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ABSTRACT 

This study assessed the Natural radioactivity levels and some metals from termite mounds 

samples within Ahmadu Bello University Main Campus and its Environs. Samples were 

collected from thirteen different termite mounds in the study area and analyzed after 

preparation. An in-situ measurement of gamma radiation dose rate was carried out using 

Rados survey meter, while the activity concentrations of 
40

K, 
226

Ra, 
232

Th, and levels of some 

metals were carried out using gamma ray spectrometer with NaI(Tl) detector, and Atomic 

Absorption spectrometry techniques respectively. The measured value of gamma radiation 

dose rate ranged from 28.46 nGy/hr to 153.15 nGy/hr with a mean value of 103.70 nGy/hr 

which was higher than the value obtained from control sample (53.79 nGy/hr) and world‟s 

average (59nGy/hr). The measured activity concentrations of 
40

K, 
226

Ra and 
232

Th ranged 

from 174.50 ± 6.38 Bq/kg to 898.96 ± 11.15 Bq/kg, 21.17 ± 6.11 Bq/kg to 92.26 ± 8.47 

Bq/kg, and 29.80 ± 1.10 Bq/kg to 161.08 ± 3.42 Bq/kg respectively. The average values of the 

activity concentrations (434.84 ± 8.53 Bq/kg, 58.59 ± 6.32 Bq/kg, 99.15 ± 6.32 Bq/kg) were 

found to be higher than the values obtained from the control sample (110.25 ± 4.88 Bq/kg, 

12.30 ± 6.51 Bq/kg, 70.42 ± 1.61 Bq/kg), and world‟s average (420 Bq/kg, 33 Bq/kg, 45 

Bq/kg) recommended. The mean outdoor annual effective dose equivalent (AEDE) was 

calculated to be 0.13 mSv/yr, which is higher than 0.06 mSv/yr obtained from the control 

sample and below 1mSv/yr recommended for the public. The mean value for the excess life-

time cancer risk (ELCR) was found to be 0.45  10
-3

, which is slightly higher than the value 

obtained from the control sample (0.21 10
-3

) and 0.29 10
-3 

recommended. The result from 

analysis of Ca, Fe, Mg, Zn showed that their average concentrations were found to be 315.88 

± 0.0010 ppm, 29378.2 ± 0.0009 ppm, 1208.4 ± 0.0009 ppm, and 20.55 ± 0.0009 ppm 

respectively.  The mean contamination factors resulting from the levels of metals measured 

were found to be 0.017, 0.617, 0.12 and 0.108 respectively. The pollution load indices (PLI) 

ranged from 0.02 to 0.17 with mean value of 0.108. These results show that termite mounds 

can enhance environmental background radiation, but cannot constitute immediate 

radiological effects to the people in the study area. Although, the chances of developing 

radiological health effects over a lifetime from their radiation contributions may be 

significant. These results observed can be attributed to the geology of the study area which 

mainly consists of Granite, gneiss and schist. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

External irradiation from soils occurs as a result of terrestrial radionuclides present in our 

environment. It is an important component of human exposure to external background 

radiation (Rajesh et al. 2013). Natural, man-made and animal activities can contribute to 

environmental background radiation, for instance, mining and milling, nuclear/ weapon 

testing, eruptions etc. The nature and kind of physical structures existing in our 

environment may expose the public either directly or indirectly to an unacceptable level 

of ionizing radiation, elevate radiological risk and give rise to health implications. 

Termite mounds are common structures that exist in the environment and can be found in 

Africa and other parts of the world. They are habitats for termites, and are built by 

termites from aggregates of soils obtained beneath the earth surface (Daniel and Emana, 

2014).  Ecologists view termite mounds as natural disruptions that maintain heterogeneity 

in an ecosystem (Bode et al. 2013). Anthills, mounds, and ant nests are used 

interchangeably to refer to termiterium or termitaries (Spore, 1996; Folgariat et al., 2003) 

and their heights depend on the kind of termite specie building it. 

The soils used by termites to build these mounds consist of minerals, and the nature and 

type of minerals that can be found in it depends on the geology of that particular area. A 

geological study shows that termite soil samples can be used to investigate the nature and 

kind of minerals that can be found in a particular region (Maitera et al. 2015). A 

comparative study of clay and organic matter of termite mounds shows that, the organic 

and clay contents in termite mound soil were higher than that of the surrounding soils 
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(Adekayode and Ogunkoya, 2009). Maitera et al. (2015) also explained that there is no 

significant difference in concentrations of major and traced elements between termite 

mound soils and surrounding soils. 

Terrestrial radiation solely depends on the geology of a particular area and so due to 

accumulation of minerals in termite soils, radiation dose levels from termite mounds is 

not known. Hence, the radiological dose levels from these mounds may give rise to 

radiological risk as well as health implications, if not investigated. The level of metals 

contained in its soils may also have direct or indirect effects on the activity levels of 

radionuclides found in its soils, which will also be investigated as well.  

The data obtained from this research may serve as bases and reference to any radiological 

studies that can be carried in future regarding these mounds. It would also ensure that 

people are not ignorant of how much radiation risk it can give to the environment.  

1.2 Statement of the problem 

Termite mounds which may be referred to as ant hills are habitats for termites on the 

earth surface. The processes involved in building these large epigeal mounds lead to 

concentration of minerals in the mounds since soils as deep as 50 m below the earth 

surface are used by termite to build these structures on the earth surface (Daniel and 

Emana, 2014).  

Various researches carried out in geochemical prospecting using soils from termite 

mounds confirms that termite soils can be used as indicators for minerals during 

exploration, monitoring of the state of pollution levels in mining sites, and agricultural 

reconnaissance survey (Reddy, 2014). A termite mound is also known to contain a very 
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high organic and clay contents compared to surrounding soils (Adekayode and 

Ogunkoya, 2009).   

Generally, the studies carried out on these termite mounds were mainly focused on its 

geochemistry, mineralogy and microbiology study, but there was no study that explains 

its radiological impact to the environment.   

In the formation process, the minerals contained in its soils may have a significant level 

of naturally occurring radionuclides depending on the depth of the soil origin from 

beneath and geology of the area. This radioactivity level which is not known can expose 

the people to a high radiation risks as well as long term health implications if nothing is 

done. 

1.2.1 Research Questions 

The mode of formation and possible composition of soils from termite mounds can lead 

to the following questions; 

 What could be the radiation dose levels from these mounds? 

 Can the radionuclides that accompany the soils to the surface increase the 

environmental background radiation level? 

 How much radiological risk can these mounds cause to the environment? 

 Can the study area be regarded as safe zone?  
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1.3 Aim and objectives    

 The aim of this study is to assess the radiation dose levels and some metals from termite 

mounds (ant hills), spread within Ahmadu Bello University, main campus and its 

environs, and its implications to the environment and mankind.  

i. To measure the radiation dose levels in the study area  

ii. To determine the activity concentrations of 
40

K, 
226

Ra and 
232

Th  

iii. Evaluate the radiological implications. 

iv. To determine the concentrations of some metals and pollution levels of these 

metals. 

1.4  Justification of the study 

Exposure to undesirable amount of radiation from our environment could be detrimental 

to human health. The main essence of this study is to ensure that lives of individuals are 

well protected from the radiation levels of these mounds if found to exceed the desirable 

level or limit. It would also ensure that the study area is in good agreement with 

permissible limits, and does not give rise to an immediate radiological health issues. The 

outcome from this study can also be used as reference to other radiological studies that 

may be carried out in future as regards to these mounds.  

1.5 Scope and limitation 

This study focused on measuring the levels of radioactivity and some metals from termite 

mounds spread within Ahmadu Bello University main Campus and its Environs, covering 

longitude 7˚ 36′ 40′′ to 7˚40′ 50′′ East and latitude 11˚8′ 20′′ to 11˚10′ 0′′ North. The 

radiation dose level, activity concentration level of (
40

K, 
226

Ra, 
232

Th), and some metals 
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concentrations was carried out using Rados survey meter, gamma ray spectrometer with 

NaI(Tl) detector and Atomic absorption spectrometry techniques respectively. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 The morphology of termite Mounds 

Ant hills, ant mounds, ant nest are used interchangeably to refer to as termiteria or 

termitaries (Spore, 1996; folgariat, et al., 2003). Termites of the genus (macrotermes) 

(Isoptera) build their mounds using aggregates of soil material from up to several meters 

depth, and feed on dead plant material gathered  from the surrounding area (Grassé, 

1959). 

The processes involved in building these large epigeal mounds lead to concentration of 

minerals in the termitaries since soils as deep as 50 m below the earth surface are brought 

up to the surface (Daniel and Emana, 2014). Geopathagy is a practice of eating soil, most 

especially clay from termitaries. This habit is practiced by over 200 species of animals, 

including human beings and has been shown to provide some deficient minerals yet, there 

may be the danger of trace element poisoning if not screened. 

2.1.1 Soil properties of termite mounds (termitaries) 

Termite mound soils generally have high organic and clay content, enhancing water 

storage capacity. When mound soils with high water retention capacity are spread on 

surface soils, it results to higher soil moisture content and hence improves crop yield. It 

also shows that mound soils have high levels of calcium, phosphorus and organic matter, 

which is also useful for crop growth and development. Plants also take up nutrients very 

easily from termite mound soil and due to its high organic and mineral contents, termite 

soil is proving an alternative to local farmers who cannot afford to buy expensive 

inorganic fertilizers (Dhembare, 2013). 
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Macrotermes mounds are frequently enriched with soluble salts (e.g. ammonium nitrate), 

exchangeable basic cations (Ca
2+

,Mg
2+

, and K
+
), and CaCO3 compared to the adjacent 

top soil (Mujinya et al. 2011). 

2.1.2 Construction mechanisms of termite mounds 

 

The nest architectures of social insects (ants, termites, some bees and wasps species) are 

among the most impressive and complex artifacts built by animals with the notable 

exception of man (Theraulaz et al., 1998; Turner, 2000a, b). All along the evolution of 

social insects, there has been a whole set of innovations in terms of architectural designs 

and construction techniques that proved to be very efficient to solve a large number of 

problems such as controlling the temperature inside the nest, ensuring the gas exchanges 

with the outside environment (Bollazzi and Roces, 2007) or adapting the nest structure 

when colony size is growing (Hansell, 2005). 

A study to investigate the mechanisms involved in nest construction using ant „Lasius 

niger‟ showed that the deposition of material in a particular place stimulates the ants to 

accumulate more material in that same place, thus creating a positive feed-back (Beckers 

et.al.1992). It also revealed that the workers add a chemical signal (a building 

pheromone) to the building material.  The main action of this chemical signal is to attract 

ants, but there are also indications that it stimulates the deposition of building material 

(Beckers et.al.1992). There was no particular effect of this signal on the extraction of 

building material, but it was noticed that ants prefer to dig where they have already dug, 

forming a type of quarry (Beckers et.al.1992). 

This may be simply due to physical constraints, in the sense  that it is much harder for an 

ant to extract a pellet from a place where the soil has been solidly packed, compared to a 
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place where the soil surface has been broken (as by a previously  digging ant). The 

consequence of all these behaviors is the formation of pillars. Once pillars have been 

erected and have reached a critical height, the workers start to build a canopy on the 

sides. The height at which the ants attach the pellets on the pillars corresponds 

approximately to the mean body length of an ant worker. The workers therefore use their 

body as a kind of template to decide at which height they will stop to increase the size of 

an existing pillar and start to build a roof from that pillar (Beckers et.al.1992). 

2.1.3 Age estimation of termite mounds 

Despite their size, wide-spread distribution, and ecological significance, the age of these 

large mounds remains unknown (Watson, 1967) was the only one to present a reliable 

minimum age estimate   (±700 yr), for a mound built by M. falciger on an ancient burial 

ground, obtained through radiocarbon dating of skeletal material found inside  the 

mound. The oldest assumed termite-built structures are the Heuwelties of South-Africa, 

estimated to be at least 4000 years based on the 
14

C-age of calcrete that developed within 

the hillocks (Moore and Picker, 1991), but the termite origin of these structures has been 

questioned in studies attributing their formation to differential erosion (Cramer et al. 

2012) and aelian sediment accretion (McAuliffe et al, 2014.). Comparable earth mounds 

in Brazil have also been attributed to erosion rather than termite activity. The derived age 

information on termite mound formation and stability can be done by 
14

C-dating of acid- 

insoluble organic matter from samples taken along the central vertical axis of mounds. 

Contrary to the indirect dating methods used by (Watson, 1967), and (Moore and Picker, 

1991), this direct method is more widely applicable, and allows reconstruction of 

historical mound growth rates.  
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2.2 Radiation and its type 

Radiation is the transport of energy without the necessary intervention of a transport 

medium. Radiation is mainly classified into two. Ionizing and non- ionizing radiation 

(corpuscular or particulate radiations and electromagnetic radiations) and one is more 

energetic than the other (Knoll, 2000). It has so much energy it can knock electrons out of 

atoms, a process known as ionization. This ionizing radiation can affect the atoms in 

living things, so it poses a health risk by damaging tissue and DNA in genes. While there 

are other, less energetic, types of non-ionizing radiation (including radio waves, 

microwaves - and visible light. The transport of energy may be accomplished by either 

electromagnetic waves or by particles, examples electrons, neutrons or ions (Knoll, 

2000). 

2.2.1 Corpuscular or particulate radiations 

Particulate radiations include the charged particles (alpha and beta) as well as the 

uncharged neutron emissions. Alpha and beta radiations are produced in nature during the 

radioactive decay process of unstable nuclides. Neutrons are generated during the nuclear 

fission of heavy atoms (e.g. 
235

U) and in accelerators. In addition, some charged particles 

are produced artificially in particle accelerators, where atomic nuclei are stripped of their 

orbital electrons and hurled at very high velocities. They are also capable of causing 

ionization (Knoll, 2000). 

i. Alpha Particles  

Some unstable atoms emit alpha particles (α).  Alpha particles are positively charged and 

made up of two protons and two neutrons from the atom‟s   nucleus.  Alpha particles 

come from the decay of the heaviest   radioactive elements, such as uranium, radium and 
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polonium. Even though alpha particles are very energetic, they are so heavy that they use 

up their energy over short distances and are unable to travel very far from the atom.  The 

health effect from exposure to alpha particles depends greatly on how a person is 

exposed. Alpha particles lack the energy to penetrate even the outer layer of skin, so 

exposure to the outside of the body is not a major concern. Inside the body, however, 

they can be very harmful. If alpha-emitters are inhaled, swallowed, or get into the body 

through a cut, the alpha particles can damage sensitive living tissue. The way these large, 

heavy particles cause damage makes them more dangerous than other types of radiation. 

The ionizations they cause are very close together and they can release all their energy in 

a few cells. This results in more severe damage to cells and DNA (Knoll, 2000). 

ii. Beta Particles  

Beta particles (β) are small, fast-moving particles with a negative electrical charge that 

are emitted from an atom‟s nucleus during radioactive decay. These particles are emitted 

by certain unstable atoms such as hydrogen-3 (tritium), carbon-14 and strontium-90.  

Beta particles are more penetrating than alpha particles but are less damaging to living 

tissue and DNA because the ionizations they produce are more widely spaced. They 

travel farther in air than alpha particles, but can be stopped by a layer of clothing or by a 

thin layer of a substance such as aluminum. Some beta particles are capable of 

penetrating the skin and causing damage such as skin burns. However, as with alpha-

emitters, beta-emitters are most hazardous when they are inhaled or swallowed (Knoll, 

2000). 

  



11 
 

2.2.2 Electromagnetic Radiation 

i.   X-radiation 

In electron capture decay process, an electron from one of the atomic shells (generally the 

inner most shell) is absorbed by the nucleus, where it combines with a neutron to form a 

proton. No particle emission results from this process. However, the vacancy left by the 

captured electron from the K-shell is filled by another electron from an outer shell. 

Transitions produced in electron shell energy levels results in the emission of energy as 

X-radiation. This radiation consists of photons of electromagnetic radiation similar to 

gamma radiation (Knoll, 2000). 

ii. Gamma Radiation 

These include the high energy photons: gamma- rays and x-rays. The two are similar in 

all respects except in origin. Gamma-radiations are nuclear in origin and are produced in 

the natural radioactive decay process, often accompanying a particle (⍺ or β) emission. 

X-rays are extra-nuclear in origin and are produced when an orbital electron changes its 

energy level (characteristic x-rays) or when a high velocity electron is stopped suddenly, 

where the kinetic energy is transformed into photon energy (Bremsstrahlung). Since 

gamma- rays and X-rays carry no mass or electrical charge, they can penetrate deep into 

matter without any substantial loss of photon energy; hence they have a very low Linear 

Energy Transfer (LET). These radiations cause ionization indirectly. They lose energy in 

matter by three Processes (Knoll, 2000).   
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iii. Bremstrahlung 

Bremstrahlung is electromagnetic radiation similar to X-radiation. It is emitted by a 

charged particle as it decelerates in a series of collisions with atomic particles. A beta 

particle travelling through matter approaches a nucleus and is deflected by it. This 

deflection causes a deceleration of the beta particle and consequently a reduction in its 

kinetic energy with the emission of energy as a photon of bremsstrahlung or braking 

radiation (Knoll, 2000). 

iv. Cherenkov radiation 

When charged particles possess sufficient energy, they may travel through matter at a 

speed greater than the speed of light in that material. This occurrence causes emission of 

photons of light. These photons extend over a spectrum of wavelengths from the 

ultraviolet into the visible portion of the electromagnetic radiation spectrum. The photon 

emission is a result of coherent disturbance of adjacent molecules in matter caused by the 

raveling charged particles which must possess certain threshold energy. This 

phenomenon has practical applications in the measurement and detection of radionuclides 

that emit relatively high energy beta particles (Knoll, 2000). 

2.3 Radiation from nature (natural radiation)  

Radionuclides are found naturally in air, water, soil and in everything within the 

environment. Over 60 radionuclides can be found in nature and more are been discovered 

daily. This is the largest source of radiation. About 80% of the natural radiation is the 

cosmic radiation (radiation from sun and stars). Other percentages come from the soil 

(primordial) and rocks. Cosmic radiation is less at the earth‟s surface due to the affected 

charged particles by the earth‟s magnetic field (Knoll, 2000). 
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2.3.1 The origin and properties of gamma radiation  

Gamma rays are high-energy electromagnetic radiations emitted in the de-excitation of 

the atomic nucleus. Electromagnetic radiation includes such diverse phenomena as radio, 

television, microwaves, infrared radiation, light, ultraviolet radiation, x - rays, and 

gamma rays. These radiations all propagate through vacuum with the speed of light. They 

can be described as wave phenomena involving electric and magnetic field oscillations 

analogous to mechanical oscillations such as water waves or sound. They differ from 

each other only in the frequency of oscillation. Although given different names, 

electromagnetic radiation actually forms a continuous spectrum, from low frequency 

radio waves at a few cycles per second to gamma rays at 10
18

 Hz and above. The 

parameters used to describe an electromagnetic wave - frequency, wavelength, and 

energy are related and maybe used interchangeably. It is common practice to use 

frequency or wavelength for radio waves, color or wavelength for light waves (including 

infrared and ultraviolet), and energy for x -rays and gamma rays. 

Visible light is emitted during changes in the chemical state of elements and compounds.  

These changes usually involve the outermost and least tightly bound atomic electrons. 

The colors of the emitted light are characteristic of the radiating elements and compounds 

and typically have energies of about 1 eV.  X rays and gamma rays are very high energy 

light with overlapping energy ranges of 10 keV and above. X- rays are emitted during 

changes in the state of inner or more tightly bound electrons,  whereas gamma rays are 

emitted during changes in the state of nuclei. The energies of the emitted radiations are 

characteristic of the radiating elements and nuclides. Knowledge of these high-energy 

electromagnetic radiations began in Germany in 1895 with the discovery of x- rays by 
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Wilhelm Roentgen. After observing that a zinc sulfide screen glowed when it was placed 

near a cathode-ray discharge tube, Roentgen found that the radiation that caused the glow 

was dependent on the electrode materials and the tube voltage, that it was not bent by 

electric or, magnetic fields, and that it could readily penetrate dense, matter. Natural 

radioactivity was discovered the following year in France by Henry Becquerel, who 

observed that uranium salts gave off a natural radiation that could expose or blacken a 

photographic plate. While studying these phenomena, Marie and Pierre Curie isolated 

and identified the radioactive elements polonium and radium. They determined that the 

phenomena were characteristic of the element not its chemical form. 

These “radioactive rays” were intensely studied in many laboratories. In 1899 in England, 

Ernest Rutherford discovered that 95% of the radiation was effectively stopped by 0.02 

mm of aluminum and 50% of the remaining radiation was stopped by 5 mm of aluminum 

or 1.5 mm of copper. Rutherford named the first component “alpha”, and the second, 

more penetrating radiation, “beta.” Both of these radiations were deflected by electric and 

magnetic fields, though in opposite directions; this fact indicated that the radiations 

carried electrical charge. In 1900 Paul Villard and Henri Becquerel noted that a 

photographic plate was affected by radioactive materials even when the plate was 

shielded by 20 cm of iron‟ or 2 to 3 cm of lead. They also noted that this penetrating 

radiation showed no magnetic deflection. In 1903 Rutherford named this component 

“gamma” and stated that “gamma rays are probably like Roentgen rays.” Thus the three 

major radiations were identified and named for the first three letters of the Greek 

alphabet: ⍺, β, and γ. 
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As indicated by the brief description of their discovery, gamma rays often accompany the 

spontaneous alpha or beta decay of unstable nuclei. X rays are identical to gamma rays 

except that they are emitted during rearrangement of the atomic electron structure rather 

than changes in nuclear structure. X-ray energies are unique to each element but the same 

for different isotopes of one element. They frequently accompany nuclear decay 

processes, which disrupt the atomic electron shell. 

Gamma rays from spontaneous nuclear decay are emitted with a rate and energy (color) 

spectrum that is unique to the nuclear species that is decaying. This uniqueness provides 

the basis for most gamma-ray assay techniques: by counting the number of gamma rays 

emitted with a specific energy, it is possible to determine the number of nuclei that emit 

that characteristic radiation. 

2.3.2 The Relationship between Gamma ray energy, frequency and wavelength. 

According to Plank and Einstein, the energy transferred by electromagnetic waves can 

also be described by discrete processes involving elementary units called photons or 

quanta. 

 This energy is given by: 

                                                                                                                       2.1 

Where h is Planck‟s constant and υ is frequency. Since velocity c, wavelength λ and 

frequency υ are related as: 

                                                                                                                        2.2 

This also means that: 

                                                              
  

 
                                                         2.3 

(Nelkon and Parker, 1995) 
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2.3.3 Characteristics and process of nuclear decay 

The atomic nucleus is assumed to be a bound configuration of protons and neutrons.  

Protons and   neutrons have nearly the same mass and differ principally in charge:  

protons have a positive charge of 1 and neutrons are electrically neutral. Different 

elements have nuclei with different numbers of neutrons and protons. The number of 

protons in the nucleus is called the atomic number and given the symbol Z. In the neutral 

atom, the number of protons is equal to the number of electrons. The number of neutrons 

in the nucleus is given the symbol N. The total number of nucleons (protons and 

neutrons) in the nucleus is called the atomic mass number and given them symbol A (A = 

Z + N). 

For all nuclear decay processes, the number of unstable nuclei of a given species is found 

to diminish exponentially with time: 

                                                               
                                                           2.4 

(Nelkon and Parker, 1995) 

Where N= number of nuclei of a given species at time t, No = number of nuclei at t = 0,  

λ = decay constant, the parameter characterizing the exponential. 

 Each nuclear species has a characteristic decay constant. Radioactive decay is most 

commonly discussed in terms of the nuclear half-life,    
 ⁄
  which is related to the decay 

constant by 

                                                          
 ⁄
    

 ⁄                                                  2.5 

(Nelkon and Parker, 1995) 

 



17 
 

The half-life is the time necessary for the number of unstable nuclei of one species to 

diminish by one-half. (Half-lives are commonly tabulated in nuclear data tables). The 

decay rate or specific activity can be represented from equation 2.5 in terms of the half-

life as follows; 

                                                     
         

     
                                                    2.6 

Where R = rate in decays per second per gram 

A = atomic weight  

T1/2 = half-life in years. 

Equation 2.4 - 2.6 is often used to estimate the activity per gram of a sample. An alpha or 

beta decay of a given nuclear species is not always accompanied by gamma-ray emission. 

The fraction of decays that is accompanied by the emission of a specific energy gamma 

ray is called the branching intensity.  

2.3.4 Sources of gamma ray 

 i. Gamma rays following Beta decay:  Gamma radiation is emitted by emitted nuclei in 

their transition to lower - lying nuclear energy levels. In most practical laboratory 

sources, the excited nuclear states are created in the decay of a parent radionuclide. Four 

common examples widely used as gamma ray calibration sources are illustrated in the 

decay schemes in figure I. In each case, a form of beta decay leads to the population of 

the excited states in the daughter nucleus. The beta decay is a relatively slow process 

characterized by a half- life of hundreds of days or greater, whereas the excited states in 

the daughter nucleus have a much shorter average life-time (typically of the order of 

picoseconds or less). De-excitation takes place through the emission of a gamma ray 

whose energy is essentially equal to the difference in energy between the initial and final 



18 
 

nuclear states. The gamma- rays therefore appear with a half- life characteristics of the 

parent beta decay but with energy that reflect the energy level structure of the daughter 

nucleus (Knoll, 2000).                                                                                                                                                                                                              

ii. Annihilation Radiation: when the parent nucleus undergoes   decay, additional 

electromagnetic radiation is generated. The origin lies in the fate of the positrons emitted 

in the primary decay process. Because they generally travel only a few millimeters before 

loosing their kinetic energy, the inherent encapsulation around the source is often 

sufficiently thick to fully stop the positrons. When their energy is very low, near the end 

of their range, they combine with normal negative electrons in the absorbing material in 

the process of annihilation. The original positron and electron disappears and are replaced 

by two oppositely directed 0.511MeV electromagnetic photons known as annihilation 

radiation. This radiation is then superimposed on whatever gamma radiation may be 

emitted in the subsequent decay of the daughter product. For example in the decay of 

22
Na, photons of both 0.511 and 1.274 MeV energy are emitted from encapsulated 

sources (Knoll, 2000). 

    iii. Gamma- rays following Nuclear reaction: if gamma rays with energies higher than 

those available from beta – active isotopes are needed, some other process must lead to 

the population of higher- lying nuclear states. One possibility is the nuclear reaction: 

                                                ⍺       
 

 
   

     
  

Where the product nucleus    
     is left in an excited state. Its decay gives rise to a 

gamma ray photon of  4.44 MeV energy. Unfortunately, the average life- time of this 

state is so short that the recoil carbon atom does not have time to come to rest before the 

gamma ray is emitted. The resulting photon energies are therefore broadened by Doppler 



19 
 

effects depending on the relative orientation of the recoil atom velocity and the photon 

direction, and there is an inherent spread of about 1% in the gamma ray energies. 

 Gamma rays are also commonly emitted following the absorption of thermal neutrons by 

typical nuclei. Sources of thermal neutrons used in the production of gamma rays can be 

intense beams from nuclear reactors or accelerator facilities, or weaker fluxes from 

moderated radioisotope sources of neutrons.                                                    

iv.   Bremsstrahlung:  When fast electrons interact in matter, part of their energy is 

converted into electromagnetic radiation in form of bremsstrahlung. The fraction of the 

electron energy converted increases with increasing electron energy and is largest for 

absorbing materials of high atomic number.  

        For monoenergetic electrons that slow down and stop in a given material, the 

bremsstrahlung energy spectrum is a continuum with photon energies that extend as high 

as the electron energy itself. The emission of low energy photons predominates, and the 

average photon energy is a small fraction of the incident electron energy. In addition to 

bremsstralung, characteristic X-rays are also produced when fast electrons pass through 

an absorber (Knoll, 2000). 

v.   Gamma ray from Natural sources: Natural sources of gamma ray on earth include 

gamma decay from naturally occurring radioisotope such as potassium-40. The high 

energy gamma ray produces secondary gamma rays by different processes. A large 

fraction such as astronomical gamma rays is screened by earth atmosphere and must be 

detected by spacecraft (Knoll, 2000). 
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2.4 Naturally Occurring background Radiation (NORMS) 

Naturally occurring background radiation originates from terrestrial radionuclides in our 

environments. These terrestrial radionuclides (
238

 U, 
235

U, 
232

Th) undergo serial decay 

giving rise to daughter radionuclides (progenies) with their respective half-lives until they 

attain stability. The result of this decay gives rise to emission of radioactive gases such as 

radon as well as gamma radiation which is electromagnetic in nature.  These combined 

radioactive gases and gamma radiation are responsible for the background radiation in 

our environment. The common radionuclides found in soils are 
238

 U, 
232

Th, 
40

K (Ameh, 

2015). 

2.5  Man-made radiation (humanly produced Radionuclides) 

Humans have used radioactivity for one hundred years, and through its use, added to the 

natural activities or background radiation. The amount may be small compared to the 

primordial ones, and due to the shorter half- lives of many of the nuclides, have seen a 

decrease since halting of ground testing of nuclear weapons. Other human activities that 

produce man- made radiations are nuclear accidents, mining and milling activities, 

atomic bomb explosion etc (Ameh, 2015). 

 2.5.1 Radiation in Medicine  

Today, nearly half of the exposure of the U.S. population to radiation comes from 

medical sources according to the National Council on Radiation Protection and 

Measurements (NCRPM). Most medical exposure comes from the use of standard x-rays 

and CT scans to diagnose injuries and diseases in patients. Drugs with radioactive 

material attached, known as radiopharmaceuticals, also are used to diagnose some 

diseases. These procedures are an important tool to help doctors save lives through quick 
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and accurate diagnoses.  Also, other procedures, such as radiation therapy, use radiation 

to treat patients.  One-third of all successful cancer treatments involve radiation. 

Carefully targeted radiation beams and certain radiopharmaceuticals destroy cancerous 

cells while limiting damage to nearby healthy cells (Ameh, 2015).  

 2.5.2 Nuclear power  

Nuclear power reactors, which use uranium as fuel, supply the United States with about 

20 percent of its electricity. Nuclear power plant operations are tightly controlled, making 

nuclear energy responsible for only a very small part of the public‟s overall exposure to 

radiation. Other humanly produced radiation is from nuclear weapon testing, mining 

activities etc (Ameh, 2015). Table 2.1 shows some artificial radionuclides that may be 

produces during nuclear reactions, weapon testing and hospital activities that can 

contribute to background radiation. 
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Table 2. 1: Radionuclides produced from nuclear activities contributing to background 

radiation. 

 Nuclide Symbol Half-live  Source 

Tritium 
3
H 12.3 yrs Produced from weapon testing and 

fussion reactors: reprocessing 

facilities, nuclear weapon 

manufacturing. 

Iodine 131 
131

I  8.04 days Produced from weapon testing and 

fussion reactors: used in medical 

treatment of thyroid problems. 

Iodine 129 
129

 I 1.57×10
7
 Produced from weapon testing and 

fussion reactors. 

Cesium 137 
137

Cs 30.17yrs Produced from weapon testing and 

fussion reactors. 

Strotium 90 
90

Sr 28.78yrs Produced from weapon testing and 

fussion reactors. 

Technitium 99 
99

Tc 2.11×10
5
  Decay product of 

99
Mo, used in 

medical diagnosis. 

(Ameh, 2015) 

2.6 Basic dosimetric quantities 

Quantities for radiation measurements and dose assessments are: 

1. Physical quantities (directly measurable) 

2. Protection quantities (Not directly measurable but defined for dose limitation 

purposes) 

3. Operational quantities (measurable for demonstration of compliance with set dose 

limit). 

Examples of physical quantities are exposure, absorbed dose, Kerma, fluence. Equivalent 

dose (HT,R), effective dose (EH) are protection quantities. 
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2.6.1 Exposure (x) 

Exposure (X) is given as: 

                                                              
  

  
                                                    2.7 

Where    is the absolute value of the total charge of ions produced in air when all the 

electrons liberated in air of mass dm are completely stopped in air. The S.I unit is the 

C/kg. The old unit is the Roentgen (R). Also, exposure (X) is related to air kerma: 

                                                            
  (   ) 

 
                                            2.8 

Where w is the average energy to produce an ion pair, g is the fraction of secondary 

charged particles that is lost to bremsstrahlung radiation production and e is the electronic 

charge. 

2.6.2 Absorbed dose (D) 

Absorbed dose (D) is given by: 

                                                                 
  

  
                                                 2.9 

Where    is the mean energy imparted by ionizing radiation to matter in a volume 

element, dm is the elemental mass. The S.I unit of absorbed dose is the Joule per 

kilogram (J/kg). 

Kerma (K) is given by: 

                                                                
    

  
                                                 3.0 

 (Knoll, 2000)    

Where     the sum of the initial kinetic energies of all is charged ionizing particles 

liberated by uncharged ionizing particles in a material of mass dm. Kerma in air (Ka) is 

used for radiation protection measurement purposes. The S.I unit of kerma is J/kg. 
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2.6.3 Energy Fluence 

Energy Fluence (Ø): 

                                                               
  

  
                                                   3.1 

 

 Where      is the number of particles incident on a sphere of cross sectional area     . 

Thus the unit of fluence is m
-2

.      

2.6.4 Effective dose (HE) 

Effective Dose (HE): is the sum of the weighted equivalent doses in all the tissues and 

organs of the body.               

                                                                                                              3.2 

Where       the equivalent dose in tissue or organ T, and     is the weighting factor for 

tissue T.  

2.6.5 Equivalent dose 

Equivalent Dose (HT,R): is defined as the absorbed dose in organ or tissue multiplied by 

the relevant radiation weighting factor WR. Mathematically,  

                                                                                                              3.3 

 Where      the average is absorbed dose in the organ or tissue and    is the radiation 

weighting factor of radiation R. The unit of equivalent dose is J/kg, termed the Sievert 

(Sv). 

2.7 Interaction of radiation with matter 

The chance of an interaction between the incoming X-ray and the material in our detector 

depends on several different variables.  It increases when one increases the Z-value of the 

detection material. For higher incoming photon energies, the chance of interaction 
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decreases. To get a relation between the chance of detection and the cross section one can 

imagine the decrease in intensity    of a beam of particles travelling over a small distance 

   through a medium as: 

                                                (    )   ( )     ( )                           3.4 

Here µ is introduced as the attenuation or absorption coefficient. The larger the µ, the 

more the beam gets attenuated (weakened) as it travels through the medium; this is 

caused by a higher probability of interaction between the photon and the material. 

Integrating the above equation from an initial intensity Io   at     to a final intensity 

 ( ) at point    , one gets Beer's law (also known as the Beer-Lambert-Bouguer law).                

                                                          I(x) = Io e
-µt

                                                   3.5                      

The total attenuation coefficient for a gamma-ray is a summation of the three separate 

coefficients. 

                                           (                      )n                               3.6 

Where n is number of interactions. 

The total cross section for an interaction and the attenuation coefficient are related as 

followed: 

                                                    
  

 
  

 

  
                                                         3.7 

    

  And                                               
  

 
  =                                                      3.8 

 

Here A is the atomic weight of the target; A0 is Avagadro's number of atoms per mole 

and ρ, the density of the target material. Here one can argue that  scattering an object 

from the beam drops the intensity of the beam, and  thus the decrease in intensity of the 

beam is proportional to the cross section per nuclear scatter (σ) and the thickness of the 
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target material (  ). Also note that the relationship between the cross section, the Z-value 

and photon energy is different for all three types of interactions. The three main types of 

interaction that results are; photoelectric absorption. Compton scatter and pair production. 

2.7.1 Photoelectric absorption  

Photoelectric absorption is the interaction between an incoming γ-ray and an atom of the 

detector material. The incoming photon is completely absorbed by the atom and the 

energy is transferred to an outgoing electron, from which shell the electron is excited 

depending on the energy. Electrons with energy above 33 keV have the biggest chance to 

be excited from the K shell of the atom. The energy of the outgoing electron is the energy 

of the photon minus the electron binding energy. 

                                                                                                                     3.9 

Here h is Plank's constant and   is the frequency of the photon (Knoll, 2000). 

In the NaI(Tl) crystals the iodine atoms are the primary absorbers. The vacancy in the 

electron shell can be filled in two ways. First the atom can capture a free electron from 

the medium and secondly one of the electrons in a higher electron shell can drop down to 

the vacant place in the lower shell. The potential energy gained by the lowering of the 

electron is released through the creation of an X-ray photon. These photons are mostly 

reabsorbed by the surrounding atoms which in turn excite new electrons. When an 

electron from a shell drops to a lower electron shell, it is possible that instead of creating 

an X-ray the energy is transferred to another electron in that shell. This so called Auger 

electron is then excited from the atom. All these interactions together result in the 

deposited energy for the photoelectric absorption. This deposited energy is for 
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photoelectric absorption related to the total energy of the incoming photon.  For low 

energy gamma-rays, the photoelectric absorption is the dominant interaction. 

A rough approximation of the probability of photoelectric absorption per atom over all 

ranges of energy is given by;         

                                                                 
  

  
                                                     4.0 

Here n is a constant value between 3 and 5 depending on the energy. In the NaI(Tl) 

crystal the photoelectric absorption is the dominant interaction for gamma rays up to 400 

keV. For a gamma-ray with an energy of around 400 keV (in NaI(Tl)) the probability of 

undergoing the photoelectric effect is equal to the probability it undergoes Compton 

scattering (Knoll, 2000).                  

2.7.2 Compton’s scattering 

In Compton scattering the incoming photon interacts with a free or loosely bound 

electron and travels on afterwards. This results in the photon's path being altered with an 

angle θ. The change in energy of the outgoing photon is dependent on θ, the rest of the 

energy is transferred to the recoiling electron. The energy of the outgoing photon is 

given; 

                                                       
  

  
  

 
    

 
(      )

                                             4.1 

Here      is the energy of the outgoing photon and     
  is the rest mass of the electron 

(0.511 MeV). Since the photon loses a portion of its energy, it can interact again and    

again with the detector material or leave it altogether on the other side. Any gamma-ray 

that leaves the detector after interaction deposits a part of its total energy in the material. 

The chance of Compton scattering in the medium depends on both the energy of the 
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incoming photon and the electron density. The higher the density of electrons (Z) in the 

absorbing material, the higher the chance of Compton interaction, given by                  

                                                                 
 

  
                                                    4.2 

(Knoll, 2000) 

Although the photon is totally absorbed for the photoelectric effect this is never the case 

for Compton scattering. The reason for this is that a free electron cannot conserve both 

the energy and the momentum of the incoming photon on its own. The photon has zero 

mass, while the electron has a mass.  

 

 

Figure 2. 1: Compton‟s scattering 

2.7.3 Pair production 

When a high energy γ -ray transfers its energy into the spontaneous creation of an 

electron-positron pair, it is called Pair production. This phenomenon only happens when 

hυ exceeds twice the creation energy of the electron (i.e E ≥ 1.022 MeV). The conversion 

of a photon into the electron-positron pair does not conserve both energy and momentum 

without a third party involved. In the medium the photon can only disappear when it 

recoils to the nucleus. There the photon is subjected to the Coulomb field of the nucleus 

and can transfer a bit of its momentum to the system so that energy and momentum are 
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conserved again in the final states. The excess photon energy above 1.022 MeV is 

converted into the kinetic energy of the electron-positron pair. 

 Afterwards the positron will annihilate with an electron inside the detector medium into 

two annihilation photons. The pair production cross section scales as;                                                  

                                                                        
                                               4.3 

Where Z is the atomic number, which is why its interaction probability dominates the 

other two possible interaction above 7 MeV in NaI(Tl). 

The incoming photon interacts with the Columbic field of the nucleus and disappears 

forming an electron-positron pair (Knoll, 2000). 

2.7.4 Theoretical calculation of activity concentration of radionuclides  

The activity concentration of radionuclide can be calculated using the relationship below: 

                                                    (
  

  ⁄ )  
  

         
                                          4.4 

Here, Ca is the net gamma counting rate (counts per second) for a peak at energy E,   is 

the detected efficiency of a specific gamma- ray, Ieff   is the intensity of the γ -line in 

radionuclides, and Ms is the mass of the soil sample under consideration measured in 

kilograms (Abu Samreh, 2014) . 

2.8 Radiation hazards from radionuclides 

The radium equivalent activity, Raeq , measured in Bq/ kg , was introduced to identify the 

uniformity to radiation exposure. The calculated values of      are generally used to 

compare the specific activity of materials containing different amounts of 
238

 U, 
232

 Th, 

and 
40

 K. Besides, Raeq data can be used to assess the health hazard effects produced from 
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the activity concentrations of 
238 

U, 
232 

Th, and 
40

K radionuclides in soil. The measured 

values of       can be obtained by making use of the following equation: 

                                       (    
  )             +0.077              4.5 

(Beretka and Mathew, 1985) 

Here AU , ATh , and AK are the average activity concentrations of 
238

 U, 
232 

Th, and 
40

 K, 

respectively. In calculating       values, the average activity concentrations of 370 Bq 

/kg , 259 Bq /kg , and 4810 Bq /kg  used for 
238

 U, 
232

 Th, and 
40

K radionuclides 

respectively, were assumed to produce the same gamma dose rate. The permissible 

maximum value of the radium equivalent activity is 370 Bq/kg (UNSCEAR, 2000) which 

corresponds to an effective dose of 1 mSv for general public. 

2.8.1 Absorbed dose rate in air 

The effects of gamma radiation originating from radioactive sources in the environment 

are generally expressed in terms of the total absorbed dose rate in air,   . The values of 

    in air and 1 m above the ground level are calculated from the measured activity 

concentrations of 
238 

U, 
232 

Th, and 
40

K radionuclides  using the following semi empirical 

formula: 

                                  (     
  )           0.662                          4.6 

    (El- Shershaby, 2002) 

This equation was modified to include the contributions of artificial radionuclides, for 

example   
137

 Cs, as well as cosmic radiation via the following equation:  

          (     
  )           0.662             +0.03    +34.       4.7 

Here 0.427, 0.662, and 0.043 are the dose rate conversion factors to convert the activity 

concentrations of 
238

 U, 
232

 Th, and 
40

K and 
137

 Cs radionuclides into absorbed dose rates. 



31 
 

Basically, these factors are representative of the absorbed dose rates in air per unit 

activity per unit of soil mass, in units of nGyh
-1

 per Bq kg
-1

. 

2.8.2 Annual effective dose equivalent (AEDE) 

The absorbed dose rate in air at 1m above the ground surface does not directly provide 

the radiological risk to which an individual is exposed (Jibril, 2009). 

The annual effective dose equivalent (AEDE) received by individuals can be calculated 

by applying the dose rate conversion factor of 0.7 Sv Gy
 -1   

(UNSCEAR, 1993) and the 

occupancy factors of 0.2 (5/24) and 0.8 (19/24) for outdoors and indoors, respectively 

(UNSCEAR, 2008). The annual effective outdoor doses, Dout ; the annual effective indoor 

doses, Din ; and total annual effective doses, Dtot , can be calculated according to the 

following equations : 

      (      )    (    
  )                                .            

 

                                                                                                                                     4.8                                      

 

  

     (mSv   ) =   (    
  )                                                             

                                                                                                                                     4.9 

Time, T, in the equation is chosen by putting leap year into consideration. 

 

 

    (      )          .                                                                                    5.0 

 

(Veiga, 2006) 

 

The values of those parameters used in the UNSCEAR report (1993),           is used 

for the conversion coefficient from absorbed dose in air to effective dose received. 

2.8.3 External and internal radiation hazard indices 

The external radiation hazard index,      corresponding to 
238

 U, 
232

 Th, and 
40

K natural 

radionuclides, can be calculated using the following equation: 
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                                                  (
  

   
 

   

   
 

  

    
)                                   5.1 

(Beretka and Mathew, 1985) 

The results of       should be less than or equal to unity, i.e. Hex ≤ 1. Normally, the 

maximum value of       (     = 1) corresponds to the upper limit of Raeq (370 Bq kg
-1

). 

In order to keep the radiation hazard insignificant, the values of Hex should be lower than 

1. The hazard levels from the inhalation of alpha particles emitted from the radon short-

lived radionuclides such as 
222

 Rn, the daughter product of 
226

 Ra, and 
220 

Rn, the daughter 

product of 
224

 Ra, can be quantified by the internal hazard index,      . This index can be 

calculated using the following semi empirical formula: 

                                                    (
  

   
 

   

   
 

  

    
)                                       5.2  

(Hamza et .al, 2008) 

The measured values of Hin should also be less than or equal to unity, i.e. Hin ≤ 1. This is 

of great importance to keep the concentration levels of radon and its short-lived daughters 

low enough for the respiratory organs of humans living in the dwellings, comparable to 

or even lower than the assigned international levels of 40 Bq m
-3

 . 

2.8.4 Gamma ray index (   ): 

 

The gamma ray index,   , is generally used to assess the hazardous level of radionuclides 

in the human body when exposed to an amount of external (indoor or outdoor) annual 

effective doses of  γ -radiations decayed from radioactive nuclides in soils. This index is 

very important for quality control of γ –radiation annual effective doses and in 

monitoring radiation inside human body to ensure that such radiation does not exceed the 

worldwide permissible high dose values. Values of    can be calculated using; 
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                                   5.3 

The assessed values of I must be less than or equal to 1 to make sure termite soil is 

generally safe or hazard-free. 

2.8.5 Excess lifetime cancer risk (ELCR) 

When assessing the impact of radiation exposure, it is necessary to give a final 

conclusion in terms of excess life- time cancer risk in a population exposed to external 

radiation. To carry out a simple approximation to the excess life time risk, the validity of 

the approximation for levels of exposure is justified empirically as well as theoretically. 

This approximation provides important guidance in understanding the influence of the 

various factors involved in the risk projections. 

The excess lifetime cancer risk (ELCR) value can be calculated using the below equation; 

                                                                                                                 5.4 

Here DL is the average duration of life (approximately 70 years), and RF is the risk factor 

(Sv
-1

), which reflects the fatal cancer risk per sievert. For stochastic effects from, low 

dose background radiation, ICRP 103 suggested the value of 0.05 for the public exposure 

(ICRP, 2007), Dout is the outdoor annual effective dose (AEDE). 

2.8.6 Gamma Spectroscopy 

The principle of a gamma ray detection is based on the use of a scintillation material 

(NaI, BaF ). When a photon enters the detector, a burst of small energy photons results. 

Typically, the wave lengths of these photons is in the visible region and in principle, they 

can be seen with bare eyes, if the source of radiation is strong enough. When these 

photons hit the photo cathode, electrons are released. A photo multiplier tube increases 
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the amount of these electrons with the help of a dynode chain and high voltage (there is a 

potential difference between the two neighboring dynodes and this potential difference 

accelerates electrons released from the previous dynode). A photomultiplier tube has a 

minimum voltage below which the tube doesn‟t give any signal out. Typically the total 

accelerating voltage is about 1000 V. Somewhere in the dynode chain the number of 

electrons gets saturated and at the end of the chain, a strong saturated signal is obtained 

irrespective of the photon energy. 

If the energy of the photon is needed, it must be taken from a dynode where the number 

of electrons is not yet saturated, since the number of electrons reaching the photo cathode 

is Proportional to the energy of the photon. The properties of scintillation material 

required for good detectors are transparency, availability in large size, and large light 

output proportional to gamma ray energy. Relatively few materials have good properties 

for detectors. Thallium activated NaI and CsI crystals are commonly used, as well as a 

wide variety of plastics. NaI is still the dominant material for gamma detection because it 

provides good gamma ray resolution and is economical.  The characteristic gamma rays 

of a given radionuclide that is present in the analyzed sample are emitted with one or 

more well-known energies. .These gamma rays are detected by the detector, treated by 

electronic set-up and then observed in the form of a spectrum (Nafaa, 2006). 

2.8.7 Pollution Load Index (PLI) of metal level in soils 

Pollution load index (PLI) is a parameter that can be used to determine the magnitude of 

heavy metal contamination in sediment. Pollution load index can be evaluated using the 

procedure of Tomlinson et .al (1980). 

                                         √(                    )
 

                       5.5 
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Where    
      

  
⁄  

(Tomlinson et .al ,1980) 

 CF   the contamination factor 

 n   is the number of metals, 

       ,    , are metal concentration and background value of that metal in the 

sediments/soils. The contamination levels of metals may be classified based on their 

intensities on a scale ranging from 1 to 6 (0 = none, 1 = none to medium, 2 = moderate, 3 

= moderately too strong, 4 = strongly polluted, 5 = strong to very strong, 6 = very 

strong).  According to Chakravarty and Patgiri, (2009), PLI value    is polluted, while 

PLI value    indicates no pollution. 

2.8.8 Basic principle of Atomic Absorption Spectroscopy (AAS) 

Atomic absorption spectrometry is an analytical procedure for identifying and 

quantifying chemical elements in samples. The selectivity in AAS is very important, 

since each element has a different set of energy levels and gives rise to very narrow 

absorption lines. Hence, the selection of the monochromator is vital to obtain a linear 

calibration curve (Beers' Law), the bandwidth of the absorbing species must be broader 

than that of the light source; which is difficult to achieve with ordinary monochromators. 

The monochromator is a very important part of an atomic absorption spectrometer 

because it is used to separate the thousands of lines generated by all of the elements in a 

sample. Without a good monochromator, detection limits are severely compromised. A 

monochromator is used to select the specific wavelength of light that is absorbed by the 

sample and to exclude other wavelengths. The selection of the specific wavelength of 
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light allows for the determination of the specific element of interest when it is in the 

presence of other elements. The light selected by the monochromator is directed onto a 

detector, typically a photomultiplier tube, whose function is to convert the light signal 

into an electrical signal proportional to the light intensity. The challenge of requiring the 

bandwidth of the absorbing species to be broader than that of the light source is solved 

with radiation sources of very narrow lines (Baez et al. 2007). 

2.9 Review of Previous related works 

Maitera et al, (2015) studied the distribution of minerals, major and traced elements 

contents of soils from termiteria and at 10 m adjacent soils in Gerei, Adamawa Nigeria 

using X-ray diffraction and X-ray fluorescent technique. Six different minerals, quartz, 

rutile, kaolite, anatase, and fluorite, and corundrum were identified and further found 

that, there is no significant difference in variation between mineral composition of 

termiteria soils and those of 10m surrounding soils. 

Adekayode et al, (2009) did a comparative study of clay and organic matter contents of 

termite mounds and its surrounding soils using hydrometer ASTM 1524 and other related 

techniques. The results showed that the clay and organic contents of termite mound was 

significantly higher compared to the surrounding soils with mean values in decreasing 

order of 65, 23, 21 and 18%, and 1.65, 0.3, 0.27 and 0.25% respectively. They concluded 

that termite activities could lower soil nutrients availability in plants. 

Dhembare et al, (2013) studied the physic- chemical properties of termite mound soil 

from Hasnapur village, Ahmednager in India. The results showed that mineral elements 

such as organic carbon,  P,  K,  Mg,  Fe,  Zn and Cu  was high in the surrounding soils 

while N, Ca, S and Mn was low in the mound soils. 
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Ilse et al, (2009) studied the impact of mound – building termites of surface soil 

properties in a secondary forest of central amazon, India by considering the physical, 

chemical and hydraulic properties. The results showed that some physical properties, 

carbon and other mineral contents such as N and K, was significantly elevated by 38%, 

28% and 33% respectively compares to the surrounding soils and concluded that termite 

mounds could reduce some physical properties and organic content of the surrounding 

soils.   

Aboubakar et al. (2009), studied rare earth and trace elements geochemistry of termite 

mounds in central and north eastern Namibia; Mechanism for micro-nitrients 

accumulation, and confirmed that absolute concentration of rare earth metals and traced 

elements including micro-nutrients were greater in termite mounds compared to top soils 

and concluded that there could be possible external supply of enriched material 

accumulation of weathering products of underlying bedrocks. 

Tathiane et.al. (2009), studied the physical, chemical and micro-morphorlogical 

properties of termite mounds soils and surrounding soils along a top sequence in Zonada 

Mata, Minas Gerais State, Brazil. The results show that, the mound density, pH value of 

organic carbon and levels of N, P, Ca, and Mg were significantly higher in termite 

mounds compared to adjacent areas. They concluded that the textural and chemical 

uniformity of Latosols may be increases following pedobiological turnover during mound 

building. 

Reddy, (2014) investigated the relevance of „termite mounds, as an effective geochemical 

tool in mineral Exploration: A case study from chromite mining Area, Karnataka, India. 
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The study revealed that the „maximum biological absorption co-efficient (BAC)‟ was 

found in Cr over other elements which could be attributed to the influence of chromite 

minerals in the study area. It was concluded from this study that mounds exhibit indicator 

characteristics for mineral elements and hence can be considered as a tool for mineral 

exploration.  

Abiyot et.al. (2016), investigated „Soil physico-chemical properties of termite mounds in 

Miyo and Yabello Districts of Barana Zone, Southern Ethopia using standard procedures. 

The results show that „ termites produce soils different in soil texture and had some 

nutrients higher than the surrounding soils‟ and concluded by recommending that termite 

materials, when incorporated into soils could increase crop yield and socio economic 

factors such as soil amendments. 

Fassil, (2004), investigated „the use of termite mounds in geochemical exploration in 

Northern Ethiopia. The results of the study showed that termite mounds and the parent 

materials are positively correlated for Au, Cu, Ag, and Mg, and therefore concluded that 

there is a direct relationship between the concentrations of metals in termite mounds and 

parent rocks and therefore can be used as tools for mineral exploration.     
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Materials 

The materials that were used to carry out the sample survey of these termite mounds in 

the study area, sample collection, preparation and analysis are listed below. Proper 

measures were taken into account to avoid contamination throughout sample collection 

and preparation processes. 

 The materials for survey, sample collection, preparation and analysis are; 

1. Rados survey meter (Model: RDS - 120, Serial No: 990100) 

2. Global positioning system (GPS) (Model: GARMIN GPS-  12)  

3.  A 100 m Tape 

4.   Polythene bags 

5.   Detergent 

6.   Adhesive Masking tape 

7.   Vaseline 

8.   Matches and candle sticks. 

9.   Core Scoop 

10.   Indelible Marker for labeling samples 

11.   Surgical Glooves  

12.   Hammer 

13.   Beakers 

14.  Gamma ray spectrometer with NaI(Tl) detector. 
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15. Atomic Absorption Spectrometer (Unicam Solar AAS 969 model) 

3.2  Methodology 

3.2.1 The Study Area 

The study area is Ahmadu Bello University main campus and its Environs, which is 

about 15.5km from Zaria City, and it is approximately bounded by longitude 7
0 

36′40′′E - 

7˚40′50′′ E and latitude 11˚8′ 20′′N - 11˚10′ N as shown in Figure 3.1 

 
Figure 3. 1: The map of the study Area 
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3.2.1.1 Geology of the Study Area 

Ahmadu Bello University is a part of the gently undulating peneplain that extends from 

Lake Chad to Sokoto and Northward from Southern Kaduna into the Republic of Niger. 

Zaria is underlain by Precambrian rocks typical of Nigeria basement complex, which bear 

the imprint of thermo tectonic event dating from Achaean to early Paleozoic times. The 

study area is underlain by Precambrian rocks of the basement complex with muscovite 

biotite-gneiss in the south-western part of the campus while the north-eastern part is 

underlain by biotite granite-gneiss (Osumeje and Kudamya, 2014). Generally, the entire 

area is underlain in part by Pre-Cambrian rocks which lie in the mobile zone between the 

West African and Congo cratons. These Pre-Cambrian rocks consist of migmatites, 

gneisses and north-south  trending metasedimentary rocks, intruded by a series of granitic 

and mafic-ultra-mafic rocks of late Pre -Cambrian to early Palaeozoic age (Osumeje and 

Kudamya, 2014). 

 

3.2.2    Sample collection   

3.2.2.1 Measurement of Radiation Dose Level 

The  radiation dose levels were measured using Rados survey meter (Model: RDS - 120, 

Serial No: 990100) at 1 m above the ground level at three different points from each 

termite mound and the averages were taken and recorded in µSv/h in order to obtain the 

effective dose rate (dose level). 

3.2.2.2 Soil Sample 

Termite soil samples were collected at the top, middle and bottom of each termite mound 

using a local chopping tool and hammer from thirteen different termite mounds within 

the study area and packaged in polythene bags. A control sample was also collected 
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based on the geology of the study area. The numbers of samples collected from within the 

study area is shown in Table 3.1. 

Table 3. 1: Numbers of samples collected within the study area 

 

Sample Area  

 

Sample Code 

 

 Latitude/Longitude 

 

Sample No. 

Center for Energy Research 

and Training, A.B.U Zaria. 

   CRT E 007˚ 40'  004"/ N11˚  08 '  

26.6" 

        1 

Industrial Development 

Center, Zaria. 

   IDC E007˚  39'  45.6"/ N 11˚ 09'   

13.3" 

        1 

Division of Agricultural 

College, A.B.U, Zaria 

   DAC E007˚  38'  14.8"/ N11˚  09'   

59.9" 

         1 

Area C    AC1, 

   AC2 

E007˚  37'  33.4"/ N11˚  10'   

22.2" 

E007˚  37'  29.6"/ N11˚  10'   

21.8" 

 

         2 

Shika     SHI E007˚ 36'  47.5"/ N11˚  10,   

26.6" 

         1 

Dam    DM1 

   DM2, 

   DM3 

E007˚  39'  22.6"/ N11˚  08'   

19.5" 

E007˚  39'  21.6"/ N11˚  08'   

20.0" 

E007˚  39'  22.4"/ N11˚  08'   

21.1" 

 

         3 

Dam Quarters   DQ E007˚  39'  18.7"/ N11˚  08'   

37.2"  

         1 

Area G   AG1 

  AG2 

E007˚ 37' 1.6"/ N11˚ 10' 

5.3" 

E007˚ 37'  8.5"/ N11˚10' 

3.4" 

 

         2 

Area One   A1 E007˚  07‟  42.4”/ N 11˚ 

10‟   13.9” 

         1 

Control  CONT. E 007˚ 39‟  37.6”/ N 11˚ 

10‟   13.9” 

         1 
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3.3 Sample Preparation  

3.3.1 Gamma ray Spectrometry with NaI(Tl) detector 

The samples dried were dried on trays under the sun shade and grinded to powdered form 

using pulverizer. After that, the samples were packaged into radon-impermeable beakers. 

To prevent radon-222 from escaping, the packaging in each case was triple sealed. The 

sealing process included smearing of the inner rim of each container lid with vaseline 

jelly, filling the lid assembly gap with a candle wax to block the gaps between lid and 

container and tight-sealing lid-container with masking adhesive tape. The samples were 

stored and allowed to reach secular radioactive equilibrium for at least 30 days before 

transferring them to the laboratory for gamma spectroscopy analysis. 

3.3.2 Atomic Absorption Spectrometry 

0.5g of each sample was obtained using a spatula and weighing bottles by a highly 

sensitive chemical balance. They were placed in Teflon beakers and transferred to a 

fume- cupboard for digestion. The digestion was carried out using concentrated nitric 

acid (10 mL) and concentrated HCl acid (5 mL) acids in the ratio of 2:1 and heated in an 

oven at 200 ˚C until the volume was reduced to about 15 ml. After an hour, the mixture 

was allowed to cool before leaching (filtering) the residue with 5 cm
3
 of 20%   HNO3. 

The digested samples were then filtered and made   up to 100 ml with de-ionized water. 

Solutions of samples were then taken and aspirated into Atomic Absorption Spectrometer 

(Unicam Solar AAS 969 model) for analyzing metals. 
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3.4 Sample Analysis 

3.4.1 Sample analysis for Gamma Ray Spectrometry: 

The analysis was carried out using a 76mm by 76 mm NaI(Tl) detector crystal (enclosed 

in a 6 cm lead shield with cadmium and copper sheets),  optically coupled to a 

photomultiplier tube (PMT) converting  photons to electrons. The assembly has a 

preamplifier incorporated into it and a 1 kilovolt (KV) source to convert photon signals to 

electrical signal. Data acquisition software (Maestro) by Camberra nuclear product was 

used to provide a digital display. The samples were counted for a period of 29000 

seconds to attain the desired full energy peak. The peak area of each energy in the 

spectrum was used to compute the activity concentrations in each sample by using the 

following equation; 

                                                 (      )  
  

   
                                                                         

Where C:  is the activity concentration of the radionuclides in the sample in Bq/kg. 

      count rate (count per second) 

Standards: The standards used to check for calibration are the International Atomic 

Energy Agency (IAEA) gamma spectrometric reference materials RGK-1 for K-40, 

RGU-1 for Ra-226 (Bi-214 peak) and RTG-1 for Th-232 (Ti-208). 

The full-energy peak efficiency is one parameter that is most significant in gamma ray 

spectrometry, it is denoted by  . It is defined as the fraction of the photons of a particular 

energy emitted by a source, that contributes to the corresponding full energy peak 

observed in the pulse height spectrum, so that: 

                                                           P = Ɛ.Y. A                                                     3.2 
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Where: P is the counting rate in the full-energy peak observed in the pulse height 

spectrum, Ɛ is the counting efficiency; Y is the photon yield (i.e. fraction of decay events 

that result in the emission of a photon of the relevant energy); and A is the activity of the 

source in Becquerel (Bq). The value for efficiency is dependent on the geometry of the 

sample – size, density, and distance from detector. For the detectors used in gamma 

analysis, efficiency varies significantly as a function of these parameters.  

Therefore, each counting geometry requires an efficiency calibration, using a known 

standard in the same geometry which includes multiple energies. A typical set-up for the 

gamma ray analysis is shown in Figure 3.3.  

 

 

 

 

 

 

 

 

   

 

Figure 3. 2: Block diagram of Gamma Ray Spectrometry measurement 
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3.4.2 Atomic Absorption Spectrometry (AAS) 

 

The digested soil samples were transferred to a multi-user laboratory at Ahmadu Bello 

University, Zaria for Atomic Absorption spectrometric measurement (Unicam Solar AAS 

969 model). A unique source of element of interest (lamp) was used to produce light of 

unique wavelength, and absorbed by atoms in the soil sample. This leads to a resulting 

emission of characteristic lights of atoms of elements present in the sample, which was 

then separated by monochromator and dispatched to a detector ((photomultiplier). After 

counting, a sharp peak was displayed to give the concentration of metals in part per 

million (PPM). 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Results 

The results of the measured radiation dose rates, activity concentrations of 
40

K, 
226

Ra, 

232
Th, radiological health implications, and concentrations of some metals are presented 

in Table 4.1, 4.2, 4.3 and 4.4. 

Table 4. 1: The measured Radiation dose levels in the area 

Sample  

Code 

  Latitude/ 

  Longitude 

 Absorbed Dose Rate 

(µSv/h) 

  1
st
             2

nd
               3

rd
  

    Mean  

 Dose Rate 

  (µSv/h) 

   Mean  

 Dose Rate        

  (nGy/h) 

   CRT E 007˚ 40'  004" 

N11˚  08 '  26.6" 

0.02           0.03              0.04 

 

    0.03   28.46 

   IDC E007˚  39'  45.6" 

N 11˚ 09'   13.3" 

0.05           0.05              0.05     0.05   55.07 

   DAC E007˚  38'  14.8" 

N11˚  09'   59.9" 

0.17           0.14              0.14    0.15   153.15 

   AC1, 

   AC2 

E007˚  37'  33.4" 

N11˚  10'   22.2" 

E007˚  37'  29.6" 

N11˚  10'   21.8" 

0.12          0.14               0.13 

0.13          0.15               0.14 

    0.13 

 

   0.14 

  126.34 

 

  137.03 

   SHI E007˚ 36'  47.5" 

N11˚  10,   26.6" 

0.03          0.05               0.04    0.04   41.52 

   DM1 

   DM2, 

   DM3 

E007˚  39'  22.6" 

N11˚ 08'   19.5" 

E007˚  39'  21.6" 

N11˚  08'   20.0" 

E007˚  39'  22.4" 

N11˚  08'   21.1" 

0.13          0.12               0.11 

0.12          0.12               0.12 

0.12          0.16               0.11 

   0.12 

   0.12 

   0.13 

  121.98 

  121.30 

  128.37 

    DQ E007˚  39'  18.7" 

N11˚  08'   37.2"  

0.15          0.14               0.13    0.14   142.13 

   AG1 

   AG2 

E007˚ 37' 1.6" 

N 11˚ 10' 5.3" 

E 007˚ 37'  8.5" 

N 11˚10' 3.4" 

0.13         0.12                0.11 

 

0.13         0.13                0.13 

   0.12 

 

   0.13 

  124.97 

 

  128.41 

 

     A1 E007˚  07‟  42.4” 

N 11˚ 10‟   13.9” 

0.04         0.05               0.03    0.04    39.46 

 CONT. E 007˚ 39‟  37.6” 

N 11˚ 10‟   13.9” 

0.05         0.05               0.05   0.05    53.79 
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Table 4. 2: The Activity concentrations and Radium Equivalent values (Raeq) of  
40

K, 
226

Ra, 
232

Th from termite mounds in the study area. 

Sample 

  Code 

Geographical  

  Position 

  K-40  

 (Bq/kg) 

Ra-226 

(Bq/kg) 

Th-232 

(Bq/kg) 

Raeq   

(Bq/kg) 

 A1 E007˚  07‟  42.4” 

N 11˚ 10‟   13.9” 

179.11±8.68 29.72±4.51 30.66±3.85 87.35 

 DM3 E007˚  39'  22.4" 

N 11˚  08'   21.1" 
595.96±10.56 64.05±6.19 121.22±3.30 283.28 

 DQ E 007˚  39'  18.7" 

N 11˚  08'   37.2" 
628.57±8.68 92.26±8.47 121.73±3.18 314.73 

 DAC E 007˚  38'  14.8" 

N 11˚  09'   59.9" 
898.96±11.15 80.75±6.55 128.65±4.40 333.93 

 AC2 E 007˚  37'  29.6" 

N  11˚  10'   21.8" 
261.00±8.63 60.01±8.51 161.08±3.42 310.45 

 AG2 E 007˚ 37'  8.5" 

N 11 ˚10'  5.3" 

404.99±6.27 54.98±7.27 140.72±4.79 287.39 

 DM1 E007˚  39'  22.6" 

N11˚  08'   19.5" 
598.59±8.09 55.14±5.63 116.89±3.69 268.38 

 DM2 E 007˚  39'  21.6" 

N11˚  08'   20.0" 

669.00±7.99 62.77±6.07 105.68±2.90 265.40 

 AG1 E007˚ 37' 1.6" 

N11˚ 10' 5.3" 

318.33±10.08 88.34±6.83 118.27±2.20 281.97 

 SHI E007˚  36'  47.5" 

N11˚  10,   26.6" 
187.91±5.63 21.17±6.11 39.42± 2.98 91.75 

 IDC E007˚  39'  45.6" 

N 11˚ 09'   13.3" 
427.68±9.22 22.53±6.23 43.52±2.90 117.69 

 CRT E 007˚ 40'  004" 

N11˚  08 '  26.6" 
174.50±6.38 56.85±1.91 29.80±1.10 112.90 

 AC1 E007˚  37'  33.4" 

N11˚  10'   22.2" 
308.41±9.59 73.20±7.95 131.56±2.67 285.07 

Control E 007˚ 39‟  37.6” 

N 11˚ 09‟   15.1” 
110.25±4.88 12.30±6.51 70.42±1.61 121.49 

 Maximum 898.96±11.15 92.26±8.47 161.08±3.42 333.93 

 Minimum 174.50±6.38 21.17±6.11 29.80±1.10 87.35 

 Average 434.84±8.53 58.59±6.32 99.15±6.32 233.87 

 UNSCEAR  420 33 45 370 
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Table 4. 3: Outdoor annual effective dose (AEDE), Excess life- time cancer risk (ELCR), 

Gamma ray Index (   ). 

S/No Sample 

 Code 

  ADRA 

  (nGy/hr) 

[AEDE]out 

(mSv/yr) 

ELCR out 

( 10
-3

) 
(  ) 

 

1.      A1  39.46 ± 4.69 0.05 0.18 0.310 

2.     DM3 128.37± 5.14 0.16 0.56 1.014 

3.      DQ 142.13 ± 5.95 0.17 0.60 1.120 

4.     DAC 153.15 ± 6.01 0.19 0.67 1.206 

5.     AC2 137.03 ± 6.13 0.17 0.60 1.089 

6.     AG2 128.41 ± 6.35 0.16 0.56 1.018 

7.     DM1 121.98 ± 5.04 0.15 0.53 0.964 

8.     DM2 121.30 ± 4.73 0.15 0.53 0.956 

9.     AG1 124.97 ± 4.71 0.15 0.53 0.988 

10.     SHI 41.52 ±  4.70 0.05 0.18 0.322 

11.     IDC 55.07 ±  4.86 0.07 0.25 0.433 

12.     CRT 28.46 ±  1.77 0.03 0.11 0.394 

13.     AC1 126.34 ± 5.46 0.16 0.56 1.001 

14.    Control  53.79 ± 3.99 0.06 0.21 0.429 

 Average 103.70± 5.04 0.13 0.45 0.832 

 Maximum 153.15± 6.01 0.19 0.67 1..206 

 Minimum 28.46 ± 1.77 0.03 0.11 0.310 

 UNSCEAR 59 1 0.29   ≤1 
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Table 4. 4: Concentration of metals in part per million (PPM) 

    Sample ID    Ca     Fe    Mg    Zn 

      DAC 178.2±0.00 43634.8±0.00 1358.9±0.00 44.60±0.00 

      DM3 460.7±0.00 23536.7±0.00 1536.9±0.00 32.20±0.00 

      DM1 263.2±0.00 69698.8±0.00 1808.6±0.00  9.70± 0.00 

      AC2 106.9±0.00 27318.2±0.00 1000.7±0.00 20.50±0.00 

      IDC 151.8±0.00 28127.3±0.00 2394.4±0.00 22.20±0.00 

      CRT 162.9±0.00 22601.6±0.00 1550.2±0.00 18.32±0.00 

      DQ 1132.3±0.00 28189.3±0.00 1261.6±0.00 22.90±0.00 

      DM2 337.8±0.00 32082.6±0.00 1734.7±0.00 22.60±0.00 

      SHI 142.1±0.00 29439.7±0.00 1160.4±0.00 24.60±0.00 

      AG2 563.6±0.00 47506.7±0.00 272.5±0.00 15.50±0.00 

       A1 170.0±0.00 27653.8±0.00 875.0±0.00  8.40± 0.00 

      AG1 145.8±0.00 1970.6±0.00 278.2±0.00  6.90± 0.00 

      AC1 291.2±0.00 156.6±  0.00 481.1±0.00 18.80±0.00 

     Control 281.8±0.0035 74823.5±0.0000 229.9±0.0007 62.70±0.0007 

4.2 Discussion 

The radiation dose levels measured and presented in Table 1.0, ranged from 28.46 nGy/hr 

to 153.15 nGy/hr with an average value of 103.70 nGy/hr. The highest absorbed dose rate 

was observed around termite mound at Division of Agriculture College (DAC) hostel and 

lowest around termite mound at Center for Energy Research and Training (CRT), 

Ahmadu Bello University main campus, Zaria. The difference in value may be due to 

high radionuclides concentration of 
40

K, 
226

Ra, and 
232

Th, and their decay products which 

are widely spread in soil and rocks of earth‟s crust within DAC, than within CRT area. 

The presence of naturally occurring rock minerals in the termite mound soils, containing 

high amount of radionuclides can enhance the radiation level around that area where the 

mound is located. The mean absorbed dose rate (103.70 nGy/hr), exceeded the value 
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obtained from control sample (53.79 nGy/hr) and worlds average value, which is 59 

nGy/hr (UNSCEAR, 2000). The absorbed dose rates from nine termite structures in the 

study area were also found to exceed the world‟s average value. This implies that termite 

mounds in the study area can enhance environmental background radiation. 

The results of activity concentrations of 
40

K, 
226

Ra, and 
232

Th, in Table 4.2, shows that, 

activity concentration of 
40

K ranged from 174.50 ± 6.38 Bq/kg to 898.96 ± 11.15 Bq/kg 

with an average value of 434.84 ± 8.53 Bq/kg. The highest value for the activity 

concentration of 
40

K  was obtained from termite mound soil at Division of Agricultural 

College (DAC), Zaria, and this may be due to a high amount or widespread of minerals 

like plagioclase, microcline and quartz (potassium feldspar mineral) within the College. 

The low value recorded at Centre for Energy research and training (CRT), Zaria may be 

due to a very low percentage of plagioclase, microcline and quartz (potassium feldspar 

mineral) within the area.  

The activity concentration of 
226

Ra ranged from 21.17 ± 6.11 Bq/kg to 92.26 ± 8.47 

Bq/kg with an average value of 58.59 ± 6.32 Bq/kg. The highest value obtained from 

termite mound at Dam quarters (DQ) may be due to high percentage of minerals like 

calsite, Carbonate, diopside, magnetite and zircon, which accumulate in limited uranium 

within the area. The lowest value for the activity concentration of 
226

Ra was obtained 

from termite mound at Shika (SHI). This low value may be attributed to low proportion 

of minerals like calsite, Carbonate, diopside, magnetite and zircon within the area. The 

activity concentration of 
232

Th ranged from 29.80 ± 1.10 Bq/kg to 161.08 ± 3.42 Bq/kg 

with an average value of 99.15 ± 6.32 Bq/kg. The highest value was obtained from one of 

the termite mounds within Area C (AC2) and may be due to highly positive correlation 
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between thorium element and CaO, BaO, SrO, So3 and Fe2O3 in the rock minerals present 

within the area than at area at Center for Energy Research and Training (CRT).  

The radium equivalent values ranged from 87.36 Bq/kg to 333.93 with an average value 

of 233.87 Bq/kg. This value is higher than 121.49 Bq/kg obtained from control sample, 

and lower than 370 Bq/kg recommended. This high value obtained from within DAC area 

may be attributed to a highly wide spread of radionuclides in the soils and rocks within 

the earth crust of the study area. 

The average activity concentrations of 
40

K (434 ±8.53 Bq/kg), 
226

Ra (58.59 ± 6.32 

Bq/kg), 
232

Th (99.15 ± 6.32 Bq/kg) exceeded the values obtained from the control sample 

(110.25 ± 4.88 Bq/kg, 12.30 ± 6.51 Bq/kg, 70.42 ± 1.61 Bq/kg) and (420 Bq/kg, 33 

Bq/kg, 45 Bq/kg) recommended (UNSCEAR, 2000). The activity concentration of 
40

K in 

all thirteen samples exceeded the value obtained from the control sample. Also, the 

activity concentrations of six mounds also exceeded the world average. It was also 

observed that, activity concentrations for 
226

Ra of thirteen samples exceeded the value 

obtained from control sample. The activity concentration of 
232

Th in nine samples 

exceeded the value obtained from control sample and the world‟s average. Figure 4.1 

presents the bar chart for the activity concentrations of 
40

K, 
226

Ra and
 232

Th in every 

location of the study area.  
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Figure 4. 1: Activity concentrations of 
40

K, 
226

Ra, 
232

Th of termite mounds soils 

The results in Table 4.3, presents the values obtained for the annual outdoor effective 

dose equivalent (AEDE), excess life time cancer risks (ELCR), and gamma ray indices 

resulting from exposure of individuals to ionizing radiation in the study area.  The values 

for the annual effective doses (AEDE) ranged from 0.03 mSv/yr to 0.19 mSv/yr with an 

average value of 0.13 mSv/yr. This average value was found to be slightly higher than 

0.06 mSv/yr, obtained from the control sample and below 1 mSv/yr reported by 

international commission on radiation protection (ICRP) for public exposure. This 

indicates that the study area is within the permissible limit and do not constitute any 

immediate radiological effect to the people. The highest value of 0.19 nSv/yr was 

observed from mound within Division of Agricultural College (DAC), Zaria and may be 

due to high radionuclide concentrations of 
40

K, 
226

Ra, 
232

Th, and their decay products 

which are highly spread in earth crust within the study area. The excess life-time cancer 

risk (ELCR) calculated from annual outdoor effective doses, ranged from 0.11× 10
-3

 to 

0.67 × 10
-3

 with an average value of  0.45 × 10
-3

.  The average value exceeded 0.21 × 10
-3

 

for the control sample, and average standard, 0.29 × 10
-3

 (UNSCEAR, 2008). The highest 
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value was observed from mound within Division of Agricultural College (DAC) and can 

be due to high proportion of radionuclides in the soils and rocks of the earth‟s crust 

within the area. The average value of excess life time cancer risk obtained implies that 

the probability of experiencing radiation related health issues like cancer risk over a life 

time is high. The average value calculated for gamma ray indices was found to be 0.83, 

which implies that on the average, radiation exposure to the people within the study area 

is not significant to constitute radiological effect within short term.   

The results obtained from mean absorbed dose rates, annual effective doses, and excess 

life time cancer risks, implies that, radiation from termite mounds can enhance 

environmental background radiation, but cannot lead to an immediate radiological effect 

to the people within the study area. This implies that the study area is in safe zone, but the 

probability of one developing cancer risk over a long period of time is high. Th/Ra ratio 

was calculated and presented in Table 4.5, and the percentage contributions of the three 

radionuclides were also presented in figure 4.2.  

Table 4. 5: Th/Ra ratio in the study area 

 Sample Code        Th/Ra 

       A1        1.03 

       DM3        1.89 

       DQ        1.32 

       DAC        1.59 

      AC2        2.68 

      AG2        2.56 

      DMI        2.12 

      DM2        1.68 

      AG1        1.34 

      SHI        1.86 

      IDC        1.93 

      CRT        0.52 

      AC1        1.80 

    Average                                    1.72                       
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The average value of Th/Ra ratio within the study area was found to be 1.72 which 

exceeded the world‟s average value of 1.4 recommended (UNSCEAR, 2000). This 

implies that thorium has a significant concentration in the study area. 

 
Figure 4. 2: Percentage contribution of  

40
K, 

226
Ra, 

232
Th in the study area 

The levels of some metals presented in Table 4.4 shows that Ca ranged from 

106.9±0.0012 ppm to 1132.3±0.0026 ppm with an average concentration of 

315.88±0.0010 ppm. This average concentration is above that obtained for control sample 

which is 281.8±0.0035 ppm. The highest concentration was observed from mound within 

Dam Quarters (DQ), while the lowest, from within Area C (AC2). The concentration of 

Fe ranged from 156.6± 0.0015 ppm to 69698.8±0.0010 ppm with an average value of 

29378.2±0.0009 ppm.  This average concentration is found to be below that of the control 

sample which is 74823.5±0.0000 ppm. The highest value was observed in A1 (Area One) 

sample, while the lowest at Centre for energy research and training (CRT). The 

concentration of Fe in all samples was found to be higher than that of every other metal 

in the termite mound soils. The concentration of Mg ranged from 272.5±0.0011 ppm to 

73% 
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17% 

40K

226Ra

232Th
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2394.4±0.0012 ppm with an average value of 1208.4±0.0009 ppm. The highest was 

observed from sample within Industrial development Centre (IDC), while the lowest, in 

sample from Area G quarter (AG2). It was also observed that, the average value was 

found to be above that of the control (229.9 ppm). The concentration of Zn ranges from 

6.900±0.0003 ppm to 44.60±0.0005 ppm with an average concentration of 20.55±0.0009 

ppm. The highest was observed from sample within Division of Agricultural College 

(DAC), while the lowest at Area G (AG1). The average value was also found to be below 

the concentration obtained from control sample (62.70±0.0007 ppm). The high average 

values of Fe in all the samples could be due to the presence of minerals that are highly 

enriched with its oxides, such as magnetite, laterites, hematite etc. These are rock 

forming minerals from within the earth‟s crust that can contribute to absorbed dose rates 

in the study area. Figure 3.3 shows the concentration of metals analyzed from the termite 

soils. 

 

Figure 4. 3: Concentration of metals in termite soils 
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4.3 Assessment of  pollution levels from the metals measured  

The contamination factors (CF) as well as pollution load indices (PLI) resulting from the 

levels of some metals in the termite mounds were calculated and presented in Table 4.6. 

Table 4. 6: Contamination factors (CF) and Pollution Load Indices (PLI) of metals 

Sample 

Code 

CF(Ca) CF(Fe) CF(Mg) CF(Zn) PLI 

DAC 0.01 0.920 0.08 0.46 0.14 

DM3 0.02 0.490 0.10 0.33 0.15 

DM1 0.01 1.470 0.11 0.10 0.13 

AC2 0.01 0.570 0.66 0.21 0.15 

IDC 0.01 0.590 0.15 0.23 0.12 

CRT 0.01 0.470 0.10 0.19 0.10 

DQ 0.07 0.590 0.08 0.24 0.17 

DM2 0.02 0.680 0.11 0.23 0.14 

SHI 0.01 0.620 0.07 0.25 0.10 

AG2 0.03 1.007 0.01 0.16 0.10 

A1 0.01 0.580 0.05 0.08 0.07 

AG1 0.01 0.040 0.01 0.07 0.02 

AC1 0.02 0.003 0.03 0.19 0.02 

CONTROL 0.02 1.580 0.01 0.66 0.13 

 

The result in Table 4.6 shows that the contamination factor (CF) of Ca in all the termite 

soil samples ranged from 0.01 to 0.07 with an average value of 0.017, CF(Fe) of Fe ranged 

from 0.03 to 1.47 with an average value of 0.617, CF(Mg) ranged from 0.01 to 0.66 with 

an average value of 0.12, and CF(Zn) of Zn ranged from 0.07 to 0.46 with an average 

value of 0.21. The pollution load indices for the level of metals assessed in the termite 

mounds ranged from 0.02 to 0.17 with an average value of 0.108.  The contamination 

factors of all metals in the mounds samples are less than unity (<1), except for Fe in 
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mounds from DM1, AG2 and control sample. This implies that termite mounds in the 

study area have low contamination of Ca, Fe, Mg and Zn, except for mounds of DM1, 

AG2, and control, which is moderately contaminated with Fe. This result may be due to 

the presence minerals, highly enriched with iron oxides such as ilmenite, magnetite, 

quartzite in areas within Kubani Dam, Area G and from control area. The average values 

of contamination factors for the metals are below unity, which indicates that, on average, 

these metals have low contamination. The pollution load indices obtained from the levels 

of metals in all termite mounds are found to be generally low (<1). This confirms that 

termite mounds in the study area have low contamination of metals, but the levels of Fe 

in the mounds may be toxic to living beings (even animals) since it has been reported to 

be edible by animals (Williams et al, 1999).    

The results of the activity concentrations of 
40

K, 
226

Ra, and 
232

Th, obtained in this study 

were compared with other works carried out in other regions of the world and presented 

in Table 4.7. These results were compared with activity concentration of radionuclides 

obtained from soils at different regions of the world. 
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Table 4. 7: Comparison of Activity Concentration values (Bq kg
-1

) with other studies. 

SAMPLE AREA K-40 Ra-

226 

Th-232 Sample 

Type  

Reference 

Termite soils from ABU 

Zaria. 

434.84 58.59 99.15 Termite 

Soil 

This Study 

Soils from South Western 

region(Nigeria) 

286.5 54.5 91.1 Soil Oladele et 

al.(2009) 

Rocks and soil samples 

from Homa mountain 

(Kenya)  

915.6 195.3 409.5 Rocks 

and  

Soils 

Otwoma et al 

(2012) 

Soils from Punjab province 

(Pakistan). 

615.0 35.0 41.0 Soils Tahir et al. 

(2005) 

Soils from Bangalore 

(India) 

635.1 26.2 53.1 Soils Prasad et. al 

(2008) 

Soils from Southern 

District (Bangladash) 

833.0 42.0 81.0 Soils Chowdhury 

et.al(2005) 

Rocks of South Eathern 

Arabian shield, Saudi 

Arabia 

1099.0 76.4 81.0 Rocks Alharbi et. al 

(2011) 

Soils from Wadi Sahu area, 

Sinai(Egypt). 

234.3 378.5 65.8 Soils Said et. al. 

 (2010) 

Distribution of  NORMs in 

soils at CERT, ABU Zaria 

641.8 8.3 34.3 Soils Muhammad et. al 

(2010) 

Soils from some mining 

areas in central Nassarawa 

State (Nigeria). 

403.96 32.5 56.2 Soils Ibrahim et.al 

(2013) 

UNSCEAR, 2000  420 33.0 42.0  UNSCEAR 
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Summary 

This study presents an assessment on the radioactivity levels and level of some metals 

from termite mounds within Ahmadu Bello University main campus, and its Environs. 

The main objectives were to measure the absorbed dose levels, levels of some metals, and 

their resulting implications to the people living in the study area. The methods adopted 

for the analysis were gamma ray spectrometric technique with NaI(Tl) detector, and 

Atomic Absorption Spectrometric (AAS) technique respectively. A total of thirteen 

samples were collected, analyzed and compared with a control sample based on the 

geology of the study area.  

The absorbed dose rates ranged from 28.46 Bq/kg to 153.15 Bq/kg with an average value 

of 103.70 Bq/kg. The activity concentrations of 
40

K ranged from 174.50 ± 6.38 Bq/kg to 

898.96 ± 11.15 Bq/kg, with an average value of 434.84 ± 8.53 Bq/kg, 
226

Ra ranged from 

21.17 ± 6.11 to 92.26 ± 8.47 Bq/kg, with an average value of 58.59 ± 6.32 Bq/kg, 
232

Th 

ranged from 29.80 ± 1.10 Bq/kg to 161.08 ± 3.42 Bq/kg with an average value of 99.15 ± 

6.32 Bq/kg. The values for radium equivalents also ranged from 87.35 Bq/kg to 333.93 

Bq/kg.  

The annual effective dose equivalent (AEDE) and excess life time cancer risk (ELCR), 

calculated from absorbed dose rates in the study area shows that, annual effective doses 

ranged from 0.03 mSv/y to 0.19 mSv/y with an average value of 0.13 mSv/y. The value 

for the excess life time cancer risk ranged from 0.11       to 0.67       with an 

average value of 0.45       . The values for gamma ray indices ranged from 0.31 to 
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1.20 with an average value of 0.83. The result from measuring the levels of some metals 

in each termite mounds shows that, average value of Ca, Fe, Mg and Zn, obtained were 

found to be 315.88 ppm, 29378.2 ppm, 1208.4 ppm and 20.55 ppm respectively. The 

contamination factors (CF) and pollution load indices (PLI), calculated from the levels of 

these metals in termite mounds within the study area, shows that average contamination 

factors of Ca, Fe, Mg, and Zn were found to be 0.017, 0.617, 0.12, 0.108 respectively. 

The values of pollution load indices (PLI), obtained from the levels of metals in all the 

termite mounds ranged from 0.02 to 0.17 with an average value of 0.108. 

The results from the absorbed dose rate shows that termite mounds in the study area can 

enhance environmental background radiation, and may not constitute an immediate 

radiological effect to the people since the annual effective dose is below the permissible 

limit (1mSv/y). However, the probability of one developing radiological effect over a life 

time is high from their radiation contributions, since the mean value for the excess life 

time cancer risk exceeded the average limit recommended. The pollution load indices 

calculated from termite mounds in the study area indicates low pollution of these metals 

in the environment. Although, the levels of Fe in some mounds within the study area may 

be toxic when taken by living beings for any reason as reported by williams et al, (1999). 

These results obtained may be attributed to the geological nature of the study area. 

5.2 Conclusions 

This study was carried out to assess the radioactivity levels and levels of some metals 

from termite mounds spread within Ahmadu Bello University, Zaria, and their resulting 

implications. The result from the assessments shows that, absorbed dose rates ranged 

from 28.46 Bq/kg to 153.15 Bq/kg with an average value of 103.70 Bq/kg. The activity 
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concentrations of 
40

K ranged from 174.50 ± 6.38 Bq/kg to 898.96 ± 11.15 Bq/kg, with an 

average value of 434.84 ± 8.53 Bq/kg, 
226

Ra ranged from 21.17 ± 6.11 to 92.26 ± 8.47 

Bq/kg, with an average value of 58.59 ± 6.32 Bq/kg, and 
232

Th ranged from 29.80 ± 1.10 

Bq/kg to 161.08 ± 3.42 Bq/kg with an average value of 99.15 ± 6.32 Bq/kg.  

The annual effective dose equivalent (AEDE) and excess life time cancer risk (ELCR), 

obtained from absorbed dose rates in the study area shows that, annual effective doses 

ranged from 0.03 mSv/y to 0.19 mSv/y with an average value of 0.13 mSv/y, and excess 

life time cancer risk ranged from 0.11       to 0.67       with an average value of 

0.45       . Also, the values for gamma ray indices ranged from 0.31 to 1.20 with an 

average value of 0.83. The result of measuring the levels of some metals in each termite 

mounds shows that, average value of Ca, Fe, Mg and Zn, calculated were found to be 

315.88 ppm, 29378.2 ppm, 1208.4 ppm and 20.55 ppm respectively. The implications of 

these concentrations show that average value of the contamination factors (CF) for the 

metals measured were found to be 0.017, 0.617, 0.12, and 0.108 respectively. The values 

of pollution load indices (PLI), obtained from the levels of metals from all the termite 

mounds ranged from 0.02 to 0.17 with an average value of 0.108. These values are below 

unity which indicates low pollution of these metals in the environment. However, the 

levels of Fe observed in termite mound soils within the study area, may be toxic to living 

beings (even animals) when used for any reason since it was reported that these soils can 

be edible. 

The result from this study shows that absorbed dose rates from termite mounds in the 

study area can enhance environmental background radiation and may not cause any 

immediate radiological effect to the people. Although, the probability of one developing 
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radiological effects like cancer over a life time in the study area is significant from their 

radiation contribution. The results obtained can be attributed to the widespread 

distribution of radionuclides in the study area as well as the geology of the area which 

consists of mainly granite, gneiss and schist.    

5.3 Recommendations 

Background radiation from terrestrial radionuclides cannot be totally eradicated by 

humans on earth but can be minimized by adopting some control measures. It is however 

recommended that periodic monitoring and evaluation should be carried out within the 

study area by local authority, management of the institution, and interested researchers in 

order to assess the absorbed dose levels, to ensure that absorbed dose levels is within the 

permissible limits. It is also recommended that periodic study should be carried out to 

check the level of metals in termite mounds and ensure that the levels of metals do no 

become toxic when used in anyway. 
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APPENDICES 

 Termite mounds  in Ahmadu Bello University Samaru, Zaria  

 

DAC HOSTEL ( N 11˚ 09′ 59.9′′, E 007˚ 

38′ 14.8′′) Altitude: 2242 feets, Height: 

1.5m 

 

 

CERT ABU ZARIA (N II˚ 08′ 26.6′′, E 

007˚ 40′ 004′′) Altitude: 2172 feets,   

Height: 4.5m. 

 

 
Shika (N 11˚ 10′ 26.6′′, E 007˚ 36′ 47.5′′ ) 

Altitude: 2344 feets, Height: 2m. 

 

 
Industrial development centre (IDC) (N 11˚ 

09′ 13.3′′, E 007˚ 39′45.6′′)Alt: 2231feets,  

Height: 3m 



70 
 

  

 
AREA C. 1 (N 11˚ 10′ 22.2′′, E 007˚ 

37′.33.4′′) Alt: 2384 feets, Height: 3.5m 

 

 
AREA C.2 ( N 11˚ 10′ 21.8′′, E 007˚ 

37′29.6′′) Alt: 2334 feets, Height: 2.5m 

 

 
BEHIND DAM QRTS ( N 11˚ 08′ 37.2′′, E 

007˚ 39′ 18.7′′), Alt: 2184 feets, Height: 1.5m 

 

 

 

 
DAM1 (CLOSE TO RIVER, N11˚ 08′ 

19.5′′, E 007˚ 39′ 22.6′′), Alt : 2169 feets, 

Height: 4.5m 
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Behind Area G, height: 4.0 m, Alt:   

2342 feets, (N11˚10′12.4′′, E 007˚37′7.3′′)  

 

 

Besides Area One, height: 3.5 m Alt:2345 

m, (N11˚10′9.7′′, E 007˚37′57.8′′). 

 

 

 
 

DAM 2. ROAD SIDE (N 11˚ 08′ 20′′, E 

007˚ 39′ 21.6′′), Alt: 2172 feets, Height: 

0.3m 

 

 
 

DAM.3  ( N11˚08′ 21.1′′, E 007˚ 39′ 22.4′′) 

Alt: 2172 feets, Height: 0.35m. 
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Area G. Extension, Height: 2m, Alt: 2342 

feets, (N11˚10′ 26.2′′, E 007˚37′ 6.2′′). 

 

 

 

                 


