Gordwill Vitrified, Virony
Glazed, IDDRIS tiles, PNT Vitrified, and PNT Ceramic tiles are most
likely to experience over-exposure to indoor ionizing radiation because
even their lowest probable exposure risk exceeds the limit recommended
by UNSCEAR for indoor exposure. However, the Hazard Index (HI) and
the Incremental Lifetime Cancer Risk of the heavy metals reveal low
cancer and non-cancer risks for all the tiles investigated.

Therefore, it is recommended that the Nigerian Environmental Pro-
tection Agency (NEPA) and other regulatory bodies should implement
specific statutory requirements and laws to check and monitor all ma-
terials used for building and construction purposes. In addition, in
accordance with international recommendations quoted in the Basic
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Safety Series No.115 from the IAEA, the use of building materials con-
taining enhanced concentrations of these toxic elements and radionu-
clides should be controlled and restricted under the application of the
radiation safety standards.
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