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ABSTRACT

In this study, the activity concentrations of 238U, 226Ra, 232Th, and 40K in various

environmental and industrial product samples were determined using a gamma

detection system. The industrial samples analyzed included cement raw materials

and finished products, while the environmental samples comprised soil samples

and medicinal plants. The measured mean activity concentrations of 226Ra, 232Th,

and 40K in the cement raw materials and products were found to be 21.1 ± 0.995,

53.2± 2.9, and 304± 13.8Bqkg−1, respectively. For soil samples from Mekelle City,

the corresponding mean activity concentrations were 25.035± 1.788, 53.091± 4.22,

and 371.34±14.26Bqkg−1, respectively.

The mean specific activity concentrations of 238U, 232Th, and 40K in soil samples from

the districts of Menge, Sherkole, Assosa, and Bambasi were determined as follows: for

Menge, 24±1.2, 36.15±2, and 275.5±13.3Bqkg−1; for Sherkole, 35.14±1.77, 47.3±2.7,

and 146±7.2Bqkg−1; for Assosa, 45.2±2.3, 70±3.8, and 238.8±11.6Bqkg−1; and for

Bambasi, 61±3.2, 89.2±5.3, and 237.7±12.7Bqkg−1. Regarding the medicinal plants,

the mean activity concentrations of 238U, 232Th, and 40K were found to be 7.82±0.04,

28.67±2.66, and 579.4±1.37Bqkg−1, respectively.

The study also estimated the absorbed dose rate (D (nGyh−1)), the annual effective

dose rate (E (mSvy−1)), the gamma index (Iγ), the hazard indices (Hex and Hin), and

the excessive lifetime cancer risk (ELCR). Notably, the specific activity concentration

of 40K in Moringa oleifera exceeded the recommended safe limit. Meanwhile,

the measured mean radioactivity concentrations in the Mekelle soil, Messebo

cement raw materials, and cement products were below the safe values of 35, 30,

and 400 Bqkg−1 for 226Ra/238U, 232Th, and 40K, respectively. However, the mean

concentrations in soil samples from the Assosa, Bambasi, Menge, and Sherkole

districts exceeded these safe values. Consequently, such elevated concentrations

pose potential health risks, and continuous monitoring is recommended.

Keywords: Cement ·HPGe Detector ·Gamma-ray ·Medicinal Plant ·Radioactivity ·Radionuclide ·Soil
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CHAPTER 1

INTRODUCTION

1.1 Background and Motivation of the Study
Radioactivity is a natural phenomenon that has existed since the Earth’s formation. It originates from

both natural sources, such as the decay of uranium, thorium, and potassium isotopes, as well as from

anthropogenic activities, including industrial processes, medical applications, and nuclear power

generation [3]. In many regions, exposure to natural sources of radiation contributes significantly to

the overall radiation dose received by populations. However, industrial activities, particularly mining

and energy production, have the potential to elevate levels of radiation exposure, making it a growing

concern [2].

Figure 1.1: Sources of natural and anthropogenic radioactivity in the environment [2].

Ethiopia, like many other countries, features diverse geological formations, industrial activities, and

environmental conditions that can lead to varying levels of natural and artificial radioactivity. Regions

with significant mineral deposits, industrial complexes, and energy production facilities may exhibit

elevated concentrations of radionuclides in the environment. For instance, activities such as coal

combustion and mining can increase the levels of naturally occurring radioactive materials (NORMs),

which may be further elevated by industrial processes into Technologically Enhanced Naturally

Occurring Radioactive Materials (TENORMs) [4]. These conditions raise concerns about potential

radiation hazards affecting both environmental and public health.

The primary motivation for this study arises from the need to gain a thorough understanding of

radioactivity levels across various regions of Ethiopia. Considering the nation’s economic growth

and industrial expansion, it is crucial to evaluate how these activities may impact environmental

radioactivity and the potential radiation hazards they present. This evaluation is especially important

because radiation exposure, even at low levels, poses health risks, including an increased likelihood

of cancer and genetic mutations with prolonged exposure periods [5].

Moreover, international standards set by organizations such as the International Atomic Energy

Agency (IAEA) and the World Health Organization (WHO) provide guidelines for safe radiation

1
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exposure levels [5]. For effective regulatory control, however, it is essential to have localized data on

radioactivity concentrations to inform decision-making and ensure public and environmental safety.

Figure 1.2 illustrates the potential pathways through which radiation can impact humans and the

environment.

Figure 1.2: Potential pathways of radiation exposure and its impact on humans and the
environment [3].

The absence of detailed studies on radioactivity concentrations and the associated hazards in Ethiopia

further drives this research. This study aims to address this gap by measuring radioactivity levels

in environmental and industrial samples from various regions of Ethiopia, analyzing the data, and

assessing potential radiation hazards. The findings will provide essential insights into the impact

of industrial activities on the local environment and help inform regulatory bodies about necessary

safety measures.

1.2 Objectives of the Study
The objectives of this study are:

• To measure radioactivity concentrations in environmental and industrial samples from

different parts of Ethiopia.

• To assess potential radiation hazards based on the measured data, using internationally

recognized hazard indices.

• To compare the results with internationally accepted NORM guidelines to evaluate compliance

with safety standards.

• To make recommendations for mitigating potential radiation hazards in both industrial and

environmental contexts.
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This research will enhance understanding of radioactivity in Ethiopia, providing critical data for

ensuring public health and environmental protection while aligning with global safety standards.

1.3 Research Questions
The study is guided by the following research questions:

1. What are the radioactivity levels in the sampled areas across Ethiopia?

2. How do these levels compare to international safety standards for radiation exposure?

3. What potential hazards do these radioactivity levels pose to humans and the environment?

1.4 Scope of the Study
This study focuses on measuring radioactivity concentrations and assessing radiation hazards in

environmental and industrial samples collected from various regions of Ethiopia, specifically Mekelle

City, Assosa, Bambasi, Menge, and Sherkole. The study targets two main types of samples: raw

materials used in cement production and finished cement products.

A thorough comparison of measured radioactivity levels with internationally accepted safety

standards is undertaken to assess whether the concentrations of radioactive materials pose significant

health risks to the environment, industrial workers, or the general public. Additionally, the study

evaluates the effectiveness of existing safety regulations and monitoring protocols in Ethiopia, aiming

to provide evidence-based recommendations for improving radiation safety in both environmental

and industrial contexts.

The geographic focus encompasses both industrial activities (Mekelle City) and regions with

environmental concerns (Assosa, Bambasi, Menge, and Sherkole), ensuring that both natural and

industrial sources of radioactivity are comprehensively addressed.

1.5 Significance of the Study
This study provides a comprehensive assessment of environmental and industrial radioactivity in

several Ethiopian regions, including Mekelle City, Assosa, Bambasi, Menge, and Sherkole. By

measuring the concentrations of natural radionuclides in these regions and evaluating associated

radiation hazards, the study makes crucial contributions:

1. Contribution to Environmental Radiation Studies: The research adds to the existing body

of knowledge on naturally occurring radioactive materials (NORM) across various Ethiopian

settings. The findings will serve as a baseline for future radiation monitoring in the country,

informing environmental safety practices and public health policies.

2. Impact on Industrial Safety and Public Health: Evaluating radioactivity in cement production

materials and final products is critical for ensuring the safety of workers and the general public.

The study assesses the radiological hazards faced by workers handling raw materials in cement

production and provides an evaluation of the safety of cement products used in construction.

3. Regulatory and Policy Implications: The study’s results will contribute to the development

and refinement of radiation safety regulations in Ethiopia. By comparing the measured
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radioactivity levels with internationally accepted standards, the research offers evidence-based

recommendations for setting safety limits and implementing radiation protection guidelines.

4. Supporting Sustainable Development: Ensuring the safety of industrial processes, such as

cement production, is vital for sustainable industrial growth in Ethiopia. This study’s findings

can help industries adopt safer practices while supporting government efforts to balance

economic development with public and environmental health protection.

Overall, the study provides a scientific foundation for informed decision-making on environmental

protection, industrial safety, and public health in Ethiopia. Its outcomes have the potential to enhance

both environmental and occupational radiation safety standards.

1.6 Structure of the Dissertation
The dissertation is organized as follows:

• Chapter 1: Provides the background, objectives, research questions, and structure of the study.

• Chapter 2: Reviews the literature on natural and artificial radioactivity, health effects of

radiation, and previous studies relevant to the topic.

• Chapter 3: Describes the materials and methods used for sample collection, preparation, and

analysis, including gamma spectrometry techniques.

• Chapter 4: Presents the results of measurements, including radioactivity concentrations and

hazard indices, and compares them to safety standards. The presentation of the findings in the

context of their implications for public health, environmental safety, and regulatory practices

in Ethiopia.

• Chapter 5: Concludes the study, summarizing key findings and offering recommendations for

future research and policy-making.



CHAPTER 2

LITERATURE REVIEW

2.1 Radiation Dose Conversion Methods
In the study of radioactivity concentration for different types of materials or substances,

measurements are often expressed in various SI units. Some of the basic radioactive dose conversion

units are given below [1, 6]:

1. 1 gray (Gy) = 100 rad

2. 1 rad = 10 milligray (mGy)

3. 1 sievert (Sv) = 1,000 millisieverts (mSv) = 1,000,000 microsieverts (µSv)

4. 1 sievert = 100 rem

5. 1 becquerel (Bq) = 1 count per second (cps)

6. 1 curie (Ci) = 37,000,000,000 becquerels (Bq) = 37 gigabecquerels (GBq)

For x-rays and gamma rays, 1 rad = 1 rem = 10 mSv. For neutrons, 1 rad = 5 to 20 rem (depending

on the energy level) = 50-200 mSv [7]. For alpha radiation (helium-4 nuclei), 1 rad = 20 rem = 200

mSv. The primary unit for measuring radioactivity is the curie, which historically was defined as

the disintegration rate of 1 g of radium-226, equaling exactly 3.7× 1010 disintegrations per second

(dis/sec) [8].

In recent years, the becquerel (Bq) has become the standard unit for disintegration rate, where 1 Bq =

1 dis/sec. The gray (Gy) is used as the unit of absorbed dose in radiation exposure, representing the

joules deposited per kilogram. Due to the high ionization density, alpha particles are less penetrating

than beta or gamma radiation but cause greater localized damage in biological tissue [9].

Table 2.1: Conversion factors for radiation dose measurements [1].

Unit Conversion Factor
1 Gy to rad 100
1 Sv to mSv 1000
1 Bq to cps 1
1 Ci to Bq 37 GBq

Table 2.1 provides conversion factors for various radiation dose units commonly used in

measurements and safety guidelines.

2.1.1 Absorbed Dose Units
Absorbed dose rate refers to the rate at which ionizing radiation is absorbed per unit of time. The

absorbed dose (D) is defined as the mean energy (e) imparted by ionizing radiation to matter of

5
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mass m, divided by the mass, D = e/m. This expresses the energy deposition in any substance by

all types of ionizing radiation [1]. The traditional unit of absorbed dose is the rad, equal to 100 erg g−1

or 0.01 J kg−1. The SI unit is the gray (Gy), where 1 Gy = 1 J kg−1 [8].

2.2 Monitoring of Naturally Occurring Radiation in the

World
The average effective background radiation dose rate is approximately 2.4 mSv per year, with 1.1 mSv

attributed to terrestrial and cosmic radiation and another 1.3 mSv from radon exposure [2, 10]. In

regions with a substantial radioactive component in the earth’s crust, background radiation can be

10-20 times higher than average. Studies indicate that radiation exposures from mineral extraction

and processing are relatively low compared to those from natural ionizing radiation sources [3].

Globally, the average annual effective dose from mineral extraction is about 20 µSv [8]. For example,

mining assessments in Australia have shown that those living near facilities may receive over 1 mSv

annually, primarily from external irradiation due to scattered heavy minerals [11]. The highest

estimated doses from dust inhalation reach about 2.5 mSv/year for individuals residing within 2 km

of processing plants.

The average radioactivity concentrations globally are 35 Bq kg−1 for 238U, 30 Bq kg−1 for 232Th, and

400 Bq kg−1 for 40K [2]. Population-weighted absorbed dose rates from terrestrial gamma radiation

range from 50 to 59 nGy h−1, with an upper annual dose equivalent limit of 5 mSv [10].

2.2.1 Outdoors
The primary source of outdoor external exposure is terrestrial radionuclides present in trace levels in

soil. Higher radiation levels are found in igneous rocks like granite, while sedimentary rocks typically

have lower concentrations, except for certain shales and phosphate rocks [7]. Surveys reveal that the

activity concentration of 40K in soil is an order of magnitude higher than that of 238U or 232Th [2].

2.2.2 Indoors
Indoor exposure to gamma rays is generally higher due to the use of earth materials in building

construction. Occupancy factors further amplify indoor exposure, with population-weighted average

exposure rates of 58 nGy h−1 outdoors and 81 nGy h−1 indoors [8]. Using a conversion coefficient

of 0.7 Sv Gy−1 from absorbed dose in air to effective dose for adults, the average annual indoor and

outdoor effective dose is calculated as follows:

For indoor exposure:

84 nGy h−1 ×8,760 h×0.8×0.7 Sv Gy−1 = 0.41 mSv (2.1)

For outdoor exposure:

59 nGy h−1 ×8,760 h×0.2×0.7 Sv Gy−1 = 0.07 mSv (2.2)
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The resulting global average of the annual effective dose is approximately 0.48 mSv, with individual

country values generally ranging between 0.3-0.6 mSv [2].

2.2.3 Internal Exposures
Internal exposure arises from the intake of terrestrial radionuclides through inhalation and

ingestion [9]. The dose rate from 40K can be directly and accurately determined from its concentration

in the human body. However, the assessment of uranium and thorium series radionuclides requires

complex chemical analysis of body tissues or bioassay measurements. Annual equivalent doses due

to 40K amount to approximately 165 µSv y−1 for adults and 185 µSv y−1 for children [12].

2.3 Radon Exposure and Associated Hazards
Radon (222Rn) and thoron (220Rn), both inert radioactive gases, are products of the decay of 226Ra and
232Th, respectively. They contribute significantly to internal exposure through inhalation, depositing

their short-lived decay products in the respiratory tract. The isotopes belong to three natural decay

series: 219Rn (from the 235U series), 220Rn (from the 232Th series), and 222Rn (from the 238U series),

with half-lives of 3.96 s, 55.6 s, and 3.82 days, respectively [13].

Radon release involves three steps: emanation from mineral grains into pore spaces, transport

through diffusion or advection, and exhalation into the atmosphere. The emanation coefficient, or

emanating power, represents the fraction of radon atoms released from a radium-bearing grain into

the pore space. The presence of radon and its progeny contributes to the inhalation dose, leading to

bronchial irradiation from alpha particles emitted by decay products.

2.4 Cosmic Rays and Altitude Effects
Cosmic radiation, originating from space, is another significant source of natural exposure, varying

with altitude. The population-weighted average dose rates are estimated to be 1.25 times that at sea

level for directly ionizing and photon components, and 2.5 times higher for neutrons. As a result, the

estimated world average effective dose from cosmic rays is approximately 380µSv a−1, with significant

variations based on altitude [2].

2.5 Radionuclides in Industrial Products
Many industrial products contain naturally occurring radioactive materials (NORM), as raw materials

are often mined, transported, and processed for use. The cement industry, for example, uses raw

materials such as limestone, silica, and alumina, which can contain radionuclides. The concentration

of these radionuclides can contribute to radiation exposure in both workers and end-users.

2.5.1 Cement Production and Building Materials
Cement, an essential component of concrete, is manufactured from calcareous raw materials,

predominantly limestone, silica, alumina, and iron oxide. The material composition of clinker, the

primary component of Portland cement, is shown in Table 2.2.

During cement production, the prepared raw materials are heated in a kiln at temperatures up to

1450◦C to form clinker, which is then ground with additives to produce cement. Coal is often used as

a fuel in this process, which can contribute to the release of radionuclides into the air.
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Table 2.2: Material composition of clinker, the primary component of Portland cement

No Raw Material Source Percentage by Mass
1 Limestone Limestone, shells, chalk 60-70
2 Silica Sand, fly ash 17-25
3 Alumina Clay, shale, fly ash 2-8
4 Iron Oxide Iron ore 0-6

The primary emissions from cement production are 222Rn and 210Pb. Industrial plants such

as phosphate industries and gas-fired power production can also release radon and its progeny.

Worldwide annual exposure to natural radiation sources is estimated to be between 1-10 mSv, with

2.4 mSv being the current average estimate [2].

2.5.2 Pozzolanic Cement and Radiation Hazards
Pozzolanic Portland cement (PPC) is produced by mixing Portland clinker with natural pozzolana.

While pozzolana contributes to the durability and chemical resistance of the cement, its addition can

also influence the radioactivity levels. Figure 2.1 illustrates the process of cement production.

Figure 2.1: Process of cement production

In Ethiopia, the radioactivity concentrations in raw materials used for cement production, including

limestone and additives, are investigated to assess potential radiation hazards to workers and
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consumers. By analyzing the levels of radionuclides such as 238U, 232Th, and 40K, the study aims to

compare the results with international standards for radiation safety.

In summary, the presence of natural radionuclides in environmental and industrial samples is a

global phenomenon, contributing to varying degrees of radiation exposure. Understanding the

dose conversion units, monitoring exposure levels, and analyzing the concentration of radionuclides

in both outdoor and indoor settings are critical to ensuring public and environmental safety.

Furthermore, the evaluation of radiation hazards in industrial products like cement, as well as in

building materials and medicinal plants, is essential for establishing effective regulatory controls and

mitigating health risks.

In Ethiopia, there is a need for comprehensive research to assess radioactivity levels in various

contexts, from industrial processes to environmental settings. The findings will provide essential

data for public health and safety standards, and support efforts to align with global best practices

in radiation protection.



CHAPTER 3

RESEARCH METHODOLOGY

3.1 Sample Collection and Preparation
The procedures followed for sample collection, sample preparation, measurement instruments, and

data analysis are presented. Samples of the soils, cement, and medicinal plants were randomly

and selectively obtained from different separate places. The samples are given code names during

collection, and the following factors were put into consideration:

• The tools are cleaned when used against any possible contaminants.

• Care was taken to get soils above 30 cm separately from that of below this depth.

• Samples were collected from the all-over cross section of each area to ensure proper

presentation.

• Checking the top hummus and other vegetation if they are removed from the sampling point

before the sample collection.

• All the collected samples were labeled and stored in polyethylene bags and those samples were

put in a shielded container to minimize radiation exposure levels during transportation.

3.1.1 Site selection and Instrumental setup for environmental

samples
Lake and reservoir sediments give unique substrates for investigating the occurrence of many energy-

related pollutants. They are the main sink for materials entering watersheds and may be dated by

radioactive methods to provide a depositional past history. Also, accurate coring such as minimal

disturbance of sediments, which is of great importance to paleolimnological investigations, especially

those aimed at reconstructing the deposition history and inventories of pollutants deposited through

atmospheric processes.

The very low sufficient performing coring system can cause mistakes or by taking sediment formation

cores from locations in lakes that are not representative of atmospheric deposition, for example,

In areas which are affected by sediment focusing (excessive erosion) can often lead to wrong

interpretation of actual events. Using the sphincter corer with a tripod modification for taking the

sediment cores [14].

The site or areas chosen should be flat and open area. Geographical landscapes that have obstractions

such as boulders, large felled or standing trees, and any man-made materials should be avoided

as these will prevent the flux from the underlying soil. When the ground is not flat it will result

in anomalies since the soil surface area close to the detector is increased, and then the surface

contribution from large distances is reduced. For measurements of fallout radionuclides, the area

must be undisturbed in that water and wind erosion as well as a human activity, such as cultivating,

10
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would tend to upset the distribution of any deposited activity. Different mapping tools criteria can

be used for site selection. The wind roses and atmospheric dispersion calculations provide useful

guidance in selecting appropriate soil sampling locations.

3.1.2 Experimental procedures and sample preparation
The samples must be collected on purposeful means from the sampling sites and the samples will be

air-dried at room temperature, The dried samples will be ground until homogenized. The powdered

samples will be taken to the research laboratory using polyethylene capsules or vials and processed in

such a way suitable for experimental gamma-ray detector.

The sampling of soil is a useful to determine the concentrated amounts of airborne long-lived

radioactive and stable contaminants that accumulated on the ground. Soil sampling is mostly

questionable value to estimate small increments of deposition over a few years or less. It is not

recommended as a routine method of environmental monitoring except in pre-operational surveys.

The purpose of the project such as deposit, resuspension, root uptake should express the type of

sampling such as total inventory, surface sampling, depth profile. Site characteristics, such as soil

type, topography, source, and current distribution of the contaminant must be taken into account

when designing the study. Other factors to be considered in the design stage are first, the uniformity of

the deposited contamination, second, the required accuracy necessary to provide reasonable results,

and third one is a minimization of cross-contamination.

Another requirement needed for planning and carrying out the pretreatment of samples is, the

reference state of the samples that will be used in reporting the results of the measurements. For

example, samples of soil, vegetation or sediment are usually weighed before being analyzed, and

the results are reported about unit weight and the unit area from which the samples were collected.

Normally these types of samples are weighed directly after collection which is wet weight, by dried and

measure the weight again and labeled as dry weight before those are analyzed. Under this procedures,

the researcher must ensure that all samples are dried to the same extent to report results per unit dry

weight. The restriction is lifted if results are reported per unit weight or unit area of sample collection.

The pretreatment process to be used can have complicated decisions, if the process is such that it may

alter the property of the sample that is to be measured. If a volatile component, for example iodine

is to be measured in vegetation, the pretreatment of the vegetation sample must not be such as to

volatilize that component using the procedure.

The soil may be crushed to reduce the size and sieved to remove sample content above the desired

size, blended to obtain a more homogenous distribution of particle sizes, or milled to reduce the

particle size of the soil. If the sample was sieved or split in the field or a small sample was taken,

the preparation process may be eliminated. For some reason, it is possible to remove large size stones

and not grind them, but they must be weighed separately. The samples were air-dried, crushed to

break up large rocks, blended to allow a representative aliquot to be removed, and only this crushed

sample is pulverized. The pulverizing reduces the soil to standard particle size.

As per procedures manual of Environmental Measurments Labratory (EML) 3.1, each sample was

cleaned, dried, and crushed into fine powder by using a jaw crusher. The samples were dried in a

temperature-controlled heat oven at 100◦c for about 10-24 hours depending on the soil moisture. The
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dried soil samples were pulverized into fine powder by grind material, and the powdered samples

were sieved through 0.25 mm mesh to keep uniform grain size and obtain homogeneous samples for

measurements. About 500 g of weights of the samples were recorded using an electrical balance, the

homogeneous samples were packed and sealed in well labeled airtight cylindrical Marinelli beaker

and stored for four weeks (28 days) before gamma-ray analysis, this time allows to achieve secular

equilibrium between progenies and their daughter’s radionuclides.

The containers were sealed tightly with insulating tape around their opening for blocking the

possibility of moisture contamination. To maintain the radioactive secular equilibrium between
226Ra and its daughter products, the sealed containers were stored for four weeks. Measurement was

performed with calibrated source samples, which contain a known activity and also have geometries

identical to that of the evaluated samples. As shown in Figure 3.1, the samples were packed using

Ethiopian Radiation Protection Authority (ERPA)/Ethiopian Technology Authority (ETA) Marinelli

beakers, which have a sample geometry of 538 G-E.

Figure 3.1: Sealed samples in Marinelli beakers
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3.2 Gamma Ray Spectrum Detector
Ionizing radiation can be measured in terms of the physical and chemical effects of its interaction

with matter. Most laboratory methods are based mainly on the ionizing properties of radiation

and the use of instruments that convert the emitting radiation to electrical signals. Ionization

chambers, Proportional counters, Geiger-Muller tubes, Scintillation counters, Semiconductor

detectors, Thermoluminescence detectors, and various mechanical and chemical track detectors are

used to monitor and quantify theα, γ, andβ, radiation of the environment. The nature of the radiation

and its character govern the choice of a suitable detector.
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Figure 3.2: HPGe detector compound process line

High-purity germanium detector (HPGe) is designed to measure gamma radiation. The γ radiation

has specific energies depending on which isotope it was emitted by, allowing for simple identification

of the radionuclide content of a sample once the energy of the gamma radiation has been measured.

A photon can get absorbed by an atom in a process called the photoelectric effect. If the photon

isn’t fully absorbed by the electron it may be detected by transferring a part of its energy into the
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recoiling electron and this interaction is called Compton scattering. In this study, the measurement of

radioactivity concentration has been done using gamma-ray spectra coupled with the HPGe detector

of the Ethiopian Radiation Protection Authority (ERPA).

This research work was carried out using gamma spectrometry analysis. For each sample, it was

counted for 28,800 seconds to achieve minimum counting error in an HPGe detector and which is

coupled to a multichannel analyzer by a preamplifier base as shown in Figure 3.2. The detector has a

resolution of about 1.8 keV which has the capability of identifying the gamma-ray energies used for the

acquisition. The specific activity of 238U was assessed from gamma-ray lines of 214Pb at 351 keV and
214Bi at 609.3 and 1764.5 keV, while the activity of 232Th had been evaluated from gamma-ray lines of
228 Ac at 338.4, 911.1, and 968.9 keV, 212Pb at 238.63 keV, and 208T l at 583.19 keV. The specific activity of
40K was directly determined from its gamma-ray line at 1460.8 keV [15]. The detector of ERPA has 77%

efficiency and calibration was done using IAEA reference samples, which was supplied by IAEA for the

Ethiopian Radiation Protection Authority. The detector was calibrated by 60Co and 137Cs, which are

the quality standard sources according to ISO 9001. The ISO/IEC 17025 quality standard was used to

calibrate the detector.

The germanium crystal received a voltage of +4500 V, which has to be cooled by the liquid nitrogen

beforehand. The electron and hole pairs are created after radiation interacts with the germanium

crystal. The applied voltage causes these pairs to travel along a circuit and that can then be recorded

as the detector’s signal output because the energy deposited by the radiation is proportional to the

number of electron-hole pairs. The pre-amplifier collects the charge deposited by the absorbed

photons and used as the interface between the detector and the amplifier. The module which

is bias supply that applies the voltage over the germanium crystal, that is to make sure that no

voltage is applied before the germanium crystal cooled sufficiently. An emergency shut-off circuit

is connected to the detector’s cryostat. This used for the bias supply to be turned off if the crystal

temperature exceeds a certain temperature. The MCA measures the pulse height of each event, which

is proportional to the energy deposited in the detector and assigns each event into a channel.

Each channel represents a certain range of pulse heights. The amplifier used to amplify the signal, and

allowing control of which energy ranges will be classified into which channels by the multi channel

analyzer (MCA). Also, the amplifier allows for the manipulation of the pulse shape of the detector

signal. The detector signal makes small imperfections that comes from system noise, which is caused

by the electronics. The pile-up effects can happen which is caused by many pulse signals in a short

time, it depends strongly on the length of each pulse. Amplifiers allow for adjustments to be made to

the shaping time of the pulse, then it allows the user to balance noise and pulse pile-up effects to fit

the application requirements.

The pulse signal of the detector may not return to its baseline after each pulse, but over or undershoot

the baseline. This increases pileup effects in the multi channel analyzer. To counteract this the

amplifier has a pole-zero (P/Z) adjustment, if properly set achieved then the pulse will immediately

returns to the baseline. When radiation bombarded the shielding material, then the atom’s inner

electron shell can form vacancies. After vacancies are filled, the x-rays are emitted by the radiation

and which are called a material characteristic x-ray and may show up as peaks in the pulse height

spectrum of HPGe detector. The MCA sorts each event into a channel but does not indicate which

event matches with what energy. By dividing the count rate with the intensity in percent we obtain a
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measure of the detector’s relative efficiency.

Sources such as 214Bi , 214Pb, 212Pb, and 228 Ac are part of the decay chain of 238U, 235U, and 232T h

which are commonly found in the ground. 40K can be found in humans as well as food like bananas.
137Cs, accumulated in the environment by human activities such as atomic bomb testing and nuclear

accidents. The 226Ra content was not based on the 186 keV peak area of 226Ra itself because this

area is interfered by that of 235U. Moreover, the abundance of this photon energy is limited (3.3%),

which would result in a relatively high limit of detection for 226Ra. Instead, the 226Ra concentration

is determined as the average of the equilibrium concentrations of 214Pb and 214Bi , likewise the 232Th

activity is calculated from 212Pb and 228 Ac [16].

The efficiency of a detector is a measure of the probability that an incident photon will be absorbed

in the detector. It is usually stated as the ratio of recorded counts over incident photons. The

energy resolution of a detector is a measure of its ability to distinguish between two gamma rays of

only slightly different energies. This is usually defined as the full width of a photo-peak at half the

maximum amplitude (FWHM) divided by its energy. Instruments used in gamma-ray spectrometry

are usually specified by the energy resolution of the 137Cs photo peak at 662 keV. Dead-time refers

to the finite time required for a detector to process an individual particle of radiation. During

this time all incoming pulses are ignored. Dead-time should be as small as possible. Gamma-ray

spectrometry uses the direct proportionality between the energy of an incoming gamma-ray and

the pulse amplitude at the output of the detector. After amplification and digitization, the pulse

amplitudes are analyzed, and the output of the spectrometer is an energy spectrum of detected

radiation. Since individual radionuclides emit specific gamma-ray energies, gamma-ray spectra can

be used to diagnose the source of the radiation.

3.2.1 Spectrum analysis
In order to analysis data on the gamma spectrum, the procedural manuals which have specific energy

for specific radionuclides can be used. In many cases, the built-in peak area estimate features of state

of the art analyzers are used in providing quick results in the field. Prominent peaks are identified

in a benchmark spectrum and the appropriate regions of interest are set up. On certain analyzers,

function keys are programmed using the net peak area, counting time, and calibration factor (N/I and

N/A). They used to provide an instantaneous readout of exposure rate and concentration. For more

complete data reduction a small computer is interfaced with the analyzer to run a spectrum analysis

program. If desired a portable system may be configured using a battery-powered laptop computer.

The standard analysis program for specific gamma-ray spectrum was performed [17].

1. Based on a two point energy calibration as set by the operator, certain peaks which are characteristic

of typical environmental spectra are identified, namely [13].

1. the 186, 295, 352, 609, 1120 and 1765 keV peaks in the 238U series;

2. the 583, 911, 966 and 2615 keV peaks in the 232Th series;

3. the 1460 keV peak of 40K;
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4. the 662 keV peak of 137Cs.

These peaks are defined by set energy bands where the left and right channel markers are

representative of the Compton continuum.

2. The counts between the energy boundaries for each of the above peaks are summed. The

background counts in three channels on each side of a peak are averaged, and the result is used as

an estimate of the baseline under the peak. This is multiplied by the number of channels in the peak

and subtracted out from the total counts in the peak band to yield the net peak counts.

3. Detector specific calibration factors are applied to convert from peak count rate to exposure rate

and concentration or inventory.

4. A printout is made listing count rates, converted quantities, and associated statistical counting

errors.

5. Permanent storage of the spectrum is made on either magnetic tape or diskette.

6. There is a possibility that, an automated search is performed to identify any peaks present in the

spectrum. Data such as nuclide, half-life, (γ-ray intensity and associated energy are printed out using

a library of nearly 400 principal (γ-ray energies that are seen in the environment. Any peak can be

quickly analyzed by using an optional automated continuum strip.

7. The program enters an interactive phase where the operator examines any additional peaks check

the results of the automated routine or examining any new kinds of features of a spectrum [13].

In many conditions, the built in peak area examine features of the state of the art analyzers are used in

providing quick results in the field. Before measurements are made energy calibration and efficiency

calibration are applied to the detector.

γ-ray emission probability (Percentage Yield) Various methods can be used to obtain γ-ray emission

Probabilities, for example 60Co are calculated from the decay scheme using parameters (notably the

internal conversion coefficients), rather than direct γ-ray measurement. The emission probabilities

of the most prominent high energy γ-ray were determined by means of the weighted mean method in

the case of consistent data sets.

Key Line Different radionuclides emit a number of gamma rays of unique abundances, usually at least

one gamma ray has a significant abundance and is an interference free. If the key line is selected for a

particular gamma ray in the data list (library), the software will not identify the radionuclide as being

present if not that Key line(s) is found. Therefore, it has several terms that identify it, for example

abundance, branching ratio, yield or intensity.

Two commonly used definitions are:

Abundance: the probability of emission of a given radiation during the decay of an atom of a given

radionuclides.

Intensity: the probability of emission of a given radiation during the decay of one atom of a given

radionuclides, sometimes called abundance.

As shown in Figure 3.3, the specific radionuclides energy spectrums were detected using the computer

software analysis results.
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Figure 3.3: Energy spectrum out put graph for the cement sample

Efficiency calibration

Accurate efficiency calibration of the system is necessary to quantify radionuclides present in a
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sample. This calibration must be performed with great care because the accuracy of all quantitative

results will depend on it. It is also useful that all system settings and adjustments be made before

determining the efficiencies and be maintained until a new calibration is undertaken see Figure 3.4 a.

Slight changes in the settings of the system components may have small but direct effects on counting

efficiency.

Energy calibration

An important requirement for the measurement of gamma emitters is the exact identity of photo

peaks present in a spectrum produced by the detector system. The procedure for identifying the

radionuclides within a spectrum depends upon methods that match the energies of the principal

gamma rays observed in the spectrum to the energies of gamma rays emitted by known radionuclides.

This method can be applied by manual inspection or by computer analysis. In both methods, it is

expected that an accurate energy calibration for the germanium detector system should be done so

that correct energies may be assigned to the centroid of each full energy peak in a sample spectrum

as shown in Figure 3.4 b. The energy calibration of a germanium detector system is achieved by

establishing the channel number of the MCA with gamma-ray energies, it is made by measuring

mixed standards sources of known radionuclides with well-defined energies within the energy range

of interest, usually 60 keV to 2000 keV [18].
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a) 

 

b) 

 

Figure 3.4: Curves for a) Efficiency calibration, b) Energy calibration

3.3 Measurements of activity concentration
Samples are measured using a high-resolution gamma-ray spectrometry consisting of 77% relative

efficiency of the HPGe gamma-ray detectors in Ethiopian Radiation Protection Authority (ERPA), also

with an energy resolution of approximately 1.8 keV. The absolute full-energy peak efficiency of the

Multi-Channel Analyzer is connected to a computer having software of Genie 2000 and calibrated

using certified reference materials of natural origin. The counting time of the emitted gamma

spectrum was 28,800 s.

The counting geometry of the samples and the standard sources used for efficiency calibration were

kept constant. That of 226Ra emitted 186 keV gamma line but it has interference due to 185.7 keV of
235U, and so the activity of 226Ra can be determined indirect by using gamma-ray lines of 214Pb at

351.92 and 295.21 keV and 214Bi at 609.3, 1120.29, and 1764.5 keV, while the activity of 232Th had been

evaluated from gamma-ray lines of 228 Ac at 338.4, 911.1, and 968.9 keV, 212Pb at 238.63 keV, and 208T l

at 583.19 keV. The specific activity of 40K was directly determined from its gamma-ray line at 1460.8
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keV [15]. The specific activity concentrations Ac in (Bq kg−1), of cement samples were calculated using

the following formula [19].

Ac = Nc

IεMs Ts
(3.1)

where Nc : is the net count for packed sample ((Ns ) count for packed sample minus count for the

background (Nb)), I: is the abundance of the gamma-line in a radionuclide, ε: is the measured

efficiency for each gamma line observed for the same number of channels either for the sample or the

calibration source, and Ms : is the mass of the sample in kilograms, Ts : is the actual sample counting

time. The error associated with each measured activity of the samples was calculated using standard

deviation (σs ) [20].

Count r ate = Nc

Ts
= Ns

Ts
±σs (3.2)

where, σs is the standard deviation of the measured sample and calculated as follow:

σs =
√

Nt

T 2
t

+ Nb

T 2
b

, (3.3)

where, Nt is the total count, Tt is the total count time, Tb is the background counts time.

3.3.1 Estimation of radiological dose and hazardous indexes
The mean radioactive concentrations of the samples and their radiological health hazards assessment

are absorbed dose, annual effective dose rate, gamma index, external hazards index, internal hazard

index, and excessive lifetime cancer risks these parameters are evaluated to measure and assess the

risk of exposure due to natural radioactivity. The most important naturally occurring radionuclides

Uranium-238, Thorium-232, and Potassium-40 are present in cement.

Absorbed Dose Rate (D)
It is the absorbed dose of ionizing radiation per unit time. The absorbed dose rate (D) in the air due to

radionuclides at 1 m above the ground surface [2].

D(nG y h−1) = 0.0417Ak +0.462ARa +0.602AT h (3.4)

The result found to be comparable to the world average of 59 nGy h−1 for outdoor and 84 nGy h−1 for

indoor.

Annual Effective Dose Rate
The annual effective dose equivalent is the equivalent biological effect representing the deposit of a

joule of radiation energy per kilogram of human body within a year. For people living in a certain area,

the annual effective dose could be calculated using the equation given below. The absorbed dose rate

(D) values are used to estimate the annual effective dose rate (AEDR) in mSv y−1, considering that
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the population spent, on average, 80% of their time indoors, and using a conversion coefficient for the

absorbed doses in the air to the effective dose received by an adult of 0.7 SvG y−1. These results are

comparable with the world average annual effective dose rate of 0.41 mSv y−1 for indoor, 0.07 mSv y−1

for outdoor, and the worldwide average annual effective dose rate of 1 mSv y−1 [2].

where D is the calculated dose rate in (nG y h−1), T is the indoor occupancy time

0.8×24 h ×365.25 d ∼= 7010 hy−1 (3.5)

and F is the conversion factor (0.7 SvG y−1).

For people living in a certain area, the annual effective dose could be calculated as follow:

E(mSv/y) = D(nG y/h)×24 h ×365.25 d ×0.2×0.7 (Sv/G y) (3.6)

which is for outdoor occupancy

E(mSv/y) = D(nG y/h)×24 h ×365.25 d ×0.8×0.7 (Sv/G y) (3.7)

which is for indoor occupancy

where 0.7 is the absorbed dose conversion factor and 0.2 is the outdoor occupancy, 0.8 is indoor

occupancy.

Radium Equivalent (Raeq )
The radium equivalent (Raeq), is represent the combined activity concentration of 226Ra, 232Th, and
40K, used to asses the radiation hazard of the material, which is given by the following equation [19].

Raeq = ARa +1.43AT h +0.077Ak (3.8)

The recommended maximum levels of radium equivalents values for building materials to be used for

homes is less than 370 Bqkg−1 and for industries is between 370 and 740 Bqkg−1 [21]. From this all the

examined materials should satisfies these conditions to have acceptable values, and can be used for

building materials as defined by the UNSCEAR and OECD criterion [22].

Gamma Index Iγ
It is one of the measurements of a radiation hazard that comes from gamma radiation and the

recommended maximum value must be less than one. The gamma index (Iγ) can be calculated as

follow [23].

Iγ = ARa

300
+ AT h

200
+ AK

3000
≤ 1 (3.9)

Its permissible limit is Iγ = 1 corresponds to an absorbed gamma dose rate of 0.3 mSv y−1, which

implying that materials with Iγ ≥ 1 should be avoided.
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External Hazard Index (Hex) and Internal Hazard Index (Hi n)
The External hazard index (Hex) and the internal hazard index (Hi n), which explain the external

hazard index as expression for external exposure that comes from radioactive nuclide and internal

hazard index from internal exposure that comes from radon and its short-lived progeny. External

hazard index (Hex) and internal hazard index (Hi n) is calculated using the following equations [19].

External hazard index (Hex)

Hex = ARa

370
+ AT h

259
+ AK

4810
≤ 1 (3.10)

The internal hazard index(Hi n) also calculated using

Hi n = ARa

185
+ AT h

259
+ AK

4810
≤ 1 (3.11)

The internal hazard index must be less than unity in order to provide safe levels for the respiratory

organs of individuals living in the dwellings.

Excessive Lifetime Cancer Risk (ELCR)
This is associated with the probability of developing cancer over a lifetime at a given exposure level. An

increase in the ELCR causes a proportionate increase in the rate at which an individual can get blood

cancer, breast cancer, and prostate cancer [24]. Excessive lifetime cancer risk (ELCR) is calculated by

using the following equation from [25].

ELC R = AEDE ×DL×RF (3.12)

AEDE stands for Annual Effective Dose Equivalent, DL for average life expectancy which is an average

of 70 years. RF factor which is cancer risk per Sievert (Sv−1) from the International Commission on

Radiological Protection [3] the value of 0.05 Sv−1 is used for the public [25]. It is a value depicting the

number of cancers expected in each number of people on exposure to a carcinogen at a given dose.

The threshold values of ELCR is 0.29×10−3 [2].

3.3.2 Activity concentrations in medicinal plants
The specific activity concentrations in Bqkg−1 of the collected medicinal plants were calculated by the

following formula [19].

Ac =
Np

IεMs
(3.13)

Where Ac : radioactivity concentration of the samples (Bq/kg), Np : is the total count within second for

packed sample minus count for the background, the gamma-energy counting efficiency is labelled as

ε, I is the gamma-ray absolute intensity and M: mass for packed sample(kg).
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Average annual committed effective dose (Eave(mSv/yr ))
The average annual committed effective dose (AACED) due to intake of naturally occurring

radionuclides from the studied medicinal plants was obtained by [26].

Eave (mSv/yr ) = Ai ×Cr ×DC Fi ng (3.14)

DC Fi ng is the dose conversion factor, for ingestion 4.5×10−5mSvB q−1, 2.3×10−4 mSvB q−1 and 6.2×
10−6 mSvB q−1 were used for 238U, 232Th, and 40K, respectively [27]. Cr represents the consumption

rate from ingestion of naturally occurring radionuclides in medicinal plants, in the present study the

consumption rate used is 5 kg a−1, one of the reasons to take small amount of consumption rate is

that in the study area the community does not use them as a primary food source and occasionally

use those plants as traditional medicinal plants in some amount within a month or weeks. The value

of the consumption rate (Cr ) was calculated by [27].

Cr = 3Eave∑3
i=1[DC Fi × Ai ]

(3.15)



CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Radioactivity Concentrations in Soil Samples
Soil is formed through a complex and lengthy process that results from the interaction of various

factors, including weathering of rocks, organic matter decomposition, and the influence of climate,

organisms, topography, and time. The parent material, usually rock, is gradually broken down into

smaller particles through mechanical, chemical, and biological weathering processes. Temperature

fluctuations, water, wind, and biological activity all contribute to the disintegration.

The content of soil varies widely depending on its origin, environmental factors, and the presence

of organic and inorganic materials. Generally, soil is composed of minerals, organic matter, water,

and air. Mineral components, derived from the weathered parent material, make up about 45% of

the soil and include essential nutrients like nitrogen, phosphorus, and potassium. Organic matter,

which constitutes about 5% of the soil, is crucial for soil fertility, providing nutrients and improving

soil structure by helping it retain water and air. Water and air fill the pore spaces between soil particles,

making up approximately 50% of the soil’s composition.

The study of radioactivity in soil is crucial for understanding environmental impacts, protecting

public health, and supporting agricultural safety and geoscientific research. Investigating

radionuclide concentrations in soil helps in monitoring radiation exposure and developing risk

mitigation strategies. Human exposure to radiation arises from natural sources, including cosmic rays

and radioactive elements in soil, rocks, and the atmosphere. Internal exposure also occurs through

ingestion and inhalation of contaminated food, water, and air [28].

Radionuclides enter the soil through natural processes such as cosmic ray interactions, primordial

deposits, and human activities. Measuring radioactivity in environmental materials is essential for

assessing biological health risks [29]. Soil composition, including particle size and mineral content,

influences radionuclide absorption by plants, which subsequently affects the food chain. The transfer

factor of radionuclides from soil to plants and animals is vital for estimating radiation exposure and

risk [12].

Terrestrial radiation is present due to naturally occurring radioactive nuclides, such as uranium-238,

which decays into radium-226 and radon-222 [30]. The concentration of radionuclides varies based

on geographical and geological conditions. Measuring natural radioactivity levels in soil samples

provides insights into potential radiation hazards, which are especially important for long-term

residents and agricultural practices.

In this study, the radioactivity concentrations and radiological hazard parameters in soil from selected

districts are assessed and compared to global averages, providing valuable data for understanding the

local impact of natural radiation

24
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4.1.1 Radioactivity in Soil Samples: Assosa City

Study Area and Sample Collection
The measured natural radioactivity concentrations in different soil samples, from Assosa City,

Benishangul Gumuz regional State (BGRS) are presented in this section. The BGRS is one of the eleven

regional states comprising the Ethiopian federal structure Figure 4.1.

Figure 4.1: Map of Assosa City location in Benishangul Gumuz region

Assosa town is the capital of Benishangul Gumuz Regional State (BGRS), which is one of the eleven

regional states comprising the Ethiopian federal structure. According to information obtained from

the municipality of the town, Assosa is a town founded in 1984, It is located at a distance of 662 km

South-West of the capital, Addis Ababa along with the main highway road. So, the town could be

taken as one of the border towns in the country and located 90 km away from the Ethio-Sudanese

border. It is situated on a flat plane at an average altitude of 1,550. The town is geographically located

between 10◦00
′

to 10◦03
′

north and between 34◦35
′

to 34◦39
′

east and lies on an area of about 982.5

hectares [31]. All samples were collected carefully at 5cm-15cm depth from the soil surface land and

each of the samples weighed approximately 1 kg.

Table 4.1 shows the samples collected and the codes given to name the samples and the respective

GPS of the sampling sites.
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Table 4.1: The GPS location of the collected Assosa City samples

No Sample Code Location (GPS)North Location (GPS)East
1 Assosa-S1 10.066981◦ 34.556967◦

2 Assosa-S2 10.071328◦ 34.559092◦

3 Assosa-S3 10.077333◦ 34.558828◦

4 Assosa-S4 10.084292◦ 34.569458◦

5 Assosa-S5 10.058986◦ 34.553344◦

6 Assosa-S6 10.054631◦ 34.5558◦

7 Assosa-S7 10.072486◦ 34.548783◦

8 Assosa-S8 10.075719◦ 34.544672◦

9 Assosa-S9 10.071539◦ 34.539628◦

10 Assosa-S10 10.088636◦ 34.560456◦

Presentation of Measured Radioactivity Results
The measured radioactivity concentrations in the soil samples collected from Assosa city are

presented in Table 4.2. As can be seen from table 4.2, the average radioactivity concentration of 238U,

Table 4.2: Specific activity concentration of radionuclides in soil samples: Assosa City

No Sample Code AU(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1)
1 Assosa-S1 39.25±1.93 73.65±4.13 196.01±9.45
2 Assosa-S2 51.05±2.65 118.55±5.05 193.36±10.07
3 Assosa-S3 46.58±2.32 71.34±4.07 173.27±8.65
4 Assosa-S4 37.06±1.78 64.405±3.57 174.66±8.35
5 Assosa-S5 57.80±3.09 83.48±4.71 183.88±9
6 Assosa-S6 25.61±1.29 30.52±1.8 116.30±5.96
7 Assosa-S7 53.75±2.7 73.45±4.23 173.72±8.76
8 Assosa-S8 26.02±1.9 35.35±2.05 342±16.55
9 Assosa-S9 58.74±2.83 76.9±4.32 371.64±17.42
10 Assosa-S10 56.15±2.76 72.75±4.14 463.32±22.03
11 Mean value 45.2±2.3 70±3.8 238.8±11.6

232Th, and 40K for 10 soil samples are 45.2± 2.3Bqkg−1, 70± 3.8Bq/kg−1, and 238.8± 11.6 Bqkg−1,

respectively.

Figure 4.2: Specific activity concentration of radionuclides: Assosa soil samples
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Comparison With Global Average and Safety Thresholds
The mean activity concentration of 238U and 232Th in Assosa City soil samples exceeds the

recommended safe values of 35 and 30 Bqkg−1 for 238U and 232Th, respectively. As shown in Figure

4.2, the high radioactivity concentration of 238U is found in sample Assosa-S9 and the lowest is in

Assosa-S8. The high radioactivity concentration of 232Th is observed on sample Assosa-S2 and the

lowest one is in Assosa-S6. For 40K high radioactivity concentration is found in Assosa-S10 and the

lowest value in Assosa-S6. The results indicate that the radioactivity concentration in Assosa soil can

cause significant health problems.

Table 4.3: Comparison of mean activity concentration of 238U, 232Th, and 40K found in
Assosa soil with other countries

No Country AU(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1) Reference
1 Ethiopia (Assosa) 45.2±2.3 70±3.8 238.8±11.6 Present study
2 Algeria (Mila) 46.7 26.7 246.5 [32]
3 Belgium 26 27 380 [2]
4 China (Guangdong) 79.3 101 535.8 [33]
5 Georgia (Kharami) 38.57 53.18 879.76 [34]
6 India (Panipat) 30.2±0.5 29.89±0.6 291.06±0.5 [35]
7 Italy (Lombardia) 72 48 617 [36]
8 Malaysia (Kedah) 102.08±3.9 133.9±2.9 325.8±9.8 [15]
9 Nigeria (Imo State) 4.15 1.64 134.13 [37]
10 South Africa (Richards) 28.2±11.4 29.6±11.5 146.7±63.3 [38]
11 Turkiye (Ardahan) 29.9±6.2 36.7±6.8 435.1±24 [39]
12 Russia Federation 19 30 520 [2]
13 United States 40 35 370 [2]
14 UNSCEAR 35 30 400 -

A comparison of the radioactivity concentration of Assosa town soils with the similar studies in

other countries is presented in Table 4.3. From the result, Assosa City soils have an average activity

concentration of 45.2 ± 2.3 Bqkg−1, 70 ± 3.8 Bqkg−1, and 238.8 ± 11.6Bq/kg−1 for 238U, 232Th, and
40K, respectively. The mean activity concentration of 238U, 232Th, and 40K for Assosa City soils are

lower than soils from the Guangdong province of China [33], Panipat region of India [35], Lombardia

region of Italy [36], Kedah region of Malaysia [15], and Ardahan province of Türkiye [39]. However, as

shown in Figure 4.3, in comparison with similar studies the measured mean activity concentration of
238U, 232Th, and 40K in Assosa soil are higher than soils from Mila region of Algeria [32], Imo state of

Nigeria [37], and Richard Bay of South Africa [38] (see Table 4.3).

The radium equivalent activity Raeq values for the investigated soils varied from 78.16±4.24 to 235.35±
10.62Bqkg−1 with a mean value of 163.6±8.6 Bqkg−1 and it is less than 370Bq kg−1, and so it is within

safe values. As shown in Table 4.4, the absorbed dose rate values are varied from 34.9±1.74 to 102.8±
4.6nGy h−1 with an average value of 72.865±3.72nGy h−1 which is above the recommended safe value

of 59 nGy h−1. The calculated values of outdoor annual effective dose equivalent obtained in this

study varies from 0.254±0.01 to 0.75±0.0003mSv y−1 with an average value of 0.52±0.02mSv y−1 and

indoor annual effective dose rate ranged from 1.01±0.05 to 2.98±0.13mSv y−1 with an average value

of 2.11±0.1mSv y−1 (see Table 4.4). The mean value of indoor annual effective dose rate exceeds the

world average annual effective dose rate value of 1 mSv y−1 [2]. The values of Hin and Hex for all soil

samples are below the safe value of one, so that the soils have the safest value see Figure 4.4.
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Figure 4.3: The comparison of radioactivity concentration in soil samples across
different countries with Assosa City in Benishangul Gumuz region, Ethiopia

Table 4.4: Values of the radiological doses

No Sample Code Raeq D(nGy h−1) E(mSv/y)Outdoor E(mSv/y)Indoor

1 Assosa-S1 159.55±8.55 70.5±3.58 0.519±0.02 2.07±0.1
2 Assosa-S2 235.35±10.62 102.8±4.6 0.75±0.0003 2.98±0.13
3 Assosa-S3 161.89±8.78 71.6±3.75 0.52±0.027 2.07±0.1
4 Assosa-S4 142.46±7.52 63±3.24 0.45±0.023 1.82±0.09
5 Assosa-S5 191.2±10.5 84.5±4.5 0.61±0.032 2.45±0.13
6 Assosa-S6 78.16±4.24 34.9±1.74 0.254±0.01 1.01±0.05
7 Assosa-S7 172.12±9.41 76.24±4.1 0.55±0.029 2.21±0.11
8 Assosa-S8 102.8±6.09 47.42±2.63 0.3±0.01 1.37±0.076
9 Assosa-S9 197.25±10.34 88.79±4.62 0.648±0.033 2.57±0.133
10 Assosa-S10 195.78±10.35 88.9±4.51 0.64±0.03 2.57±0.13
11 Mean value 163.6±8.6 72.865±3.72 0.52±0.02 2.11±0.1



29

Table 4.5: Values of the radiation hazard indexes

No Sample Code Iγ Hex Hin ELCR(10−3)

1 Assosa-S1 0.56±0.02 0.42±0.016 0.53±0.01 1.81±0.07

2 Assosa-S2 0.82±0.026 0.63±0.02 0.77±0.024 2.625±0.001

3 Assosa-S3 0.56±0.02 0.43±0.01 0.56±0.02 1.82±0.09

4 Assosa-S4 0.50±0.019 0.38±0.014 0.48±0.016 1.57±0.08

5 Assosa-S5 0.67±0.02 0.51±0.02 0.67±0.024 2.135±0.1

6 Assosa-S6 0.27±0.01 0.21±0.007 0.28±0.009 0.88±0.035

7 Assosa-S7 0.60±0.023 0.46±0.01 0.61±0.02 1.92±0.1

8 Assosa-S8 0.37±0.01 0.27±0.01 0.34±0.013 1.05±0.035

9 Assosa-S9 0.7±0.024 0.53±0.01 0.69±0.022 2.26±0.11

10 Assosa-S10 0.7±0.023 0.52±0.018 0.68±0.022 2.24±0.105

11 Mean value 0.5±0.01 0.43±0.013 0.56±0.01 1.8±0.07

Figure 4.4: Hazard Indexes values of the Assosa soil samples
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Discussion
Radioactive concentration measurement has been applied to geological, environmental, medicinal,

and industrial samples. The measurement of radionuclide activity concentration of environmental

soil samples will contribute to the baseline of the health risk that comes from radiation exposure.

Thorium and Uranium may be redistributed during igneous, sedimentary, and metamorphic cycles of

geological evolution, which might have resulted in small concentrations of deposits under favorable

geological processes [40]. The natural sources of ionizing gamma radiation in the environment can

be classified into terrestrial and cosmogenic radiation sources. Terrestrial radioactivity comes from

the ground and cosmogenic radioactivity from the interaction of atmospheric gases with cosmic rays.

Cosmic radiation-induced radionuclides (for example 14C) and terrestrial radionuclides contribute

to both external and internal exposures. External exposure from these radionuclides is mostly due

to their emitted γ-rays and internal exposure is due to their deposition in the human body followed

by emission of α, β, and γ radiations. The levels of radioactivity can be used to assess public dose

rates, radioactive contamination, and also to predict changes in environmental radioactivity caused

by nuclear accidents, industrial activities, and other human activities [2].

4.1.2 Radioactivity in Soil Samples: Bambasi District

Study Area and Sample Collection
Bambashi is a town in western Ethiopia. The town is named after the highest point in the Assosa Zone

of the Benishangul-Gumuz Region. The natural radioactivity level of different soil samples from the

town of Bambasi is studied and the results are presented in this section. Bambasi wereda is located

in Ethiopia at 614 km from the capital City Addis Ababa and it is found between latitude 9◦-10◦N and

longitude 034◦-035◦ [41].

Soil samples were collected from the sampling sites based on the population density of the

district/Woreda. Soil samples were collected from the selected eight sites of Bambasi town. All

samples were collected carefully at a 5 cm-30 cm depth from the surface soil land and each of the

samples weighed approximately 1 kg. The samples were coded with Bambasi-S1 to Bambasi-S8, with

locations listed in Table 4.6.

Table 4.6: The GPS location of the collected Bambasi district samples

No Sample Code Location (GPS)North Location (GPS)East
1 Bambasi-S1 9.751911◦ 34.726703◦

2 Bambasi-S2 9.751736◦ 34.729544◦

3 Bambasi-S3 9.753097◦ 34.73175◦

4 Bambasi-S4 9.756256◦ 34.730528◦

5 Bambasi-S5 9.757667◦ 34.728025◦

6 Bambasi-S6 9.760117◦ 34.726661◦

7 Bambasi-S7 9.761314◦ 34.728581◦

8 Bambasi-S8 9.759558◦ 34.731228◦

Presentation of Measured Radioactivity Results: Bambasi Soil Samples
The measured radioactivity concentrations in the soil samples collected from Bambasi city are

presented in Table 4.7.
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Figure 4.5: Map of Bambassi town in Benishangul Gumuz region

Table 4.7: Mean specific activity concentration of radionuclides in soil samples

No Sample Code AU(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1)
1 Bambasi-S1 88.49±5.73 119.65±8.45 396.71±25.39
2 Bambasi-S2 54.39±2.85 82.83±4.91 225.27±11.73
3 Bambasi-S3 62.78±3.09 90.87±5.17 165.12±8.29
4 Bambasi-S4 53.88±2.68 83.2±4.76 233.92±11.58
5 Bambasi-S5 56.05±2.99 86.6±5.2 216.08±11.6
6 Bambasi-S6 60.95±3.14 85±5.01 235.93±12.13
7 Bambasi-S7 46.2±2.25 73.4±4.12 176.78±8.63
8 Bambasi-S8 65.49±3.30 92.25±5.33 252.39±12.54
9 Mean value 61±3.2 89.2±5.3 237.7±12.7

Comparison with Global Average and Safety Thresholds: Bambasi Soil
The average radioactivity concentrations for eight soil samples are 61± 3.2 Bqkg−1 for 238U, 89.2±
5.3 Bqkg−1 for 232Th, and 237.7±12.7 Bqkg−1 for 40K (see Table 4.7). The mean activity concentration

of 238U and 232Th in Bambasi district soil samples exceeds the recommended safe values of 35,

and 30 Bq kg−1 for 238U and 232Th, respectively. The high radioactivity concentration of 238U is

found in sample Bambasi-S1 and the lowest is in Bambasi-S7 see Figure 4.6. The high radioactivity

concentration of 232Th is observed on sample Bambasi-S1 and the lowest one is in Bambasi-S7. For
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Figure 4.6: Specific activity concentration of radionuclides in Bambasi soil samples

40K high radioactivity concentration is found similarly in Bambasi-S1 and the lowest value in Bambasi-

S7. The results indicate that the radioactivity concentration in Bambasi soil can cause significant

health concerns.

Table 4.8: Comparison of mean activity concentration of 238U, 232Th, and 40K found in
Bambasi soil with other countries

No Country AU(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1) Reference
1 Ethiopia (Bambasi) 61±3.2 89.2±5.3 237.7±12.7 Present study
2 Algeria (Mila) 46.7 26.7 246.5 [32]
3 Brazil (Espirito Santo) 30 94 48 [42]
4 China (Guangdong) 79.3 101 535.8 [33]
5 Georgia (Mtskheta) 25.4 26.9 464 [43]
6 India (Panipet) 30.2±0.5 29.89±0.6 291.0±0.5 [35]
7 Ireland 60 26 350 [2]
8 Iraq (Baba Gurgur dome) 57.8 25.4 479.9 [44]
9 Italy (Lombardia) 72 48 617 [36]
10 Nigeria (Imo State) 4.15 1.64 134.13 [37]
11 Poland (Kampinoski) 8.54 6.65 206 [45]
12 Russia Federation 19 30 520 [2]
13 South Africa (Richards) 28.2±11.4 29.6±11.5 146.7±63.3 [38]
14 Türkiye (Rize province) 24.5 51.8 344.9 [46]
15 Türkiye (Ardahan) 29.9±6.2 36.7±6.8 435.1±24 [39]
16 United States 40 35 370 [2]
17 UNSCEAR 35 30 400 -

A comparison of the radioactivity concentration of Bambasi district soil with similar studies of other

countries is presented in Table 4.8. The mean activity concentration of 238U, 232Th, and 40K for

Bambasi district soil are lower than soils from the Guangdong province of China [33], and Lombardia

region of Italy [36]. However, as shown in Figure 4.7, the measured mean activity concentration of
238U, 232Th, and 40K in Bambasi district soil are higher than soils from Mila region of Algeria [32],

Panipat region of India [35], Richard Bay of South Africa [38], and Ardahan province of Turkiye [39].
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Figure 4.7: Comparison of mean radioactivity concentration in soil samples from
districts of different countries with Bambasi district soil

Table 4.9: Values of the radiological doses

No Sample Code Raeq D(nGy h−1) E(mSv/y)Outdoor E(mSv/y)Indoor

1 Bambasi-S1 289.9±8.8 7129.3±8.6 0.94±0.05 3.74±0.24
2 Bambasi-S2 190.09±0.75 84.2±4.6 0.61±0.63 2.44±0.13
3 Bambasi-S3 205.38±11.02 90.5±4.8 0.66±0.03 2.62±0.13
4 Bambasi-S4 190.7±10.37 84.58±4.4 0.61±0.032 2.45±0.127
5 Bambasi-S5 196.5±11.28 86.9±4.8 0.63±0.034 2.52±0.13
6 Bambasi-S6 200.6±11.17 89±4.9 0.64±0.035 2.58±0.14
7 Bambasi-S7 164.6±15 72.7±3.7 0.53±0.026 2.10±0.10
8 Bambasi-S8 102.39±11.86 96.2±5.22 0.70±0.037 2.78±0.15
9 Mean Value 192.5±11.2 91.6±5.1 0.66±0.1 2.65±0.14

Table 4.10: Values of the radiation hazard indexes

No Sample Code Iγ Hex Hin ELCR(10−3)
1 Bambasi-S1 1.02±0.04 0.78±0.03 1.022±0.045 3.29±0.175
2 Bambasi-S2 0.67±0.02 0.51±0.02 0.66±0.024 2.13±2.2
3 Bambasi-S3 0.71±0.02 0.55±0.02 0.72±0.026 2.31±0.105
4 Bambasi-S4 0.67±0.025 0.51±0.019 0.66±0.23 2.13±2.2
5 Bambasi-S5 0.69±0.028 0.53±0.02 0.68±0.025 2.205±0.119
6 Bambasi-S6 0.70±0.027 0.54±0.02 0.70±0.025 2.24±0.12
7 Bambasi-S7 0.57±0.022 0.44±0.017 0.56±0.02 1.85±0.09
8 Bambasi-S8 0.76±0.029 0.58±0.02 0.76±0.027 2.45±0.12
9 Mean value 0.72±0.02 0.55±0.02 0.72±0.05 2.3±0.6
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Figure 4.8: Plot for external and internal hazard indexes

Discussion
The radium equivalent activity Raeq values for the investigated soils varied from 102.39 ± 11.86 to

289.9± 8.8 Bqkg−1 with a mean of 192.5± 11.2 Bqkg−1 it is less than the safe value of 370 Bqkg−1, is

a standard values. As shown in Table 4.9, the absorbed dose rate values are varied from 72.7±3.7 to

129.3± 8.6nGy h−1 with an average of 91.6± 5.1nGy h−1 and which is above the recommended safe

value of 59 nGy h−1 . The annual effective dose rate for indoors is varied in the range of 2.10± 0.10

to 3.74± 0.24mSv y−1 with an average of 2.65± 0.14mSv y−1 and for the outdoors is 0.53± 0.026 to

0.94±0.05 mSv y−1 with an average of 0.66±0.1 mSv y−1. The mean value of indoor annual effective

dose rate exceeds the world average annual effective dose rate value of 1 mSv y−1 [2].

As shown in Figure 4.8, the external hazard indexes (Hex) and internal hazard indexes (Hin) for all

soil samples. Except the Bambasi-S1 soil sample the indexes are < 1, and their values varied from

0.44±0.017 to 0.78±0.03 with an average value of 0.55±0.02 for Hex and Hin takes value from 0.56±0.02

to 1.022± 0.045 with an average of 0.72± 0.05, respectively. The average values of the external and

internal hazard index are less than the recommended safe value of one (see Table 4.10). Values of the

gamma index Iγ varied in the range of 0.57±0.022 to 1.02±0.04 with an average of 0.72±0.02, which

is less than one the recommended safe value. The values for Iγ, Hin, and Hex of all soil samples are

below the safe value of one, and so the soils have the safest hazard indexes.

As shown in Table 4.10, the value of excess lifetime cancer risk (ELCR) is in the range of (1.85±0.09)

×10−3 to (3.29±0.175) ×10−3, with a mean of (2.3±0.6) ×10−3 and it exceeds the standard safe index of

0.29×10−3. The long time exposure to γ ray that comes from naturally occurred radionuclides found

in Bambasi soil may cause serious health effects so that precaution are to be exercised.

4.1.3 Radioactivity in Soil Samples: Menge-Sherkole District

Study Area and Sample Collection
Radioactivity concentrations of soil samples, from Menge district, Gizen town, Benishangul Gumuz

regional State are presented in Figure 4.9.
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Figure 4.9: Map of Menge Sherkole district in Benishangul Gumuz region

Table 4.11: The GPS location of the collected soil samples

No Sample Code Location (GPS)North Location (GPS)East
1 Menge-S1 10.353886◦ 34.764964◦

2 Menge-S2 10.355164◦ 34.763861◦

3 Menge-S3 10.356211◦ 34.765125◦

4 Menge-S4 10.355869◦ 34.762133◦

5 Menge-S5 10.359533◦ 34.761256◦

6 Menge-S6 10.352289◦ 34.763953◦

7 Sherkole-S1 10.583733◦ 34.781964◦

8 Sherkole-S2 10.596681◦ 34.781633◦

9 Sherkole-S3 10.600397◦ 34.767483◦

10 Sherkole-S4 10.621086◦ 34.560456◦

11 Sherkole-S5 10.600397◦ 34.777739◦

12 Sherkole-S6 10.600358◦ 34.780119◦

13 Sherkole-S7 10.6004◦ 34.777689◦

14 Sherkole-S8 10.610394◦ 34.768131◦

Presentation of Measured Radioactivity: Menge-Sherkole District
The average radioactivity concentration of 238U, 232Th, and 40K for a total of 14 soil samples is

30.3±1.5 Bqkg−1, 42.5±2.45 Bqkg−1, and 201.5±9.8 Bqkg−1, respectively (see Table 4.12). The average

activity concentrations of 238U, 232Th, and 40K for each district’s soils are, for the Menge district

24±1.2 Bqkg−1, 36.15±2 Bqkg−1, and 275.5±13.3 Bqkg−1, respectively, and Sherkole district 35.14±
1.77Bq/kg−1, 47.3±2.7 Bqkg−1, and 146±7.2 Bqkg−1, respectively. Specific activity concentration of

radionuclides within the Menge and Sherkole soil samples have been depicted in bar graph Figure

4.10.
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Table 4.12: Specific activity concentration of radionuclides in soil samples

No Sample Code AU(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1)
1 Menge-S1 14.57±0.81 24.8±1.48 294.74±14.35
2 Menge-S2 20.52±1.08 32.7±1.90 308.23±14.87
3 Menge-S3 23.44±1.21 35.35±2.05 342.08±16.55
4 Menge-S4 48.67±2.41 69.1±3.9 215.34±10.42
5 Menge-S5 21.39±1.11 32.35±1.9 242.56±11.68
6 Menge-S6 15.07±0.80 22.6±1.32 250.34±12.09
7 Mean value 24±1.2 36.15±2 275.5±13.3
8 Sherkole-S1 47.92±2.57 70.4±4.01 191.75±9.39
9 Sherkole-S2 21.94±1.09 32.05±1.84 123.72±6.10
10 Sherkole-S3 17.87±0.95 28±1.63 112.53±5.70
11 Sherkole-S4 45.11±2.24 57.8±3.38 145.9±7.41
12 Sherkole-S5 30.10±1.48 36.5±2.14 120.4±5.99
13 Sherkole-S6 49.52±2.44 65.55±3.76 180.99±8.94
14 Sherkole-S7 38.67±1.96 50.5±2.92 159.08±8.03
15 Sherkole-S8 30.05±1.47 37.9±2.17 133.85±6.63
16 Mean value 35.14±1.77 47.3±2.7 146±7.2
17 Total Mean value 30.3±1.5 42.5±2.45 201.5±9.8

Figure 4.10: Specific activity concentration of radionuclides within the Menge and
Sherkole soil samples

Comparison of radioactivity concentrations
The measured activity concentration of 238U, 232Th, and 40K for Menge and Sherkole soil samples are

in the range of 14.57±0.81Bq/kg−1 to 49.52±2.44 Bqkg−1, 22.6±1.32 Bqkg−1 to 70.4±4.01 Bqkg−1, and

112.53±5.70 Bqkg−1 to 342.08±16.55 Bqkg−1, respectively. The comparison of the mean radioactivity

concentration of Menge and Sherkole districts with other countries gives relatively similar results

as shown in Table 4.13. The soil samples from Menge and Sherkole districts have higher activity

concentrations of 238U, 232Th, and 40K than soils from Espirito Santo State of Brazil [42], Mtskheta
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Mtianeti region of Georgia [43], Kampinoski National Park of Poland [45], Imo state of Nigeria [37],

and Richards Bay of South Africa [38] (see Figure 4.11).

Table 4.13: Comparison of mean activity concentration of 238U, 232Th and 40K found in
Menge and Sherkole soil with selected of the world

No Country AU/Ra(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1) Reference
1 Ethiopia (Menge) 24±1.2 36.15±2 275.5±13.3 This study
2 Ethiopia (Sherkole) 35.14±1.77 47.3±2.7 146±7.2 -
3 Algeria (Mila) 46.7 26.7 246.5 [32]
4 Brazil (Espirito Santo) 30 94 48 [42]
5 China (Guangdong) 79.3 101 535.8 [33]
6 Georgia (Mtskheta) 25.4 26.9 464 [43]
7 India (Panipat) 30.2±0.5 29.89±0.6 291.06±0.5 [35]
8 Italy (Lombardia) 72 48 617 [36]
9 Poland (Kampinoski) 8.54 6.65 206 [45]
10 Nigeria (Imo State) 4.15 1.64 134.13 [37]
11 South Africa (Richards) 28.2±11.4 29.6±11.5 146.7±63.3 [38]
12 Turkiye (Ardahan) 29.9±6.2 36.7±6.8 435.1±24 [39]
13 Russia Federation 19 30 520 [2]
14 United States 40 35 370 [2]
15 UNSCEAR2000 35 30 400 [2]

Country

Figure 4.11: Comparison of radioactivity concentration in Menge-Sherkole soil samples
with soil samples across the globe

Summarily, Menge and Sherkole districts soils have lower radioactivity concentrations of 238U, 232Th,

and 40K than soils from the Guangdong region of China [33], Ireland [2], Lombardia region of Italy [36],

Ardahan province of Türkiye [39]. From comparison as shown in Figure 4.11, Menge and Sherkole

soils have the safest concentrations of radionuclides, as this are less than the recommended world

safe values of 35, 30, and 400 Bqkg−1 for Uranium 238U, 232Th, and 40K respectively.
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Table 4.14: Values of the radiological doses

No Sample Code Raeq D(nGy h−1) E(mSv/y)Outdoor E(mSv/y)Indoor
1 Menge-S1 72.57±4.02 33.8±1.69 0.24±0.01 0.98±0.049
2 Menge-S2 90.92±4.92 41.8±2.19 0.30±0.015 1.21±0.06
3 Menge-S3 100.24±5.4 46.2±2.35 0.33±0.016 1.33±0.06
4 Menge-S4 164.05±8.7 72.8±3.8 0.53±0.027 2.11±0.11
5 Menge-S5 86.19±4.7 39.3±2.08 0.28±0.014 1.13±0.055
6 Menge-S6 66.64±3.58 30.9±1.5 0.22±0.01 0.89±0.04
7 Sherkole-S1 163.28±8.9 72.3±3.8 0.52±0.027 2.09±0.1
8 Sherkole-S2 77.26±4.17 34.4±1.85 0.25±0.013 0.99±0.053
9 Sherkole-S3 66.5±3.7 29.7±1.53 0.21±0.01 0.86±0.04
10 Sherkole-S4 138.9±7.63 61.58±3.3 0.44±0.023 1.78±0.09
11 Sherkole-S5 91.4±4.98 40.82±2.12 0.29±0.015 1.18±0.06
12 Sherkole-S6 157.12±8.42 69.7±3.67 0.50±0.026 2.02±0.10
13 Sherkole-S7 123.07±6.67 54.8±2.9 0.4±0.02 1.58±0.08
14 Sherkole-S8 94.54±5.08 42.18±2.17 0.3±0.015 1.22±0.062
15 Total Mean value 106.62±5.7 47.8±2.4 0.34±0.01 1.3±0.06

The radium equivalent (Raeq) for all soil samples varied from 66.64±3.58 Bqkg−1 to 164.05±8.7 Bqkg−1

with a mean value of 106.62± 5.7 Bqkg−1 (Table 4.14). These values are lower than recommended

maximum level of radium equivalent i.e. 370 Bqkg−1 . The activity concentration of 238U and 232Th

in Menge-S4, Sherkole-S1, Sherkole-S4, Sherkole-S6, and Sherkole-S7 samples are higher than the

remaining samples which exceed the recommended safe values of 35, 30 Bq kg−1 for 238U and 232Th,

respectively. The absorbed dose rate for all soil samples is in the range of 29.7±1.53nGy h−1 to 72.8±
3.8nGy h−1 with an average value of 47.8±2.4nGy h−1 and which is less than the recommended safe

value of 59 nGy h−1. The absorbed dose rate for samples Menge-S4, Sherkole-S1, Sherkole-S4, and

Sherkole-S6 are above the recommended safe value of 59 nGy h−1 [2] as depicted in Table 4.14.

Table 4.15: Values of the radiation hazard indexes

No Sample Code Iγ Hex Hin ELCR(10−3)
1 Menge-S1 0.27±0.009 0.19±0.006 0.23±0.007 0.84±0.035
2 Menge-S2 0.33±0.01 0.24±0.008 0.3±0.009 1.05±0.05
3 Menge-S3 0.36±0.012 0.27±0.009 0.33±0.01 1.15±0.056
4 Menge-S4 0.57±0.021 0.443±0.01 0.57±0.02 1.85±0.09
5 Menge-S5 0.31±0.01 0.23±0.008 0.29±0.009 0.98±0.049
6 Menge-S6 0.24±0.008 0.18±0.006 0.22±0.007 0.77±0.035
7 Sherkole-S1 0.57±0.022 0.44±0.017 0.57±0.02 1.82±0.09
8 Sherkole-S2 0.27±0.01 0.20±0.007 0.26±0.009 0.87±0.04
9 Sherkole-S3 0.23±0.008 0.17±0.006 0.22±0.008 0.73±0.035
10 Sherkole-S4 0.48±0.0186 0.37±0.014 0.49±0.017 1.54±0.08
11 Sherkole-S5 0.32±0.01 0.24±0.009 0.32±0.011 1.01±0.052
12 Sherkole-S6 0.55±0.02 0.42±0.016 0.55±0.01 1.75±0.09
13 Sherkole-S7 0.43±0.016 0.33±0.012 0.43±0.015 1.4±0.07
14 Sherkole-S8 0.33±0.012 0.25±0.009 0.33±0.01 1.05±0.05
15 Total Mean value 0.37±0.01 0.28±0.01 0.36±0.01 1.2±0.05

Discussion
The higher radioactivity concentration of 238U is found in Sherkole-S6 soil and the lowest amount is

found in Menge-S1 soil. A higher concentration of 232Th is found in Sherkole-S1 soil and the lowest

one in Menge-S6 soil. A higher concentration of 40K is found in Menge-S3 and the lowest one is found

in Sherkole-S3 soil. a look at the average values of radioactivity concentrations in Figure 4.10 shows

that the Sherkole district has a higher concentration of uranium (238U) and thorium (232Th). While
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Figure 4.12: Plot for external and internal hazard index

Menge district has a high concentration of potassium (40K) than the Sherkole district.

For all soil samples, the annual effective indoor dose rate varies from 0.86± 0.04mSv y−1 to 2.11±
0.11mSv y−1 with an average of 1.3 ± 0.06mSv y−1 and for the outdoor the variation is 0.21 ±
0.01mSv y−1 to 0.53±0.027mSv y−1 with an average of 0.34±0.01mSv y−1 4.14. We note that average

indoor annual effective dose rate of all soil samples is above the world mean value of 1 mSv y−1. The

indoor annual effective dose equivalent is greater than the outdoor annual effective dose equivalent.

However, the average outdoor annual effective dose rate was less than the world annual safety value

of 1 mSv y−1.

Values of the gamma index varied in the range of 0.23±0.008 to 0.57±0.021 with an average value of

0.37±0.013, which is less than the recommended safe value of one (see Table 4.15). The external and

internal hazard index values vary on the range 0.17±0.006 to 0.44±0.017 with an average of 0.28±0.01

and 0.22±0.007 to 0.57±0.02 with an average of 0.36±0.01, respectively (as shown in Table 4.15). The

values for the Hi n and Hex of all soil samples are below the safe value of one (Figure 4.12). From the

gamma index, external and internal hazard indexes of the soil samples have the safest values. Thus

indicates that the levels of radon and its short-lived daughters that occur on the soils do not have

significant effects on the respiratory organs of individuals living in those areas. The mean value of

excessive lifetime cancer risk (ELCR) for all soil samples is (1.2± 0.05)× 10−3 (see Table 4.15). The

values of excessive lifetime cancer risk of all soil samples exceed the threshold value of 0.29× 10−3.

The long time exposure to γ ray that comes from naturally occurred radionuclides found in Menge

and Sherkole soils can make a significant health effects.

4.1.4 Radioactivity in Soil Samples: Mekele City
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Study Area and Sample Collection
Soil samples were collected from selected sites in Mekelle City, focusing on densely populated areas

such as universities, residential neighborhoods, and transportation terminals. The samples were air-

dried at room temperature, these after these were grounded until fully homogenized. Seven districts

within Mekelle City, each approximately 3 kilometers apart, were chosen for sampling, as listed in

Table 4.16. Mekelle City, the capital of the Tigray regional state, is one of the eleven regions in

Ethiopia, as illustrated in Figure 4.13. Mekelle is located approximately 780 kilometers by road north of

Addis Ababa. Specifically, the city lies between coordinates (13◦25
′
24

′′
to 13◦33

′
44

′′
) N and (39◦25

′
26

′′

to 39◦33
′
14

′′
) E, with an altitude ranging from 1930 to 2353 meters above mean sea level [47]. All

samples were carefully collected from a depth of 5 to 15 cm below the soil surface, and each weighing

approximately 1 g. The samples were labeled as Y −S1,Y −S2, · · · ,Y −S7.

 

Figure 4.13: Map of Mekelle City in Tigray region, Ethiopia



41

Table 4.16: The GPS location of the collected samples

No Sample Code Sample Place Location (GPS)North Location (GPS)East

1 Y-S1 Elala 13◦31
′
2.856

′′
39◦29

′
36.445

′′

2 Y-S2 Mai Woini 13◦28
′
25.51411

′′
39◦27

′
42.098

′′

3 Y-S3 Arid 13◦28
′
46.3836

′′
39◦29

′
4.0272

′′

4 Y-S4 Romanat 13◦29
′
26.3228

′′
39◦28

′
26.01

′′

5 Y-S5 Lache 13◦32
′
20.774

′′
39◦30

′
20.5848

′′

6 Y-S6 Medre Genet1 13◦27
′
18.7488

′′
39◦27

′
18.7488

′′

7 Y-S7 Meder Genet2 13◦27
′
18.7488

′′
39◦27

′
18.7488

′′

Presentation of Measured Radioactivity Results

Table 4.17: The specific activity concentration of radionuclides in soil samples

No Sample Code Site name ARa(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1)
1 Y-S1 Elala 22.9±1.025 43.25±2.25 321.7±14.2
2 Y-S2 Mai Woini 24.35±1.185 57.15±3.15 613.7±28.1
3 Y-S3 Arid 27.855±5.66 64.65±12.95 410.5
4 Y-S4 Romanat 13.7±0.58 25.4±1.4 206±9.8
5 Y-S5 Lache 20.95±1.035 37±2.07 321.1±14.95
6 Y-S6 Medre Genet1 32.14±1.485 58.9±3.19 355.18±16
7 Y-S7 Meder Genet2 33.35±1.55 85.29±4.57 371.2±16.8
8 Mean value 25.035±1.788 53.091±4.22 371.34±14.26

Figure 4.14: Specific activity concentration of radionuclides within the soil samples
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Comparison with Global Average and Safety Thresholds
The mean radioactivity concentration of Radium (226Ra), Thorium (232Th), and Potassium (40K)

of Mekelle City soil samples have smaller variations as compared to other countries as shown in

Figure 4.15. In Georgia from the Kvemo Kartli region, Kharami Massif area the mean specific

activity concentrations for soil samples are 38.57, 53.18, and 879.76 Bqkg−1 for 226Ra, 232Th, and
40K, respectively [34]. The radioactivity concentration of Mekelle soil samples is also compared to

soil samples of Sijua Dhanbad City in Jharkhand State of India. In India Dhanbad City the mean

radioactivity concentration values for 226Ra, 232Th, and 40K are 60.29 Bqkg−1, 64.50 Bqkg−1, and

481.0 Bqkg−1, respectively [48]. Whereas the mean radioactivity concentrations of 226Ra, 232Th, and
40K for Mekelle soil samples are 25.035±1.788 Bqkg−1, 53.091±4.22 Bqkg−1, and 371.34±14.26 Bqkg−1,

respectively. Also, the average radioactivity concentration of 238U, 232Th, and 40K for soil samples from

Nigeria in Orlu, Imo State is 4.15, 1.64, and 134.13 Bq kg−1, respectively [37] as shown in Table 4.18.

Table 4.18: Comparison activity concentrations in Mekelle soil with other countries’ soil

No Country ARa(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1) Reference
1 Ethiopia (Mekelle City) 25.03 ± 1.7 53.09 ± 4.2 371.3 ± 14 Present study
2 Algeria 30 25 370 [2]
3 Belgium 26 27 380 -
4 China 33 41 440 -
5 Croatia 54 45 490 -
6 Georgia (Kharami) 38.57 53.18 879.76 [34]
7 India (Dhanbad City) 60.29 64.50 481 [48]
8 Ireland 60 26 350 [2]
9 Japan 29 28 310 -
10 Nigeria (Imo State) 4.15 1.64 134.13 [37]
11 Switzerland 40 25 370 [2]
12 Turkiye (Ardahan) 29.9 ± 6.2 36.7 ± 6.8 435.1 ± 24 [39]
13 Russia Federation 19 30 520 [2]
14 United States 40 35 370 [2]

Country

Figure 4.15: Comparison of Activity concentrations in Mekelle soil with other countries’
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In Ardahan province of Turkiye, the mean specific activity concentrations of the soil are 29.9± 6.2,

36.7±6.8, and 435.1±23.9Bq/kg−1 for 226Ra, 232Th, and 40K, respectively [39]. A comparison of activity

concentartion shows that, Mekelle City soils have lower radionuclide concentrations than soils from

Dhanbad City of India, Ardahan province of Türkiye, and Kvemo Kartli region of Georgia, but higher

than Orlu, Imo state of Nigeria. The mean radioactivity concentration of Mekelle soil is less than

the recommended world means values of 35, 30, and 400 Bqkg−1 for Radium 226Ra, 232Th, and 40K,

respectively, exception are found for 232Th .

Discussion
In the Mekelle soil studies, the selected sites cover different geographical features, mostly Mai Woini

and Romanat have dry soil characters so these can be grouped into sandy soil. Arid districts soil also

has dry soil type and categorized as silt soil. Medre Genet1, Elala, and Lache districts have wet soil

characters and grouped into clay soil type. Medre Genet2 soil samples have been categorized as chalk

soil . The collected soils geographical location is varying. Dry soil samples have been found mostly in

lowland areas whereas the wet soil types were found in highland area.

Figure 4.14 shows there is a high concentration of 226Ra found in Medre genet 2, but it is below

the recommended safe value of 35 Bq kg−1, the high radioactivity concentration of 232Th is observed

from the result within Medre Genet districts (Y-S6 and Y-S7), which means these can have significant

radiation hazard risks for the population around those areas. Also, there is a high radioactivity

concentration of 40K which is found in the Mai Woini (Y-S2) district, so safety measures have to be

placed around those areas. From the data shown in Table 4.17, the mean radioactivity concentrations

of 226Ra, 232Th, and 40K for Mekelle soil samples are 25.035±1.788Bq kg−1, 53.091±4.22 Bqkg−1, and

371.34±14.26 Bqkg−1, respectively.

The radium equivalent activity Raeq values for all soil samples are vary from 60.85±2.983 to 153.32±
7.845 Bqkg−1. These values are much less than the safe value of 370 Bqkg−1. As shown in Table

4.19, the average absorbed dose rate is 67.9±4nGy h−1 which is below the recommended safe value

59nG y h−1. The calculated values of outdoor annual effective dose equivalent obtained in present

study vary from 0.061±0.001mSv y−1 to 0.155±0.0065mSv y−1 with an average of 0.08±0.01mSv y−1

and indoor annual effective dose rate ranged from 0.148±0.0073mSv y−1 to 0.621±0.026mSv y−1 with

an average of 0.3±0.01mSv y−1. The mean value of annual effective dose rate are less than the world

average annual effective dose rate of 1 mSv y−1 [2].

Table 4.19: Values of the radiological doses

No Sample Code Raeq D(nGy h−1) E(mSv/y)Outdoor E(mSv/y)Indoor

1 Y-S1 109.5±5.208 50.103±1.094 0.061±0.001 0.245±0.0053
2 Y-S2 153.32±7.845 71.25±3.609 0.087±0.004 0.349±0.017
3 Y-S3 151.90±19.17 69±10.433 0.084±0.012 0.338±0.0511
4 Y-S4 65.78±3.334 30.25±1.508 0.037±0.01 0.148±0.0073
5 Y-S5 98.58±6.826 45.406±2.342 0.0556±0.002 0.2227±0.0114
6 Y-S6 143.7±7.275 82.9±4.086 0.101±0.0497 0.406±0.02
7 Y-S7 144.62±6.245 126.6±5.37 0.155±0.0065 0.621±0.026
8 Mean value 123.9±7.9 67.9±4 0.08±0.01 0.3±0.01

The high value of AEDR is obtained in Meder Genet district. The calculated values of the external
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hazard index obtained in the present study ranged from 0.1008±0.0069 to 0.412±0.0209 with a mean

of 0.3±0.013 and the internal hazard index ranged from 0.231±0.0116 to 0.487±0.0206 with a mean

of 0.4±0.02, respectively (see Table 4.20). The external and internal hazard index values are less than

the recommended safe value of one (see Figure 4.16). The mean excessive lifetime cancer risk (ELCR)

for the given soil samples is (1.23±0.04)×10−3 and it exceeds the standard safe values 0.29×10−3. The

highest values of ELCR is found mainly in Elala, Medre Genet1, and Medre Genet2 districts as shown in

Table 4.20. From the values of ELCR it can be noticed that, long time exposure to indoor radioactivity

may cause serious health effects so that sufficient precautions are addressed for the population of

those districts.

Table 4.20: Values of the radiation hazard indexes

No Sample Code Iγ Hex Hin ELCR(×10−3)
1 Y-S1 0.39±0.05 0.29±0.013 0.35±0.05 0.85±0.01
2 Y-S2 0.5±0.02 0.41±0.02 0.47±0.02 1.2±0.05
3 Y-S3 0.55±0.082 0.4±0.006 0.48±0.02 1.6±0.02
4 Y-S4 0.23±0.008 0.17±0.008 0.2±0.01 0.5±0.02
5 Y-S5 0.36±0.01 0.26±0.012 0.32±0.015 0.7±0.04
6 Y-S6 0.5±0.02 0.38±0.018 0.4±0.02 1.4±0.06
7 Y-S7 0.5±0.02 0.39±0.01 0.4±0.02 2.17±0.09
8 Mean value 0.43±0.03 0.3±0.01 0.4±0.02 1.23±0.04

Figure 4.16: Internal and external hazard index values for Mekelle soil samples

4.2 Radioactivity in Medicinal and Food Plants
The objective of this study is to investigate the natural radioactivity concentration of different

Medicinal and food plants collected from Assosa town.

4.2.1 Radioactivity in Medicinal Plants
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Sample collection and Preparation
Assosa city is found in the western part of Ethiopia at a distance of 687 km from the capital City of

Ethiopia, Addis Ababa, and located 90 km away from the Ethio-Sudanese border [49].

The collected plants grow in many different areas of the region. Roselle or Karkade (Hibiscus

sabdariffa) is taken mainly as a tea and widely taken to fight colds, known as a blood pressure

moderator and also used to treat malaria. Whereas Okra (Abelmoschus esculentus) can be used as

a food source and a good source of minerals, vitamins, antioxidants, and fiber. Moringa oleifera which

belongs to the family Moringaceae [50], is mostly taken for antioxidant, anemia, arthritis, and other

joint pain, also used for asthma, stomach pain, headache, and used for many types of health benefits.

All the plants types have important elemental contents that use for human health. Many studies were

undertaken to find out what type of element these contain, and it is estimated that these elements are

important for health.

Three types of plants that are used for medicinal and food sources were collected from farmers and

traditional marketplaces in the Asossa zone mainly from Assosa town in Benishangul Gumuz Region

(see Figure 4.1). The collected plant samples were Okra (Abelmoschus esculentus), Moringa oleifera,

and Karkade (Hibiscus Flower or Roselle) (see Figure 4.17). Special codes were assigned to each of

the samples before storage. In sample classification, Y-M is used for sample code. After collecting the

samples and washing these with water, and by air-dried the leaves in a drying chamber at 100◦C in a

heated oven. The leaves were crushed into powder by agate mortar then filtered by a 0.25 mm-mesh

sieve. About 500 g of each sample was sealed in a polyethylene capsule, the sample was stored for 28

days before gamma-ray analysis, as it allows 226Ra and its daughters to achieve secular equilibrium.

Presentation of Measured Radioactivity Results

Table 4.21: Mean activity concentration of natural radionuclides and annual committed
effective dose

No Code Plants AU(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1) AACED(mSv/y)
1 Y-M1 Okra 4.65 14.2±0.1 191±11.1 0.025±0.0011
2 Y-M2 Moringa 18.8±0.07 64.45±7.9 1487.2±83 0.03±0.0033
3 Y-M3 Roselle 3.74±0.06 7.37±0.01 60±4.1 0.003±0.00004
4 Mean value 9.06±0.06 28.6±2.6 579±32.8 0.019±0.001

Comparison with Global Average and Safety Thresholds
The threshold value of Eave due to ingestion of naturally occurring radionuclides is 0.3mSv y−1. For

each natural radionuclide ingestion to the body for adults the committed effective dose values are 45

for Uranium-238, 230 for Thorium-232 and 6.2 nSvB q−1 for Potassium-40.

Discussion
Radionuclides can be found on the surface of the earth. It is known that medicinal plants deposited

organic and inorganic constituents. Several types of research have been done on organic constituents.

In the present study the activity concentration of radionuclides of Uranium(238U), Thorium (232Th),
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Figure 4.17: Preparation of the collected medicinal plants

and Potassium(40K) have been recorded using an HPGe detector. Naturally occurring radionuclides

concentration in foods can depend on climate and agricultural conditions. The chemical constituents

found in the plants are the main cause for their medicinal properties including bases comprising

alkaloids, amines, and glycosides [51]. Specific parts are studied for different plants such as leaves,

fruits, bark, stem, and roots. Mostly these are used as medicines [52]. One way of contamination of

plant products for some radionuclides is direct deposition, those known by their low root uptake and

short-lived radionuclides and these can transfer rapidly through the food chain.

From releases of radionuclides, medicinal plants exposure to contamination of radioactivity can

happen. Most vegetation for food may be subjected to this contamination. Contamination on

terrestrial vegetation which is the accumulation of radionuclides from the atmosphere on the plant

is above the ground parts. Different types of elements of varying concentrations are found in different

parts of the plants. Mainly these are found in seeds, roots, and leaves. which are taken as a food item

and also as an ingredient for the ayurvedic preparation [53].

The plant leaves are used in some countries for example in India, Malaysia, and Greece mainly for

therapeutic effects. From the consumption of foods, 40K is uniformly distributed in the body. Its

concentration found in the body is within homeostatic control. Other than inhalation into the internal

body system, also the ingestion exposure occurs from the consumption of food sources exposes to

radionuclides. Contamination of plants happens in two ways, by transfer from the source into plants

directly through the atmosphere and by depositing radionuclides in the ground. For the body of adults

and children, the amount content of 40K is about 0.18% and 0.2%, respectively. Continuous exposure
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Figure 4.18: Mean radioactivity concentration of U-238, Th-232, and K-40 in Medicinal
plants

to radiation is a causes for diseases like lung cancer, melanoma, cancer of the kidney, skin cancer, and

breast cancer [2].

From the result as shown in Table 4.21, high activity concentration of 40K of 1487.2±83.4Bq kg−1, is

found in the Moringa oleifera plant, so safety measures are needed. Over high activity concentration

of 232Th is observed in Moringa oleifera plant as shown in Figure 4.18. Okra (Abelmoschus esculentus)

and Roselle (Hibiscus sabdariffa) samples have radioactivity concentration below the limit 35, 30, and

400 Bq/Kg for Uranium-238, Thorium-232, and K-40, respectively. From the result the average annual

committed effective doses varied from 0.003±0.00004mSv y−1 to 0.03±0.0033mSv y−1 with a mean

value of 0.019±0.0015mSv y−1 (see Table 4.21).

4.3 Radioactivity in Industrial Product

4.3.1 Radioactivity in Cement Raw Materials

Study Area and Sample Collection
The materials from Messebo cement factory collected are used as raw samples in the production

of Ordinary Portland Cement (OPC) and Pozzolana Portland Cement (PPC) which are the major

products. In this factory, other cement products produced are used for the construction of irrigation

and electric power dams. The raw materials are collected in the Tigray region. Gypsum and pozzolana

deposits are in wajirat province, Iron and silica from Wukro province, limestone and shale from

Messebo Mountain, where the Messebo factory is located.
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A total of 6 raw material samples and (OPC and PPC) products in amounts, weighting upto 1 kg were

mainly collected from the Messebo cement factory, located at 13.5697721 (latitude) and 39.4741283

(longitude). In Messebo cement factory, the production of OPC uses 85% of Limestone and Shale, 10%

Iron and Silica, and 5% is gypsum. In the case PPC, the factory uses 20% Pozzolana as raw material.

This data can give us amount of different radioactivity concentration found in the raw material. The

samples were collected from the sampling sites listed in Table 4.22, and the samples are air-dried

at room temperature. The dried samples were grinded until homogenize, and taken to the research

laboratory using polyethylene capsules or vials and processed in such a way to make these suitable

for gamma-ray detector.

Table 4.22: List of the collected samples

No Sample code Sample type Sample source place
1 Y-C1 Sandstone (Silica) Wukro
2 Y-C2 Limestone Messebo Mountain
3 Y-C3 Shale Messebo Mountain
4 Y-C4 Iron Wukro
5 Y-C5 Gypsum Hintalo Wajirat
6 Y-C6 Pozzolana Hintalo Wajirat
7 Y-C7 OPC Messebo Factory
8 Y-C8 PPC Messebo Factory

Presentation of Measured Radioactivity Results
The average radioactivity concentration of 226Ra, 232Th, and 40K in cement raw material and product

samples are 22.7± 0.8 Bqkg−1, 30.5± 1.7 Bqkg−1, and 183.5± 8.8 Bqkg−1, respectively listed in Table

4.23. Regarding the results obtained in this study, the limestone, gypsum, pozzolana, and iron have

not or have minimum radioactivity concentrations of 226Ra, 232Th, and 40K as shown in Figure 4.19.

PPC from the Messebo cement factory has 30.7 ± 1.5, 28.65 ± 1.65, and 143 ± 7.3 Bqkg−1 for 226Ra,
232Th, and 40K, respectively, which are below the recommended safe values. Although, the thorium

activity concentration in sandstone and shale raw materials, collected from Wukro and Messebo

mountain provinces are above the threshold, but their radiation hazard index values are below the

recommended safe values.

Table 4.23: Specific activity concentration of 226Ra, 232Th and 40K of the Samples

N o Sample Code ARa(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1) Raeq

1 Y-C1 21.2±0.99 53.2±2.9 304±13.8 120.676±6.202
2 Y-C3 18.6±0.9 36.15±2 273.2±12.5 91.32±4.729
3 Y-C4 20.61±0.05 4.04±0.35 14±1.73 27.458±0.673
4 Y-C8 30.7±1.5 28.65±1.65 143±7.3 82.67±4.412
5 Mean value 22.7±0.8 30.5±1.7 183.5±8.8 80.5±4

From the result the Messebo cement factory products OPC and PPC are compatible with standards of

UNSCEAR reports on activity concentration of naturally occurring radionuclides, so it can be used for

commercial purpose. The values of radium equivalent ranged from 27.458±0.673 Bqkg−1 to 120.676±
6.202 Bqkg−1 with an average value of 80.5±4 Bqkg−1, this value is below the recommended safe value

of 370Bq kg−1 [2]. The average absorbed dose rate for all studied samples is 36.5±1.7nGy h−1, which is

less than the recommended safe value of 59nG y h−1. The average outdoor and indoor annual effective
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Figure 4.19: Specific radioactivity concentration in raw materials and cement product
samples

dose equivalent values for all cement raw materials and products are 0.04±0.001mSv y−1 and 0.16±
0.008mSv y−1, respectively which are less than the average worldwide safety value 1 mSv y−1 see Table

4.24.

Table 4.24: Values of radiological doses

No Sample Code D(nGy h−1) E(mSv/y)Outdoor E(mSv/y)Indoor

1 Y-C1 54.48±2.765 0.066±0.003 0.2±0.013
2 Y-C3 41.74±2.134 0.051±0.002 0.204±0.01
3 Y-C4 12.53±0.3016 0.015±0.00035 0.061±0.001
4 Y-C8 37.38±1.984 0.045±0.0023 0.18±0.0097
5 Mean value 36.5±1.7 0.04±0.001 0.16±0.008

Table 4.25: Values of radiation hazard indexes

No Sample Code Iγ Hex Hin ELCR(10−3)
1 Y-C1 0.437±0.0215 0.341±0.0164 0.382±0.018 0.7±0.04
2 Y-C3 0.33±0.044 0.245±0.0121 0.295±0.0149 0.7±0.03
3 Y-C4 0.092±0.00235 0.0734±0.00182 0.1294±0.00195 0.2±0.003
4 Y-C8 0.292±0.0145 0.212±0.0114 0.304±0.0154 0.6±0.03
5 Mean value 0.28±0.02 0.22±0.01 0.28±0.01 0.54±0.02

As shown in Table 4.25, the average values for external hazard index, internal hazard index, gamma

index, and alpha index are 0.22±0.01, 0.28±0.01, 0.28±0.02, and 0.11±0.003, respectively which are

less than the recommended safe value of one. This result indicates that the cement raw material and

products have negligible radiation risks on the human from emitted radiation. The average values of

excessive lifetime cancer risk for sample Sandstone (Y-C1), Shale (Y-C3), Iron (Y-C4), and Pozzolana

(Y-C8) is (0.546±0.028×10−3). The excessive lifetime cancer risk for sample Iron (Y-C4) is below the

threshold values of 0.29 × 10−3. For samples Y-C1, Y-C3, and Y-C8 the value of ELCR is above the

threshold limits.
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Comparison with Global Average and Safety Thresholds
For the purpose of comparison of the radioactivity concentration of the samples included in

the present study with those from other countries, is shown in data Table 4.26. Radioactivity

concentration of 226Ra is high in Tanzania Pozzolana [54] and Macedonia Pozzolana 2 [55], but lower

in Macedonia Gypsum. Similarly, radioactivity concentration of Thorium-232 is higher in Tanzania

Pozzolana and Macedonia Pozzolana 2, but lower in Tanzania Sandstone. As for Potassium-40, its

concentration is higher in Tanzania Pozzolana and lower in Macedonia Gypsum. The Messebo PPC

exhibits a lower minimum radioactive concentration when compared to Poland cement which utilizes

fewer additives. Additionally, as shown in Figure 4.20, the specific activity concentrations of 226Ra,
232Th, and 40K found in the raw materials of Messebo cement are lower than those found in Ghana,

India, and Poland cements [56], [22], and [57], respectively. It is important to note that these

activity concentrations are below the safe limits of 35, 30, and 400 Bqkg−1 for 226Ra, 232Th, and 40K,

respectively.

Table 4.26: Comparison of radioactivity concentration of Messebo cement with other
countries

No Country Sample AU(Bq kg−1) ATh(Bq kg−1) AK(Bq kg−1) Ref.
1 Ethiopia (Messebo) PPC 30.7±1.5 28.65±1.65 143±7.3 Studied
2 Ethiopia (Messebo) Sandstone 21.2±0.99 53.2±2.9 304±13.8 -
3 Ethiopia (Messebo) Shale 18.6±0.9 36.15±2 273.2±12 -
4 Ghana Cement 35.94 25.44 233 [56]
5 India Cement 54±15.06 66±12.1 490.6±105 [22]
6 Macedonia Cement 42±10 28±6 264±50 [55]
7 Macedonia Pozzolana1 64±12 69±15 105±43 -
8 Macedonia Pozzolana2 80±20 171±48 349±168 -
9 Macedonia Gypsum 5.9±1.1 1.44±0.44 11.0±5.2 -
10 Poland Cement 29 48 283 [57]
11 Tanzania (Songwe) Pozzolana 93.2±2.8 172.8±5.2 997±29 [54]
12 Tanzania (Songwe) Sandstone 18.3±0.5 30.3±0.9 501±15 -
13 Tanzania (Wazo) Sandstone 7.7±0.2 12.8±0.4 180.4±5.4 -

Discussion
Building materials are containing radionuclides are a significant potential source of indoor

radioactivity. Cement is a fundamentally main material used in construction activities. Buildings

are often constructed using cement blocks and concrete, and cement is also utilized for plastering

structures. Various brands of cement are available in the market, each with its own trademark. The

primary raw materials used in cement production include limestone (C aCO3), shale ash, and iron

oxide, along with additional elements such as gypsum, which contains silicates and aluminates known

for their ionization tendency. The production process of cement involves several stages, starting with

the assessment of potential limestone deposits through geophysical methods, followed by quarrying,

grinding, and blending of the clinker. Finally, the finished products are packed and transported for

sale. Earlier research [58] has indicated that quarrying and mining activities can elevate the activity

concentration of radionuclides in the surrounding environment.

Portland cement has resulted from the grinding of clinker. The clinker is produced by burning a

mixture of limestone, clay, and gypsum at high temperatures (1450-1600oC for the materials, and

approximately 2000◦C for the combustion fumes). Portland cement dust is a gray powder with an
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Figure 4.20: Comparison of radioactivity concentration with other countries

aerodynamic diameter ranging from 0.05 to 5.0 m [55]. From this study, the activities of natural

radionuclides 226Ra, 232Th, 40K, and also the radiological parameters are measured. The radiological

indices parameters are such as the radium equivalent, indoor absorbed dose rate, annual effective

dose rate, gamma index, external, and internal hazard indices were determined. The radiation risk

associated with the cement and its composites produce different clinical and occupational exposures

had been reported, which pose various health effects to human beings. The radioactive dust causes

respiratory health problems where lung is the most affected organ as has been observed in the

occupational workers exposed to the dust. The use of cement in the construction of residential and

commercial buildings results in external and internal radiation exposure to the population.

Limestone which is the main constituent in cement is largely abundant in the earth’s crust, and earth

crust is known for the residence of primordial radionuclides. This material is used in the dwelling

units. The quarry is the main process in cement production, and this required energy inputs and heat.

Coalfly ash slag or pozzolans may be blended with the raw material, as the addition of these optional

materials result in lower emissions. Mostly, a typical kiln size is around 3000 tonnes clinker per day.

The clinker burning is the most important part of the process in terms of the key environmental issues

for cement manufacture in terms of its energy use and air pollution [11].

Messebo cement factory is one of the biggest cement factories in Ethiopia located in Mekelle City.

The factory is founded in 2000 G.C with a production capacity of more than 2000 tons of clinker

per day. According to one of the recent studies, indicated that the dust emitted from the Messebo

cement factory is affecting the physicochemical properties of the soils in the surrounding area [59].
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Moreover, the surrounding communities have been complaining about the health and environmental

impacts of the factory [60]. From the radiological point of view most important exposure with regards

to health is from radon (222Rn, 220Rn) and its short-lived decay products. This becomes the major

source of internal exposure when inhaled. The radiation exposure by gamma rays emitted from the

radionuclides in the building materials is the reason for external dose.

The knowledge of natural radioactivity in building materials is important for the determination of the

indoor population exposure to radiation since people spend about 80% of their time in dwellings [2].

Control of building materials by applying a reference level for indoor external exposure to gamma

radiation emitted by building materials of 1mSv y−1, in addition to exposure. The contents of 226Ra,
232Th, and 40K in cement materials can vary considerably depending on their chemical composition

to geological source and geochemical characteristics [61]. The present work aims to determine the

radiation levels for natural radioactivities in cement raw materials and products by determining the

Absorbed Dose Rate(D), Annual Effective Dose Rate (AEDR), Radium Equivalent (Raeq ), External

Hazard Index(Hex ), and Internal Hazard Index (Hi n) for individuals living in the dwelling and the

workplace.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
In present study was conducted to assess the natural radioactivity levels in soil samples collected from

different regions, including Assosa City, Bambasi District, Menge-Sherkole District, and Mekelle City

of Ethiopia. The concentrations of radionuclides 238U, 232Th, and 40K were measured and compared

with global averages and safety standards. The findings of our work provide essential data regarding

the potential radiological hazards associated with naturally occurring radioactive materials (NORM)

in the aforesaid selected regions. The following key conclusions are drawn:

• The average activity concentrations of 238U, 232Th, and 40K in Assosa City soil samples were

found to exceed the global recommended safety limits for 238U (35 Bq/kg) and 232Th (30 Bq/kg),

indicating a potential radiological health risk in the region. The concentrations of 40K is found

below the global average of 400 Bq/kg.

• In Bambasi District, the concentrations of 238U and 232Th were also found to exceed the global

safety limits, with the highest values observed in soil samples from Bambasi-S1. This suggests

that the region may pose a risk to public health due to elevated radiation levels.

• The radioactivity levels in Menge and Sherkole districts were found to be lower than in

Assosa and Bambasi, with mean concentrations of 238U, 232Th, and 40K below the global

recommended levels. However, certain soil samples from Sherkole exhibited elevated

concentrations of 232Th, which warrants further investigation.

• The results from Mekelle City show that the average concentrations of 238U, 232Th, and 40K are

within acceptable limits as per international safety standards. Therefore, Mekelle soil poses

minimal radiological risk.

• The assessment of radiological hazard indices such as the radium equivalent activity (Raeq),

absorbed dose rate (D), and the annual effective dose (E) revealed that most soil samples from

Assosa and Bambasi exceed recommended safety values. In contrast, the samples from Menge-

Sherkole and Mekelle generally fall within safe levels.

• The calculated values for the external hazard index (Hex) and internal hazard index (Hin) were

below the recommended limit of one for all soil samples except those from Bambasi-S1 and

Sherkole-S1, which crossed the safety limit. This suggests that prolonged exposure to soil from

these regions may pose health risks, particularly through inhalation of radon gas and its decay

products.

• The Excess Lifetime Cancer Risk (ELCR) values for Assosa and Bambasi exceeded the

recommended safe value of 0.29 ×10−3, indicating a higher likelihood of cancer risk in these

regions from exposure over a lifetime.

53
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Allmost all the regions exhibit natural radioactivity levels within acceptable limits. However, the

elevated concentrations of 238U and 232Th in Assosa and Bambasi soils suggest a potential health

hazard, warranting further investigation and suggesting possible mitigation efforts.

5.2 Recommendations
Based on the findings in the present work, the following recommendations are made:

• Public Awareness: The elevated levels of radioactivity in Assosa and Bambasi districts

should be communicated to the local population and public health authorities. Educational

campaigns on minimizing exposure to radioactive materials in these regions should be

implemented, particularly for people involved in agricultural and construction activities.

• Soil Management: In regions where radionuclide concentrations exceed global safety

standards, such as Assosa and Bambasi, measures should be taken to avoid the use of these

soils for agricultural purposes, especially where food crops are grown. Alternatives such as soil

amendments or relocation of agricultural activities may help in reducing the risk of radiation

exposure.

• Regular Monitoring: A systematic monitoring program should be formulated to regularly

assess the levels of natural radioactivity in high-risk areas such as Assosa and Bambasi. This

would help to track changes in radionuclide concentrations and ensure that any increase is

detected early for prompt mitigation measures.

• Radiological Protection Standards: Local authorities should adopt and enforce radiological

protection standards based on the guidelines provided by international organizations such

as UNSCEAR and the IAEA. This includes setting up regulatory thresholds for radionuclide

concentrations in soil and construction materials.

• Further Research: Further research is recommended to investigate the specific geological

and anthropogenic factors contributing to the elevated levels of 238U and 232Th in Assosa and

Bambasi. Studies focusing on soil remediation techniques and the mobility of radionuclides in

these regions are crucial for developing effective mitigation strategies.

• Health Risk Assessment: A comprehensive health risk assessment should be conducted in

regions where radiological hazard indices and cancer risk exceed safe limits. This assessment

should include studies on the potential impact of long-term exposure to radionuclides on local

populations, particularly those working in mining and agriculture.

• Policy and Regulation: National policies on radiation protection should be strengthened, and

radiation safety standards should be incorporated into environmental and health policies,

particularly in regions with elevated levels of natural radioactivity. Regulatory bodies should

enforce guidelines that ensure public safety and environmental protection.

In conclusion, while most of the regions studied exhibit safe levels of natural radioactivity, but

attention needs to be focused on Assosa and Bambasi, where elevated levels of 238U and 232Th present

potential health risks. By implementing public awareness campaigns, soil management practices,

and regulatory frameworks, the risks associated with natural radioactivity can be mitigated to certain

extent.
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ABSTRACT 
The specific activity concentrations of naturally occurring radionuclides in soil samples col
lected from suburban areas of Assosa City was measured using a High purity Germanium 
(HPGe) detector. The average specific activity concentrations of 238U and 232Th exceed the 
recommended safe value of 35.0 and 30.0 Bq kg−1, respectively. For 40K, the average activity 
concentration is below the recommended safe value of 400.0 Bq kg−1. The calculated mean 
value of the absorbed dose rate is 72.8 ± 3.72 nGy h−1 which exceed the recommended safe 
value of 59 nGy h−1. The calculated mean annual effective dose equivalent values for indoor 
and outdoor are 2.11 ± 0.1 mSv y−1 and 0.52 ± 0.02 mSv y−1, respectively. The calculated 
mean values of the internal hazard index, external hazard index, and gamma index are 
0.43 ± 0.013, 0.56 ± 0.01, and 0.5 ± 0.01, respectively, and those values are below the recom
mended safe value of one. The mean value of excessive lifetime cancer risk is above the 
threshold value of 0.29� 10−3. From this study, it is recommended that Assosa soil needs 
further investigations.

KEYWORDS 
Assosa; detector; health; 
gamma-ray; radionuclide; 
soil   

Introduction

Human beings are exposed to natural terrestrial radia
tions predominantly originating from the upper 30 cm 
of the soil. The most notable radionuclides with half- 
lives comparable to the age of the earth or their associ
ated decay products existing in terrestrial material are 
238U, 232Th, and 40K (Senthilkumar et al. 2010). The 
background radiation, originating from soil, consists of 
two main components: natural and technologically 
enhanced radioactivity. The natural component origi
nates from radioelements that are existing in the bed
rock as well as in the soil. The composition and 
distribution of these radioelements vary from place to 
place (Kekelidze et al. 2017; Ntsohi et al. 2021).

The intensity and distribution of the natural back
ground radiation can be altered due to human activ
ities such as mining, long use of coal fired power 
plants, and waste disposal. External or internal expos
ure to these background radiations can lead to various 
health concerns among the population (Shahbazi- 
Gahrouei, Gholami, and Setayandeh 2013). External 
exposure occurs due to irradiation, there are different 
pathways to internal exposure. For example inhalation 
of Radon (222Rn) and Radon daughter products from 

air and ingestion of contaminated dairy products or 
vegetable products that possess high uptake of these 
radionuclides are possible path ways to internal expos
ure. When rocks are fractured by natural processes, 
radionuclides are transported to the soil by rain and 
runoff. Radionuclides also naturally occur in rock and 
soil, which can easily be transported to the environ
ment through plants and water (Ibraheem, El-Taher, 
and Alruwaili 2018).

The level of exposure depends on climate factors, 
fertilizer usage, local geology, and drainage patterns, 
which vary in each region of the world. Terrestrial 
radionuclides encompass the radioactive series of 
uranium-radium, thorium, and potassium in the 
earth’s crust. Prolonged exposure to 238U and 232Th 
can affect human health. Some health effects include 
acute leucopenia, anemia, chronic lung diseases, and 
necrosis of the mouth from 238U exposure; radium 
exposure can cause bone, cranial, and nasal tumors; 
while health effects such as lung, pancreas, hepatic, 
bone, and kidney cancers can result from 232Th expos
ure (Uosif and El-Taher 2008). Communities residing 
in environments with high radionuclide concentra
tions must take precautions.
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Measurement of radioactive concentration has been 
applied to geological, environmental, medicinal, and 
industrial samples. Thorium and Uranium may be 
redistributed during igneous, sedimentary, and meta
morphic cycles of geological evolution, eventually 
forming small deposits under steady geological proc
esses (Elsaman et al. 2018). Natural sources of ioniz
ing gamma radiation in the environment can be 
classified into terrestrial and cosmogenic radiation 
sources. The interaction of atmospheric gases with 
cosmic rays induces cosmogenic radioactivity such as 
14C radionuclides. Terrestrial radionuclides contribute 
to both external and internal exposures. External 
exposure to these radionuclides is mostly due to their 
emitted c-rays, while internal exposure is due to their 
deposition in the human body and their emitted a, b, 
and c radiation. Radioactivity levels can be used to 
assess public dose rates and radioactive contamin
ation, and to detect variations in environmental radio
activity caused by nuclear accidents, industrial 
activities, and other human activities (UNSCEAR 
2000).

Agricultural soils’ radioactivity primarily stems 
from the extensive use of fertilizers rich in phos
phates, leading to increased concentrations of uran
ium and thorium in the environment. Fertilizers are 
one of the technologically enhanced sources of natural 
radiation. Studying the radioactive components in soil 
enhances understanding of radioactivity behaviors in 
ecosystems, as these materials emit radiation through 
the disintegration of natural radionuclides, contribu
ting to the total absorbed dose through ingestion, 
inhalation, and external irradiation (Abbady et al. 
2006; IAEA 1989). Radiation studies are of major con
cern worldwide, as significant concentrations accumu
lated in soils, buildings, homes, workplaces, and 
groundwater can result in several health problems.

In this study, our main objective is to determine 
the concentrations of naturally occurring radionu
clides in diverse soil samples collected from Assosa 
City in the Benishangul Gumuz region, Ethiopia. The 
outcomes of this investigation are evaluated for safety 
or potential hazard through comparison with recom
mended safety values established by international 
organizations, including those provided by UNSCEAR 
(2000) report. In Ethiopia, majority of the population 
depends on agriculture, both in rural and urban areas, 
and soils are commonly used for constructing houses. 
Therefore, understanding the radioactivity levels in 
the soil is crucial for ensuring the safety of these 
environments.

Materials and Methods

Description of the Study Area

This study aims to investigate the natural radioactivity 
levels in various soil samples collected from Assosa 
town, the administrative center of the Benishangul 
Gumuz Regional State. Benishangul Gumuz is one of 
the eleven regional states within the Ethiopian federal 
structure (Figure 1). Geographically, Assosa town is 
positioned approximately 662 km southwest of the cap
ital, Addis Ababa, along the main highway. It is situated 
around 90 km from the Ethio-Sudanese border, with an 
average altitude of 1550 m on a flat terrain. Assosa 
City’s geographical coordinates are between 10�00� and 
10�070 north and between 34�300 to 34�350 east, covering 
an area of about 2000 hectares (Kebede, Alene, and 
Endalemaw 2021). Assosa City is situated in the Assosa 
zone, one of the three zones in the Benishangul Gumuz 
region, alongside Kamashi and Metekel. Assosa zone is 
recognized for its potentially lucrative gold deposits 
(Bullock and Morgan 2018).

Sample Collection and Preparation

Assosa district is well known for extensive gold min
ing activities and rapid urbanization is undergoing in 
the regional capital. The selection of soil samples in 
this area is justified by the fact that the highly popu
lated environ is mining site and subject to natural and 
enhanced natural exposure to radiation. Soil samples 
were collected from 10 selected mutually more than 
3 km apart locations of Assosa City. Samples were 
carefully dug out of the surface soil from a depth of 
5–30 cm using hand tools.

Originally, collected soil samples were separated from 
stones. Approximately 1 kg soil samples were sealed in a 
polyethylene bag and identification code was given to 
each bag, as Assosa-S1 to Assosa-S10; locations are listed 
as shown in Table 1. The sealed soil samples were trans
ferred to the laboratory of the Ethiopian Conformity 
Assessment Enterprise for sample preparation as per the 
Environmental Measurments Labratory (EML) proce
dures manual 3.1. The samples were air-dried for a few 
days and put in an oven at 100 �C for 10–24 h depend
ing on the moisture of the soils. The dried soil samples 
were crushed into powder size using a crushing material. 
The powdered soil samples were sieved using 0.25 mm 
mesh. About 500 g of the homogeneous soil samples 
were sealed in an airtight cylindrical Marinelli beaker 
and stored for 28 days to achieve secular equilibrium. 
Finally, the prepared samples were transferred to 
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Ethiopian Radiation Protection Authority for radiation 
measurement using an HPGe detector.

Experimental Setups

The gamma-ray emitting radionuclides concentrations 
in the soil samples were measured by using HPGe 
detector coupled with a multichannel analyzer. 
Recognized for its suitability as a semiconductor 

radiation detector, the HPGe detector boasts high- 
resolution capabilities for photo peaks. The Marinelli 
beakers sample geometry was 538 G-E. The HPGe 
detector has 77% relative photopeak efficiency. The 
detector has 1.8 keV energy resolutions. Multichannel 
analyzer of 8192 channel performance is connected to 
a computer equipped with Genie 2000 software. The 
voltage of 3499 V was used for the detector. The cali
brate radionuclides for the detector were 60Co and 
137Cs, which are the quality standard sources accord
ing to ISO 9001. The quality standard used for cali
brating the detector was ISO/IEC 17025. To prevent 
background radiation from the surroundings, the 
detector was enclosed in a lead shield (100 mm thick
ness), cadmium (2 mm thickness), and copper 
(2.5 mm thickness). The calibration of the experiment 
was done using International Atomic Energy Agency- 
certified standard reference sources. The counting 
time of the gamma-ray spectrum was 28,800 s.

The minimum detection limits of the detector 
according to ISO 11929, were reported as 1.12, 0.79, 

Figure 1. Map of Assosa Town in Benishangul Gumuz region of Ethiopia.

Table 1. Locations of the collected soil samples in Assosa City 
using global positioning system (GPS).
Locations

@ Sample code Latitude (north) Longitude (east)

1 Assosa-S1 10.066981� 34.556967�

2 Assosa-S2 10.071328� 34.559092�

3 Assosa-S3 10.077333� 34.558828�

4 Assosa-S4 10.084292� 34.569458�

5 Assosa-S5 10.058986� 34.553344�

6 Assosa-S6 10.054631� 34.5558�

7 Assosa-S7 10.072486� 34.548783�

8 Assosa-S8 10.075719� 34.544672�

9 Assosa-S9 10.071539� 34.539628�

10 Assosa-S10 10.088636� 34.560456�
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and 4.10 Bq kg−1 for 238U, 232Th, and 40K, respect
ively. The specific energy spectrum for each radio
nuclide were obtained by photopeak area analysis. The 
specific activity of 238U was derived from gamma-ray 
lines of 214Pb at 351 keV and 214 Bi at 609.3 and 
1764.5 keV, while the activity concentration of 232Th 
was determined from gamma-ray lines of 228Ac at 
338.4, 911.1, and 968.9 keV, 212Pb at 238.63 keV, and 
208Tl at 583.19 keV. The specific activity of 40K was 
directly determined from its gamma-ray line at 
1460.8 keV (Alzubaidi, Hamid, and Abdul Rahman 
2016).

Measurements of Activity Concentration

The specific activity concentrations (Ac) in Bq kg−1 of 
the soil samples were calculated using the equation 
from Beretka and Matthew (1985).

Ac ¼
Nc

IeMTs
(1) 

Ac : Radioactivity concentration of the samples 
(Bq kg−1), Nc : It is the net count for packed sample 
(Ns) minus count for the background (Nb), e: 
Efficiency of the detector for the gamma-ray energy of 
interest, I: Probability of gamma-ray absolute intensity, 
and M: Mass of the packed sample (kg). Ts : It is the 
actual sample counting time. The uncertainty on the 
activity concentration (DA), was obtained by the fol
lowing equation (Djeufack et al. 2022).

DA
A
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

DNc

Nc

� �2

þ
DI
I

� �2

þ
De

e

� �2

þ
DM
M

� �2
s

(2) 

Where, DNc, DI, De, and DM represent the uncer
tainty in net count, probability in gamma-ray inten
sity, efficiency, and mass of the sample, respectively.

Estimation of Radiological Dose and Hazardous 
Indices

Absorbed Dose Rate (D)
The absorbed dose rates in the air due to radionu
clides were calculated using the formula from 
UNSCEAR (2000).

DðnGy=hÞ ¼ 0:462AU þ 0:602ATh þ 0:0417AK (3) 

The result was comparable to the world average of 
59 nGy h−1 outdoors and 84 nGy h−1 indoors.

Annual Effective Dose Equivalent (AEDE)
The absorbed dose rate values serve as the basis for 
estimating the annual effective dose equivalent 
(AEDE) in mSv y−1. This estimation involves applying 
a conversion coefficient of 0.7 Sv Gy−1 for absorbed 
doses in the air to the effective dose received. The cal
culation considers an indoor occupancy factor of 0.8, 
reflecting that the population typically spends 80% of 
their time indoors, and an outdoor occupancy factor 
of 0.2, implying that 20% of their time is spent out
doors. It is known that, globally, the average annual 
total effective dose equivalent due to external radi
ation is reported as 0.48 mSv y−1 (UNSCEAR 2000).

It is known that, the world’s annual effective dose 
rate due to external radiation is 0.41 mSv y−1 indoors 
and 0.07 mSv y−1 outdoors. The worldwide annual 
total effective dose rate safety limit is 1 mSv y−1 

(UNSCEAR 2000). For people living in a certain area, 
the annual effective dose equivalent values for outdoor 
and indoor could be calculated using equations from 
UNSCEAR (2000) which are expressed as follows.

AEDE mSv=y
� �

outdoor ¼ D nGy=h
� �

� 24h� 365:2d

� 0:2� 0:7 Sv Gy−1

(4) 

Where 0.7 is the absorbed/ambient dose conversion 
factor and 0.2 is the outdoor occupancy.

AEDE mSv=y
� �

Indoor ¼ D nGy=h
� �

� 24h� 365:2d

� 0:8� 0:7 Sv Gy−1

(5) 

Which is an indoor occupant

AEDE mSv=y
� �

Indoor ¼ D nGy=h
� �

� 7010hy−1

� 0:7 Sv Gy−1 

Where D is the calculated dose rate in (nGy/h), T 
is the indoor occupancy time

0:8� 24 h� 365:25 d ffi 7010hy−1,
and F is the conversion factorð0:7� 10−6SvGy−1Þ

Radium Equivalent (Raeq)
The radium equivalent has been calculated by using a 
standard value of 370 Bq kg−1 per a sum of the value 
of, for 238U a value of 370 Bq kg−1, for 232Th 
259 Bq kg−1, and 40K 4810 Bq kg−1. From Beretka and 
Matthew (1985), the equation for radium equivalent 
activity (Raeq) can be calculated as follows.

Raeq ¼ AU þ 1:43ATh þ 0:077AK (6) 
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For environmental, soil, and building materials its 
value should be less than 370 Bq kg−1, and for indus
tries, it can be 370–740 Bq kg−1 (IAEA 1989; OECD 
and NEA 1979; UNSCEAR 2000).

Gamma Index (Ic)
It is one of the measurements of a radiation hazard 
that comes from gamma radiation and the recom
mended maximum value must be less than one. The 
gamma index Ic is calculated using the following for
mula obtained from EC (1999).

Ic ¼
AU

300
þ

ATh

200
þ

AK

3000
� 1 (7) 

A value of 0.5 or less for Ic related to a dose rate 
(0.3 mSv y−1), while a value of 1 or less for Ic related 
to a dose rate of 1.0 mSv y−1.

External Hazard Index (Hex)
The external hazard index is an expression of external 
exposure that comes from radioactive nuclides. The 
external hazard index (Hex) is calculated using the for
mula (Beretka and Matthew 1985; Rafique et al. 2013).

Hex ¼
AU

370
þ

ATh

259
þ

AK

4810
� 1 (8) 

Internal Hazard Index (Hin)
The internal hazard index is an expression of internal 
exposure that comes from radon and its short-lived pro
geny. The internal hazard index (Hin) is also calculated as 
follows (Beretka and Matthew 1985; Rafique et al. 2013).

Hin ¼
AU

185
þ

ATh

259
þ

AK

4810
� 1 (9) 

The expressions, AU , ATh, and AK found in the 
above equations represent the activity concentrations 
of uranium (238U), thorium (232Th), and potassium 
(40K) in Bq kg−1, respectively. The external hazard 
indexes and internal hazard index values should be 
below unity, which is to provide the safest environ
ment to the population.

Excessive Lifetime Cancer Risk (ELCR)
ELCR or excessive lifetime cancer risk, serves as an 
expression for the probability of developing cancer 
over a lifetime from a specific amount of radiation 
exposure. An elevation in ELCR correlates with an 
increased probability of developing various types of 
cancer, including but not limited to blood cancer, 
breast cancer, and prostate cancer (Avwiri, 
Olatubosun, and Ononugbu 2014). ELCR is calculated 
using the equation from Taskin et al. (2009).

ELCR ¼ AEDE� DL� RF (10) 

AEDE stands for (annual effective dose equivalent), 
and DL for average life expectancy which is an aver
age of 70 years. RF factor which is cancer risk per 
Sievert (Sv−1) from the ICRP (Taskin et al. 2009), its 
value is 0.05 Sv−1 and is used for the public given by 
ICRP (2007). It is also associated with a value that 
shows the expected number of cancers in each person 
on exposure to a carcinogen at a given dose. 
Moreover, the safest value of ELCR is below 
0.29� 10−3.

Results and Discussion

Radioactivity Concentrations and Radiological 
Hazard Indices

As shown in Figure 2, the soil sample from Assosa-S9 
exhibits the highest concentration of 238U radioactiv
ity, while the lowest concentration is observed in 
Assosa-S6 soil. Also, Figure 3 shown that Assosa-S2 
soil has the highest concentration of 232Th, whereas 
the lowest concentration is found in Assosa-S6 soil. 
Figure 4 shown that, Assosa-S10 soil possesses the 
highest concentration of 40K, while the lowest concen
tration is recorded in Assosa-S6 soil. The average 
radioactivity concentration across the ten soil samples 
is 45.2 ± 2.3 Bq kg−1 for 238U, 70 ± 3.8 Bq kg−1 for 
232Th, and 238.8 ± 11.6 Bq kg−1 for 40K (Table 2). The 
mean activity concentration of 238U and 232Th in the 
soil samples from Assosa town exceeds the recom
mended safe values of 35 and 30 Bq kg−1, respectively.

The result values of radium equivalent (Raeq) 
for all soil samples ranged from 78.16 ± 4.24 to 

Figure 2. Specific activity concentration of 238U radionuclide 
within the soil samples.
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235.35 ± 10.62 Bq kg−1 with a mean value of 
163.6 ± 8.6 Bq kg−1 (Table 2). This value is lower than 
the recommended safe value of 370 Bq kg−1.

As shown in Table 2, the absorbed dose rate values 
for all soil samples are in the range of 34.9 ± 1.74 to 
102.8 ± 4.6 nGy h−1, with a mean value of 
72.865 ± 3.72 nGy h−1. This mean value exceed the 
recommended safe value of 59 nGy h−1 (Figure 5). 
The annual effective dose rate values for indoor 
exposure ranged from 1.01 ± 0.05 to 2.98 ± 0.13 mSv 
y−1, with a mean value of 2.11 ± 0.1 mSv y−1. For out
door exposure, this values ranged from 0.254 ± 0.01 to 
0.75 ± 0.0003 mSv y−1, with a mean value of 
0.52 ± 0.02 mSv y−1. As shown in Table 3, the annual 
effective dose rate results for all soil samples surpass 
the global mean external exposure value of 0.48 
mSv y−1.

However, the mean annual effective dose rate 
remains below the worldwide annual safe limit of 1 
mSv y−1. The indoor annual effective dose rate values 
are greater than the outdoor annual effective dose rate 
values. From the result, as shown in Figure 6, both 
external hazard index and internal hazard index values 
are below 1. They range from 0.21 ± 0.007 to 

Figure 3. Specific activity concentration of 232Th radionuclide 
within the soil samples.

Figure 4. Specific activity concentration of 40K radionuclide 
within the soil samples.

Table 2. Activity concentrations of radionuclides in the collected soil samples.
Sample code AU (Bq kg−1) ATh (Bq kg−1) AK (Bq kg−1) Raeq (Bq kg−1) D(nGy h−1)

Assosa-S1 39.25 ± 1.93 73.65 ± 4.13 196.01 ± 9.45 159.55 ± 8.55 70.5 ± 3.58
Assosa-S2 51.05 ± 2.65 118.55 ± 5.05 193.36 ± 10.07 235.35 ± 10.6 102.8 ± 4.6
Assosa-S3 46.58 ± 2.32 71.34 ± 4.07 173.27 ± 8.65 161.89 ± 8.78 71.6 ± 3.75
Assosa-S4 37.06 ± 1.78 64.405 ± 3.57 174.66 ± 8.35 142.46 ± 7.52 63 ± 3.24
Assosa-S5 57.80 ± 3.09 83.48 ± 4.71 183.88 ± 9 191.2 ± 10.5 84.5 ± 4.5
Assosa-S6 25.61 ± 1.29 30.52 ± 1.8 116.30 ± 5.96 78.16 ± 4.24 34.9 ± 1.74
Assosa-S7 53.75 ± 2.7 73.45 ± 4.23 173.72 ± 8.76 172.12 ± 9.41 76.24 ± 4.1
Assosa-S8 26.02 ± 1.9 35.35 ± 2.05 342 ± 16.55 102.8 ± 6.09 47.42 ± 2.63
Assosa-S9 58.74 ± 2.83 76.9 ± 4.32 371.64 ± 17.42 197.25 ± 10.34 88.79 ± 4.62
Assosa-S10 56.15 ± 2.76 72.75 ± 4.14 463.32 ± 22.03 195.78 ± 10.35 88.9 ± 4.51
Min. 25.61 ± 1.29 30.52 ± 1.8 116.30 ± 5.96 78.16 ± 4.24 34.9 ± 1.74
Max. 58.74 ± 2.83 118.55 ± 5.05 463.32 ± 22.03 235.35 ± 10.6 102.8 ± 4.6
Mean value 45.2 ± 2.3 70 ± 3.8 238.8 ± 11.6 163.6 ± 8.6 72.865 ± 3.72

Figure 5. The absorbed dose rate values of the soil samples.
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0.63 ± 0.02, with a mean value of 0.43 ± 0.013 for the 
external hazard index, and from 0.28 ± 0.009 to 
0.77 ± 0.024, with a mean value of 0.56 ± 0.01 for the 
internal hazard index. The values of the external and 
internal hazard index are less than the recommended 
safe value of one (UNSCEAR 2000).

The gamma index values varied from 0.27 ± 0.01 to 
0.82 ± 0.026 with a mean value of 0.5 ± 0.01, which is 
less than the recommended safe value of one. The 
ELCR values varied from 0.88 ± 0.035 to 2.625 ± 0.001, 
with a mean value of (1.8 ± 0.07) � 10−3. This mean 
value exceed the threshold value of 0.29� 10−3 

(Table 3). The result values of gamma index (Ic), 
internal hazard index (Hin), and external hazard index 
(Hex) for all soil samples indicates that, the levels of 
radon and its short-lived daughters that occur in the 
soil do not have significant health effects on the 
respiratory organs of individuals living in those areas.

Measurement of background radiation is important 
in any measurement of radioactivity concentrations. 
This is true for forensic elemental analysis methods, 
such as neutron activation and X-ray fluorescence 
(XRF). Therefore, this study results will be relevant 
and usable for forensic applications.

Comparison of Activity Concentration with Similar 
Studies

The radioactivity concentrations of Assosa City soils 
were compared with soils from various districts or 
provinces see in Table 4. According to the result, 
Assosa City soil exhibit an average activity concentra
tions of 45.2 ± 2.3, 70 ± 3.8, and 238.8 ± 11.6 Bq kg−1 

for 238U, 232Th, and 40K, respectively.
The mean activity concentrations of 238U, 232Th, 

and 40K in Assosa City soils are lower than those in 
soils from the Guangdong province of China (Yang 
and Sun 2022), Pinapet region of India (Amanjeet 
et al. 2017), Lombardia region of Italy (Dutra Garcêz 
et al. 2020), and Kedah region of Malaysia (Alzubaidi, 
Hamid, and Abdul Rahman 2016). However, when 
compared with similar studies, as shown in Figure 7, 
the measured mean activity concentrations of 238U, 
232Th, and 40K in Assosa City soils are higher than 
soils from the Mila region of Algeria (Bramki, 
Ramdhane, and Benrachi 2018), Imo state of Nigeria 
(Mbonu and Ben 2021), Kampinoski park of Poland 
(Łukaszek-Chmielewska et al. 2019), and Richard Bay 
of South Africa (Masok et al. 2018).

Statistical Analysis for Data

In this study, the analysis of the statistical data was 
performed using an Excel workbook sheet. The statis
tical analyses carried out are the Pearson correlation 
coefficient (PCC), Quantile-Quantile (Q-Q) plot, and 
the Frequency distribution for 238U, 232Th, and 40K.

Pearson Correlation Coefficient (PCC)

One of the statistical analysis methods that measure 
the strength and direction of a linear relationship 
between two variables is the PCC. By using this 
method, the degree of association that exists between 
the measured radiological parameters were obtained 
(Table 5). From the Pearson correlation matrix, 
the correlation of 238U with 232Th; 238U with 40K; 

Table 3. Annual effective dose rates and hazard indexes values for the collected soil samples.
Sample code AEDE (Indoor) AEDE (outdoor) Ic Hex Hin ELCR (10−3)

Assosa-S1 2.07 ± 0.1 0.519 ± 0.02 0.56 ± 0.02 0.42 ± 0.016 0.53 ± 0.01 1.81 ± 0.07
Assosa-S2 2.98 ± 0.13 0.75 ± 0.0003 0.82 ± 0.026 0.63 ± 0.02 0.77 ± 0.024 2.625 ± 0.001
Assosa-S3 2.07 ± 0.1 0.52 ± 0.027 0.56 ± 0.02 0.43 ± 0.01 0.56 ± 0.02 1.82 ± 0.09
Assosa-S4 1.82 ± 0.09 0.45 ± 0.023 0.50 ± 0.019 0.38 ± 0.014 0.48 ± 0.016 1.57 ± 0.08
Assosa-S5 2.45 ± 0.13 0.61 ± 0.032 0.67 ± 0.02 0.51 ± 0.02 0.67 ± 0.024 2.135 ± 0.1
Assosa-S6 1.01 ± 0.05 0.254 ± 0.01 0.27 ± 0.01 0.21 ± 0.007 0.28 ± 0.009 0.88 ± 0.035
Assosa-S7 2.21 ± 0.11 0.55 ± 0.029 0.60 ± 0.023 0.46 ± 0.01 0.61 ± 0.02 1.92 ± 0.1
Assosa-S8 1.37 ± 0.076 0.3 ± 0.01 0.37 ± 0.01 0.27 ± 0.01 0.34 ± 0.013 1.05 ± 0.035
Assosa-S9 2.57 ± 0.133 0.648 ± 0.033 0.7 ± 0.024 0.53 ± 0.01 0.69 ± 0.022 2.26 ± 0.11
Assosa-S10 2.57 ± 0.13 0.64 ± 0.03 0.7 ± 0.023 0.52 ± 0.018 0.68 ± 0.022 2.24 ± 0.105
Mean value 2.11 ± 0.1 0.52 ± 0.02 0.5 ± 0.01 0.43 ± 0.013 0.56 ± 0.01 1.8 ± 0.07

Figure 6. The comparison of internal and external hazard 
indexes values of the soil samples.
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226Th with 40K, and also the correlation between 238U, 
232Th, and 40K with hazard indexes (Raeq, D, and 
AEDE) were determined. It is known that, the 

Pearson correlation values r varied in between 
−1< 0< 1 (Turney 2023).

The Pearson correlation results reveal a strong 
positive correlation (r¼ 0.745) between 238U and 
232Th radioactive nuclides, as shown in Figure 8(a). 
This indicates that the activity concentrations of 
both 238U and 232Th increase or decrease propor
tionally with nearly equal ranges of values (Table 2). 
For 238U and 40K, the Pearson correlation value is 
0.303, which indicate a moderate positive correl
ation (Figure 8(b)). As shown in Figure 8(c), the 
correlated value for 226Th with 40K is r¼−0.01, and 
which indicate a weak negative correlation. In 

Table 4. Comparison of mean activity concentration of 238U, 232Th, and 40K within Assosa soil in Ethiopia with other countries’ 
province soils.

@ Country

Average radioactivity concentrations

ReferencesAu (Bq kg−1) ATh (Bq kg−1) Ak (Bq kg−1)

1 Ethiopia (Assosa City) 45.2 ± 2.3 70 ± 3.8 238.8 ± 11.6 Present study
2 Algeria (Mila) 46.7 26.7 246.5 Bramki, Ramdhane, and Benrachi (2018)
3 Brazil (Espirito Santo) 30 94 48 Dutra Garcêz et al. (2020)
4 China (Guangdong) 79.3 101 535.8 Yang and Sun (2022)
5 Georgia (Mtskheta-Mtianeti) 25.4 26.9 464 Kekelidze et al. (2017)
6 India (Pinapet) 30.24 ± 0.53 29.89 ± 0.61 291.06 ± 0.57 Amanjeet et al. (2017)
7 Ireland 60 26 350 UNSCEAR (2000)
8 Italy (Lombardia) 72 48 617 Guidotti et al. (2015)
9 Malaysia (Kedah) 102.08 ± 3.9 133.9 ± 2.9 325.8 ± 9.8 Alzubaidi, Hamid, and Abdul Rahman (2016)
10 Nigeria (Imo State) 4.15 1.64 134.13 Mbonu and Ben (2021)
11 Poland (Kampinoski park) 8.54 6.65 206 Łukaszek-Chmielewska et al. (2019)
12 Russian Federation 27 30 520 UNSCEAR (2000)
13 South Africa (Richards Bay) 28.26 ± 11.40 29.64 ± 11.50 146.77 ± 63.3 Masok et al. (2018)
14 T€urkiye (Rize province) 24.5 51.8 344.9 Durusoy and Yildirim (2017)
15 United States 40 35 370 UNSCEAR (2000)
16 UNSCEAR standard value 35 30 400 UNSCEAR (2000)

Figure 7. The comparison of radioactivity concentrations in soil samples with different countries.

Table 5. Pearson correlation values between 238U, 232Th, 40K, 
radium equivalent, absorbed dose rate, and annual effective 
dose equivalent.

238U 232Th 40K Raeq D AEDE
238U 1 0.745 0.303 0.885 0.894 0.892
232Th 1 −0.01 0.94 0.93 0.93
40K 1 0.25 0.307 0.302
Raeq 1 0.99 0.99
D 1 0.99
AEDE 1
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summary, the decay series of the radionuclides of 
238U and 232Th have a positive direct proportional 
correlation per given decay time. Moreover, the cor
relation values between uranium (238U) with radium 
equivalent (Raeq), absorbed dose rate (D), and 
AEDE are 0.885, 0.894, and 0.892, respectively, indi
cating the strong positive direction as shown in 
Figure 9(a–c).

Q-Q Plot and Frequency Distribution

Q-Q plot shows whether the linearity of the points or 
data points lie on the axis related to normally distrib
uted, and points follow nonlinear suggesting, the data 

are not normally distributed. Frequency distribution 
shows the number of times each possible value occurs 
in a data set. As shown in Figures 10(a), 11(a), and 
12(a), the Q-Q plots indicates that the concentrations 
follow normal distributed. As shown in Figure 10(b), 
Frequency distribution for 238U activity concentration 
is multi-modal, which signifying multiple peak values. 
For 232Th activity concentration, as shown in Figure 
11(b), the frequency distribution is normal, character
ized by a single peak value at the mid of the distribu
tion mode or a Gaussian distribution. As shown in 
Figure 12(b), a unimodal frequency distribution for 
40K, with a single peak value to the left of the distri
bution mode.

Figure 8. The Pearson correlation between (a) for 238U and 
232Th, (b) for 238U and 40K, and (c) for 232Th and 40K.

Figure 9. The Pearson correlation between (a) for 238U and radium 
equivalent (Raeq), (b) for 238U and absorbed dose rate (D), and (c) 
for 238U and indoor annual effective dose equivalent (AEDE).
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Conclusions

The average specific activity concentration of 238U 
and 232Th in the soil of Assosa City surpasses the rec
ommended safe thresholds of 35 Bq kg−1 for 238U and 
30 Bq kg−1 for 232Th. In this study, particularly, soil 
samples of Assosa-S2, Assosa-S5, Assosa-S7, Assosa- 
S9, and Assosa-S10 exhibit elevated concentrations of 
238U and 232Th, which surpassed the established safety 
limits. Overall, Assosa City soil exhibits a higher 
mean radioactivity concentration of 238U and 232Th, 
which exceeds the recommended safe values, there
fore, Precautions are advisable, as such elevated con
centrations may pose significant health risks to the 
community. From this study, the measured radioactiv
ity concentrations underscore, the necessity for con
tinuous monitoring of Assosa City soil.
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Te study assessed the concentration of natural radionuclides in soil samples from the Bambasi district in Ethiopia’s Benishangul
Gumuz region using a gamma-ray spectrometer equipped with a high-purity germanium (HPGe) detector. Te measured activity
concentrations of 238U, 232T, and 40K in soil samples varied from 46.2± 2.25 to 88.49± 5.73Bq/kg, 73.4± 4.12 to 119.65± 8.45Bq/kg,
and 176.78± 8.63 to 396.71± 25.39Bq/kg, respectively. Te average concentration of 238U and 232T exceeded the recommended
worldwide population weighted average values of 32.0 and 45.0 Bq/kg, respectively, while the average concentration of 40K was below
the recommended value of 420.0 Bq/kg. Te mean absorbed dose rate was calculated to be 91.6± 5.1 nGy/h, which is above the
recommended safe value of 59 nGy/h. Te average annual efective dose equivalents for indoor and outdoor exposure were de-
termined to be 2.65± 0.14mSv/y and 0.66± 0.1mSv/y, respectively.Te calculated mean values of the internal hazard index, external
hazard index, and gamma index across all soil samples were 0.72± 0.05, 0.55± 0.02, and 0.72± 0.02, respectively, all below the
recommended safe threshold of one. Tese fndings suggest that the activity concentrations observed in the soil samples exceed safe
levels, indicating the necessity for further investigation into radioactivity levels and epidemiological studies regarding potential
hazards from high background radiation.

1. Introduction

Te natural environment has long been imbued with ra-
diation, originating from a myriad of natural and man-made
sources. Tese sources collectively contribute to what we
commonly refer to as background radiation, a ubiquitous
presence of low-level ionizing radiation constantly sur-
rounding us [1]. Human interaction with this radiation is
inherent to our existence, as we ingest or inhale nuclides
present in the air, food, and water. Exposure levels vary
widely based on factors such as climate, local geology, and
human activity patterns unique to each region [2].

One signifcant source of background radiation stems
from radioactive elements naturally present in the Earth’s
crust, such as uranium, thorium, and their decay products.
Tese elements emit radiation continuously, with radio-
nuclides fnding their way into rocks, soil, and building

materials, particularly in regions with elevated concentra-
tions of these elements. Tis study focuses on analyzing soil
radioactivity in samples collected from the Bambasi area in
western Ethiopia [2, 3].

Soil, being a complex matrix, hosts a diverse array of
both naturally occurring and anthropogenic radionuclides.
Monitoring soil radioactivity is of paramount environmental
concern due to its potential impacts on human health and
ecosystems. Te concentration and distribution of radio-
nuclides in surface soils are crucial factors in assessing
environmental radioactivity levels, evaluating associated
health risks, and formulating efective regulatory measures
[2, 4]. Radionuclides present in soil emit gamma radiation,
contributing to alterations in background radiation levels in
the environment. Te extent of this radiation depends on
various geographical and geological factors. Radionuclides
such as thorium and uranium may undergo redistribution
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during geological evolution cycles, resulting in small con-
centration deposits under favourable geological processes
[1, 5].

Zircon, a mineral found in nature, serves as a source of
uranium and thorium and occurs in sedimentary, igneous,
and metamorphic rocks. Commonly, zircon along with
thorite is a source of T, U, Y, and heavy rare earth elements
(HREE) [6]. Te mobilization of radionuclides from rock to
soil is infuenced by specifc concentrations, indicating
leaching of 238U to rock rather than soil, lower mobility of
thorium from rock to soil due to its stability, and a higher
concentration of potassium (40K) in soil compared to rocks,
as potassium is a mobile element [7].

Everyone in the world is exposed to; in fact lives with
these background radiation levels, with external exposure
occurring through irradiation and internal exposure
resulting from ingestion and inhalation. Te predominant
source of radiation exposure for humans is the natural
environment, which contributes up to 85% of the annual
exposure dose received globally [1, 8]. Soil, a foundational
component of our environment, is comprised of a complex
mixture of mineral particles, organic matter, air, and water.
Its composition and structure vary signifcantly across dif-
ferent regions, infuencing the types of vegetation it can
support [9].

Understanding how radionuclides interact with soil and
plants is crucial, as plants can absorb these radionuclides and
transport them to edible parts. Tis absorption process
depends on factors such as the radionuclide’s chemical
availability and its proximity to the root zone [10]. Te
primary aim of this study was to determine the concen-
tration of naturally occurring radionuclides in various soil
samples collected from the Bambasi district in the Benish-
angul Gumuz region, Ethiopia. Tis research aimed to
categorize the radioactivity concentration of soil samples as
either safe or hazardous by comparison of the results with
the recommended safe values set by the United Nations
Scientifc Committee on the Efects of Atomic Radiation
(UNSCEAR).

2. Materials and Methods

2.1. Description of the Study Area. Benishangul Gumuz re-
gion is one of the eleven regional states comprising the
Ethiopian federal structure. Bambasi woreda is situated in
Ethiopia, approximately 614 km away from the capital city,
Addis Ababa (Figure 1). Its geographical coordinates are
within latitude 9°–10° N and longitude 034°–035°E [11].
Bambasi district is located in the Assosa zone. Assosa zone is
one of the three zones situated in the Benishangul Gumuz
Regional State (BGRS). Assosa zone is mainly known for its
potential gold deposits, holding promise for high-proft
opportunities [12].

2.2. Sample Collection and Preparation. Samples were ob-
tained from specifc locations in Bambasi town. Bambasi
district chosen in this study was based on, increasing of its
population density, having a high agricultural demand, and

there are gold mining activities. A total of eight sites in
Bambasi town, as shown in Table 1, were selected for the
collection of surface soil samples. Each sample was carefully
dug out from a depth of 5–30 cm of the surface soil, with an
approximate weight of 1 kg per sample. Tese samples were
coded as Bambasi-S1 to Bambasi-S8, and their respective
locations are outlined in Table 1.

After collection, the samples were securely packed in
polyethylene bags and transported to the laboratory of the
Ethiopian Conformity Assessment Enterprise (ECAE) for
further processing.Te gathered soil samples underwent air-
drying at 100°C for 10–24 hours, depending on the soil
moisture content. Subsequently, the dried samples were
crushed to ensure homogeneity, with the crushing process
continuing until the soil samples reached a powder-like
consistency. A 0.25mmmesh was employed for sieving
the samples. Around 500 g of the homogenized soil samples
were then packed and sealed in airtight cylindrical Marinelli
beakers and stored for 28 days (four weeks) to achieve
secular equilibrium. Finally, the processed samples were
transported to the Ethiopian Technology Authority (ETA)
for the use of HPGe detector.

2.3. Experimental Setups. Te gamma-ray emitting radio-
nuclides concentrations in the soil samples were measured
by using an HPGe detector coupled with a multichannel
analyzer (MCA). HPGe detector is a suitable semiconductor
radiation detector, and it has a high-resolution capacity for
photo peaks. Te Marinelli beaker sample geometry was
538G-E. Te HPGe detector has 77% relative photopeak
efciency. Te detector has a 1.8 keV energy resolution.
Multichannel analyzer of 8192 channel performance is
connected to computer software of Genie 2000. Te voltage
of 3499V was used for the detector. Te calibrated radio-
nuclides for the detector were 60Co and 137Cs, which are the
quality standard sources according to ISO 9001. Te quality
standard used for calibrating the detector was ISO/IEC
17025. Te detector is enclosed with a lead shield (100mm
thickness), cadmium (2mm thickness), and copper (2.5mm
thickness) to prevent the background radiation that comes
from the surroundings. Te calibration of the experiment
was done using IAEA-certifed standard reference sources.
Te counting time of the gamma-ray spectrum was 28,800 s.
Te soil samples were placed in their Marinelli beakers,
directly on the front face of the detector.

Te peak areas in the spectrum were calculated, and the
background radiation counting was subtracted to obtain the
net count rate. Te minimum detection limits of the de-
tector according to ISO 11929 reports were 1.33, 1.02, and
4.99 Bq/kg for 238U, 232T, and 40K, respectively.Te specifc
energy spectrum for each radionuclide was obtained by
photopeak area analysis. Te specifc activity of 238U was
assessed from gamma-ray lines of 214Pb at 351 keV and 214Bi
at 609.3 and 1764.5 keV, while the activity of 232T was
evaluated from gamma-ray lines of 228Ac at 338.4, 911.1, and
968.9 keV, 212Pb at 238.63 keV, and 208Tl at 583.19 keV. Te
specifc activity of 40K was directly determined from its
gamma-ray line at 1460.8 keV [13].

2 Journal of Analytical Methods in Chemistry
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2.4. Measurements of Activity Concentration. Te specifc
activity concentrations (Ac) in Bq/kg of the soil samples were
calculated as follows [14]:

Ac �
Nc

IεMTs

. (1)

where Ac is radioactivity concentration of the samples
(Bq/kg), Nc is the net count for packed sample (Ns) minus
count for the background (Nb), ε is efciency of the detector
for the gamma ray energy of interest, I is probability of
gamma-ray absolute intensity, M is mass of the packed
sample (kg), and Ts is the actual sample counting time. Te
error associated with each measured activity of the samples
was calculated using standard deviation (σs) [15].

Count rate �
Nc

Ts

�
Ns

Ts

± σs,

where σs �

��������
Nt

Tt
2 +

Nb

Tb
2

􏽳

,

(2)

where σs is the standard deviation of the measured sample,
Nt is the total count, Tt is the total count time, and Tb is the
background counts time.

2.5. Estimation of Radiological Dose and Hazardous Indices

2.5.1. Absorbed Dose Rate (D). Tis refers to the rate at
which ionizing radiation is absorbed per unit of time. Te
absorbed dose rate in the air, resulting from the uniform
distribution of 238U, 232T, and 40K radionuclides at a height
of 1meter above the ground surface, was calculated using the
following formula [1]:

D
nGy
h

􏼒 􏼓 � 0.462AU + 0.602ATh + 0.0417AK. (3)

Te world average absorbed dose rate thresholds are
59 nGy/h for outdoors and 84 nGy/h for indoors.

2.5.2. Annual Efective Dose Equivalent (AEDE). Te annual
efective dose equivalent denotes the biological efect
equivalent to the deposition of one joule of radiation energy

Figure 1: Location map of Bambasi district using ArcGIS 10.2.

Table 1: Sample collected locations in Bambasi town using global
positioning system (GPS).

No. Sample code Latitude (North) Longitude (East)
1 Bambasi-S1 9.751911° 34.726703°
2 Bambasi-S2 9.751736° 34.729544°
3 Bambasi-S3 9.753097° 34.73175°
4 Bambasi-S4 9.756256° 34.730528°
5 Bambasi-S5 9.757667° 34.728025°
6 Bambasi-S6 9.760117° 34.726661°
7 Bambasi-S7 9.761314° 34.728581°
8 Bambasi-S8 9.759558° 34.731228°

Journal of Analytical Methods in Chemistry 3
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per kilogram of the human body over the course of a year. To
estimate the annual efective dose equivalent in mSv/y, the
absorbed dose rate values are utilized, employing a con-
version coefcient of 0.7 Sv/Gy for converting absorbed
doses in the air to the received efective dose. Te calculation
also incorporates an indoor occupancy factor of 0.8,
refecting that, on average, the population spends 80% of
their time indoors. Additionally, an outdoor occupancy

factor of 0.2 is considered, implying that 20% of their time is
spent outdoors [1].

It is known that the world’s annual efective dose rate due
to external radiation is 0.41mSv/y indoors and 0.07mSv/y
outdoors. For people living in a certain area, the annual
efective dose equivalent for outdoor and indoor could be
calculated using the following equations [1]:

AEDE
mSv
y

􏼠 􏼡
outdoor

� D
nGy
h

􏼒 􏼓 × 24 h × 365.2 d × 0.2 × 0.7
Sv

Gy
, (4)

where 0.7 is the absorbed dose conversion factor and 0.2 is
the outdoor occupancy.

AEDE
mSv
y

􏼠 􏼡
indoor

� D
nGy
h

􏼒 􏼓 × 24 h × 365.2 d × 0.8 × 0.7
Sv

Gy
. (5)

Tis is for an indoor occupant.

AEDE
mSv
y

􏼠 􏼡indoor � D × T × F × 0.8,

AEDE
mSv
y

􏼠 􏼡indoor � D
nGy
h

􏼒 􏼓 × 7010 hy−1
× 0.7

Sv

Gy
,

T × 0.8 � 24 h × 365.25 d × 0.8 � 7010 hy−1
,

(6)

where D is the calculated dose rate in (nGy/h), T is the
indoor occupancy time factor within a year (8760 h), and F is
the conversion factor (0.7 Sv/Gy).

2.5.3. Radium Equivalent (Raeq). Te radium equivalent has
been calculated by using a standard value of 370 Bq/kg per
a sum of the value of 370 Bq/kg, 259 Bq/kg, and 4810 Bq/kg
for 238U, 232T, and 40K, respectively. Te equation for ra-
dium equivalent activity (Raeq) would be [14]

Raeq � AU + 1.43ATh + 0.077AK. (7)

For environmental, soil, and building materials, its value
should be less than 370 Bq/kg, and for industries, it can be
370–740 Bq/kg [1, 4, 16].

2.5.4. Gamma Index (Ic). It is one of the measurements of
a radiation hazard that comes from gamma radiation, and
the recommended maximum value must be less than one.
Te gamma index Ic is calculated using the following
equation [17]:

Ic �
AU

300
+

ATh

200
+

AK

3000
. (8)

Its permissible limit is Ic � 1 corresponds to an absorbed
gamma dose rate of 0.3mSv/y, implying that materials with
Ic ≥ 1 should be avoided.

2.5.5. External Hazard Index (Hex). Te external hazard
index is an expression of external exposure that comes from
radioactive nuclides. Te external hazard index (Hex) is
calculated using the following equation [14, 18]:

Hex �
AU

370
+

ATh

259
+

AK

4810
≤ 1. (9)

2.5.6. Internal Hazard Index (Hin). Te internal hazard
index is an expression of internal exposure that comes from
radon and its short-lived progeny.Te internal hazard index
(Hin) is also calculated as follows [14, 18]:

Hin �
AU

185
+

ATh

259
+

AK

4810
≤ 1, (10)

where the expression AU, ATh, and AK found in the above
expressions represent the activity concentrations of uranium
(238U), thorium (232T), and potassium (40K) in Bq/kg,
respectively.

2.5.7. Excessive Lifetime Cancer Risk (ELCR). Tis is asso-
ciated with the probability of developing cancer over
a lifetime at a given exposure level. An increase in the ELCR
causes a proportionate increase in the rate at which an
individual can get cancer of blood cancer, breast cancer, and
prostate cancer [19]. Te excessive lifetime cancer risk is
calculated as follows [20]:

ELCR � AEDE × DL × RF. (11)

4 Journal of Analytical Methods in Chemistry
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AEDE stands for annual efective dose equivalent, and
DL for average life expectancy which is an average of
70 years. RF factor is cancer risk per sievert (Sv−1) from the
ICRP [21], and its value is 0.05 Sv−1 and is used for the public
given by [20]. It is a value depicting the number of cancers
expected in each number of people on exposure to a car-
cinogen at a given dose. Te threshold value of ELCR is
0.29×10−3.

3. Results and Discussion

3.1. Radioactivity Concentrations and Radiological Hazard
Indices. Te Bambasi-S1 soil exhibits the highest radioactivity
concentration of 238U, while the lowest concentration is ob-
served in Bambasi-S7 soil (see Figure 2). Figure 3 shows that
a higher concentration of 232T found in Bambasi-S1 soil, with
the lowest concentration found in Bambasi-S7 soil. As shown
in Figure 4, Bambasi-S1 soil registers the highest concentration
of 40K, while the lowest concentration is observed in
Bambasi-S3 soil. Te average radioactivity concentrations for
all soil samples are 61± 3.2Bq/kg for 238U, 89.2± 5.3Bq/kg for
232T, and 237.7± 12.7Bq/kg for 40K. From the result values, as
shown in Table 2, the mean activity concentration of 238U and
232T in the soil of the Bambasi district surpassed the rec-
ommended global population weighted average values of 32
and 45Bq/kg, respectively. It is known that the recommended
global population weighted average values of 238U, 232T, and
40K in soil are 32, 45, and 420Bq/kg, respectively [1].

Te values of radium equivalent (Raeq) for all soil
samples varied from 102.39± 11.86 to 289.9± 8.8 Bq/kg,
with a mean value of 192.5± 11.2 Bq/kg (Table 2). Te mean
value of Raeq is below 370 Bq/kg, which is the recommended
safe value for radium equivalent.

Table 3 shows the absorbed dose rate for all soil samples
ranged from 72.7± 3.7 to 129.3± 8.6 nGy/h, with an average
value of 91.6± 5.1 nGy/h, surpassed the recommended safe
value of 59 nGy/h (Figure 5). Te annual efective dose rate
values for indoor exposure ranged from 2.10± 0.10 to
3.74± 0.24mSv/y, with average value of 2.65± 0.14mSv/y,
while for outdoor exposure, they varied from 0.53± 0.026 to
0.94± 0.05mSv/y, with an average of 0.66± 0.1mSv/y.
According to Table 3, the annual efective dose rate for all
soil samples exceeds the recommended mean external ra-
diation safe value of 0.48mSv/y. Values of the indoor annual
efective dose rates are higher than those of outdoor rates, as
shown in Figure 6. However, the mean annual efective dose
rate remains below the global average annual efective safety
threshold of 1mSv/y.

In Table 4, the external hazard indexes (Hex) and internal
hazard index (Hin) for all soil samples, not include
Bambasi-S1 sample, are less than 1.Teir values ranged from
0.44± 0.017 to 0.78± 0.03 for Hex, with an average of
0.55± 0.02, and from 0.56± 0.02 to 1.022± 0.045 for Hin,
with an average of 0.72± 0.05. Te mean values for both
external and internal hazard indexes fall below the rec-
ommended safe limit of one (Figure 7).
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Figure 2: Specifc activity concentration of 238U radionuclide within the soil samples.
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K-
40

 A
ct

iv
ity

 co
nc

en
tr

at
io

n 
(B

q/
kg

)

0

100

200

300

400

500

Sample code

Ba
m

ba
si-

S1

Ba
m

ba
si-

S8

Ba
m

ba
si-

S6

Ba
m

ba
si-

S4

Ba
m

ba
si-

S2

Ba
m

ba
si-

S5

Ba
m

ba
si-

S7

Ba
m

ba
si-

S3
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Table 2: Mean radioactivity concentrations in the collected soil samples.

No. Sample code AU (Bq/kg) ATh (Bq/kg) AK (Bq/kg) Raeq (Bq/kg)

1 Bambasi-S1 88.49± 5.73 119.65± 8.45 396.71± 25.39 289.9± 8.8
2 Bambasi-S2 54.39± 2.85 82.83± 4.91 225.27± 11.73 190.09± 0.75
3 Bambasi-S3 62.78± 3.09 90.87± 5.17 165.12± 8.29 205.38± 11.02
4 Bambasi-S4 53.88± 2.68 83.2± 4.76 233.92± 11.58 190.7± 10.37
5 Bambasi-S5 56.05± 2.99 86.6± 5.2 216.08± 11.6 196.5± 11.28
6 Bambasi-S6 60.95± 3.14 85± 5.01 235.93± 12.13 200.6± 11.17
7 Bambasi-S7 46.2± 2.25 73.4± 4.12 176.78± 8.63 164.6± 15
8 Bambasi-S8 65.49± 3.30 92.25± 5.33 252.39± 12.54 102.39± 11.86

Mean value 61± 3.2 89.2± 5.3 237.7± 12.7 192.5± 11.2

Table 3: Results of radiation hazard indexes for the collected soil samples.

No. Sample code D (nGy/h) E (mSv/y)Indoor E (mSv/y)Outdoor Ic

1 Bambasi-S1 129.3± 8.6 3.74± 0.24 0.94± 0.05 1.02± 0.04
2 Bambasi-S2 84.2± 4.6 2.44± 0.13 0.61± 0.63 0.67± 0.02
3 Bambasi-S3 90.5± 4.8 2.62± 0.13 0.66± 0.03 0.71± 0.02
4 Bambasi-S4 84.58± 4.4 2.45± 0.127 0.61± 0.032 0.67± 0.025
5 Bambasi-S5 86.9± 4.8 2.52± 0.13 0.63± 0.034 0.69± 0.028
6 Bambasi-S6 89± 4.9 2.58± 0.14 0.64± 0.035 0.70± 0.027
7 Bambasi-S7 72.7± 3.7 2.10± 0.10 0.53± 0.026 0.57± 0.022
8 Bambasi-S8 96.2± 5.22 2.78± 0.15 0.70± 0.037 0.76± 0.029

Mean value 91.6± 5.1 2.65± 0.14 0.66± 0.1 0.72± 0.02
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Figure 5: Te absorbed dose rate values of the soil samples.
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As shown in Figure 6, the values of the indoor annual
efective dose rate signify a substantial annual radiation ex-
posure for human tissues. Terefore, implementing safety
measures for individuals residing in this environment is ad-
visable. Additionally, Figure 7 shown that the values of the
internal hazard indexes exceed those of the external hazard
indexes. Te gamma index values ranged from 0.57± 0.022 to
1.02± 0.04, with an average of 0.72± 0.02, which is below the
recommended safe value of one. Te mean values for the
gamma index (Ic), internal hazard index (Hin), and external
hazard index (Hex) for all soil samples fall below the safe
threshold of one. Tis indicates that the levels of radon and its
short-lived daughters in the soils do not pose signifcant health
risks to the respiratory organs of individuals living in the

Bambasi district. However, the excessive lifetime cancer risk
(ELCR) values ranged from (1.85± 0.09) × 10−3 to
(3.29± 0.175)× 10−3, with a mean value of (2.3± 0.6)× 10−3,
surpassed the threshold value of 0.29×10−3 (Table 4).

3.2. Comparison of Activity Concentration with Similar
Studies. As shown in Table 5, a comparison was made
between the radioactivity concentration of soils in the
Bambasi district and similar studies conducted in other
countries. Te results reveal that Bambasi soils exhibit an
average activity concentration of 61± 3.2 Bq/kg for 238U,
89.2± 5.3 Bq/kg for 232T, and 237.7± 12.7 Bq/kg for 40K.
Te mean activity concentrations of 238U, 232T, and 40K in
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Figure 6: Te comparison of indoor and outdoor annual efective dose equivalent values.

Table 4: Te external hazard index, internal hazard indexes, and excessive lifetime cancer risk values of the collected soil samples.

No. Sample code Hex Hin ELCR (×10−3)

1 Bambasi-S1 0.78± 0.03 1.022± 0.045 3.29± 0.175
2 Bambasi-S2 0.51± 0.02 0.66± 0.024 2.13± 2.2
3 Bambasi-S3 0.55± 0.02 0.72± 0.026 2.31± 0.105
4 Bambasi-S4 0.51± 0.019 0.66± 0.23 2.13± 2.2
5 Bambasi-S5 0.53± 0.02 0.68± 0.025 2.205± 0.119
6 Bambasi-S6 0.54± 0.02 0.70± 0.025 2.24± 0.12
7 Bambasi-S7 0.44± 0.017 0.56± 0.02 1.85± 0.09
8 Bambasi-S8 0.58± 0.02 0.76± 0.027 2.45± 0.12

Mean value 0.55± 0.02 0.72± 0.05 2.3± 0.6
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Bambasi soils are lower than those observed in soils from the
Guangdong province of China [24] and Lombardia region of
Italy [28], as shown in Figure 8. However, when compared to
similar studies, as shown in Figure 8, the measured mean
activity concentrations of 238U, 232T, and 40K in Bambasi
soils are higher than those in soils from the Kedah region of
Malaysia [13], Mila region of Algeria [22], Panipet region of
India [26], Baba Gurgur dome of Kirkuk oil feld in Iraq [27],

Imo state of Nigeria [29], Kampinos park of Poland [30], and
Richard Bay of South Africa [31]. Also, the measured ra-
dioactivity concentrations found in Bambasi district soil
shows that it have higher concentrations than Assosa City
soil, which is the capital city of Benishangul Gumuz region.
Assosa City soil has a mean activity concentration of
45.2± 2.3, 70± 3.8, and 238.8± 11.6 Bq/kg for 238U, 232T,
and 40K, respectively [34]. Tis research provides valuable
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Figure 7: Te comparison of internal and external hazard index values of the soil samples.

Table 5: Comparison of the mean activity concentration of 238U,232T, and40K within Bambasi soils in Ethiopia with other countries’
province soils.

No. Country
Average radioactivity concentrations (Bq/kg)

Reference238U/226Ra 232T 40K
1 Ethiopia (Bambasi) 61± 3.2 89.2± 5.3 237.7± 12.7 Present study
2 Algeria (Mila) 46.7 26.7 246.5 [22]
3 Brazil (Espirito Santo) 30 94 48 [23]
4 China (Guangdong) 79.3 101 535.8 [24]
5 Georgia (Mtskheta-Mtianeti) 25.4 26.9 464 [25]
6 India (Pinapet) 30.24± 0.53 29.89± 0.61 291.06± 0.57 [26]
7 Ireland 60 26 350 [1]
8 Iraq (Baba Gurgur dome) 57.8 25.4 479.9 [27]
9 Italy (Lombardia) 72 48 617 [28]
10 Nigeria (Imo state) 4.15 1.64 134.13 [29]
11 Poland (Kampinoski park) 8.54 6.65 206 [30]
12 Russian Federation 27 30 520 [1]
13 South Africa (Richards Bay) 28.26± 11.40 29.64± 11.50 146.77± 63.30 [31]
14 Türkiye (Ardahan province) 29.9± 6.2 36.7± 6.8 435.1± 23.9 [32]
15 Türkiye (Rize province) 24.5 51.8 344.9 [33]
16 United States 40 35 370 [1]
17 UNSCEAR value 32 45 420 [1]
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Figure 8: Te comparison of radioactivity concentration with diferent countries province soils.

Table 6: Pearson correlation matrix values between 238U, 232T, and 40K, radium equivalent, absorbed dose rate, and indoor annual efective
dose rate of the Bambasi soil samples.

238U 232T 40K Raeq D AEDE
238U 1 0.98 0.86 0.59 0.99 0.99
232T 1 0.87 0.63 0.99 0.99
40K 1 0.58 0.91 0.91
Raeq 1 0.626 0.629
D 1 0.99
AEDE 1
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Figure 9: Plots for 238U. (a) Quantile-quantile and (b) frequency distribution.
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Figure 11: Plots for 40K. (a) Quantile-quantile and (b) frequency distribution.
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Figure 12: Te Pearson correlation between (a) 238U and 232T, (b) 238U and 40K, and (c) 232T and 40K.
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insights for future investigations due to its fndings of
elevated radioactivity concentrations, which are higher
than international safety standards set by UNSCEAR.
Numerous studies in the past have explored various aspects
related to radionuclide concentration in soil, investigations
into the transfer of radioactive nuclides to vegetation plants
from the soil, external exposures, deposition and distri-
bution of radionuclides in minerals and rocks, as well as
radionuclides in medicinal plants, rocks as sources of raw
materials for building materials, and environmental as-
sessments [35–42].

3.3. Statistical Analysis. In this study, the analysis of the
statistical data was performed using an Excel workbook
sheet. Te statistical correlation among 238U, 232T, 40K, and
radiological dose index values was examined using
a Quantile-Quantile (Q-Q) plot, frequency distribution, and
Pearson correlation (Table 6).

3.3.1. Q-Q Plot and Frequency Distribution. Te Q-Q plot
uses as indicator of whether the linearity of the points or data
points lies on the axis, which is related to normal distri-
bution. When data points follow nonlinear, suggesting that
the data are not normal distribution. Te frequency dis-
tributions illustrate the frequency of occurrences for each

possible value in a dataset. As shown in Figures 9(a), 10(a),
and 11(a), the Q-Q plots suggest that the concentrations
follow a normal distribution while the frequency distribu-
tions for 238U and 232T activity concentrations exhibit
multimodality, as shown in Figures 9(b) and 10(b). Te
activity concentration of 40K indicates a normal distribution
(Figure 11(b)).

3.3.2. Pearson’s Correlation Coefcient Analysis. One of the
statistical analysis methods that measures the strength and
direction of a linear relationship between two variables is the
Pearson correlation coefcient (PCC). By using this method,
the degree of association among the measured radiological
parameters was determined. Te PCC result value r is found
in the range of −1 to 1 [27, 43]. Using the Pearson correlation
matrix, the correlation between 238U and 232T, 238U and
40K, and 232T and 40K, along with their correlations with
hazard indexes of D, Raeq, and AEDR, was estimated.

Te Pearson correlation result for 238U and 232T is close
to one, which is r� 0.98, indicate that the two radioactive
nuclides have strongly positive correlations (Figure 12(a)).
For 238U and 40K, the Pearson correlation value is 0.86,
indicate a strong positive relation (Figure 12(b)). As shown
in Figure 12(c), for 226T and 40K, the correlated value is
r� 0.87, indicate a strong positive direction relation. In
general, the radionuclides of the 238U, 232T, and 40K decay
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Figure 13: Te Pearson correlation between (a) 238U and radium equivalent (Raeq), (b) 238U and absorbed dose rate (D), and (c) 238U and
indoor annual efective dose equivalent (AEDE).
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series exhibit strong positive proportional correlation over
the given decay time.

As shown in Figures 12(a), 12(b), and 12(c), the
Pearson correlation plots have shown a normal distribu-
tion of 238U, 232T, and 40K in Bambasi soil. Teir
quantities by concentration are directly proportional,
especially for 238U and 232T at soil collected sites in the
Bambasi district. Te correlated values between uranium
(238U) with radium equivalent (Raeq), absorbed dose rate
(D), and annual efective dose equivalent (AEDE) are 0.59,
0.99, and 0.99, respectively, indicate a strong positive
directional correlations (Figures 13(a), 13(b), and 13(c)).

4. Conclusions

Temean activity concentration of 238U and 232T and the
absorbed dose rate values of all soil samples exceed their
respected safe values; therefore, the natural radioactivity
concentrations found in Bambasi district soils need fur-
ther investigations. Also, the indoor annual efective dose
rate values critically surpassed the recommended world
annual average safe values. From the measured values,
natural radioactivity concentration level of 238U and 232T
in all soil samples exceeds the recommended safe values,
and precautions or safety measures are necessary around
Bambasi district to avoid signifcant health problems on
the community. From comparison of the radioactivity
levels of Bambasi district soil samples with similar studies
from diferent countries provinces, it can be concluded
that continuous monitoring is necessary for Bambasi
district soil.

Data Availability

Data are available upon reasonable request to the corre-
sponding author.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

Yared Birhane has done sample preparation, data analysis,
data interpretation, and manuscript writing. Yared Birhane
and Dr. Tilahun Tesfaye have contributed to the study’s
conception, design, and manuscript revision. Both Yared
Birhane and Guadie Degu have contributed to the selection
of the study area and sample collection.

Acknowledgments

Te authors would like to thank Assosa University and
Addis Ababa University for supporting the research and also
Ethiopian Conformity Assessment Enterprise (ECAE) staf
members and Ethiopian Technology Authority (ETA) for
the experimental work using the HPGe detector. Te re-
search was partly funded by Assosa University and Addis
Ababa University.

References

[1] United Nations Scientifc Committee on the Efects of Atomic
Radiations-Unscear, “Sources and efects of ionizing radia-
tion,” Report to General Assembly, with Scientifc Annexes
United Nations, New York, 2000, https://pubmed.ncbi.nlm.
nih.gov/11281539/.

[2] J. Singh, H. Singh, S. Singh, B. S. Bajwa, and R. G. Sonkawade,
“Comparative study of natural radioactivity levels in soil
samples from the Upper Siwaliks and Punjab, India using
gamma-ray spectrometry,” Journal of Environmental Radio-
activity, vol. 100, no. 1, pp. 94–98, 2009.

[3] M. A. M. Uosif and A. El-Taher, “Radiological assessment of
abu-tartur phosphate, western desert Egypt,” Radiation
Protection Dosimetry, vol. 130, no. 2, pp. 228–235, 2007.

[4] International Atomic Energy Agency-Iaea, “Measurement of
radionuclides in food and the environment,” 1989.

[5] R. Elsaman, M. A. A. Omer, El-M. Mahmoud Seleem, and
A. El Taher, “Natural radioactivity levels and radiological
hazards in soil samples around abu karqas sugar factory,”
Journal of Environmental Science and Technology, vol. 11,
pp. 28–38, 2018.

[6] O. A. Ebyan, H. A. Khamis, A. R. Baghdady, M. G. El-Feky,
and N. S. Abed, “Low-temperature alteration of uranium–
thorium bearingminerals and its signifcance in neoformation
of radioactive minerals in stream sediments of Wadi El-
Reddah, Northeastern Desert, Egypt,” Acta Geochimica,
vol. 39, no. 1, pp. 96–115, 2019.

[7] H. Samia and Taha Osama Sallam Abd Elhadi A Abbas
Neveen Abed, “Radioactivity and environmental impacts of
ferruginous sandstone and its associating soil,” International
Journal of Environmental Analytical Chemistry, 2022.

[8] L. Ntsohi, I. Usman, R. Mavunda, and O. Kureba, “Charac-
terization of uranium in soil samples from a prospective
uranium mining in Serule, Botswana for nuclear forensic
application,” Journal of Radiation Research and Applied Sci-
ences, vol. 14, no. 1, pp. 23–33, 2021.

[9] C. Smith, Routledge Introductions to Environment Environ-
mental Physics, Routledge, Taylor and Francis Group, Lon-
don, UK, 2001.

[10] J. Markovic and S. Stevovic, “Radioactive isotopes in soils and
their impact on plant growth,” 2018, Metals in Soil - Con-
tamination and Remediation.

[11] S. Tikuye Yalew and B. Fantahun, “Prevalence of bovine
trypanosomosis and its associated risk factors in Bambasi
woreda, Western Ethiopia,” Journal of Dairy, Veterinary and
Animal Research, vol. 5, no. 2, pp. 44–49, 2017.

[12] L. A. Bullock and O. Morgan, “Te geologists’ association and
the geological society of london,” Geology Today, vol. 34, p. 1,
2018.

[13] G. Alzubaidi, F. B. S. Hamid, and I. Abdul Rahman, “As-
sessment of natural radioactivity levels and radiation hazards
in agricultural and virgin soil in the state of Kedah, North of
Malaysia,” Te Scientifc World Journal, vol. 2016, no. 9,
pp. 1–9, 2016.

[14] J. Beretka and P. Mathew, “Natural radioactivity of Australian
building materials, industrial wastes and by-products,”Health
Physics, vol. 48, no. 1, pp. 87–95, 1985.

[15] International Atomic Energy Agency-Iaea, “Nuclear medicine
physics: a handbook for students and teachers,” 2014.

[16] Organization for Economic Cooperation and Devel-
opment-Oecd, Nuclear Energy Agency (NEA-OECD), Expo-
sure to Radiation from Natural Radioactivity in Building
Materials, Paris, France, 1979.

Journal of Analytical Methods in Chemistry 13

 1471, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2024/6633673 by E

B
M

G
 A

C
C

E
SS - E

T
H

IO
PIA

, W
iley O

nline L
ibrary on [18/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



[17] European Commission-Ec, Radiological Protection Principles
Concerning the Natural Radioactivity of Building Materials,
Radiation Protection Report—RP-112, European Commis-
sion, Brussels, Luxembourg, 1999.

[18] M. Rafque, A. Jabbar, A. R. Khan et al., “Radiometric analysis
of rock and soil samples of Leepa valley; Azad Kashmir,
Pakistan,” Journal of Radioanalytical and Nuclear Chemistry,
vol. 298, no. 3, pp. 2049–2056, 2013.

[19] G. O. Avwiri, S. A. Olatubosun, and C. P. Ononugbu,
“Evaluation of radiation hazard indices for selected dumpsites
in Port Harcourt, Rivers State, Nigeria,” International Journal
of Science and Technology, vol. 3, no. 10, 2014.

[20] H. M. Taskin, M. Karavus, P. Ay, A. Topuzoglu, S. Hidiroglu,
and G. Karahan, “Radionuclide concentrations in soil and
lifetime cancer risk due to gamma radioactivity in Kirklareli,
Turkey,” Journal of Environmental Radioactivity, vol. 100,
no. 1, pp. 49–53, 2009.

[21] International Cooperation for Radiation Protection-ICRP,
“International commission on radiological protection,” An-
nals of the ICRP, no. 37, pp. 2–4, 2007, https://www.icrp.org/
page.asp.

[22] A. Bramki, M. Ramdhane, and F. Benrachi, “Natural radio-
element concentrations in fertilizers and the soil of the Mila
region of Algeria,” Journal of Radiation Research and Applied
Sciences, vol. 11, no. 1, pp. 49–55, 2018.
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