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Abstract

In recent times, the incidence of radiation pollution on account of encounter with some emissions from
materials used in construction works has been on increase. This study aimed at studying the Spectro-
Physical Analysis of Radiation Emission in Selected Building Construction with a view to establishing
the emission level to prevent radiation hazards. The following ingredients/equipment were employed
in laboratory experiments: a sieve; Washing can/cylinder; Cement; water; Fine aggregate (sharp sand);
Gravel; Gamma ray spectrometer. Some of the apparatus used, are Electron Microscope, Gamma ray
spectrometer, spectrometer counter and others. Dosage rate indices was high in the case of Sand and
Granite samples, with Thorium level for the three samples falls withing tolerable limit of less than 200
milligram. However, Uranium was found in little amount, continuous exposure to the element over a
prolonged period of time can be dangerous. The study recommend adoption of protective measure to
guide against the low emission from Uranium, so as to prevent health hazard.

Keywords: radiation; emission; materials; spectrometer

1. Introduction

One of the largest industries in the world is construction. According to [1], the construction
industry is one of the most dynamic moderators of the overall economy in a country [1,2] with more
than 75% of the workforce employed directly on the construction site. It is also a potential source of
employment and employs nearly 7% of the total employed workforce globally [2]. This poses serious
health hazards to a large number of people. The dangers that lurk on a construction site from left to
right have been demonstrated through research.

Safety and the avoidance of any unnecessary risk from radiation exposure at work, in the medical
profession, or in the general environment are the two main goals of radiation protection. Therefore, any
quantitative suggestions on exposure standards and practices must be made in light of quantitative
evaluations of the radiation risks associated with their application. According to [3] district is in the Rift
valley, where significant background radiation levels are reportedly present [1,2].

According to medical assessments, the locals have seen a rise in cancer cases, with esophageal
cancer being particularly common [4]. Increased cancer cases in the area were noted in the [4] Bomet
Environment District plan (2005-2010) report, despite the absence of any interventions.

If no action is taken to decrease the risks, working on a building site will eventually prove to be
a dangerous occupation. The majority of people will become aware of this and begin to steer clear of
the construction sector, which will force many individuals to hunt for other employment, have a
significant negative impact on the economy, and raise unemployment.

Not only will the site workers be at risk but also the end users. This will affect the greater public
because they may not know. The following research questions were articulated for the purpose of the
study: i. What are the physical structural components of the selected building materials?
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ii. What is the pattern of emission of the selected building materials? iii. What are the radioactive
properties of the selected building material?

The aim of this study is to carry out radiation analysis of selected building materials on site with
the view to preventing exposure of workers to harmful radiation. However, the following research
variables are sued to prosecute the objectives, they are: to study the physical and structural
components of the selected building materials; to analyse the pattern of emission of each selected
building materials from selected locations and to study the radioactive properties of each of the
selected building materials. The sole purpose of this research was to investigate selected building
construction materials to see if they have radioactive properties and to see if they have a
negative/harmful effect on the construction workers that work with the materials. Therefore, this
work is focused on investigating the possible health risks every construction faces every day and to
find preventive measures that can be put in place of the workers.

1.1. Naturally Occurring Radioactive Materials (NORMs)

Most materials found in the building industry are naturally radioactive compounds, as are those
used for other purposes and found naturally in the crust of the planet. These are substances that
include radioactive elements that are found in the environment naturally. Among other areas, they
can be found in limestone, water, soil, and rocks. Numerous elements are included in these NORMs,
such as radium, uranium, thorium, potassium, radon, and others [1]. It has been discovered that most
building materials have NORM elements, the most significant of which are ¥K, 2R, and #?Th. These
radionuclides are the most common in building materials and are used to calculate the radiological
hazards of such materials, according to earlier research on the assessment of radiological risks
associated with those materials [2,3,4,5].

1.2. Alpha Radiation in NORMs

Alpha radiation is a form of ionizing radiation produced by naturally occurring radioactive
materials (NORMs). Alpha particles, which consist of two protons and two neutrons, are created by
an atom's nucleus during alpha decay, a kind of radioactive decay. Alpha radiation is made up of
extremely small particles that are far smaller than the radionuclide from which it originated [4].
Alpha radiation consists of heavy, charged particles that cannot move very far in air. A sheet of paper
can be used to block them. By ingestion, inhalation, or external exposure, NORMSs can expose people
to alpha radiation. Radioactive particles that produce alpha radiation can be inhaled or consumed
through contaminated food and drink when they are suspended in the air. External exposure can
happen when people come into contact with objects or surfaces that contain isotopes that release
alpha radiation [3].

The degree and duration of exposure to NORM alpha radiation affect health in different ways.
Alpha radiation has the potential to damage living tissues, raising the risk of cancer. Alpha particles,
however, have a limited range in air and tissue since they are large and heavy. This implies that
ingestion or inhalation of alpha radiation may harm sensitive tissues in the lungs or digestive system
[2,3,4,5,6].

1.3. Beta Radiation in NORMs

Beta radiation is another form of ionizing radiation that naturally occurring radioactive
materials (NORMs) can produce. Radioactively decaying elements, such as beta particles, are
classified as non-oxidizing radioactive materials (NORMs). A neutron in the nucleus of an atom
decays to produce an electron and a proton, which are then released from the nucleus.

Exposure to NORM beta radiation can happen in a number of ways, such as ingestion,
inhalation, and external exposure. Glass and plastic can block beta particles even though they are
smaller and more permeable than alpha particles. Though generally less hazardous than gamma
radiation, they pose a greater risk of exposure to external radiation than alpha particles.
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Exposure to beta radiation is concerning when NORMs are disturbed, as occurs during
industrial operations involving minerals and ores, much like it is with alpha radiation.

Regulations and safety guidelines are in place to control the amount of beta radiation that
employees and the general public are exposed to from NORMs. In businesses dealing with NORMs,
monitoring, safety precautions, and cautious handling of items containing beta-emitting
radionuclides are essential to preserving the safety of people and the environment [2,3,5].

1.4. Radiological Indexes

Several factors are often used to analyze and quantify the radiation present while evaluating the
quantity of radioactivity. These parameters includes : Activity concentration and exposure.

Activity Concentration: The amount of radioactivity per unit volume, mass, or quantity of a
material is known as activity concentration. It is frequently used to calculate the amount of
radioactivity in a sample or material. Depending on the measuring system, the unit of activity
concentration is usually becquerels per unit volume (Bq/L), becquerels per unit mass (Bq/kg), or
curies per unit volume.

(Ci/L). REAN/A .o, Equation (1).

Exposure: The ionization created in the air by photons or charged particles from a radioactive
source is measured as exposure. It is usually expressed in terms of coulombs per kilogram (C/kg) or
roentgen (R).

Its formula is given by: F=I'xa /ror X=AT/d>......... Equation(2) X=exposure rate, A source
activity, I'= specific gamma ray constant, d= distance from the source [3,4,5,6,7&8].

The following research questions were articulated for the purpose of the study: i. What are the
physical structural components of the selected building materials?

ii. What is the pattern of emission of the selected building materials? iii. What are the radioactive
properties of the selected building material?

The aim of this study is to carry out radiation analysis of selected building materials on site with
the view to preventing exposure of workers to harmful radiation. However, the following research
variables are sued to prosecute the objectives, they are: to study the physical and structural
components of the selected building materials; to analyse the pattern of emission of each selected
building materials from selected locations and to study the radioactive properties of each of the
selected building materials. The sole purpose of this research was to investigate selected building
construction materials to see if they have radioactive properties and to see if they have a
negative/harmful effect on the construction workers that work with the materials. Therefore, this
work is focused on investigating the possible health risks every construction faces every day and to
find preventive measures that can be put in place of the workers

To analyse the physical and pattern of emission of each selected building materials from selected
locations, the following represents the methodology used in this research.

2. Materials and Methods

To analyse the physical and pattern of emission of each selected building materials from selected
locations, the following represents the methodology used in this research.

2.1. Materials Used

The following ingredients/equipment were employed in laboratory experiments: a sieve;
Washing can/cylinder; Cement; water; Fine aggregate (sharp sand); Gravel; Gamma ray
spectrometer.
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2.2. Test for Radioactivity

Some of the Test carried out includes the following: Using a gamma ray spectrometer. This
equipment was used to test for radiation emission in the selected building materials gotten from a
local market. The following readings were taken down; Dose rate (NGY/H™); Potassium K 40 (%);
and Uranium (PPM) and Thorium TH (PPM).

2.3. Apparatus

Some of the apparatus used, are Electron Microscope, Gamma ray spectrometer, spectrometer
counter and others.

2.4. Procedures

Get the gamma ray spectrometer and place it at the middle of the location and get the readings,
Repeat the first procedure for 90 seconds and get your readings at 30 seconds intervals, Get your
selected materials and place then at the selected location, Spread the samples over an area of 20 meters
for better results, Place the gamma spectrometer on each of the samples of 90 seconds and get your
readings, Record all readings for all the samples, Prepare a detailed report of the findings and draw
conclusions about the material’s properties, structure, and any observed changes due to radiation or
other factors. Using an electron microscope to detect radiation in a material involves several steps, as
electron microscopes themselves do not directly measure radiation. Instead, they can be used to
examine radiation-induced damage or changes in a material.

3. Results

3.1. Data Analysis and Discussion

Results of Test for Physical Properties Conducted In the Laboratory
Sieve Analysis

In Table 1, Coefficient of Curvature (Cc) was presented. Results of the Sieve analysis was
presented in Table 1. The coefficient of curvature, also known as the Cc value or the gradation
coefficient, is a measure of the curvature of the particle size distribution curve. It quantifies the range
or spread of particle sizes present in the soil sample. It would be discovered that the highest
percentage of passing soil occurred with Sieve sizes 20 10 and 5mm respectively [4,5,6].

Table 1. Sieve Analysis of Sand.

Sieve Size  Mass of Sieve mass of Seive + mass of Soil  Percentage of Percentage of
( mm) (g) Soil (g) (g) Retained Soil (%) Passing Soil (%)
20 207 207 0 0 100
10 173 177 4 0.4 99.6
5 189 225 36 3.6 96
2 218 384 166 16.6 79.4
1 152 375 223 22.3 57.1
0.5 130 451 321 32.1 25
0.125 126 307 181 18.1 6.9
0.074 121 184 63 6.3 0.6
Pan 410 416 9 0.6 0.0
TOTAL 1000 100
The formula to calculate the coefficient of curvature is:
Coefficient of curvature (CC) = D302 e, Equation (3)
D10 x Deo
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Where: D1g, D30, and De are the particle diameter corresponding to 10%, 30%, and 60% passing,
respectively, in the cumulative particle size distribution curve. Where; D1o = 0.3 D30 = 0.7 and Deo =
1.6, CC =1.2. Because a soil's coefficient of curvature must be between 1 and 3, a result of 1 indicates
that the soil is appropriately graded. Coefficient of Uniformity (C.): The coefficient of uniformity, also
known as the C, value or the uniformity coefficient,as presented in Figure 1, is a measure of the
particle size uniformity or the degree of uniformity of the soil sample. It quantifies the ratio between
the particle diameter that corresponds to 60% passing (Do) and the particle diameter that corresponds
to 10% passing (D1o). The formula to calculate the coefficient of uniformity is:

Cum D60 /D10 et ettt Equation (4)

Where; D1g=0.3 D30=0.7 and Dgo=1.6 and Cu=>5.3

A Cu value of 5.3 indicates that the soil has been adequately graded. If the Cu value is higher,
the soil mass likely contains soil particles of different sizes, and if it is between 4 and 6, the soil has
been correctly graded. This view toes the line of submissions in [5,6, 7,8].

Curvature coefficient

© 150 o4 9% 99.6 100

o 100 57.1

§ 50 0.6 6.9 25

g o0

E 0.074 0.125 0.5 1 2 5 10 20

§ PARTICLE DIAMETER

w

a

Figure 1. Patricle size distribution of sand.
3.2. Sieve Analysis for Granite
Table 2. Sieve analysis for Granite.
Sieve Size Mass of Sieve Mass of Seive + Mass.of Percen?age of Perf:entage O,f
(mm) (®) Granite (g) Granite Reta}med Passing Granite
(g) Granite (%) (%)
37.5 726 726 0 0 100
31.5 772 772 0 0 100
26.5 733 733 0 0 100
19.0 718 903 185 9.25 90.75
16.0 737 1142 405 20.25 70.5
13.2 699 1120 421 21.2 49.3
10.0 672 1463 791 39.55 9.75
4.75 767 944 177 8.85 0.9
2.00 724 738 14 0.7 0.2
Pan 518 525 7 0.2 0.00
TOTAL 998.6 99.9
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Figure 2. Coefficient Curvature.

Coefficient of Curvature (Cc): The coefficient of curvature, also known as the Cc value or the
gradation coefficient, is a measure of the curvature of the particle size distribution curve. It quantifies
the range or spread of particle sizes present in the soil sample (Figure 2). The formula to calculate the
coefficient of curvature is:

Coefficient of curvature(CC) =Dso®.....ccoviriririniiiinineninenenenn. Equation(5)

D10 x Deo Where:

D1o, D3, and Dgo are the particle diameter corresponding to 10%, 30%, and 60% passing,
respectively, in the cumulative particle size distribution curve. Where; Dy = 0.3 D30 = 0.7 and Dso =
1.6, CC=21

Because a soil's coefficient of curvature must be between 1 and 3, a result of 1 indicates that the
soil is appropriately graded according to [9, 10,11, 12 and 13].

Coefficient of Uniformity (C,): The coefficient of uniformity, also known as the C, value or the
uniformity coefficient, is a measure of the particle size uniformity or the degree of uniformity of the
soil sample. It quantifies the ratio between the particle diameter that corresponds to 60% passing (Deo)
and the particle diameter that corresponds to 10% passing (D). The formula to calculate the
coefficient of uniformity is:

Cu = Dgo / D10 ......................................................... Equation (6)

Where; D1p=0.3D30=0.7and Dgg=1.6 Cu= 4

A Cu value of 4 indicates that the soil has been adequately graded. If the Cu value is higher, the
aggregate mass likely contains particles of different sizes, and if it is less that 6, the soil has been
correctly graded [3, 14, 15, 16 and 17].

3.3. Soundness Test

The Cement samples were subjected to soundness and consistency test and results presented in
Tables 3 and 4 respectively. The L1 and L2values are 10mm respectively which indicated good
soundness and little water content and consistency of 30% which was adjudged as right in line with
standards.

Table 3. Soundness Test of cement.

CEMENT L1(mm) L2 (mm) Soundness (L1-L2)
P-32.5N 10 10 0

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 4. Consistency Test.

CEMENT Water content (g) Consistency (%)
P-32.5N 90 30

The results of analysis for No significant change in the volume expansion was observed for either
of the cement samples. When no expansivity is recorded during the soundness test, it suggests that
the cement sample maintained its volume stability and did not exhibit any significant expansion or
contraction. This is considered desirable and indicates that the cement is likely to perform well in
practical applications, without causing structural problems or compromised durability.

After trying different water ratios, the above result was obtained as the final consistency of the
different brands that were tested. The range of standard consistency of cement should be within 25-35
% which indicates that both of the samples have good consistencies [4,5,10,17 and 18].

3.4. Fineness Test

Table 5. Fineness Test of Cement.

CEMENT SAMPLE PASSED (g) SAMPLE RETAINED (g)
P-32.5N 94 6

Considering that the fineness of cement should not be less than 78% according to ASTM, and in
Table 5, both of the sample cements passed the requirements.

3.5. Radiological Tests Results

The radiological indices are analyzed using the specific activity concentrations of 22U, 22Th, and
4K obtained from the radiological tests performed. The various indices are calculated to find the
possible radiological risks to human beings, the indices evaluated were highlighted in the previous
section and how they were found was also explained in previous sections. In summary, [11, 17, 19,
20] affirm that radiological indices are analyzed using the specific activity concentrations of 22U,
22Th, and “K obtained from the radiological tests. Concentration of Uranium 22 and Thorium has
been established overtime as a major contamination in environmental pollution.

Table 6. Values of indices derived from the experiment conducted on the location that the selected samples was

placed.
Indices Parameters 30 seconds 90 seconds Mean Average
Dose Rate (Ngy/H™) 84.2 102.4 93.3
Potassium (%) 1.5 1.8 1.65
Uranium (Ppm) 3.1 3.6 3.35
Thorium (Ppm) 16.7 22.1 194

The following parameters were tested on location of samples used for the analysis, that is, Dose
rate, Potassium, Uranium, and Thorium. The most occurred indices is Thorium with mean indices
values of 19.4Ppm. Similar presentation could be found in [21], [22] and [19].

In [22],[23] and [24] certain samples were used to test for energy parameters, such as Uranium
and other radio active nucleoside. in the context of this study radiation emission test conducted on
Sand include presence of Potassium, Uranium and Thorium, the detail was presented in Table 7. It
was discovered that Thorium has the significant occurrence though in non dangerous threshold.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 7. Values of indices gotten from the experiment conducted on Sand.
30 seconds 60 seconds 90 seconds Mean Average
Dose Rate (Ngy/H1) 113.8 108.8 105.9 109.5
Potassium (%) 1.1 1.3 1.5 1.3
Uranium (Ppm) 4.8 3.5 3.9 4.0
Thorium (Ppm) 26.9 25.6 23.0 25.1

The experimental results of Radiation emission test on Granite was as reflected in Table 8.
Thorium with mean value 25.1 was found to be significant in term of occurrence as compared to sand
and research location earlier done and location. It is similar to output [12,24,25] where measurement
of radioactivity emission threshold of selected Building material was carried out.

Table 8. Values of the indices gotten from the experiment conducted on Granite.

30 seconds 60 seconds 90 seconds Mean Average
Dose Rate (Ngy/H) 123.2 114.2 118.2 118.5
Potassium (%) 1.8 1.8 1.8 1.8
Uranium (Ppm) 5.9 4.1 4.0 4.6
Thorium (Ppm) 22.9 25.3 27.2 25.1

Similarly like as presented in the previous Tables 6, 7 and 8, experimental results of Radiation
emission test on Cement was as presented in Table 9. As applicable in Sand and Granite cases,
Thorium with mean value 26.8 was found to be significant in term of occurrence as compared to sand
and research location earlier done and location. It is similar to results presented in [8] and also similar
to the ones in [9], [10] and [26]. where measurement of radioactivity emission threshold of selected
Building material was carried out.

Table 9. The values of the indices from the experiment conducted on cement.

30 seconds 60 seconds 90 seconds =~ Mean Average
Dose Rate (Ngy/H 1) 80.0 89.3 93.7 87.6
Potassium (%) 1.1 1.2 1.2 1.16
Uranium (Ppm) 2.7 0.0 0.1 0.9
Thorium (Ppm) 22.2 30.1 28.1 26.8

3.6. Standardization of Each of the Radio Nuclides

i.DOSE RATE: The standard dose rate ranges from 50 — 200 milligray per hour according to the
international commission on radiological protection.

ii. URANIUM: According to the word health and organization they have set a guideline of 30
micrograms per liter which translates to 30 parts per million.

THORIUM: Thorium is a naturally occurring element found in the earth’s crust. Typical
concentrations in soil can range from 1-20 ppm but can be higher in some regions. The range of
thorium in soil is a general reference derived from geological surveys and studies rather than
standard set by a specific organization. Like the following: United states geological
survey(USGS),Environmental protection agency(EPA), International atomic energy agency(IAEA)
and United nations scientific committee on the effects of atomic radiation this was supported in
[23],[24] and [25].. Similarly also in  [24], [23], [26], [27], [28] and [29].

4. Conclusions

The findings from the investigation allow for the following interpretations: From the particle
size distribution of fine aggregate (sand) sample, the coefficient of uniformity is of the value 5.3 which
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falls within the approved range of 4 to 6 and the coefficient of curvature is of value 1.2, which falls
within the approved range of 1 to 3. It can therefore be said that the soil is properly graded.

From the particle size distribution of coarse aggregate (gravel) sample, the coefficient of
uniformity is of the value 5.3 which falls within the approved range of 4 to 6 and the coefficient of
curvature is of value 1.2, which falls within the approved range of 1 to 3. It can therefore be said that
the soil is properly graded.

From the result of the soundness test conducted for both samples, no significant change in the
volume expansion was observed for either of the cement samples. This means that the cement
samples maintained their volume stability.

According to the results obtained from the consistency test, cement P-32.5N had a consistency
of 32% As the range of standard consistency of cement should be within 25-35 %, it indicates that the
samples have good consistencies.

Considering that the genuineness of cement should not be less than 78% according to ASTM,
the sample cement passed the requirements with fineness of P-32.5N as 94% .

From the particle size distribution curve, the cement particles of both samples have a high
passing percentage value.

Finally, Dosage rate indices was high in the case of Sand and Granite samples, with Thorium
level for the three samples falls withing tolerable limit of less than 200 milligram. However, Uranium
was found in little amount, continuous exposure to the element over a prolonged period of time can
be dangerous.
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