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ABSTRACT

Radiations of both natural and artificial origin are readily available in the environment.
Building materials like stones, cement, ceramics, water and sand contain radioactive
nuclides, which are harmful to mankind. Elevated levels of radiation from these materials
are potential causes of prompt or delayed harmful effects to human health. The ceramic
tiles which were the focus of this study are made from mixture of earthly matter including
kaolin, quarts, talc and feldspar which contain primordial radioisotopes like Thorium-
232(%%2Th), Potassium-40(*°K) and Uranium-238(%%U) known to release radiations. This
study was aimed at establishing the levels of radiations from ceramic building tiles used in
Kenya. A total of 37 samples of tiles from different countries and manufacturers were
analyzed. Thallium doped sodium iodide gamma-ray counter (Nal (T1)) was used for data
acquisition. A mean activity concentration of 53.73+2.34BgKg? for 2%Th,
43.17+3.40BgKg? for #8U and 525.99+36.10BqKg? for “°K was obtained. The
comparison of the obtained activity concentration values with other related studies
indicated that the activity of the radio nuclides is dependent on the geological composition
of the raw material source. Using the activity concentration values obtained, the dose rates
and the hazard indices thereof were calculated. Mean values for radium equivalent activity,
absorbed dose, indoor and outdoor annual effective dose, and hazard indices (internal and
external) obtained were 159.59BgKg?, 75.55nGyh?, 0.28, 0.19, 0.54 and 0.43
respectively. The highest recorded value of hazard index (both internal and external) was
found to be 0.92 while the lowest was 0.15 which are both below the world’s safety limit
of a unit recommended in the International Commission for Radiation Protection (ICRP)
reports. Generally, the ceramic building tiles in the Kenyan market as at the time of this
study were safe for human handling as seen from the radiological parameters.

Xiii



CHAPTER ONE

1.0 INTRODUCTION

1.1 Study Background

Radioactivity refers to the emission and transmission of particles/radiations by
disintegrating atomic nuclei. This radiation deposits energy in matter as it gets attenuated
in its flight path. The earth and the life in it have been constantly exposed to such radiation
of artificial and natural origin. Artificial radiation originates from medical diagnostics,
treatments during medical procedure and dosage as well as application of phosphate
fertilizers to soils in agriculture. Natural radioactivity includes cosmic rays from the outer
space and terrestrial radiation. The intensity of cosmic radiation is dependent on altitude,
thus people living in lowlands have minimal health effects due cosmic radiation exposure.
The intensity of terrestrial radiation on the other hand depends on the geographical and
geological formations of an area and is present in all regions of the earth (UNSCEAR,
2000). Radiation levels of a given soil is related to the rock type from which the soil is
obtained with igneous rocks like granites being associated with higher values of radiation
and sedimentary rocks lower radiations(UNSCEAR, 2000).

Radiations of different magnitudes are encountered in every day-to-day life. These
radiations depending on the application intensity and time of exposure are both beneficial
if used in the right way and harmful in case of long exposure or excessive
dosage(UNSCEAR, 2000). They are broadly categorized as non-ionizing and ionizing
radiation. Non-ionizing radiation which includes microwaves, radio waves, visible light
among others, do not have enough energy to ionize matter and is harmless unless at very
high doses. lonizing radiation which was the interest in this work include among others,
x-rays and gamma rays which can strike electrons off atomic orbitals hence ionizing the

particles they pass through. Figurel.1 shows various sources of radiation in percentage.
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Figurel.l: Annual Percentage of the Radiation Dose from Natural and Artificial
Sources (UNSCEAR, 2000)

From figure 1.1, it is evident that natural radiation contributes the greatest percentage of
the total radiation exposure. Terrestrial contributes the largest percentage (71%) of natural
radiation exposure to humans. Ceramic building tiles which were the focus of this study
fall in this category because their raw materials are earthly based. These raw materials
include quartz (SiO2), feldspar (KAISi3Og), plastic clay (Al2032Si022H20), kaolin
(Al2Si20s5) and steatite (talc) (MgsSisO10(OH)2) which are all earthly matter generally
known as mud (Richards, 1999).

All the raw materials listed are compounds of silicon, which is isotopic with Si-31 being
radioactive. Aluminum-26 is a radioactive isotope with half-life of 7.2x10° years while
Magnesium which has 19 radioisotopes, ranging from Mg-18 to Mg-41, has its longest-
lived radioisotope as Mg-28 with half-life of 20.915 hours. Tritium or hydrogen-3 is
radioactive with half-life of 12.32 years while Potassium-40 with half-life of 1.28x10°
years is a well-known radioactive element. There is therefore a high possibility of
radiations from ceramic building tiles(Dondi, 1999).

During the manufacture of tiles, mass proportioning of the raw materials is done before
crushing them fine. Any waste is removed at the atomization stage and recycled. In the
2



case of dry milling, water is then added to produce a viscous paste of the clay. The paste is
then molded to a tile shape, and then pressed at elevated temperatures, about 1093°C to

produce the tile. Finger 1.2 shows the stepwise production process.

Raw Mixing and Wet/dry Atomization
material » Homogenization > milling >
r
Fast firing Glazi Drvi Shapin vdraulic
azing " IVing le——— ping (Hx

40-50 minutes press, about 40Mpa)

v
Ceramic tile

Figure 1.2: Ceramic Tile Production Process

Glazing (coat it with a liquid-colored glass called frit) is then done which incorporates
zircon in the tile. The zircon makes the tile have higher natural radioactivity than that mean
values for the materials used for building ( Righi & Bruzzi, 2006). Most building materials
contain radioisotopes like 22°Ra, 22Th and “°K which occur naturally (Khanet al., 1998).
These building materials are a source of gamma-ray exposure to human beings indoors
(Ravisankar et al., 2012);(Senthilkumar et al., 2014); (Senthilkumar & Narayanaswamy,

2016) due to their natural radioisotope concentrations.

Ceramic tiles have proven to be durable and very attractive hence their mass inflow into
the building market. This exposes human beings engaged with them to possible radiations
from the tiles. External exposure may be due to gamma rays from 23U, 22Th and their
progeny as well as “°K. In the 28U decay chain, Radium-226 (*®Ra) and its progenies
contribute 98.5% of the total radiological effects of 28U(Otwoma et al., 2013), their
precursors in the series do not release highly penetrating radiation and are therefore not

radio logically significant. Internal exposure may be due to the radiation from radon whose



half-life is 3.8 days and its decay products when inhaled (Khan et al., 1998);(Stoulos et al.,
2003).

The radio nuclides®?Th,*8U and *°K originate from the earth’s crust(Engelkemeir et I.,
1962); (Gaffney & Marley, 2006).

The radio nuclides break down spontaneously (natural radioactivity) releasing ionizing
radiations with sufficient energy to destroy human body cells(Ferrari & Szuszkiewicz,
2022). The radiation effect a living body may get depends on the type, period of exposure,
intensity of the radiation and also the type of organ exposed("World Health Organization,
2016). If for example the energy of a gamma ray lies between 3MeV- 10MeV, then its
harmful health effects may manifest immediately or after some time. Exposure to radiation
exceeding the threshold set by bodies like world health organization, United Nations
scientific committee on the effects of atomic radiation (UNSCEAR) and environmental
protection agency (EPA) may result in complications like cancer, genetic mutation, and
cataracts among others. Table 1.1presents the recommended thresholds for various

radiological parameters by different organizations.

Table 1.1 Radiological Parameters and the Corresponding World’s Recommended

Thresholds

Parameter Recommended Sl unit. | Recommending body
limit

Absorbed dose 60nGyh' Gyh! | (UNSCEAR, 2010)

Radium equivalent 370 BgKg! | (UNSCEAR, 1988)

Annual effective dose | 1 Svyl (ICRP, 2007)

External hazard index | 1 _ (ICRP, 1993)

Internal hazard index |1 _ (ICRP, 1993)

The nuclides (?*U), (%*?Th) and (*°K), are examples of radioactive isotopes that exist at

detectable concentrations in earthly matter. Such radio nuclides move upwards from deep



down the earth as elements in underground water and by processes like mining and
vulcanization. Their exposure on the surface of the earth makes our environment naturally

radioactive and they may be harmful depending on their concentrations.

According to Mustapha (1999), Human beings in tropical countries like Kenya spend
approximately 60% of their time indoors and therefore likely to be exposed to possible
radiation from the building materials of which tiles is one. This study was aimed at
determining the radiation levels of ceramic building tiles and establishing their health
hazards to the house dwellers. This was done by determining the activity concentrations of
radio nuclides uranium (*%U), thorium (?*?Th) and potassium (*°K) in the tiles using
gamma ray spectroscopy. The activity concentration in BqKg™ of the three radio nuclides
was then used to determine the radiological parameters like radium equivalent, annual
effective dose, internal and external hazard indices among others. The data obtained is
important in providing vital information to radiation protection bodies like Kenya Nuclear
Regulatory Authority (KNRA), International Commission on Radiological Protection

(ICRP), policy makers and other researchers working on radiation related areas.

1.2 Statement of the Problem

In modern building and construction in Kenya and the World, ceramic tiles are being
widely used as decorative building materials for walls and floors. The tiles are preferred
for their appealing appearance, durability and the smooth moisture proof surface they
provide. Since the raw materials of the tiles are mined from the earth’s crust, they contain
primordial radio nuclides like 2*2Th, 238U and *°K. These radio nuclides and their progeny
release radiations which are generally harmful to human beings depending on their
concentrations. Studies show that human beings spend 60-80% of their time indoors. There
is therefore a likelihood of human exposure to probable radiation from ceramic tiles used
in the buildings. Transportation, loading and unloading the tiles in vehicles and storage
also engage humans. Therefore, it was of great importance to study and establish the

radiation levels of these tiles.



1.3 Objectives
1.3.1 General Objective
To determine the levels of natural radioactivity in selected ceramic building tiles

commercially available in Kenya.

1.3.2 Specific Objectives
i.  To determine the activity concentration, of 222Th, 238U and “°K present in building
tiles used in Kenya.
ii. To establish values of the radiological parameters (dose rates) of 232Th, 28U and

0K in ceramic building tiles used in Kenya.

1.4 Research Questions
i.  What is the activity concentration of 2*2Th, 2%U and “°K present in the ceramic tiles
used in Kenya?
ii.  What are the radiological parameters of; 232Th, 28U and “°K in ceramic building

tiles used in Kenya?

1.5 Justification of the Study

Natural radioactivity contributes up to 85% of human exposure to radiation. Since this
radiation originates from the earth’s crust, and the earth is a source of many building
materials, it becomes a potential source of health problems to human beings using them.
Ceramic tiles, whose origin is earthly matter, are used for interior decorations majorly for
floors and walls. They are relatively cheap and thus accessible to a large population.

In Kenya the construction industry is thriving, and this prompts a large population to
engage with the tiles. People may get exposure to radiation from the tiles during
transportation, loading and offloading them in vehicles, storage of the tiles, using the tiles
when building and living in the ceramic tiles finished houses. This means that a large
population in Kenya interacts with these radiations at many given ways and times in their
lives. If the natural radioactivity in the ceramic tiles exceeds the permissible thresholds,

they pose a risk of harmful human exposure.



A few studies on radiation levels of ceramic tiles have been done in Kenya so far. It is
therefore imperative to conduct more research in this field and enrich the radiation data
bank in the country. Data obtained from this study provides information to regulatory
bodies like World Health Organization (WHO), Kenya Nuclear Regulatory Authority
(KNRA) and National Radiation Protection Board (NRPB) which can advise the
government on the safety of tiles. It will also improve the radiological database of the

country for future references and benchmarks.

1.6 Limitations of the Study
There were tight timelines for collection, and transportation of the tiles considering that
they are heavy matter and with many brands in the market which could not be found in the

same town.

Financial constraints in traveling, purchasing, preparation of samples, and analysis were

experienced since the study was not sponsored.

The smallest package of ceramic tiles in the market was mostly a packet with 17 pieces
and no dealer would accept to sell a single piece from the package as this would affect its
value and demand hence being forced to buy a whole packet only to use one piece. This

made the sample collection expensive.

1.7 Scope of the Study

This research was done to establish the radiation levels from radio nuclides in ceramic
building tiles in Kenya. The tiles were sampled from local companies like Twyford, saj,
and Bolgasa and foreign companies like Virony of China Good will of Uganda and Sawa
of Tanzania. Thirty-seven sample tiles were collected for the study from different outlets
in Nairobi city, Kitui town and Mwingi town which were used to establish the levels of

natural radioactivity of 232Th, 23U, “°K in the ceramics.



1.8 Assumptions
i.  The Ceramic tiles used in Kenya contain the primordial radio nuclides?®2Th, 238U
and*’K.
ii.  The activity concentrations of; 2%2Th, 228U and*’K for ceramic building tiles used in
Kenya exceeds the world’s averages.

iii.  Ceramic building tiles used in Kenya are radio logically harmful to human beings.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Introduction.
This section is a presentation of the previous works on the radiation levels of building
materials more especially on ceramic and porcelain tiles. Such studies have been done in
different parts globally giving substantial data on the levels of human exposure to the
radiations and the health effects thereof.

2.2 Radioactivity Studies on Ceramic Tiles Around the World

Radiological analysis of 151 samples of building materials (soil, sand, tiles and cement)
was conducted in Tiruvannamalai District, Tamil Nadu in India. These materials were
collected from different areas of the district then gamma ray spectrometry was done. The
results obtained showed that the highest values of the specific activity concentration of
226Ra, 2%2Th and “°K were 116.10 for soil, 106.67 for sand and 527.53 for tiles in Bgkg ™,
while the lowest observed values of the activity concentration of the same radioisotopes
were 35.73, 37.75 and 159.83 for cement in Bgkg 2, respectively. The radiological hazards
thereof were determined by calculation of the radium equivalent (Raeq), the indoor gamma
dose rate absorbed (DR), annual effective dose rate (AED), the activity utilization index
(1), alpha index (la), gamma index (ly), and the external and internal hazard indices. The
estimated average value of the absorbed dose rate was 148.35 nGyh™* which was slightly
above the world’s average of 60nGyh™' while the annual effective dose was
0.1824 mSvy ! which was lower than the limit recommended. Values of the other hazard
indices were all below the thresholds recommended(Raghu et al., 2017).

A radiometric survey to estimate the values of radiation hazard indices from zirconium
materials used in ceramic tile industries was done in Bangladesh. Fourteen (14) samples of
tiles collected from Chattogram mega port in the country were analyzed using hyper pure
germanium detector. The activity concentration of ??Ra recorded for all samples ranged
from 21.83+2.67BgKg? to 515.13+10.45BgKglwhile the average value was
270.75+7.56BgKg . The activity concentration of the 2%2Th in all the samples ranged from
15.67+1.57 to 131.67+4.75BqKg* with a mean value of 42.99+3.13BgKg™. The activity
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concentration of the “°K in all the samples varied from 12.07+7.70BgKg’ to
90.63+10.43BgKg™ with an average value of 34.48+7.81BqKg™. Also calculated were the
radium equivalent activity, absorbed dose, internal hazard index, external hazard index and
the annual effective dose equivalent whose ranges were 45.17 to 705.19BgKg?, 20.22 to
308.12 out and 24.36 to 369.75nGyhtin, 0.18 to 3.30, 0.12 to 1.91 and 0.14 to 2.19mSvy"
! respectively. Some samples had radium equivalent values higher than the recommended
370BqgKg* and indices higher than the accepted upper limit of a unit 1(Siraz et al., 2023).

Natural radioactivity assessment in building tiles done in Italy showed an activity
concentration of 22°Ra, 22Th and “°K which ranged as 36-87, 38-86 and 411-996BqKg"
respectively. The radium equivalent activity was between 130-261Bgkg™ for porous
ceramic fired tiles. For porcelain tiles, activity concentration of radio nuclides; ?*°Ra, 2*?Th
and “°K ranged as 20-708, 33-145 and 158-850Bqkg*respectively. Radium equivalent
value for the latter tiles lied between 93-943BgKg™. This showed that some of the tiles
were harmful to human health( Righi & Bruzzi, 2006). The other radiological hazards
assessed i.e., the indoor gamma dose rate absorbed, the annual effective dose, alpha index
(la), gamma index (ly), activity utilization index (I) and the external and internal hazard

indices were all below the recommended limits.

Radiation hazard indices for eleven samples of ceramic floor and wall tiles were calculated
in Irag using thallium doped sodium iodide gamma ray spectrometer. The mean activity
concentration of 238U was found to be 102.123Bgkg™ for wall tiles and 101.216BqKg* for
the floor tiles. For 232Th the mean activity concentration was 52.410BqKg™ for wall tiles
and 87.530BqKg™? for the floor tiles. All this was found to exceed the world’s average
values. For “°K the average activity concentration was 328.600BqKg™* for wall tiles and
304.566BqKg™? for the floor ceramic tiles, both of which were below the world’s mean of
420BgKg™. The radium equivalent value, the effective dose, external and internal hazard
index values were 226.25BqKg?, 0.24mSvy?, 0.61, 0.89 respectively. These parameters

were below radio logically harmful thresholds (Amana, 2017).

10



In Belgrade Serbia, activity concentration of 28U, 2°U, 222Th, 22°Ra and “°K was calculated
for sixteen samples of ceramic building tiles that were commercially available. The results
reported an activity concentration of ?°Ra ranging from 61 to 150BqKg™ in floor tiles,
while for wall ceramic tiles the value of activity concentration of 2Ra ranged from 70 to
135BqKg™. The activity concentration of 2%2Th ranged from 53BgKg™ to 72BgKg™ and
50BgKg™ to 101 BgKg™ in floor and wall ceramic tiles respectively. For 4°K the activity
concentration value was found to range between 560 and 1030BgKg for floor ceramic
tiles and between 590 and 1070BqKg™ for wall tiles. 2*°U had concentrations between 2.8
and 4.0BgKg™ for floor tiles and between 2.8 and 6.4BgKg™ for wall tiles. For 28U,
activity concentrations ranged between 43 and 114BgKg™(floor tiles) and 43 and
143BgKg* (wall tiles). These values were below the world recommended limits. The study
showed that radioactivity in the sampled building tiles varied depending on the region of

origin (Jankovi¢ et al., 2013).

The natural radioactivity levels for 80 samples of ceramic building tiles were studied in the
same country giving a mean activity concentration of the radioisotopes 2*2Th, 23U and “°K
as50+3Bgkg ™, 67+4Bgkg? and 500+26Bgkg respectively. For the 80 samples the
radium equivalent ranged from 31+4Bgkg™ (sample from Croatia) to 411+15Bgkg™
(sample from lItaly). The values of gamma dose rates, indices and annual effective doses
were calculated and found to be within the permissible limits. The results signified no

harmful radiation exposure from the building tiles(Natasa et al., 2020).

A study was done to establish the natural radioactivity levels in ceramics and cement
samples collected in the Riyadh area, Saudi Arabia. The analysis was performed using
hyper pure germanium gamma ray detector. The activity concentrations of %Ra, 22Th,
and “°K had ranges from 45.0+4.2 to 177.80+7.50BqKg?, 49.10+2.60 to 228.40
+6.80BgKg?, and 370.00+5.30 to 1269.00+12.20BqKg™ respectively for the ceramic tile
samples and from 11.4+2.00 to 28.70 + 5.30BqKg, 8.40+1.30 to 10.80+ 1.10BgKg*and
50.70+2.10 to 209.70+3.50BqKg™* respectively for the samples of cement. These values
obtained were used in calculations to determine the radium equivalent activity, external

hazard index, absorbed dose and annual effective dose rate which were found to be

11



299.40+94.80BgKg?, 0.30, 138+42.40nGyh? and 0.68+0.21mSvy* respectively for the
ceramic samples and for the samples of cement, the values were 36.8+7.74BgKg?,
0.12+0.02, 20.35+4.39nGyh™ and 0.10+ 0.02mSvy?, respectively. The cement samples
posted radiological parameters all within the safety limits. A few of the ceramic samples
had exceeded the world’s radium equivalent limit (370BqKg™) and also the hazard index
of a unit (Hameed et al.,2021).

Another study was done in the same country to determine the chemical composition and
the natural radioactivity levels in ceramic tiles for interior decorations and constructions.
Twenty-one (21) elements were confirmed present in the tiles whereby Calcium, Silicon,
iron, sodium, Aluminum, Magnesium and potassium were the major elements. Heavy
metals like Manganese, Chromium, Cobalt, Nickel, Copper, Zinc, Cadmium and lead were
also detected but as traces. Activity concentrations of 238U (??°Ra), 2%Th and “°K were
found to range between 29-129, 32-114 and 83-1100BgKg™ respectively ( Alghamdi &
Almugren, 2019).

The levels of natural radioactivity in ceramic building tiles and the associated radiological
hazard parameters were studied using a high purity germanium detector in Turkey. The
average activity concentration of the primordial radioisotopes (**2Th, 23U &*°K) was
found to be 51.23+ 2.18, 36.58+ 2.64 and 420.81+12.87BqKg™ respectively. These
registered values were lower than the world’s mean except for 222Th which was higher by
28.23BgKg™. The values of the radiological hazard parameters like radium equivalent
activity, absorbed dose, annual effective doses and hazard indices recorded were all lower
than the world’s averages. The study showed that the tiles could be used safely with no

significant radiological hazard in constructions (Dizman et al., 2019).

Activity concentration of the radioisotopes (*°Ra, 2?Th and “°K) for 15 types of ceramic
tile samples used in Nigerian houses were studied using Hyper pure Germanium gamma
radiation detector. The average activity concentrations of the radio nuclides; *°Ra, 2**Th,
and “°K were found to be 61.1+5.5Bgkg™, 70.2+6.08 BqKg® and 514.7+59.8BgKg™
respectively. From the study, average values of radium equivalent, absorbed dose rate,
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external and internal hazard index, annual effective dose, Gamma activity Index (l,) and
Alpha Activity Index (1) were: 204.42BgKg, 177.61nGyh, 0.55, 0.77, 0.96 mSvy?, 0.74
and 0.32 respectively (Joel et al., 2018). The mean radium equivalent value registered was
less than 370BgKg™ which is the recommended limit value, but the mean values for other
radiological hazards for some samples were slightly higher than world’s recommended
values except for internal hazard index (Hin), external hazard index (Hex) and the annual
effective dose (AED) which were within the international reference value of a unit.

Another research was done in Nigeria to evaluate the activity concentration of natural radio
nuclides (**Ra, 2%2Th and “°K) for ceramic wall and floor tiles using hyper pure germanium
gamma ray detector. The values of activity concentrations of the radioisotopes 2?°Ra, 2?Th
and *°K were found to range from 52.00 + 2.0 to 105.00 + 3.0, 56.00+1.0 to 115.00+2.0
and 185.00+9.0 to 893.00+17BgKg* with average values of 72.00 + 14, 84.00 + 18 and
629.00+198BgKg™? respectively for the wall ceramic tiles. For floor tiles, the values of
activity concentrations of ?°Ra, 22Th and “°K ranged from 41.00+2.0 to 131.00+4.00,
59.00+1.0 to 127.00+2.0 and 351.00 + 11 to 979.00+16BqKg™ with average values of
74.00+31, 82.00+24 and 618.00 + 231Bgkg™?, respectively (Ademola, 2009).

Radiological hazard effects for 16 samples of local and imported ceramic tiles were done
in Egypt using hyper pure germanium detector (HPGe). The average activity concentration
of the radioisotopes; 2?°Ra, 2*?Thand “°K were 47.4+3.3, 42.84+2.8 and 313.6+34.3BgKg"
! respectively. The other radiological parameters like radium equivalent, absorbed dose,
internal hazard index, external hazard index and annual effective dose rate were
131.51BgKg?, 14.49nGyh, 0.49, 0.36 and 0.07msvy ! respectively. All these were below
the thresholds recommended in the ICRP reports. The tiles were therefore confirmed radio

logically suitable for use in construction (Uosif et al., 2015).

A study was done in Sudan to compare the natural radioactivity levels and the radiological
parameters for some imported ceramic tiles. Twenty-five samples were collected and
analyzed using sodium iodide gamma ray spectrometry system, the average values of
activity concentration for 238U, 22Th and “°K was 183+70, 51+44 and 238+77BgKg™
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respectively(Saif et al.,2022).The study posted a mean radium equivalent value of
274+106BgKg? which was below 370BgKg™ (recommended limit). The absorbed dose
(D), the annual effective dose (AED) and the external hazard index (Hex) were found to
be 125+48nGyh, 1.23+0.48mSvy* and 0.74+0.29 respectively. The value of D was far
above the threshold, but the indices were within the world’s average limits. Generally, the
imported tiles had higher radioactivity levels than the locally manufactured. The locally

manufactured therefore were safer for human handling.

In Sudan, a survey of the levels of natural radioactivity in selected building materials was
done in 2020. For the study 52 building material samples including ceramic tiles, cements,
red clay bricks and porcelain ware were prepared. Analysis was done using a high purity
germanium detector (HPGe). It was observed that the average activity concentration of
radio nuclides; (**®Ra, 2%2Th, and “°K) ranges were 12-40, 10-70, and 28-94BgKg™*
respectively. For cement alone, the activity ranges of the three radio nuclides were 10-35,
12-28, and 87-143BgKg respectively while in cement blocks it was 32-132, 26-87, and
285-1070BgKg™ respectively. In porcelain and ceramic tiles the values were 8-527, 18—
118 and 129-812BqKg™ respectively. The absorbed dose rates in air ranges were
12.00+3.0 to 40.50+23.0nGyh™* for materials which were used in a superficial quantity and
34.40+8.9 to 173.30+52.0nGyh? for materials which were used in bulk. The annual
effective doses varied from 0.06 to 0.85mSvy*. The values for the hazard indices, radium
equivalent and annual effective dose were within the recommended thresholds
limits(Adreani et al., 2020).

A study was done in 2022 to determine the radiation levels in construction tiles used in
Bungoma County-Kenya. Twenty (20) samples for both local and imported tiles were
collected from the area and prepared for analysis. Thallium doped sodium iodide gamma
ray spectrometer was employed in the analysis. The minimum values of activity
concentration for 222Th, 23U and “°K were found to be 52+2.62Bgkg™, 6+0.32 BqKg* and
1165+58.29BqK g™ while the maximum values were 254+12.7BgKg?, 31+1.57BgKg* and
2193+109.65BgK g™ respectively. The mean activity for 28U, 232Th, and “°K obtained were
109+5.48BgKg?, 11+0.55BqKg® and 1574+78.7BqKg*respectively. The activity
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concentration of 2%2Th and “°K exceeded the world’s agreed average values of 45BqKg?
and 420BgKg* respectively. The activity concentration of 22U evaluated was lower than
the world’s average of 33BqKg . The mean absorbed dose rate was 140+7.03nGyh™* which
was higher than the world's average value of 60nGyh™. The average value of radium
equivalent obtained was 288+14.44 BqKg™* which is lower than the recommended limit of
370BgKg™. Internal and external hazard indices were found to be 0.80+0.04mSvy* and
0.70+0.03mSvy! respectively (Nalianya et al., 2022). Considering that this study was
carried out using few samples and from only one region in the country, it may not have
been fully representative of the radiation doses. This prompts more and broader surveys on

the radiation levels of the building tiles in the country.

Various studies have been carried out for different construction materials in different
regions of the world showing different levels of radioactivity. These levels vary from
region to region depending on the geological composition of the region. In Kenya there is
only one documented study done on the ceramic tiles. Therefore, this research was
significant to determine the level of natural radioactivity for 23U, 2%2Th and “°K in the

ceramic building tiles used in Kenya and assess their radiological hazards on human beings.
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CHAPTER THREE
3.0 THEORETICAL BACKGROUND
3.1 Introduction
This chapter is a discussion of the concepts of radioactivity, types of radioactive emissions
and their properties. It explains the interaction of different radiations with matter and the
diametric quantities used in the measurement of the doses. It also discusses the working of
the gamma ray spectrometer and particularly the sodium iodide scintillator counter which

was used in this study.

3.2 Types of Radiations
Radiation is the flow of atomic and subatomic particles and waves transferring energy
through a medium. This medium can be air, water, a solid or even vacuum. There are two

radiation categories, that is non-ionizing and ionizing radiations as shown in figure 3.1.
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Figure 3.1: Non-ionizing and lonizing Radiations

Non-ionizing radiation is that which has a small amount of energy such that it cannot ionize

matter. It is inclusive of visible light, ultraviolet, and nearly all types of laser light, infrared
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and microwaves. It is unable to strike and dislodge electrons from atomic energy levels.
On the other hand, ionizing radiation is that which has enough energy to create ion pairs in
atoms. It is the major concern of the nuclear regulatory authority (NRA) of any country. It
acts by knocking electrons off atoms and molecules of matter through which they pass.
These electrons create many unstable radicals which generate indiscriminate chemical
reactions around them. This alters shapes of molecules composing the cells of the human
body denaturing or killing the cells leading to ill health or even death.

The effect of radiation on a living cell is dependent on type, amount and rate of absorption.
An ionizing radiation interacting with the human body can strike the DNA causing its
discontinuity or breakage. In an attempt to self-repair the breakage, mistakes may occur
resulting in genetic abnormality of the cells known as mutation. Developments of such
deformed cells are responsible for some forms of cancer. Skin burns and cataracts are also
among the hazards of ionizing radiation. Some examples of these radiations include
neutrons, alpha particles, beta particles, x-rays, and also gamma rays (Kharisov &
Kharissova, 2013).

3.2.1 Neutrons

Neutrons are neutral particles whose mass is slightly bigger than that of a proton. Since
they are neutral, their ionizations are indirect. In biological matter, these particles do eject
protons from atomic nuclei via nuclear collisions. The ejected protons which are charged

can then ionize bio matter directly.

3.2.2 Alpha Particles

They are massive heavily positively charged particles. They are equivalent to helium ions
and are classified as high linear energy transfer (LET) particles which interact to deposit
the energy they have over a small volume of matter. Alpha particles are a result of
the radioactive disintegration of heavy elements like uranium, plutonium, radium
and thorium. Because of their duo-positive charge and massive size, they have greater
ionizing ability, but their big masses result in low velocity and therefore little
penetration. Alpha particles of energy from 4 - 10 MeV have ranges of about 5-11 cm in
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air. Their corresponding penetration ranges in water is from 20 to 100 pm. They thus cause
more harm to fewer cells since they ionize many atoms within a short range. The nuclear
equation 3.1 shows an alpha decay of uranium-235 to thorium-231.

2350 — 3He + 238Th e s e e e e e e e 311
In air the alpha particle will lose its energy as it collides with particles in its flight path.
Figure 2.2 shows how an alpha particle loses its energy as it penetrates air.

Energy Loss of Alphas of 5.49 MeV in Air
(Stopping Power of Air for Alphas of 5.49 MeV)

Stopping Power [MeV/cm)]

0 : , : | . .
0 1 2 3 4

Path Length [cm]

Figure 3.2: A Curve Showing the Energy Attenuation of an Alpha Particle in
Air.(Gilmore, 2008).

3.2.3 Beta Particles

A beta particle is a high energy, high speed electron (§°) or positron (B*) ejected from the
nucleus of a radio nuclide. It has a net charge of negative or positive one. These particles
directly interact with vital biological macromolecules such as DNA, RNA, proteins and
enzymes ionizing them.They are majorly electrons but result from radioactive

disintegration of unstable atoms. Beta particles are emitted with indiscrete energy ranges
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up to a maximum which is characteristic of an individual radionuclide. Their range in air
IS much greater than that of alpha particles hence higher penetrating power. However, their
ionizing potential is much less than that of alpha particles. Equation 3.2 represents the
emission of a beta particle during the disintegration of carbon-14 to nitrogen-14.

HC S BN O oo oo 3.2

3.2.4 X-Rays

They are neutral highly energetic radiations which are generally produced when fast
moving electrons are suddenly stopped by a metallic target. The energy content in X-rays
is large enough to break the deoxyribose nucleic acid (DNA) directly or ionize water
molecules to hydrogen (H") and hydroxyl (OH") ions (Knapp, 2013). These free ions and
radicals create a series of chemical reactions resulting in breaking of the macromolecule’s
chemical bonds forming abnormal structures. Depending on the extent of damage the cells
can self-repair or die. In case of imperfections in the repair, the weakness can be copied to
more cells which can lead to some cancer forms. In case such cells deal with transmission
of hereditary details then there will be a likelihood of hereditary disorders to the
descendants(UNSCEAR, 2000). In smaller amounts, X-rays are used for medical imaging
tests, food irradiation, cancer treatment, and airport security scanners. They were not the
focus of this study because their general method of production is by accelerated electrons

striking a metallic target which is not radioactivity.

3.2.5 Gamma Rays
This is a highly energetic radiation whose symbol is y. It is the highest penetrating form
of e.m radiation which results from radioactive breakdown of unstable atomic nuclei. It has
the highest frequency hence the shortest wavelength of all the electromagnetic waves. As
seen in equation 3.3, gamma rays have neither mass nor charge and may accompany the
emission of other particles like alpha and beta.

222Rd — 238P0 4+ Jy + FHe o vev e e e v e i 3.3
Radon-222 in the equation 3.3 breaks down to polonium-218 releasing an alpha particle

and a characteristic gamma radiation. Gamma ray interaction with matter causes a radiation
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field with negative electrons and positive ions. A particle of zero rest mass like a gamma

photon has its kinetic energy (KE) given by equation 3.4

E=hv= he 3.4

Where,

h is plank’s constant, v is the gamma ray photon frequency, C is the speed of light
(3x10%cms™), and A is the radiation wavelength.

Their high energy and small size cause deeper penetration and less damage per interaction.
They are thus said to have low “Linear Energy Transfer” (LET). If a Gamma ray has its
energy greater than 10 MeV, the human body will be transparent to it and it experiences
less harm from the ray. Gamma-rays accompany other decays and are released as the
characteristic radiation energy when the corresponding excited atoms try to attain their

ground state as in Figure 3.4.
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Figure 3.3: Decay series of Co-60. It undergoes beta decay to an excited Ni-60 (Knipp
& Uhlenbeck, 1936).

In this decay series, 99.88% of %°Co undergoes beta decay to an excited ®Ni emitting an
electron whose energy is 0.31Mev together with an antineutrino. The ®Ni then drops to its
ground state by emitting two gamma rays of energy 1.173Mev and 1.332Mev respectively.
0.12% of the ®°Co decays by emitting a beta particle of 1.48Mev to an excited ®Ni which
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releases a gamma ray of energy 1.332Mev as it falls to its ground state. The intensity and
energy content of gamma radiation determines the hazardous effect it can bring to bio
matter. The higher the intensity of the radiation the more the number of affected cells while

the higher the energy content of the radiation then the greater the cell damage.

Gamma rays can strike and harm the DNA directly or indirectly as shown in Figure 3.4
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Figure 3.4: Direct and indirect interaction of a gamma ray with a nucleotide(Desouky
et al., 2015)

The ionizing radiation can either strike the DNA denaturing it or ionize water molecules

creating radicals whose chemical reactions with the DNA distorts its structure.

The various ionizing radiations have different speeds in matter, energy content and ionizing

properties. The table 3.1 below is a comparison for alpha, beta, gamma and x-rays.
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Table 3.1.Speed, energy and relative ionizing ability of some radiations.

Speed Average Energy Relative lonizing ability
Alpha 15,000,000m/s 5MeV High
Beta close to speed of light ' High (varies hugely) Medium
X rays 300,000,000m/s Very high and Low
variable
Gamma = 300,000,000m/s Very high (again, Low

varies hugely)

3.3 Radiation interaction with matter

Gamma radiation was the major focus in this study. This radiation interaction with matter
primarily takes place in three modes i.e., photoelectric effect, Compton scattering and
electron-positron pair production depending on the energy content of the photons. On
striking matter, the radiation beam intensity may be attenuated, it may undergo total

absorption or may be scattered by the matter (Knoll, 2010).

3.3.1 Photoelectric effect

It is also known as photoelectric absorption. In this case a gamma photon of low energy
(energy <200KeV) interacts with an orbital electron in any of the bound shells of the atom.
The electron receives kinetic energy (K.E) enough to have it knocked off from the orbital.
All the incident photon energy is deposited in the detector material. Figure 3.5 illustrates

photoelectric absorption
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Figure 3.5: Photoelectric effect (Matsitsi, 2020)

The atom is left excited and may attain equilibrium by distributing the excitation energy to
the remaining electrons. It can also have a higher level electron dropping down to the
vacancy left by the dislodged electron through X- ray fluorescence. The K.E of the liberated
electron is the energy difference between the incident gamma ray photon and the electron’s
binding energy in its original level given by equation 3.5 (Gilmore, 2008).

Ey = Ry = Ep e cos oo coe oo er eee e et e eee e eee e aee v 02 23.5
Where,
Ee is the kinetic energy of dislodged electron,
hv is the incident gamma ray energy and

Eb is the binding energy of the liberated electron when in its original shell.

3.3.2 Compton Scattering

In this case the incoming photon at a minimum energy of about 0.25MeV strikes an electron
in one of the atomic outer shells. The photon is scattered as in figure 3.6. The energy of the
incident photon is shared between the recoil electron and the scattered ray. The energies
after interaction are dependent on the incidence angle @ (angle between the original photon
direction and the scattered photon) (Knoll, 2010). If it brings about a reduction

in energy (wavelength increase) of the incident photon then it is known as Compton Effect.
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Inverse Compton scattering on the other hand occurs if a charged particle transfers its
energy to the incoming photon. Compton scattering shown in figure 3.6 is the most

common process of gamma ray interaction with matter.

incident photon

target electron “

() scattered electron

Figure 3.6: Compton Scattering(Venugopal & Bhagdikar, 2012)

The amount by which the incident photon’s wavelength changes, is known as Compton
shift. The energy E, of the scattered electron is given by the equation 3.6
Eo = E — B/ e oot et e et s oo e e oot e e e e e e e e 2022 3.6

Where,
E is energy of the gamma ray photon
E’is the energy of the scattered photon
The direction of the scattered electron and also the scattered gamma ray depends on the
energy given to the electron on interaction (Odumo, 2021). The ratio of scattered photon
energy to incident photon energy is given by equation 3.7. (Gilmore, 2008)

E’ 1

E 1+ (1 —cosp)E/m,c?

Where,
MeC? is the electron’s rest energy.

® is the angle between the incident and the scattered gamma photons (scattering angle)
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The minimum scattered energy E' occurs when ¢ = 180° and the scattered electron moves
along the direction of the incident gamma photon. When ¢ = 0 the photon does not lose

any energy and thus the recoiling electron does not gain any energy.

3.3.3 Positron-Electron Pair Production

In this case an incident photon strikes an atom and its energy is converted to matter. The
incoming photon has high energy (approximately 1.022MeV and above) and annihilates
within the electric field around the atomic nucleus forming an electron and a positron as in
Figure 3.7. For gamma photons with high energy, pair production is the dominant process
of gamma ray interaction with matter(Ragheb, 2011). This does not affect orbital electrons
but occurs near the nucleus of the atom as shown in Figure 3.7.
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Figure 3.7: Electron-Positron Pair Production(Ali, et al., 2019)

For a photon with energy above 1.022MeV, the extra energy is shared between the electron
and the positron as K.E.ie

ho = MeC? 4 Exg + Efg oo e e e ce e vt e e e ve e 0. 3.8
The nucleus remains almost the same since it receives very little energy. The electron and
the positron combine in the annihilation process after loss of K.E. to form two gamma rays
of energies 0.511Mev(Steinhauser & Buchtela, 2012).The probability of the electron—
positron pair production is dependent on the atomic number Z, being bigger in atoms with

high atomic numbers.
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3.4 Principles of the Gamma Ray Spectrometer

Gamma ray spectroscopy refers to the science of identification and quantification of radio
nuclides by analysis of the gamma ray spectrum which is produced by a spectrometer.
Gamma rays have the highest energy of all the electromagnetic waves because of their
short wavelength. The energy they carry is given by the equation 3.9

g=le_y 3.9

Where, E is the incident gamma photon’s energy,

h is plank’s constant(6.626x10*m?kgs™)

c is the speed of light (3x10*°%cms™)

A is wavelength and

U is frequency of the radiation

Radio nuclides mostly emit gamma rays of energy ranging from a few Kev to 10 Mev. The

major components of the gamma ray spectrometer are shown in the figure 3.8.
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Figure 3.8: Basic Gamma Ray Detection System.

The system has a radiation detector which is energy sensitive, electronics which are used
in processing of the detected signals, such as the multichannel analyzer (MCA), amplifiers
and data read out devices which generate, exhibit and store the spectra. Commonly used
detectors are the sodium iodide scintillation counters Nal (TI) and the high purity

germanium (HPGE) detectors as seen in the chart. The detector waits for the gamma ray
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interaction to occur in its detector volume, this happens by photoelectric effect, Compton
scattering and electron-positron pair production. Photoelectric absorption is commonly
preferred because all the energy of the incident photon is absorbed and therefore it gives a

stronger response.

The pulse of voltage produced by the detector (photo multiplier) in the scintillation counter
is then shaped by the multichannel analyzer/buffer (MCA/MCB).The MCA takes very
small amount of voltage signal which is produced by the detector then shapes it into a
Gaussian or trapezoidal form and converts it to a digital signal. There is an analogue to
digital converter (ADC) which sorts out the pulses according to their height. This ADC has
a specific number of channels/bins into which the pulses are sorted.

The MCA output is sent to a computer via a USB, LAN OR WIFI. The computer then can
store, display and analyze the data. There are various software packages from different
manufacturers for spectra analysis, energy calibration, peak and net area calculation and

also resolution calculation.

3.4.1 Detector Resolution

The detector energy resolution (Re) is the measure of its ability to distinguish gamma rays
with close energies. A good resolution means that the detector can separate different energy
peaks easily. This helps to identify different radio nuclides in the spectrum. Commonly,
detector resolution is expressed as the full width at half maximum (FWHM) value on the
peak distribution. This is the gamma ray peak width at half of the highest point.

The resolution of a detector can be expressed in absolute (eV) electron volts or in relative
terms e.g. a sodium iodide detector may have a FWHM of 9.15Kev at 122Kev.

In relative terms the resolution is given by equation 3.10.

FWHM
Re = I R 2 I 0

Where, E is the gamma ray energy e.g. the Re can be given as 7.5% at 122 Kev.
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3.4.2 Detector Efficiency

The probability that the emitted gamma rays from a source will interact with the detector
material and produce a response is the detector efficiency. It is given by the ratio of the
detected events per gamma rays emitted. It is also defined as the measure of the amount of
radiation that a given detector registers from the overall yield coming from a source. It
varies with the volume and the detector material shape, absorption cross-section in the
material, the number of attenuation layers that are in front of the detector and the source to

detector separation distance. Below are different types of efficiency.

3.4.2.1Absolute Efficiency
It is a ratio of the counts registered by the detector to the total number of gamma rays

emitted by the source in all directions. Absolute efficiency is given by equation 3.11.

Euops = Ne 3.11
abs - NS MEs s EEE EEE EEE EES SEE EES RSN B B ESE EEE EEG BSOS EEE EEE EGG wEE wEa mmw .

Where, Eaps is the absolute efficiency, Nc is the net count rate (number of pulses recorded)

and Ns is the number of radiation quanta emitted by the source.

3.4.2.2 Intrinsic Efficiency
It is the ratio of the total number of events recorded by the detector to the total number of
gamma rays striking the detector. It is given by equation 3.12.

Intrinsic effici Number of counted photons 312
e = .. 3.
nermste rerency Number of photons entered to detector

3.4.2.3 Full Energy Peak (photo peak) Efficiency
It is the efficiency needed for producing only full energy peak pulses, rather than pulses of

any size for the gamma photon.

3.5 Radiation Field Quantities
3.5.1 Energy Fluence
This refers to the energy incident on a given surface per unit area. That is:

_dE 3.13
P = e 3,
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Where dE is the radiation energy incident on a sphere of cross-sectional area dA
Energy fluence is measured in JM2

3.5.2 Particle Fluence
Refers to the number ofparticles incident on a surface per unit area. It is given by the
equation 3.14.

_dN
- dA MEE EEE EEE SN EEE EES SES EEE EEE EEE EEE NN EEE EEE EEE SN EAE EEE EEE EEN EEE EEE AW
Where, dN is the number of incident particles on a sphere of cross sectional dA.

o) .3.14

3.6 Kinetic Energy Released per Unit Mass (KERMA)
The energy given to electrons by photons may be determined through collision interactions
and radioactive interactions. KERMA refers to the sum of the initial kinetic energies of all
the charged particles produced by the uncharged ionizing radiation.

dEtr

dm

Where dE,, is the mean kinetic energy deposited on the charged particles from uncharged

..3.15

particles in mass dm of a material. Total KERMA (K,q;) Can be split into two parts:
collision KERMA (K,,;;) and radiative KERMA (K,,4)- Collision kerma refers to the
expectation value of the net energy transferred to the charged particles per unit mass at the
point of interest, excluding both the radiative energy loss and the energy passed from one
charged particle to another. Radiative KERMA refers to the part of KERMA that leads to
the production of radiative photons, as the secondary charged particles slow down and
interact in the medium. Therefore, the total KERMA can be given by equation 3.16.

Krotar = Keotl F Kyqq wee eoe vee ee wee s see s sre s sre s sne e aee 20023.16
KERMA is measured in gray (Gy)

3.7 Secular Equilibrium
This is a condition in radioactivity whereby the rate of disintegration of a parent nuclide is
equal to that of its daughter particle. It happens only if the parent’s half-life is much longer

compared to that of the daughter such that there is insignificant decay during the time
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interval of interest. If the samples are left undisturbed for a long period of time, the decay
rate of the parent radionuclide and hence the rate of formation of the daughter radionuclide
becomes constant. This is so because the time lapse considered is very minute compared
to the half-life of the parent radionuclide. Under this equilibrium, each of the decay chain
members has the same activity since the quantity of the daughter radio nuclides builds up
until the number of its atoms decaying per unit time equals the number being produced. In
this case, the activity of the daughter radionuclide can be determined by the activity of the
parent radionuclide. By taking N, and N, as the number of atoms of the daughter and the
parent radionuclide initially, and the corresponding activities A, and Ap respectively, the
secular equilibrium idea can be explained using decay lawsas given by equation 3.17
(Gilmore, 2008).

dn,
W - APNP - ADND M ma wme wws wes wes s wwn wws wes s mn wwn wws wes .3.17

Where Ap and Ap are decay constants of the parent and the daughter respectively (McNaught
& Wilkinson, 1997).
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CHAPTER FOUR

4.0 METHODOLOGY

4.1 Introduction

To ensure quality survey, various equipment/apparatus, processes, experimental
procedures and formulae were applied during sample collection, preparation and data
analysis. Building tile samples from various local manufacturing companies and imported
ones were selected for the study. Collection of samples was done from local outlets in
different Kenyan towns including Nairobi city, Kitui town and Mwingi town. The
following sections discuss step by step procedures and methods used for data collection,

preparation and the experimental setup of the study.

4.2 Materials

The following materials were used in sample collection, preparation and data analysis; A
mobile phone for taking photographs, Ceramic floor and wall tiles, Three rectangular
carton for ferrying the tiles, a mark pen, labeling stickers,50 ml plastic containers to hold
the tile powder, a pulverizer for crushing the tiles to powder, hot air oven for drying the
tiles, a 1.0mm mesh sieve, a packaging tape, an electronic weighing balance, IAEA
certified reference samples(RG-series),a packet of aluminum foil, Sodium lodide Nal(TI)

gamma ray spectrometer, a computer with data acquisition and analysis software.

4.3 Sample Collection

Sample tiles were purchased from different outlets in Mwingi town Kitui town and Nairobi
city. Random sampling method was used to collect thirty-seven (37) tile samples. A total
of sixteen (16) samples were from local manufacturers while twenty-one (21) samples were
imported from countries such as Tanzania, Uganda, India, and China. The choice of either

floor or wall tiles to sample depended on availability in the market.
4.4 Sample Preparation

The tile brands sampled were separately broken down using a mallet and about 5009 of

each sample wound in aluminum foil. These course samples werepulverized at the Ministry
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of Mining and Petroleum Laboratory in Nairobi using the electronic pulverizer shown in
figure 4.1.

Figure 4.1: The Crushing Machine used at the Ministry of Mining and Petroleum
Headquarters, Nairobi-Kenya (Open)

A 1.0mm mesh sieve was used to sieve the tile powder to ensure homogeneity of the
powder particles. The fine power from each of the tile brand was packaged in aluminum
foil papers in preparation for drying. The samples were subjected to a temperature of 120°C

for two hours in a hot air oven to get rid of all moisture as shown in Figure 4.2.
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Figure 4.2: Tile Powder Samples Being Fed into the Hot Air Oven for Drying at South

Eastern Kenya University.

From each of the tile dry powder a mass of 203g sample equivalent to the mass of the
reference sample was accurately measured using the electronic weighing balance and then
placed into an airtight plastic container. The samples were stored in a dry environment for
28 days to ensure secular equilibrium is attained. All these containers were completely
sealed with masking tape and labeled with codes running as KXO01.

» The first alphabet represented the country of origin.

» The second alphabet is the manufacturer company.

» The last numeral is the brand number e.g.KX02 stands for tile brand number two

manufactured by company X in country K.

4.5 Sample Analysis Using Gamma-Ray Spectroscopy
Analysis of the samples was done using thallium doped sodium iodide detector (Nal (T1))

to identify gamma radiation emitters in the tiles and establish the energy content thereof.

33



This detector was preferred due to itslow dead time and high efficiency in radiation
detection even though it has low spectra resolution. The detector also has low maintenance
costs as it doesn’t require cooling unlike some detectors used in gamma radiation

measurements.

4.5.1 Energy Calibration
This is the assigning of energy values to the channel numbers of the detector. It ensures
that one can correctly identify the energy peaks representing certain radio nuclides by the
corresponding centroid energy (Gilmore, 2008). Before actual counting began, the detector
calibration was performed using the standard point sources from the International Atomic
Energy Association. The channel number and the characteristic energy are related by
polynomial equation 4.1.

A CD I % el (% e o £ TR 2 B
A multi-nuclide reference standard material supplied by IAEA which contained
Americium-241, Caesium-137 and Cobalt-60 was used for the calibration (IAEA,

1987).The channel numbers and corresponding energies are as shown in table 4.1

Table 4.1: Detector Energy Calibration

RADIONUCLIDE CHANNEL ENERGY (KEV)
Am-241 341 60.0

Cs-137 329.6 663.35

Co-60 565.5 1172.69

Co-60 637.3 1332.69

The standard reference materials spectrum gave data that was used for energy channel

fitting as shown in figure 4.3.
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Figure 4.3: Energy Calibration Fitting used in this Study

The line represents a second-order polynomial fit which is defined by equation 4.2.
y = 0.0002x2 4+ 1.9612X7.1308 ... e. cee cee er e e et et e et e e e e 42

Fitting of the energy points assisted in identifying the energies of the unknown peaks in
the spectrum.

4.5.2 Energy Resolution

Energy resolution measures how good a detector can differentiate between two peaks with
close energies in a spectrum. This feature depends on full width at half maximum value of
the generated pulse. At 662KeV energy, the sodium iodide counter has a resolution of about
7% which is low(Wang, 2003). The poor resolution makes this detector inefficient when
dealing with samples composing multiple isotopes. The energy resolution in this study was

determined using equation 4.3 and the obtained energies are shown in table 4.2.

_ FWHM

Ec

Whereby, R is the energy resolution while Ec is the centroid energy.
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Table 4.2: Detector Energy Resolution

Radionuclide Energy(Kev) FWHM Resolution
Cs-137 663.35 43.78 6.6%
Co-60 1172.69 55.59 4.7%
Co-60 1332.69 60.09 4.5%

Figure 4.4 is a graph of the detector resolution against the energies obtained.
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Figure 4.4: Detector Energy Resolution Graph.

Although it has a low resolution, the thallium activated sodium iodide detector has many
desirable characteristics including its availability in large sizes at moderate cost, its good
optical quality, its linear dependence of the amount of light generated on deposited energy,
and also high scintillation efficiency.(Kelleter et al., 2020).

4.5.3 Detector Counting Efficiency

It is the ratio of the detector counts registered to the total number of radiations emitted by
the source. It is dependent on the type of incident radiation and its energy as well as the
distance of separation between the detector crystal and the sample. Sodium iodide detector

is a scintillation counter with a very short dead time.
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In this study the average dead time was 0.01%. The detector crystal and the sample were
in contact which guarantees efficiency. For this work, the efficiency for the standard radio

nuclides was obtained using equation 4.4.

N

TR 77
AMQT

n

Whereby, N is the net counts, A is the standard sample’s activity concentration, M is the
mass of the standard sample in kilograms, ¢ is the gamma rayemission probability of the
radionuclide and T is the live time in seconds. Table 4.3 shows the efficiency and intensities

for the standard radio nuclides used.

Table 4.3: Intensity and Efficiency, for the Standard Radio Nuclides used.

Nuclide Energy Intensity Emission Activity Mass(Kg Efficiency(")

(KeV) Probability )
Th-232 238 26.46661 0.4316 3250 0.236 0.079951
U-238 351 19.5907 0.3534 4940 0.239 0.046952
K-40 1460 8.757 0.1066 14000 0.279 0.021031

4.5.4 Measurement of the Background Radiation

Background radiation is the omnipresent natural radiation in the environment that is not
resulting from a test sample. It is the reason why a detector registers some counts in the
absence of a test sample. This background count may result from terrestrial radio nuclides
like 2%2Th, 28U and “°K in the environment of the detector, cosmic radiation from the
atmosphere and also radio nuclides like ¥*’Cs and *Sr artificially present within the
environment depending on the level of technology and the population distribution of a
given region (Matsitsi2020). Before the measurement of the samples was done, the
background contributions were measured by running deionized water in a similar container
as those containing the samples for 28800 seconds. Deionized water was preferred to any
other water for it is inert and nonradioactive. Filling the container with water also was done

to drive out all air inside reducing chances of radioactive radon gas in the container.

Figure 4.5 shows the background spectrum developed by running deionized water
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in a container the same dimensions as those used for the samples.
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Figure 4.5: Background Spectrum using Deionized Water.

The peaks in the spectrum confirmed presence of background radiation in the environment
and therefore its count was taken and subtracted from the gross count, to get the net count
rate resulting from the radio nuclides in the tile samples.

4.5.5 Data Acquisition

To measure the activity, each tile sample was separately lodged into the shielded Nal (TI)
detector and ran for 28800 seconds. Spectra for all the samples were acquired and stored
ready for recall to generate the region of interest, gross area count, centroid channel and
energy of the corresponding radio nuclides. Ortec maestro software was installed in a
computer to perform the analysis of each gamma-ray spectrum produced. The number of
counts as seen from any region of interest corresponded to the abundance of the radioactive
material in the measured sample while the measured energy corresponds to the type of the
element and its isotope. The information obtained was presented in tables, charts, and

graphs for ease of interpretation.
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4.6 Evaluation of Radiometric Parameters
4.6.1 Specific Activity Concentration of Radio Nuclides in BqKg™*
For Uranium (>%U) the Specific activity concentration in this work was determined from
the counts of lead (21*Pb), similarly, for thorium (?2Th), it was determined from the counts
of 22Pp and finally, the activity of potassium (*°K) was determined from the counts of
1460.83 Kev. Equation (4.5) was used to determine the specific radionuclide activity given
in BqKg* (Ebaid, 2010).

Np
Where, Np is the net count rate (cps), that is (gross minus background value), p is the

Ac

gamma-ray yield or emission probability, n (E) is the absolute counting efficiency of the

detector while m is the sample mass in (kg).

4.6.2 Radium Equivalent Activity (Raeq)
This refers to the weighted sum of the activities of ?2°Ra, 2*2Th, and “°K assuming that
1BgKg? of ?°Ra, 0.7BgKg™ of 2%2Th and 13BqKg™* of “°K produce the same gamma
radiation dose rate (Beretka& Matthew, 1985). The equation 4.6 is the relation used to
calculate this radium equivalent.

Ragy = Crq + 1.423Crp + 0.077Ck v vvvvve cee et e s 46
Whereby, Raeq is the radium equivalent, while Cra, Ctn, and Cgare the activity
concentrations of 22°Ra, 22Th and “°K in tile powder samples respectively given in BqKg-
!, For safety, any building material with Ra.>370BqKg™ should not be used as it poses a
high radiation exposure hazard (UNSCEAR, 1988).

4.6.3 Estimation of the Absorbed Dose Rate (D)

Absorbed dose is an expression of the concentration of radiation energy that is absorbed at

a specific point in the body tissue. These absorbed gamma radiation dose rates were

calculated from the corresponding activity concentration of 2?°Ra, 2%2Th and “°K using the

activity concentration-dose (nGyh™ per BqKg™) conversion factors of 0.427, 0.662 and

0.043 provided by UNSCEAR (2000). Equation 4.7 shows how to calculate the dose rate.
D = 0.427CRa + 0.662CTh + 0.043CK + 0.043C ... ..........4.7
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Where, Cu, Ctn and Ck are the average activity concentration of Uranium-238, Thorium-
232 and Potassium-40 respectively.

4.6.4 Annual Effective Dose Rate (AED)
The annual effective dose rate received by a given population and which is attributed to
radioactivity is estimated using a conversion factor of 0.7SvGy*. For adults about 60% of
their time is spent indoors, while 40% is time outdoors(Mustapha, 1999). This gives an
indoor occupancy factor of 0.6 and 0.4 outdoor occupancy factor (UNSCEAR, 2000). The
indoor and outdoor annual effective doses rates were therefore calculated by the given
equations 4.8 and 4.9 respectively.

Ei = D x8760hy 1x 0.6 x 0.7SvGy 1 x 1076 .. oo i v e e e e e 48

Eyur =D x8760hy 1 x0.4x 0.7SvGy 1 x107¢ oo e vev v e e e 49
Whereby Ein and Eou are the Annual Effective Doses rates for indoor and outdoor
environments respectively, D(nGyh™) is the absorbed dose in air, 8760hy™? is the number
of hours in one year, 0.7(SvGy) converts the absorbed dose in the air to annual effective
dose and 0.4 is the outdoor occupancy factor (UNSCEAR, 2017)

4.6.5 External Hazard Index (Hex)

This is the measure of gamma radiation exposure to humans externally. This exposure may
occur when the body encounters elevated energy radiation from the ceramic tiles. For a
given radiation to have insignificant hazardous effects to humans, its value of the external
hazard index has to be less than 1 (Tsai et al., 2008). The external Hazard index was
determined using the equation 4.10.

T
Where, Cra, Ctn and Ck are the average activity concentrations of the three primordial radio

Hpy 4.10

nuclides expressed in BqKg™.

4.6.6 Internal Hazard Index (Hin)
Internal radiation exposure to a human being may result from inhaling terrestrial radio

nuclides like “°K, 23U and 2%2Th and their progenies in air around the vicinity of the tiles.
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The internal hazard index (Hin) was calculated using equation 4.11.as formulated
by(Beretka & Mathew, 1985)

Cra | Crn , Ck

15 T30 T agLg e e e e e e
Where, Cra, CTn, and Ck are the mean activity concentrations in BqKg™ of 22°Ra, 2*2Th and

H;, = 4.11

40K respectively. The value of this index also has to be below a unit for the radiation to be

termed safe to humans.
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CHAPTER FIVE

5.0 RESULTS AND DISCUSSIONS

5.1 Introduction

Gamma ray spectrometric analysis for representative ceramic tiles samples in the Kenyan
market has been studied. The identity, quantity, and the energy content of the radio nuclides
present in the tiles have been established. The radiological parameters like radium
equivalent, absorbed dose rate, annual effective dose and hazard indices obtained have
been compared with previous studies and the respective world’s recommended thresholds
to establish their potential harm to human beings. These results are presented in the

following sections and sub sections.

5.2 Results

A total of 37 samples were prepared, tested and analyzed following procedures and
methods discussed in chapter four. A spectrum obtained for each of the sample, gross count
rate and energy peaks for each radionuclide was determined. These were used to evaluate
the activity concentration of the radio nuclides?®U, 2%2Th and *°K for the samples. Figure

5.1 is a typical sample spectrum obtained during data acquisition.
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Figure 5.1: A Spectrum of one of the Tile Samples (CVV001W).
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The spectrum shows peaks for some primordial radio nuclides and their corresponding
energies. The hypothesis that ceramic building tiles contain radio nuclides 2%2Th, 238U and
40K was therefore confirmed. Other radiological parameters like; radium equivalent
activity, hazard indices and dose rates have been calculated from activity concentration
using conversion factors specified in sub sections 4.6.Each of these parameters will be
discussed independently in subsections 5.2.1 to 5.2.5.

5.2.1 Activity Concentrations of Natural Radio Nuclides.

In this study the activity concentration of primordial radio nuclides?*?Th, 28U and “°K was
determined using equation 4.5. Table 5.1 gives the activity concentration of the three
primordial radio nuclides (>*2Th, 28U and “°K) in the 37 samples.
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Table 5.1: Activity Concentration of the Three Radio Nuclides (?*?Th, 238U and “°K)

S/ | Sample code | Activity concentration in BgKg*

N 232Th Error (z) | 28U Error () | “K Error (z)
1 | CvOO1W 116.21 3.23 60.8 6.52 667.18 49.59
2 | Cvoo2w 93.53 3.07 39.93 591 623.95 47.27
3 | Cvoo3w 112.42 2.98 60.34 5.77 727.12 45.73
4 | CB001W 101.96 2.66 71.23 3.2 124.5 28.83
5 | CBOO2W 63.07 1.54 45.42 2.61 415.92 31.14
6 IX001W 98.06 3.10 30.39 2.24 61.25 31.22
7 IX002W 100.98 2.87 52.21 5.86 446.74 47.82
8 | KS001W 45.97 2.28 48.21 4.74 880.58 45.32
9 | KS002W 48.88 2.11 48.04 4.42 360.46 30.76
10 | KSOO1F 48.52 2.77 4.01 1.42 810.47 36.66
11 | KS002F 46.49 1.59 47.74 2.64 786.17 35.64
12 | KSO03F 51.31 1.80 40.56 2.63 506.29 31.44
13 | KS004F 55.53 1.80 34.68 2.30 534.3 32.09
14 | KSO05F 63.03 1.67 39.5 3.23 1533.28 31.95
15 | KSJ001W 50.28 2.12 83.42 3.31 634.52 31.81
16 | KSJ002W 36.78 1.47 62.11 2.67 4325 31.98
17 | KT001W 29.75 1.36 36.69 2.63 308.8 30.09
18 | KT002W 40.32 2.42 25.78 5.27 667.63 42.92
19 | KT0O3W 37.52 151 37.21 2.57 345.41 31.82
20 | KTO04F 52.99 2.19 0.65 1.02 365.28 30.39
21 | KT005W 37.52 151 37.21 2.57 367.75 31.82
22 | KBLOOL1F 52.65 2.60 37.14 5.04 1051.81 45.42
23 | KBLOO2F 49.60 2.57 57.39 3.85 1013.41 44.46
24 | UGO01F 78.58 3.20 85.66 3.16 544.18 35.67
25 | UGO02F 77.31 3.28 76.02 3.61 332.84 32.54
26 | UGOO3F 34.00 2.48 110.21 3.40 532.63 34.58
27 | UG004F 34.12 4.38 124.79 4.04 272.09 32.09
28 | UGO05F 571 5.09 78.53 7.07 347.83 33.79
29 | TGOO1W 28.73 1.39 18.81 2.24 753.97 27.35
30 | TGOO2W 37.32 2.17 34.28 3.35 271.29 41.33
31 | TGOO1F 47.01 2.37 6.09 6.06 867.68 43.22
32 | TGOO2F 36.80 2.21 6.28 1.67 757.98 44.17
33 | TGOO3F 38.92 2.20 12.18 1.88 757.61 44.14
34 | TSO01F 41.92 2.03 1.02 0.92 59.23 28.94
35 | TSO002F 23.10 1.2 14.07 2.25 121.43 31.85
36 | TSO03F 31.34 1.38 20.06 2.22 103.36 31.32
37 | TSO004F 39.66 2.00 8.70 1.64 74.04 28.6
MIN 5.71 1.20 0.65 0.92 59.23 27.35
MAX 116.21 5.09 124.79 7.07 1533.28 49.59
AVERAGE 53.73 2.34 43.17 3.40 525.99 36.10
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Table 5.2 shows the mean activity concentration of the radio nuclides in this study

compared with the world’s averages.

Table 5.2: Mean Activity Concentration Versus World’s Averages.

Radionuclide Results of this study BqKg? ~ World’s  average in
BaKg™

232Th 53.73+£2.34 45

238y 43.17+3.40 33

K 525.99+36.10 420

As seen from table 5.2, the mean values obtained were 53.73 +2.34BqKg™ for 232Th,
43.17+3.40BgKg™* for 2®U and 525.99+36.10BqKg™? for “°K. All these values exceeded
the world’s averages of 45Bgkg™, 33BqKg? and 420BgKg? for 232Th, 28U and “K
respectively (UNSCEAR, 2017). The Maximum values observed were 116.21+5.09BgKg
! for 2%2Th, 124.79+7.07BgKg™* for 2%2U and 1533.28+49.59BqKg™ for “°K.The minimum
values from the study were 5.71+1.2BgKg™ for 2*2Th, 0.65+0.92BgKg™ for 23U and
59.23+27.35BgKg? for “°K.The activity concentrations emanating from “°K, 2®U and
232Th for this present study exceeded national average (Kenya) of 255.7BqKg,™ 28.7BgKg
1 and73.3BgKg* respectively(Otwoma et al., 2012). However, the average activity levels
of 2%2Th, 22U and “°K are very close to the national averages and worldwide

averages(Otwoma et al., 2012).

The findings are well in range with the geological profile reported in literature by other
scholars (Nyamaiet al., 2001),and Nalianya et al., 2022). The activities of***Th 23U and
0K have been presented graphically in the figure 5.2, 5.3 and 5.4 respectively. Figure 5.2,
5.3 and 5.4 is the graphical representation of the activity concentration of 22Th 238U and

0K in the 37 samples. The red line represents the world’s averages.
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Figure 5.2: A Graph Showing the Activity Concentration of 2%°Th in the 37 Tile
Samples.
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Figure 5.4: Activity Concentration of “°K in the 37 Samples.

Generally, in each of the three figures more than half of the sampled tiles had elevated
activity concentration values. This indicated considerable levels of the primordial
radioisotopes, 22Th, 28U and “°K, in the soils from which the tiles are manufactured.
Studies show that Radioactivity of a given soil relates to the rock type from which the soil
comes with igneous rocks giving higher radiations and sedimentary rocks lower values
(UNSCEAR 2000). The values observed here are therefore characteristic of the meta-
igneous rocks present in all regions within the Mozambique belt of which Kenya, Uganda,

India and Tanzania are part.

In Kenya, (where 16 out of the 37 sampled tiles are manufactured) most ceramic tile
companies are found in Kajiado, Mombasa and Nairobi counties. Kajiado County covers a

region rich in crystalline lime stones, quartzite, gneisses granulites and potash soils which
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contain high levels of natural radioactivity(Matheson, 1966). The highest registered
activity concentration value of “°K was 1533BqKg™ posted by a Kenyan tile sample
(KSO005F). This is attributed to the high level of potassium in Kenyan soil especially in
coastal regions.(Kebwaro et al., 2011)reported elevated levels of background radiation
from 22Th, 28U and “°K in the south coast of Kenya which was attributed to abundance of
minerals like carbonatites and monazites. Kenyanyaet al., (2013) investigated potassium
content in Kenyan soil and found that 70% of the mapped sites confirmed potassium

present.

Considering 22Th and 28U, tiles from Tanzania posted the lowest values for activity
concentration. This agrees with a study done in Tanzania that listed the major soil types in
the country as ferric, chromic and eutric cambisols which contain very little thorium and
uranium (Msanyaet al., 2002).According to Graef et al.,(2015), potassium was found to be
limited in surface soil and only presently abundant between 50 and 300 meters
underground. This relates positively with the low activity concentration of the three radio

nuclides in Tanzania tile samples.

The three radio nuclides were confirmed present in all the tiles sampled. This agrees with
the (UNSCEAR 2000) report that natural radioactivity is present in the soils of all regions
of the world. Samples from different countries analyzed in this study posted different
averages for the activity concentrations as shown in table 5.3. This results from uneven

distribution of the radio nuclides in different soils of the different regions.

Table 5.3 compares activity concentration of the three radio nuclides from this study and

other studies across the world.
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Table 5.3: Activity Concentration of 22Th, 228U and “°K for this Study Compared with
Other Studies.

This Country 238(%*°Ra) | %?Th 0K
study Tiles from Kenya 83.3 46 921
Tiles from Tanzania 17.5 35 463
Tiles from Uganda 100 41.5 816
Tiles from China 55 61 426
Tiles from India 41 99 253.5
Other Kenya(Nalianya et al., | 109 11 1574
studies | 2022)
Sudan(Saifet al., 2022) 183 51 238
Sudan(Adrean et al.,2020) | 12-40 10-70 28-94
Nigeria(Ademola et al., |72 84 629
2009)
South Korea 44-82 34-96 310-1019
(Lee, 2005)
Algeria 55 41 410
(Amrani, 2001)
China (Xinwei, 2005) 64-131 55-107 561-867
India 28 64 24
(Mahur, 2008)
Greece (Krsti¢, 2007) 25-174 29-47 411-786
Egypt (Afifi, 2005) 61-118 55-98 730-1050
Spain (Rami, 2007) 75-191 68-76 507-490
Italy (Righi, 2009) 36-87 38-86 411-996
Italy (Righi, 2009) 20-708 33-145 158-850
Nigeria (Joel et al., 2018) 61.1 70.2 514.7
Saudi Arabia 29-129 32-114 83-1100
(Alghamdi, 2019)

The findings from this work compares well with similar studies done in different parts of
the world. The close comparison of activities for each element was attributed to similarities

in raw materials (rock) used in tile production.

The activity concentrations of the three radio nuclides 22Th, 28U and “°Kgiven in table 5.1

were used to estimate the measure of human exposure to gamma ray energy by calculating
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the radium equivalent, the absorbed dose, annual effective doses as well as the hazard
indices. These parameters were calculated using standard equations 4.6, 4.7, 4.8, 4.9 and
4.10.

Table 5.4 shows the radium equivalent activity and the absorbed dose rates for the 37
samples.
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Table.5.4: Radium Equivalent Activity and the Absorbed Dose Rates for the 37

Samples.

SIN Sample code Radium equivalent(BqKg™) | Absorbed dose rate(nGyh?)
1 CvOOo1wW 277.53 131.11
2 CV002W 221.06 105.79
3 CV003W 276.31 103.32
4 CB001W 225.91 103.27
5 CB002W 167.19 79.03
6 IX001W 174.65 80.53
7 IX002W 230.31 108.35
8 KS001W 181.42 88.88
9 KS002wW 145.35 68.37
10 KSOO1F 135.46 68.68
11 KS002F 174.43 84.97
12 KS003F 152.56 73.06
13 KS004F 154.84 74.54
14 KS005F 247.26 124.52
15 KSJoo1w 203.83 96.19
16 KSJoo2w 147.76 69.47
17 KT001W 102.8 48.64
18 KT002W 134.56 55.4
19 KTOO3W 117.2 55.58
20 KTO04F 104.18 51.07
21 KT005W 118.92 56.54
22 KBLOO1F 193.04 95.94
23 KBLOO02F 206 100.92
24 UGO001F 219.72 111.99
25 UGO002F 211.66 97.95
26 UGO003F 199.61 92.47
27 UGO004F 194.29 87.57
28 UGO05F 113.44 52.27
29 TG0O01W 117.75 59.47
30 TG002W 108.27 51.01
31 TGOO01F 139.8 71.03
32 TGO02F 117.02 59.64
33 TGOO3F 125.9 63.55
34 TS001F 65.22 30.73
35 TS002F 56.29 26.52
36 TS003F 72.61 33.76
37 TS004F 70.84 33.15
MIN 56.29 26.52
MAX 277.53 131.11
AV 159.59 75.55
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5.2.2 Radium Equivalent

The activity concentration of a radionuclide equivalent to 370BqKg™ of ?*°Ra that gives
exactly an external effective dose rate of 1.5mGy(1mSvy™) is the radium equivalent. Any
building material with radium equivalent more than 370BgKg™ is considered radio
logically hazardous and therefore should not be used. A graph of the radium equivalent for

all the 37 samples is as shown in figure 5.5
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Figure 5.5: A Graph of the Radium Equivalent for all the 37 Tile Samples.

The average value of radium equivalent in this study was found to be 159.59 BgKg which
was above the world’s average of 89BqKg™ and lower than the safety limit of 370BgKg*
(UNSCEAR 1988). The highest value of radium equivalent (277.53Bq Kg™?) was for a
sample (CV001W) followed by sample CV003W with 276.31BgKg . Tiles from Tanzania

posted radium equivalent values generally lower than all the other countries with the lowest
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value being 56.29BgKg™ for floor tile sample (TS002F). This observation was attributed
to lower enrichments of 28U, 22Th and “°K in the rock ore used during production. Non
homogeneous distribution of radio nuclides in the environmental mediums could have led

to the lower radium in this sample.

5.2.3 Absorbed Dose
Absorbed dose is the quantity of radiation energy absorbed by a unit mass of tissue. It is
also the chemical or physical effect brought about by a given radiation exposure to bio

matter. Figure 5.6 shows the values of absorbed dose for all the samples.
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Figure 5.6: Absorbed Dose for the 37 Samples of Tiles used in Kenya.

The mean value of absorbed dose posted by this study was found to be 75.55nGyh ! which

was well above the world’s average level of 60nGyh* but lower that the permissible safety

54



limit of 1500nGyh* as proposed by UNESCEAR 2016. The highest value of absorbed dose
was 131.11nGyh for sample CVOO1W while the lowest was 26.52nGyh for sample
TS002F.

The annual effective dose rates and hazard indices data from this study is given in table

5.5.
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Table 5.5: The Annual Effective Dose and Hazard Indices.

SIN AED AED H H
Sample code | in(MSvy?) out(MSvy™) & n
1 CVvOOo1w 0.48 0.32 0.75 0.92
2 Cvooz2w 0.39 0.26 0.6 0.71
3 CVvO00o3w 0.38 0.25 0.75 0.91
4 CB00O1W 0.38 0.25 0.61 0.8
5 cB0oo2w 0.29 0.19 0.45 0.5
6 IX001W 0.3 0.2 0.47 0.56
7 IX002W 0.4 0.27 0.62 0.76
8 KS001W 0.33 0.22 0.49 0.62
9 KS002W 0.25 0.17 0.39 0.52
10 KSOO1F 0.25 0.17 0.37 0.38
11 KS002F 0.31 0.21 0.47 0.6
12 KS003F 0.27 0.18 041 0.52
13 KS004F 0.27 0.18 0.42 0.51
14 KS005F 0.46 0.31 0.67 0.78
15 KSJO01wW 0.35 0.24 0.55 0.78
16 KSJoo2w 0.26 0.17 0.4 0.49
17 KT001W 0.19 0.12 0.28 0.38
18 KT002wW 0.2 0.14 0.36 0.43
19 KTO03wW 0.2 0.14 0.32 0.42
20 KTO004F 0.19 0.13 0.28 0.28
21 KT005W 0.21 0.14 0.25 0.42
22 KBLOO1F 0.35 0.24 0.52 0.62
23 KBLOO2F 0.37 0.25 0.56 0.71
24 UGO001F 0.41 0.27 0.65 0.88
25 UGO002F 0.36 0.24 0.57 0.78
26 UGO003F 0.34 0.23 0.54 0.84
27 UGO004F 0.32 0.22 0.53 0.86
28 UGO05F 0.19 0.13 0.31 0.52
29 TG001IW 0.22 0.15 0.32 0.37
30 TG002W 0.19 0.13 0.29 0.39
31 TGO01F 0.26 0.17 0.38 0.39
32 TGO002F 0.22 0.15 0.32 0.33
33 TGO0O3F 0.23 0.16 0.34 0.37
34 TSO001F 0.11 0.08 0.18 0.18
35 TS002F 0.10 0.06 0.15 0.16
36 TSO003F 0.12 0.08 0.20 0.25
37 TS004F 0.12 0.08 0.19 0.22
MIN 0.10 0.06 0.15 0.16
MAX 0.48 0.32 0.75 0.92
AVERAGE 0.28 0.19 0.43 0.54
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5.2.4 Annual Effective Dose

Annual effective dose (AED) is the measure of radiation energy received by an individual
in a year. It is measured indoor and outdoor for human beings who spend 60% of their time
indoor and 40% outdoor (Mustapha 1999). If the Value exceeds a unit for any material,
then that material is not safe for human handling (ICRP, 1990).Figure5.7 is shows the
annual effective dose indoor for the samples.
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Figure 5.7: Annual Effective Dose Rate Indoor (Ein) for Tiles used in Kenya.

The mean value for indoor annual effective dose from this study was 0.28mSvy*.The
overall highest value was 0.48mSvy™ for sample CVO01W which is a walling tile, while
the lowest was 0.10mSvy* for sample TS002F a floor tile. The indoor values were found
to be higher than outdoor values. This was attributed to the higher indoor occupancy
factors. The indoor AED values were below the safety recommendation by UNSCEAR and
ICRP reports of 1 mSvy™.
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Figure 5.8 is the plot of the annual effective dose rate outdoor for the samples used in this

study.
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Figure 5.8: Annual Effective Dose Rate Outdoor (Eout) for Tiles used in Kenya.

The average value for outdoor annual effective dose from this study was 0.19mSvy*. The
lowest registered value was 0.06mSvy* for TS002F while the highest was 0.32mSvy for
CVO001W.Lower outdoor occupancy factor led to the outdoor values being generally lower

than the indoor values.

5.2.5 Hazard Indices.

Internal hazard index is the measure of radiation exposure to an individual from radioactive
substances within the body while external hazard index is the measure of the radiation
exposure to an individual from radioactive substances outside the body. A material is radio
logically unsafe if its hazard index exceeds 1.00 (ICRP, 2005).
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Figures 5.9 and 5.10 gives the hazard indices values for the 37 samples.
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Figure 5.9: Internal Hazard Indices for the 37 Tile Samples
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Figure 5.10: External Hazard Indices for the 37 Tile Samples

All the samples used in this study gave indices lower than a unit and therefore poses no
health risk to human beings. The highest value of the internal hazard index was 0.92 for
sample CVVOO1W while the lowest was 0.16 for sample TSO01F. The largest value of the
external hazard index was 0.75 and the lowest was 0.15. The radiological parameters from
this study were then compared with the world’s recommended values as shown in table
5.6.
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Table 5.6: Radiological Parameters of this Study Compared with World’s Averages.

Parameter Si Unit Recommended Present Work
Value (Average)
Absorbed dose rate Gyht 60 75
Radium equivalent BgKg 370 159
Hazard indices Hin _ 1 0.54
Hex _ 1 0.43
Annual Effective | AEDin mSvy? 1 0.28
Dose AEDout mSvy 1 0.19

The mean values for all the radiological parameters from this study were below the world’s
thresholds recommended by ICRP and UNSCEAR. This implies that the tiles in the

Kenyan market as at the time of the study were safe for human handling.
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CHAPTER SIX
6.0 CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusion
Measurement of the natural radioactivity of ceramic tiles used in Kenya has been well done
using a shielded thallium doped sodium iodide detector. A total of 37 tile samples from
different countries were analyzed to determine the radiation levels and radiological
parameters evaluated. The research confirmed presence of radio nuclides?32Th, 28U and
40K and their progenies in the building tiles used in Kenya. The analysis reported a mean
activity concentration of 53.73 +2.34BgKg™ for 2%2Th, 43.17+3.40BgKg™ for 238U and
525.99+36.10BgKg? for “°K. All this was found to exceed the world’s averages of
45.00BgKg?, 33.00BgKg™ and 420.00BgKg respectively. This was attributed to geology
of the area from where the tiles raw materials comes, with igneous rocks giving higher
radiations and sedimentary rocks lower values (UNSCEAR 2000). The values observed
here are therefore characteristic of the meta-igneous rocks present in all regions within the
Mozambique belt of which Kenya, Uganda, India, and Tanzania are part.

The activity concentrations values obtained for the three radio nuclides were used to
calculate other radiological parameters like radium equivalent, absorbed dose, and annual
effective dose (indoor and outdoor) and hazard indices (internal and external). The values
were found to be 159.59Bqkg™, 75.55nGyh*, 0.28, 0.19, 0.54 and0.43respectively. All
these radiological parameters were within the permissible thresholds as given in table 5.6,
except the absorbed dose rate which was slightly higher. Based on the findings, the use of
the ceramic tiles in Kenya for interior and exterior construction poses no harmful radiation
exposure to the house dwellers. The parametric quantities which include annual effective
dose, hazard indices and radium equivalent were below 1 mSvy?, a unit and 370BgKg™

respectively.
6.2 Recommendations

This study was conducted using ceramic tile samples from different manufacturers and

countries. Based on the research findings, use of tiles for construction needs in Kenya poses
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insignificant radiological risks to human health. From the study the following
recommendations were made.

1. More radiometric studies are needed in this field since there is a continuous inflow of
building tiles in the country. It is also expected that more companies from different
countries are joining the industry as seen from the increasing demand for the tiles. This
will help to determine decisively the health hazard involved.

2. Radiometric studies for other building materials like cement, quarry stones, sand and
water should also be done for different areas of the country to ascertain the radiation levels
in the soil.

3. To avert the effects of prolonged exposure to low doses of radiation, houses should have
adequate ventilation to ensure quick escape of any radon gas which could emanate from

the building materials used.
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