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ABSTRACT 

The unavailability of the background radioactivity baseline data of the North West 

province for the various geological units is a problem from the radiation protection point 

of view. The regulation of the nuclear industry and the protection of members of the 

public against the harmful effects of ionising radiation requires this baseline data for 

appropriate regulating standards to be set. Hence this study has mainly focused on 

determining background radioactivity in various geological formations in terms of 

specific activity (Bqlkg) and dose rate (µSv/h) due to the external gamma radiation in 

order to make a contribution for regulatory purpose. 

The focus of this study was on the U-238 series due to its contribution on background, 

and thus the Ra-226 specific• activity was determined in Bqlkg. Gamma spectrometry 

units coupled to Nal(Tl) detectors were used both in-situ and in the laboratory to 

measure the gamma rays emitted from soil and dose rate was measured in-situ with 

electra G.M dose rate meter. The average background radioactivity from the 

measurements is high in granites, intermediate in shale and low in gabbro, norite 

anorthosites, quartzite calcrete with limestone, hybrid rocks, diabase and epidiorite and 

this pattern agreed with literature. The average radioactivity for the surveyed areas 

range from 26 Bqlkg to 150 Bqlkgfor various rocks types. The dose rate range from 0.15 

µSv/h to 0.35 µSvlhfor various geological structures. The average specific activity is 150 

Bqlkg and 82 Bqlkg in rnarse grained and mixed granites, 72 Bqlkg and 61 Bqlkg in 
~ 

shale, polo and shale slate respectively. The average specific activity in norite, sandy 
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soil, gabbro, norite anorthosite, brick clay and limestone is 37 Bqlkg, 25 Bqlkg, 28 Bqlkg, 

26 Bqlkg and 27 Bqlkg respectively. The average dose rate range from 0.15 µSvlh to 0.35 

µSv/h for various geological structures. 

There is a correlation of the results of this study with the studied geology in the North 

West Province. The results are also comparable with data from the previous 

international studies. 

There was a parallel study for Gauteng by the other worker. The geological formations 

that were surveyed in the North West Province are different from those surveyed in 

Gauteng Province. As a result the background radioactivity tends to be generally higher 

in Gauteng than the North West Province. The background radioactivity in most studied 

areas for both provinces should only be associated with NORM due to their distance from 

all TENO RM operations. 

Inferential statistics using student t-test indicate that there is 95 % probability that the 

background radioactivity mean for the North West Province lies in the interval 5 0. 048 

Bqlkg to 61. 7./ Bqlkg. The average specific activity for the province is 55. 9 Bqlkg. The 

student t-value and the p-value, indicate that there is enough evidence to infer that the 

average specific activity for the whole North West Province is below 200 Bq/kg. 

The Nuclear Energy Act no. 131 of the CNS 1993 in South Africa, specifies the entry level 

into regulation of 200 Bqlkg for background specific activity. Any activity handling 
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radioactivity material below 200 Bq/kg is not amenable for regulation because that is 

regarded to be background. From statistical analysis, all the areas that were covered by 

this study have a specific activity below a value of 200 Bqlkg. Hence the results suggest 

suggests that the entry level into regulation of 200 Bqlkg is appropriate because it does 

not bring areas at background level into regulation. 
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CHAPTER ONE INTRODUCTION 

1.1 Introduction 

In this chapter, the background to the problem being addressed in this study and 

also the problem statement are defined. The objectives and the justification of the 

study are further outlined and the chapter continues to describe the study design 

and the study area and the selection criteria of study areas. 

1.2 Background to the study 

There is a need for the determination of background radioactivity in different 

geological formations of South Africa in order to establish the baseline data for 

the country. This is necessary because man is exposed to radiation from a 

number of sources, those to which he has always been exposed , namely cosmic 

radiation and naturally occurring radionuclides and waste products from the 

operation of nuclear reactors [32] . The radioactivity level and hence the exposure 

level to individuals vary from one place to another according to the geology and 

the distance from nuclear installations or operations. 

For the protection of members of the public (the critical group) against the 

harmful effects of ionising radiation , it is important to know the publ ic's present 
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levels of exposure to background radiation . According to Yeates et al, 1973 [32] 

the dose received from natural sources forms a useful basis of reference with 

which the doses received from other sources may be compared . 

Numerous investigations of gamma background radiation have been performed 

internationally, such as those in the Federal Republic of Germany, Norway, 

Austria , UK, Poland and France [26], Iraq [14], Egypt [8], Hong Kong , [15] and 

Parkistan [12]. However, very few ground survey investigations have been 

reported concerning background radioactivity in South Africa as a whole . The 

Council for Geoscience has extensive aerial data for some parts of the country, 

but although extensive, it still requires consistent calibration . 

In South Africa , with its large industry of gold mines associated with uranium and 

some nuclear installations, the population is not excluded from these kinds of 

exposures . In order to quantify these exposures, it is necessary to establish the 

background radioactivity baseline data. These data would be useful for future 

assessment of any change in the gamma background levels due to various 

geological processes and setting up of additional nuclear and thermal power 

plants in the country [12] and also due to TENORM. The baseline data will further 

enable the regulatory body to assess the present standards and set the proper 

regulation standards fo r the futu re, especially with regards to entry level to 

regulatory contro l. 
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The uranium , thorium series radionuclides and potassium-40 are the main 

sources of background radioactivity. But since in South Africa much of the 

contribution is from U-238 series more especially Ra-226, the focus of this study 

was thus to measure the background radioactivity due to Ra-226 in the soil. 

1.3 Hypothesis and assumptions of the study 

The background radioactivity varies according to the geology of the area [18], 

[19]. The assumption made in this work is that, the same geology is likely to be 

associated with similar background radioactivity. This is true only if the geological 

formations are assumed to have resulted from the same geological event and at 

the same time. 

1.4 Problem statement 

This study was concerned about determining the background radioactivity in 

various geological formations in the North West province. The justification of the 

study emanates from the fact that people in this province are not only exposed to 

NORM, but practices dealing with TENORM as well. For proper regulation of 

these practices it is imperative to determine background radiation so as to 

distinguish the exposure due to TENORM from that due to NORM. 

The regulation of authorised practices is mainly concerned about how much 

incremental exposure is due to TENORM over and above the exposure due to 
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NORM. The pre-operation or baseline data is not available for most of the 

operational areas in the province and the country for use by the regulators. This 

lack of baseline data results in difficulties when setting regulatory standards for 

operational purposes and the protection of members of the public. 

It is therefore important to determine the baseline data in the whole province and 

also in places with the TENORM. The determination of background causes major 

experimental challenges in the already polluted areas, due to the fact that the 

practices have been going on for many years and as such the background 

radioactivity may no more be what it was prior to mining . Most of the areas 

occupied by members of the public in the vicinity of mining areas have been 

polluted with radioactive materials. Subsequently the background radioactivity 

measurements are retrospective and may not be reliable for regulation purposes 

unless proper methods are developed to determine what the pre-operational 

background values could have been . In order to address the problem, it was 

subdivided into small manageable tasks. 

Sub-problems. 

• How is rad ioactivity distributed in South Africa and North West Province? 

• What is the method for background rad ioactivity determination in soil? 



5 

• What is the radioactivity in the two different regions of NORM distribution with 

the same geology? 

1.5 Research objectives 

The primary aim of the study is to determine the background radioactivity in 

various geological units in the North West Province. In order to address the 

problem the following objectives were to be achieved : 

1.5.1 Categorisation of North West Province radiometrically. 

1.5.2 Development of a methodology for determining background radioactivity in 

the soil. 

1.5.3 Determination of radioactivity in the soil from a region with the lowest 

expected distribution of NORM and from a region with the highest expected 

distribution of NORM. 

1.5.4 Comparative analysis of the radioactivity content in the soil between the 

two different regions . 
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1.6 Justification of research 

1.6.1 The research will provide baseline data of background radioactivity. 

1.6.2 The results of the research will provide the regulatory authorities with 

information that could be used to assess the appropriateness of some of the 

current regulatory standards. 

1.6.3 The data from this study will be used to categorise the province 

radiometrically. 

1.6.4 This study will equip the researcher with necessary expertise about the use 

of gamma spectrometry. 

1.6.5 The research will provide information that may be used to ascertain if 

certain geology is always associated with similar radioactivity content. 

1. 7 Study area 

This study took place in the North West Province and a total of 9 places were 

covered by the survey. The study was initially intended to be around mines and 

non-mining areas, but mines could not be surveyed due to time constraints as a 
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result, the study only took place in areas that are far away from mining where 

radioactivity contamination from mining is least expected. 

1. 7 .1 Categorisation of the study area 

The province was categorised radiometrically using the geological formations 

and radiometric data. The geological maps and the radiometric data were 

obtained from the Council for Geoscience. Different places with different geology 

were chosen for background radioactivity measurement. 

Selected places and geological structures for the survey. 

RUSTENBURG AREA 

1. Mogwase 

2. Saulspoort 

3. Ga-Luka 

4. Ga-Kgale 

5. Swartruggens 

6. Kwaggasnek 

MAFIKENG AREA 

1. Mooifontein 

GEOLOGY 

Mixed granite (MN) 

Coarse grained granite (Mn 4) 

Gabbro,norite,anorthosite (Vg) 

Norite hybrid rocks (Vn) 

Shale slate undusulite(Vt) 

Shale polo ground,quarzite member(Vrs) 

Basaltic amygdaloidal lava , agglomerate (Ra) 



2. Gelukspan 

3. Slurry 

4. Stella 

1.8 Outline of thesis 

soil cover (Qs) 

Calcrete (T-Qc) with lime stone deposit 

Brick clay shale(CS) 
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The first chapter highlights and introduces the basis of the study. The second 

chapter discusses the radioactivity and its natural sources and the way it may be 

distributed according to the geology. The different factors that affect the emission 

of gamma rays from the soil are also discussed. In chapter three the different 

techniques and detectors that were used and those that could not be used in this 

study are discussed . In the fourth chapter, instrumentation and calibration of the 

instruments is fully outlined . Chapter five describes the radioanalysis and data 

analysis methods that were used both in-situ and in the laboratory. In chapter six, 

the results are given as typical counts and all the results expressed as activity 

concentration . Chapter six continues to discuss and analyse all the results 

obtained in this study. In chapter seven , the conclusions of the thesis and also 

the challenges and recommendations of the whole study are summarised . 

1.9 Conclusion 

There is a need to determine the background radioactivity for South Africa , which 

will serve as baseline data when more nuclear practices are established in future. 
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As the public is exposed to radiation from various sources due to both NORM 

and TENORM, the distinction of the contribution from NORM and TENORM will 

enable the regulator to set proper regulation standards for the protection against 

the harmful effects of radiation . In doing this study the hypothesis is that 

background radioactivity varies with the geology of the area. This study provided 

baseline data and enabled radiometric categorisation of some parts of the 

country. The study took place around Rustenburg and Mafikeng areas on various 

geological formations. 
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CHAPTER TWO LITERATURE REVIEW 

2. Background Radioactivity 

2.1 Introduction 

The main purpose of this chapter is to review the various concepts around the 

issue of radiation and radioactivity and also the natural sources of radiation . This 

chapter goes further to explain how radioactivity is distributed in different rocks 

and finally outlines the various factors causing temporal variation of background 

radioactivity. 

2.2 Radiation and radioactivity 

Radiation may be defined as some form of energy given out (emitted) by certain 

material. There is non-ionising and ionising radiation . In this discussion the 

interest is only on ionising radiation . This type of radiation is such that its 

absorption process is associated with the removal of electrons resulting in the 

production of ions in the material. This effect is the reason why ionising radiation 

is hazardous to health , and provides the means by which radiation can be 

detected [11]. 
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Radioactivity is a natural and spontaneous process by which the unstable atoms 

of an element emit or radiate excess energy in the form of particles or waves 

(11 ]. According to Morgan 1971 (17], all forms of energy are valuable human 

resources, which are essential for a better way of life. 

2.3 Types of radiation 

The main types of radiation are the alpha particle (a), beta particle W) and 

gamma rays (y). These radiation types differ in many respects . One of their main 

differences is their range in space. The alpha particles have a positive charge of 

two and are very heavy and energetic compared to other radiation types. This 

causes the alpha particles to interact readily with materials they encounter, 

including air, causing many ionisations in a very short distance. They travel only 

a few centimetres in air and cannot penetrate the skin [11] . 

Alpha decay: 225 Ra ➔ 222 Rn + a 

The beta particles have a longer range in air and can penetrate up to one 

centimetre in tissue. The beta particles have a single negative charge and weigh 

only a small fraction of the mass of a proton . As a result , beta particles interact 

less readily with matter than alpha particles. Depending on the energy of the 

particle , beta particles will travel up to several meters in air, and are stopped by 

thin layers of metal or plastic [11 ]. 

Beta decay: 



12 

n➔ p + e- ~-decay 

p➔ n + e+ ~+ decay 

p + e- ➔ n electron capture 

The gamma radiation results when a nucleus in excited state decays to a lower 

energy state by emitting a gamma ray. The gamma ray has no mass and no 

charge. Gamma rays interact with material by colliding with the electrons in the 

shells of atoms. They lose their energy slowly in matter, being able to travel 

significant distances before stopping . Depending on their initial energy, gamma 

rays can travel from one to hundreds of meters in air and can easily go right 

through people [11]. The gamma rays because of their penetrative nature pose a 

major threat of external dose to the population . 

2.4 Sources of radiation 

Radiation emanates from the materials that contain radioactive nuclides. 

Radioactive nuclides are those nuclides that will emit radiation from their nuclei 

or electron shells . Radionuclides are found naturally in air, water, rocks and soil 

and therefore natural radioactivity is common in the rocks and soil that make up 

our planet [9] . 

The sources of background radioactivity are mainly the primordial radionuclides 

like uranium-238 and thorium-232 series radionuclides and also potassium-40 



13 

and rubidium-87 radionuclides . The uranium-235 series radionuclides contribute 

very little to the total dose from natural background [18, 19]. 

The terrestrial component of the natural gamma environmental radiation field 

(free air exposure rate) depends on the abundance of uranium and thorium, their 

decay products and K-40 in near-surface rock and soil [31] . 

There are many activities that deal with NORM. These include activities which 

can enhance NORM levels directly such as mining, milling and processing of 

uranium ores and mineral sands, fertilizer manufacture and use, burning of fossil 

fuels and metal refining [18, 19]. The use and disposal of waste materials such 

as mine tailings, phosphogypsum and fly ash are associated with activities which 

enhance NORM and can cause significant radiological problems [26] . 

2.5 Distribution of NORM in the geology 

The geology of the area affects the background radiation levels. The levels 

depend mainly on the radioactivity content of the bedrock, surface rocks and also 

on the radionuclide concentration of the soil from the source rock [18, 19]. 

Igneous rocks generally exhibit higher activity concentrations than sedimentary 

rocks . Metamorphic rocks have concentrations typical of the rocks from which 

they were derived . Certain sedimentary rocks like shale and phosphate rocks are 

highly radioactive [18 , 19]. 
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Uranium, thorium and potassium are concentrated preferentially in acid igneous 

rocks compared with intermediate, basic and ultra-basic varieties . Uranium 

occurs in crustal rocks at an average level of about 2,5 ppm. The thorium 

isotope, Th-232 is almost 4 times abundant than uranium in crustal rocks. The 

radioactive potassium-40 has an abundance of 0,012 % [1]. Usually, naturally 

occurring emitters like K-40, U-238 and Th-232 are distributed approximately 

uniformly throughout the soil [5] . 

2.6 Rock types and associated radioactivity 

2.6.1 Igneous Rocks 

The original sources of uranium-series, thorium-series, actinium series, 

potassium and rubidium radioactivity in the terrestrial environment are the earth 's 

crust and mantle. The mafic (those that are mainly iron and magnesium) igneous 

rocks are dark in color and contain 0.5 to 1 ppm uranium-238, 3 to 4 ppm 

thorium-232, 0.8 % potassium-40 and 40 ppm rubidium-87 . As the mafic rocks 

continue cooling and differentiation , the balance tends to reverse and the salic 

(containing mostly silicon and aluminium) igneous rocks are formed. They are 

generally lighter in color or speckled . The light coloured or speckled low calcium 

granite typically contain more than 4% K-40 , 170 - 200 ppm Ru-87, 17 ppm Th-
• .. -

232 and 3 ppm U-238. Therefore , in areas of exposed igneous rocks based 
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mainly on the colour of the rock, the amount of radioactivity available can be 

estimated [18, 19, 10). 

2.6.2 Sedimentary rocks 

In order of preponderance, the major sedimentary rock types are shales, 

sandstones and carbonate rocks [18, 19). 

(a) Shales 

Shales normally contain at least 35% clay minerals, and a significant fraction 

contains potassium as an essential constituent. Shales are all capable of 

adsorbing the series radionuclides. The radionuclides may also be present bound 

to organic matter in minor minerals or as precipitates or co-precipitates in the 

cementing material that binds the rock . The mean values for common shales are 

2.7% K, 12 ppm Th , 3.7 ppm U [18, 19). 

(b) Sandstones 

Sandstones are usually composed of medium-sized grains of quartz (SiO2) which 

tend to have very little radioactive impurity, some grains may be potassium

containing feldspar and those containing more than 25% feldspar are called 

arkoses, and the chief feldspar are those containing potassium . At the high end 
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of the range for sandstones are the arkoses containing two or three percent K 

and the very impure sandstones containing clay minerals with their associated 

series radionuclides [18, 19]. Generally, sandstones are low in both series and 

non-series radionuclides . However, many deposits of uranium are found at the 

boundary of different layers of sandstones [1 0] . 

(c) Carbonate rocks 

Carbonate rocks consist of limestone and dolomites and they tend to be free of 

radionuclides, but intergranular spaces may contain elements found in the sea 

water from which they were deposited. Potassium is very soluble in water, 

thorium is depleted in water, and therefore the concentration of potassium and 

thorium is usually low in carbonate rocks . Uranium may be present because it 

may be fixed by reducing conditions in decaying organic matter where the rocks 

are deposited [18 , 1 0] . 

Uranium can replace calcium or be adsorbed in the principal phosphate minerals. 

It is found associated with phosphates in concentrations from 20 to 300 ppm [1 0] . 

Generally, the major spatial variations in natural gamma radioactivity are caused 

by variations in the abundance and distribution of U, Th and K-40. The specific 

activities of the natural radioelements are not in the same proportions as their 

abundance [30] . 
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Element ratios are useful in examining the differences between rock types. 

Uranium and Thorium are predominant in the high radioactivity igneous rock 

types, while K is more predominant in the basic igneous rocks [30, 31]. 

Hence, terrestrial gamma radiation varies from place to place because of 

differing amounts of uranium, thorium and potassium in the earth's surface 

material and can easily differ by a factor of 10 across the country. Granite for 

example contains higher than average uranium concentration. 

2.7 Soil radioactivity 

The radioactivity of the soil is that of the rock from which it is derived. Its 

radioactivity can be reduced by the leaching action of moving water and diluted 

by the organic matter added to the soil. Soil radioactivity can be increased by 

sorption and precipitation of radionuclides from incoming water. The soil may 

have resulted from the nearby rocks or from some rocks some distance away. As 

a result the soil radioactivity may resemble that of the neighbouring rocks or that 

of distant rocks [18]. Human activities such as adding fertilisers, importing top

soil can also alter the soil surface radioactivity. 

In the surround ing mountains with rocks containing abnormal radioactivity, the 

out-washed erosion products from mountain lead to a soil covering that may be 

more radioactive than the bedrock. 
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2.8 Factors causing environmental temporal variations of gamma 

photons 

The emanation of Rn-222 from the soil and hence the gamma emission depends 

not only on the U-238 and Ra-226 concentrations but also on the nature of the 

host mineralogy (rock or soil) , the porosity, the soil moisture content and the 

permeability of the host rock and soil [1 ]. 

2.8.1 Soil moisture 

The dose rate in air varies depending on a number of factors, including soil 

moisture content, the presence and amount of snow cover [18]. Dose rates rise 

gradually as soil dries out. Water shields the radiation coming from the NORM in 

the ground, and dilutes the concentration of NORM in the soil. After rainfall, the 

background values drop. Rainfall scours radon and its progeny from the 

atmosphere, causing radiation levels to rise at ground level. Some larger storms 

may double the gamma exposure rate for a short period of time. The shielding 

effect of snow is substantial , it is dependent on the water equivalent of the snow 

because a heavy wet snow is more effective at shielding than a dry snow [1 O]. 

According to NCRP 94 report [18] , the absorbed dose rate in air due to 

potassium-40 decreases by about 30 % when the soil moisture increases from 0 

-% to 30 %. This is primarily due to the shielding effect of moisture in the soil. For 
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the U-238 series, the dose rate in air remains essentially unchanged in the 

presence of soil moisture whereas the doses are significantly reduced in the case 

of Th-232 series and K-40. The total overall terrestrial absorbed dose rate in air 

for a given area during the "dry" years will average 15% to 25% more than those 

of wet years [21]. 

2.8.2 Air temperature 

Early mornings are typically calm , so radon escaping from the ground stays near 

the surface causing radon levels to increase and as it decays the gamma 

background is increased. During the day, the sun warms the ground and air near 

it rises , generating a mixing effect that sends the radon and its progeny to higher 

levels in the atmosphere, thus lowering the gamma background level [1 O]. 

2.9 Conclusion 

Radiation is some form of energy given out (emitted) by certain material. 

Radioactivity is a natural and spontaneous process by which the unstable atoms 

of an element emit or radiate excess energy in the form of particles or waves. 

There is non-ionising and ionising radiation and the 3 main types of ionising 

radiation are alpha particles , beta particles and gamma photons and they all 

have different energies. Radioactive nuclides are found in various rock types in 
• .. 
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different concentrations, soil and other materials that form our planet. The 

background radioactivity is affected mainly by soil moisture and air temperature. 
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CHAPTER THREE 

3. Measurement Techniques 

3.1 Introduction 

In this chapter, all the techniques that were used are listed and some of the 

techniques are compared . The advantage of gamma spectrometer technique 

over the other techniques is discussed. The HPGe and Nal(TI) detectors are 

compared in terms of their resolution, efficiency and convenience for use in-situ. 

The advantages and disadvantages of in-situ and laboratory techniques are 

discussed. 

3.2 Comparison of techniques 

3.2.1 Gamma measurement techniques 

There is a wide range of techn iques used for measuring gamma photons. The 

techn iques include: 

(i) Thermolumin iscence dose meters (TLD) 

(ii) Electret ion chambers (EiC) 

(iii) Electra G.M dose rate meters 

(iv) In-situ gamma spectrometry 

(v) Laboratory gamma spectrometry 
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The detection principle of all the techniques is based on the production of 

charged secondary particles, which are collected together to produce an electric 

signal [4]. The produced signal is detected and is related to the amount of 

radiation present. 

Gamma spectrometry and electra dose rate meter are active techniques whereas 

other mentioned techniques are passive integrating techniques. The passive 

integrating detectors include the TLD's and EIC's and can be exposed for 

relatively long periods of time [1 O]. The passive techniques will not be considered 

in this work. By active technique, it is referred to the technique, which give the 

results of the measurand instantly whereas a passive technique takes 

measurements over a long period and integrates that information to give an 

average of all the results. 

The active techniques do offer an advantage of providing quickly, the necessary 

information for use in emergency situations as well as when only a short time is 

available for taking measurements. Also what makes gamma spectrometry 

superior over other techniques is its ability to distinguish between different 

nuclides according to the specific energies of the gamma rays they emit. Other 

techniques only indicate total gamma readings with no distinction between the 

various gamma ray sources. 
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3.2.2 Detectors used in gamma spectrometry 

The gamma spectrometry uses either a sodium iodide [Nal(TI)] scintillation 

detector or germanium semiconductor detectors, which can be either lithium 

drifted germanium [Ge(Li)] detector or high purity germanium (HPGe) detector. 

Ge(Li) will not be discussed in this study. 

The advantages of a sodium iodide crystal detector are high efficiency than high 

purity germanium detector [5] and lithium drifted germanium detector [21 ]. The 

Nal(TI) detector can operate at room temperature, is low priced and available in 

large sizes. The disadvantages are its low resolution, sensitivity to temperature 

changes, which cause energy shifts , instability in the high energy supply and the 

effect on it of external magnetic fields [5] . 

The high purity germanium (HPGe) detector offers an advantage of high 

resolution and is not affected by magnetic fields . Its disadvantages is a relatively 

high price, low efficiency than Nal(TI) detectors and it needs to be maintained at 

low temperature usually using liquid nitrogen or electric coolers and this limits the 

use of HPGe in the field [5] . 

The Nal(TI) detector is more suitable for environmental radionuclides quantitative 

studies due to its high efficiency whereas the HPGe, because of the high 

resolution is suitable for qualitative studies. In th is study, the main purpose of 
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both the in-situ measurements and laboratory radioanalysis was to quantify the 

U-238 series radionuclides emitting the gamma photons, as a result the high 

efficiency Nal(TI) detectors were used both in-situ and in the laboratory. 

3.3 Comparison of in situ and laboratory techniques 

In situ techniques have a number of advantages over conventional soil sample 

collection and radioanalysis. In situ measurements gather data in real time that 

can be analysed immediately for decision-making purposes, while conducting the 

characterisation survey [5]. 

The in-situ spectrometer unit is put in place, and a count started . After a few 

minutes, typically a detailed spectrum of the gamma radiation would have been 

obtained. This spectrum can then be analysed rapidly to identify the nuclides 

present. The number of counts in the photo-peak can then be converted to the 

specific activity in Bq/g or Bq/kg for that nuclide depending on the calibration [22). 

It offers a substantial cost saving over conventional sampling and analysis. In 

addition, the area observed by the in situ detector may in fact give a more 

representative picture about radioactivity in that sampling location. 

In a typical in situ gamma spectrometry, the detector is placed at 1 meter above 

the ground . At this height 85-90% of the gamma radiation detected is originating 
• .. 

from a circle with radius of 10 metres from the detector [23) . It is generally cost 
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effective to focus primarily on in situ readings and to collect sufficient samples to 

verify the information provided by remote readings. 

In the laboratory, the advantages are that the mass of the sample is defined, 

shielding can be used to reduce background and there is no limitation on the 

usage of power. The disadvantage is that the soil sample is discreet, and often 

quite small [23]. 

3.4 Comparison of the previous work in South Africa and this study 

3.4.1 Aerial Survey 

The Council for Geoscience in Pretoria has done some background radioactivity 

aerial survey in some parts of the country including some parts of the North West 

Province. They have specifically concentrated on the potassium-40, thorium-232 

and uranium-238 background radioactivity using 256 and 512 channels gamma 

spectrometer. Some of the studies were done on areas that are not contaminated 

from TENORM operations such as Zeerust and Thabazimbi, and some on 

already contaminated areas because of uranium ore mining and reprocessing 

such as on the slime dams around some parts of Gauteng Province [20] . 

The background radioactivity measurements were taken using a light aircraft. 

The calibration of the aerial gamma spectrometer was done at the Lanseria 
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airport calibration facility. A large 16.81 x 33.61 x 4.21 volume Nal(TI) crystal was 

attached to the bottom of the aircraft. The measuring instrument was calibrated 

for an altitude of 60m - 90m, aircraft speed of 120 - 230 km/h and 200m grid 

lines spacing . The aircraft was flying between equal parallel grid lines [20). 

The advantages of the aerial technique is that, large areas can be radiometrically 

classified in a short space of time, accessibility of the terrain is not a problem and 

it is cheap. 

The disadvantages of aerial technique is that: 

• The measuring equipment of the Council for Geoscience lacks consistent 

calibration because the setup for calibration is totally different from the setup 

when the aircraft flies during measurements. The instrument tends to average 

the activity because of high speeds of the aircraft such that it becomes 

difficult to identify small hotspots more especially when measuring natural 

background radioactivity. The data only give a general pattern of background 

radioactivity. 

• The instrument will yield lower radioactivity values. 

• The plantation shields some of the gamma rays, the distance between the 

gamma ray sources (ground) is large, and hence what is detected is virtually 

small , compared to that at ground level. 

The inconsistency of the work makes it not very reliable for use by the regulator. 
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3.4.2 Ground survey 

In this study, ground radioactivity survey was done with the detector placed at 1-

meter above the ground, the instrument is stationary and measurements were 

taken for the same period at each survey point. The measurements setup is 

similar to the calibration setup. 

The advantages of ground survey are that the effect of shielding by plantation is 

minimized. The technique does not average the specific activity of the area of 

interest. It is possible to identify and distinguish small spots of higher background 

radioactivity from those of lower background radioactivity, which is difficult with 

aerial survey. The ground survey that was done in this study gives more details 

about the area of study. Furthermore, the analysis was done in the laboratory in 

order to compare the results from the two techniques. The Council did not 

confirm consistence of the results by any comparison. Generally, the ground 

survey technique which , was used in this study is superior to the aerial survey. 

The disadvantages of the ground survey are that it is limited to easily accessible 

areas, expensive and time consuming 

3.5 Conclusion 

The techniques that were used in this study are in-situ gamma spectrometer unit, 

laboratory gamma spectrometer, and Electra G.M dose rate meter. All these are 
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active techniques. The gamma spectrometer is superior over other techniques 

because it can distinguish the radionuclides present according to their specific 

energies. Nal(TI) detector has a higher efficiency than the HPGe detector, 

whereas HPGe has a higher resolution and thus Nal(TI) detector was used for 

this study because high efficiency was needed. 

In situ measurements gather data in real time that can be analysed immediately 

for decision making, while conducting the characterisation survey. It offers a 

substantial cost saving over conventional sampling and analysis. In addition, the 

area observed by the in-situ detector may give a more representative picture 

about radioactivity. In the laboratory, the mass of the sample is well defined, 

background is shielded and there is no limitation on power. 



CHAPTER FOUR 

4. Instrumentation and Calibration 

4.1 Introduction 

In this chapter, all the instruments that were used in this study are listed and 

briefly described and their uses are mentioned. The calibration of some of the 

instruments is also discussed. 

4.2 Instrumentation 

29 

The portable gamma spectrometer, electra GM dose rate meter, laboratory 

gamma spectrometer, global positioning system and a measuring wheel were 

used in this study. All of these instruments are commercially available. 

4.2.1 Portable gamma spectrometer I walk-lab 

A walk-lab is a portable multi-channel analyser (MCA) gamma spectrometer unit 

with the high voltage (HV) supply unit, Analogue digital converter (ADC) and an 

amplifier all built into one small unit. The direct current source is used to supply 

HV to the detector. The 3 x 3 Nal (TI) detector is used with the walk-lab . 
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The walk-lab was used to identify and measure the concentration of different 

nuclides in the soil. The walk-lab displays a full spectrum on the computer screen 

showing all the peaks for all the radionuclides available. 

4.2.2 Electra GM dose rate meter 

Electra GM is a dose rate meter and rate meter with all the standard electra 

features. The front extension contains an energy compensated GM probe whose 

position is shown by the two white crosses. Contact dose rate measurements, 

can be taken without disconnecting the external probe. Electra GM is used to 

measure gamma dose rate from various sources. It has the external and internal 

probe and it can measure gamma dose rate in integral mode over a pre-set time 

in µSv/h. 

Gamma spectrometer unit of WITS University 

It comprised of 5 x 5 Nal(TI) detector, multichannel analyser with Genie 2000 

computer software for spectrum analysis. To reduce background in the 

laboratory, the detector was shielded by a cylindrical lead shield with a fixed 

bottom and a moving cover. 
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4.2.4 Global Positioning System (GPS) 

GPS is a Geographic Information System (GIS) equipment which is used to 

indicate position in terms of longitude and latitude. 

Measuring wheel 

An instrument that is used to measure distance accurately in metres. It was used 

to measure the 20m x 20m-grid area during in-situ survey. 

4.3 Calibration 

Calibration is the determination and adjustment of the instrument response in a 

particular radiation field of known intensity. In order to achieve quality data the 

instruments were calibrated for energy and efficiency before they could be used . 

Efficiency calibration gives a relationship between the peak area (counts) in the 

spectrum and the amount of radioactivity it represents . Energy calibration shows 

a relationship between the channel number and the corresponding gamma 

energy [4]. 

The primary objectives of calibration are: 

• To ensure that an instrument is working properly and hence will be 

suitable for its intended purpose. 
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• To determine under a controlled set of standard conditions, the 

response of an instrument as a function of the value of the measurand 

(the quantity intended to be measured). 

• To adjust the instrument calibration, if possible, so that the overall 

measurement accuracy of the instrument is optimised [6] . 

4.3.1 Walk-lab calibration 

• The walk-lab was calibrated for efficiency using a standard uranium source at 

Lanseria airport and energy calibrated using the Co-60 and Cs-137 standard 

sources. 

(a) The Lanseria calibration facility 

There are 4 calibration pads of potassium, thorium, uranium and background . 

Each pad is circular and 8 meters in diameter. The uranium pad was used for 

efficiency calibration of the walk-lab and the background pad used to determine 

the sensitivity of the instrument. The concentration of uranium is 67 ppm and 1.3 

ppm U on the uranium pad and background pad respectively. The uranium is 

evenly distributed on the pad. 
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(b) Calibration 

Counting at the uranium pad was done for 10 minutes (600s) with the detector 

kept at 1 m above the ground surface. The counts accumulated were used to 

determine the efficiency calibration factor. The source used in calibration is 

traceable to national standards, and is consistent with international standards. 

Calibration factor (E) = 16672 counts per Bq/g. 

4.4 Instrument Sensitivity 

The background radioactivity measurements were done on the pad at Lanseria 

background pad to see how long one needed to count before getting a clear peak 

with a± 10% relative uncertainty for the 609 keV Bi-214 peak. 

After several measurements, it was established that for the 609 keV Bi-214 peak, 

a counting time of 10 minutes was required for a good peak. At this counting time 

the LLD is estimated to be 0.016 Bq/g . 

LLD= 0.016 Bq/g . 

4.5 Calibration of WITS Gamma spectrometer 

The gamma spectrometer was energy calibrated with Co-60 and Cs-137 and 

efficiency calibrated usir;ig 500g of 3.9 ppm U30a standard source in a marinelli .. 
beaker. The efficiency calibration factor (E) was determined for the instrument. 
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Efficiency calibration factor (E) = 66498 counts per Bq/g 

Sample size and geometry 

500g of soil sample in a 1 kg-size cylindrical marinelli beaker. The sample is 

symmetrically spread around the detector. 

Counting time 

1 hour (3600 seconds) 

4.6 Quality Assurance 

Before any data could be acquired, it was very important to ensure that it is of 

good quality. Quality assurance gives the confidence in the Ra-226 specific 

activity measurement program. In order to ensure quality of the results: 

• All the information about the calibration of the instrument was documented 

and the environmental temperature was recorded. 

• The walk-lab was checked daily for proper functioning with a Co-60 check 

source. 

• The field measurement conditions and set-up were kept as far as possible 

consistent with those of calibration . 
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4. 7 Selection of techniques 

Gamma spectrometry techniques were chosen for both in-situ and laboratory 

usage because the instruments were readily available for use. Gamma 

spectrometry is also an active technique and thus the results are available in a 

short space of time, which is what I needed due to the time that was available to 

do this study. The technique is also able to distinguish between different 

radionuclides according to their specific energies. The Electra G.M was also 

used because it is an active technique and was readily available for use. 

4.8 Conclusion 

The walk-lab was calibrated at Lanseria U pad and WITS gamma spectrometer 

unit was calibrated using a 3.9 ppm uranium standard . Both instruments were 

energy calibrated using Co-60 and Cs-137. The efficiency calibration factors for 

the walk-lab and WITS gamma specrometer are 16672 and 66498 counts per 

Bq/g respectively. The Lowest Level of Detection (LLD) was determined at the 

background pad at Lanseria . The LLD for the Walk-lab = 0.016 Bq/g at a 10 

minutes counting time and quality assurance measures were put in place. The 

gamma spectrometry was selected due to its availability and active nature. The 

calibration of the instruments and the determination of calibration factors were 

necessary in order to be able to interpret data and also to convert counts to 

radioactivity. 
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CHAPTER FIVE 

5. Methodologies 

5.1 Introduction 

In this chapter, all the methods that were used in this study are described and 

fully outlined. All the methods that were used both in-situ and in the laboratory 

are described. 

5.2 Ra-226 and Rn-222 equilibrium 

The Ra-226 specific activity was determined in soil by assuming a secular 

equilibrium between the Ra-226 and its daughters Rn-222 and Bi-214 for in-situ 

measurements whereas equilibrium was ensured in the laboratory. At secular 

equilibrium, the activity of the parent nuclide is equal to the activity of the 

daughter nuclides. The activity = N 11,, and at secular equilibrium the activity of the 

parent and the daughter nuclei is given by the equation, N 211,2 = N1/\1 . Where N2 

and 11,2 is the number of daughter nuclei and the decay constant respectively, N1 

is the numbers of parent nuclei and 11,1 the decay constant for the parent. In the 

laboratory, to ensure secular equilibrium soil samples were kept in airtight 

containers to equilibrate. For in-situ , since it is not a closed system the secular 

equilibrium may be affected by the free escape of Rn-222 from the soil surface. 
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But the effect of Rn-222 escape on equilibrium is insignificant because the Bi-214 

which is measured remains trapped in the crystal lattice of the soil. 

5.3 In-situ (field) measurements 

5.3.1 Measurements with a walk-lab 

• An approximate area of 1 hectare was covered on all geological areas of 

interest. The measuring wheel was used to measure the exact distance 

between survey points. The exact location for survey was determined in terms 

of latitude and longitude using a global positioning system (GPS). 

• The measurements were taken after every 20m in a 1-hectare area. It is 

because the 3 x 3 Nal(TI) detector is taken to detect, 85 -90 % of the gamma 

rays from the circle of 1 Om radius from the detector [5]. A walk-lab with a 3 x 

3 Nal(TI) detector was used to acquire the emitted gamma rays spectrum with 

the detector kept at 1 meter height above the ground during a measurement 

[5]. The walk-lab was switched on for 10 minutes at one position repeatedly 

until 1 hectare was covered . 

• The acquired spectra data were stored in a computer. 

5.3.2 Soil sampling 

Ten composite soil samples were collected in each hectare at same positions 

where gamma survey was done. Soil sampling was done by taking four soil 
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samples at the corners of the Sm square and one at the center. These soil 

samples were collected for laboratory analysis. 

5.3.3 Measurement with Electra GM 

The total gamma dose rate measurements were taken with electra after every 

20m with the equipment kept at a height of 1 m above the ground. Every 

measurement was done for 1 minute and recorded in µSv/h . 

5.4 Laboratory measurement 

5.4.1 Gamma spectrometry method 

The soil samples were analysed for Ra-226 specific activity at SCHONLAND 

research centre for nuclear sciences at University of the Witwatersrand in 

Johannesburg. 

Sample preparations and measurements 

The soil samples were prepared in the same geometry as that of calibration. The 

soil samples were dried and then grounded to a finer soil texture. Afterwards the 

samples were kept in a closed container for 21 days for a build-up of Rn-222 and 

for equilibrium to be re~ched between Rn-222 and Ra-226. The samples were .. 
then measured for Bi-214 specific activity for 1 hour counting time. 
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Figure 5.1. The figure above shows the radon activity as a function of time. 

In principle, secular equilibrium between radium and radon is achieved in 30 

days, however in 21 days, there is 97% equilibrium between Radium and radon. 

Thus beyond 97% equilibrium between radium and radon , further waiting does 

not greatly improve the results. [24] 
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5.5 Data Analysis Method 

5.5.1 Analysis of in-situ data 

Radium-226 concentration was calculated from Bi-214 radioactivity [28]. The 

activities of the daughters were used to quantify Ra-226 in soil [26]. The counts 

for Bi-214 were converted to the radioactivity of Ra-226 using the calibration 

factor. 

Typical conversion of counts under the 609 keV Bi-214 peak to Bi-214 specific 

activity. 

A Bi-214 = 9816 counts (from Bi-214 peak) 
66498 counts per !igl.g ( calibration factor) 

A Bi-214 = 0.148 Bq/g. This value is equivalent to Ra-226 specific activity, from 

assumption of secular equilibrium. 

5.5.2 Laboratory data analysis 

WITS laboratory background 

The background in the laboratory was measured for 1 hour. The information was 

fed to the Genie 2000 software for the system to make background corrections. 

The background was subtracted by the Genie 2000 software to give the net 

counts under the Bi-214 peak. 
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Figure 5.2. Typical spectrum observed in the laboratory 

5.6 Mapping of data 

The data from in-situ was mapped using Surfer 7 software by the inverse square 

power gridding type. The map shows the general distribution of the Ra-226 
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activity in Bq/g across the surveyed areas using the multi- coloured activity scale. 

The activity range that is common in the area of study is indicated by the colour, 

which dominates the map area. 

5. 7 Conclusion 

Equilibrium was assumed in-situ and ensured in the laboratory between Ra-226 

and Rn-222, and the Bi-214 was measured . The in-situ measurements were 

taken on approximately 1-hectare area for each surveyed geology. The exact 

position of the survey point was determined by the GPS and the measuring 

wheel was used to measure distance between points. The gamma radioactivity 

due to Bi-214 was measured with a gamma spectrometer and the counting time 

was 10 minutes for in-situ and 1 hour in the laboratory. The composite soil 

samples were collected for laboratory measurements. The laboratory background 

was measured to make background corrections. The Bi-214 counts from both in

situ and laboratory analysis was converted to the specific activity of Ra-226 using 

the calibration factors. The radioactivity distribution was mapped using Surfer 7 

software. 
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CHAPTER SIX 

6. Results and discussion 

6.1 Introduction 

In this chapter, the typical raw data in counts and the rest of the data as specific 

activity in Bq/kg are given for both in-situ and laboratory measurements. The 

radioactivity distributions are displayed as maps. The gamma dose rate for each 

geology is also reported in µSv/h . Later in this chapter, some aspects of the 

results are discussed . 

6.2 Results as counts 

The counts that were obtained during the in-situ survey were sufficiently high for 

the signal to be statistically significant. For typical counts see table 6.1 of 

Gelukspan, which is one of the places that has lower counts . The mapped data in 

figure 6.1 below, shows the radioactivity distribution as counts . All the results for 

other areas have only been presented as specific activity in Bq/g. 

Table 6.1. Total counts for Bi-214 peak at Gelukspan. 

Geology: Soil cover 

Position Counts • .. 
1 443 

2 532 



3 454 

4 562 

5 476 

6 408 

7 460 

8 433 

9 437 

10 419 

11 419 

12 486 

13 479 

14 367 

15 452 

16 391 

17 252 

18 433 

19 444 

20 390 

21 460 

22 477 

23 436 

24 447 

The x and y coordinates on the following map represent the latitude and 

longitude respectively. The legend represents the range of counts . 
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Figure 6.1. Specific activity distribution as counts for Gelukspan 
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6.3 Results expressed as specific activity. 

In-situ results 

The tables below indicate the Ra-226 specific activity (Bq/kg) 

Place: Saulspoort 

Geology: Coarse grained granite 

Table 6.2. specific activity at Saulspoort 

Survey no. Activity ( m Ra Bq/kg ) 

1 151 

2 174 

3 142 

4 163 

5 139 

6 158 

7 152 

8 156 

9 159 

10 150 

11 149 

12 143 

13 154 

14 171 

15 158 

16 145 

17 148 

18 134 

19 171 

20 151 

Average 150 

Range 134 - 174 



Place: Mogwase 

Geology: Mixed granite 

Table 6.3. Specific activity at Mogwase 

Survey no. Activity r,u Ra Bq/kg) 

1 84 

2 70 

3 69 

4 85 

5 69 

6 64 

7 77 

8 102 

9 104 

10 80 

11 65 

12 61 

13 68 

14 79 

15 88 

16 99 

17 101 

18 104 

19 95 

20 80 

Average 82 

Range 61 - 104 
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Place: Kwaggasnek 

Geology: Shale polo ground, quartzite member 

Table 6.4. Specific activity at Kwaggasnek 

Survey no. Activity (~0 Ra Bq/kg) 

1 72 

2 68 

3 66 

4 74 

5 80 

6 69 

7 67 

8 71 

9 66 

10 82 

11 58 

12 70 

13 66 

14 84 

15 82 

16 93 

17 61 

18 64 

Average 72 

Range 58 - 93 

Place: Ga-Kgale 

Geology: Norite hybrid rocks 

Table 6.5. Specific activity at Ga-Kgale 

Survey no. Activity (uo Ra Bq/kg) 

1 43 

2 34 

3 42 
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4 39 

5 23 

6 33 

7 37 

8 48 

9 40 

10 41 

11 32 

12 39 

13 35 

14 32 

15 32 

16 33 

17 46 

18 35 

19 33 

Average 37 

Range 23 - 48 

Place: Gelukspan 

Geology: Soil cover 

Table 6.6. Specific activity at Gelukspan 

Survey no. Activity (L0 Ra Bq/kg) 

1 27 

2 32 

3 34 

4 29 

5 24 

6 28 

7 26 

8 26 

9 25 

10 25 .. .. 
11 29 

12 29 
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13 22 

14 27 

15 23 

16 15 

17 26 

18 27 

19 23 

20 28 

21 29 

23 26 

24 27 

Average 25 

Range 15 - 34 

Place: Ga- Luka 

Geology: Gabbro, norite anorthosite 

Table 6.7. Specific activity at Ga-Iuka 

Survey no. Activity r~v Ra Bq/kg) 

1 35 

2 29 

3 28 

4 36 

5 38 

6 32 

7 41 

8 17 

9 28 

10 31 

11 32 

12 30 

13 28 

14 31 

15 27 

16 29 

50 
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17 27 

18 26 

19 20 

20 33 

21 27 

Average 28 

Range 17 - 41 

Place: Stella 

Geology: Brick clay shale 

Table 6.8. Specific activity at Ga-Luka. 

Survey no Activity(~~" Ra Bq/kg) 

1 22 

2 24 

3 24 

4 42 

5 25 

6 26 

7 23 

8 18 

9 23 

10 23 

11 29 

12 26 

13 28 

14 29 

15 32 

16 23 

17 25 

18 33 

Average 26 

Range 18 -42 
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Place: Swartruggens 

Geology: Shale, slate with undusulite 

Table 6.9. Specific activity at Swartruggens 

Survey no. Activity r~VRa Bq/kg) 

1 61 

2 67 

3 64 

4 74 

5 79 

6 49 

7 67 

8 61 

9 56 

10 64 

11 65 

12 57 

13 69 

14 49 

15 63 

16 64 

17 52 

18 58 

19 54 

20 53 

Average 61 

Range 49 - 79 



Place: Slurry 

Geology: Calcrete (lime stone area) 

Table 6.10. Specific activity at Slurry 

Survey no. Activity (ut> Ra Bq/kg) 

1 36 

2 28 

3 25 

4 28 

5 23 

6 17 

7 24 

8 25 

9 33 

10 39 

11 30 

12 22 

13 26 

14 30 

15 28 

16 24 

17 26 

18 26 

19 27 

20 33 

21 28 

22 30 

23 26 

24 28 

25 20 

Average 27 

Ra nge 17 - 39 
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Gamma dose rate (µSv/h) for the various geology. 

Table 6.11. Dose rate (µSv/h) 

Survey 

Position 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Place: Saulspoort 

Gelogy: Coarse grained 

granite 

0.43 

0.35 

0.43 

0.30 

0.27 

0.23 

0.37 

0.32 

0.34 

0.45 

0.38 

0.33 

0.41 

0.28 

0.36 

0.45 

0.38 

0.32 

0.30 

0.27 

0.35 Average 

0.23 - 0.45 Range 

• ... 

Place: Mogwase 

Geology: Mixed 

granite 

0.27 

0.24 

0.22 

0.15 

0.27 

0.11 

0.16 

0.23 

0.27 

0.30 

0.15 

0.17 

0.18 

0.17 

0.29 

0.23 

0.26 

0.25 

0.23 

0.18 

0.22 Average 

0.11 - 0.29 Range 
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Place: Kwaggasnek 

Geology: Shale, polo ground, 

quartzite member 

0.22 

0.20 

0.24 

0.20 

0.20 

0.18 

0.14 

0.22 

0.19 

0.17 

0.20 

0.29 

0.29 

0.17 

0.24 

0.25 

0.21 

0.21 

0.21 Average 

0.14 - 0 .. 29 Range 
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Table 6.12. Dose rate (µSv/h) 

Survey Place: Swartruggens Place:Ga-kgale Place:Gelukspan 

Position Geology:Shale, slate Geology: Norite hybrid Geology: Sandy Soil cover 

with undusulite rocks 

1 0.20 0.16 0.26 

2 0.27 0.14 0.10 

3 0.19 0.15 0.17 

4 0.21 0.17 0.16 

5 0.19 0.16 0.22 

6 0.19 0.20 0.24 

7 0.22 0.17 0.16 

8 0.19 0.23 0.18 

9 0.13 0.19 0.11 

10 0.29 0.13 0.14 

11 0.19 0.17 0.21 

12 0.16 0.16 0.15 

13 0.25 0.21 0.17 

14 0.15 0.22 0.22 

15 0.16 0.18 0.19 

16 0.14 0.15 0.23 

17 0.13 0.15 0.13 

18 0.17 0.15 0.20 

19 0.20 0.17 Average 0.14 

20 0.14 0.13 - 0.23 Range 0.17 

21 0.19 Average 0.19 

22 0.13 - 0.29 Range 0.21 

23 0.16 

24 .0.15 

25 0.18 Average 

0.10 - 0.26 Range 
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Table 6.13. Dose rate µSv/h 

Survey Place: Ga-Iuka Place: Slurry Place: Stella 

Position Geology: Gabbro, norite Geology: Calcrete, Geology: Brick clay shale 

anorthosite limestone area 

1 0.09 0.14 0.23 

2 0.19 0.27 0.18 

3 0.16 0.16 0.15 

4 0.10 0.15 0.18 

5 0.17 0.13 
I 

0.14 

6 0.10 0.24 0.17 

7 0.13 0.15 0.16 

8 0.09 0.14 0.14 

9 0.17 0.18 0.17 

10 0.18 0.15 0.1 4 

11 0.18 0.17 0.16 

12 0.27 0.20 0.16 

13 0.12 0.15 0.21 

14 0.14 0.19 0.19 

15 0.19 0.21 0.16 

16 0.16 0.17 0.22 

17 0.11 0.21 0.19 

18 0.14 0.11 0.13 

19 0.12 0.12 0.16 Average 

20 0.16 0.17 0.13 - 0.23 Range 

21 0.21 0.13 

22 0.12 0.12 

23 0.16 0.13 

24 0.13 0.16 

25 0.20 Average 0.14 

0.09 - 0.27 Range 0.15 Average 

0.11 - 0.27 Range 
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6.4 Laboratory results 

The following tables show the Ra-226 specific activity in Bq/kg obtained in the 

laboratory. 

Place: Saulspoort 

Geology: Coarse grained granite 

Table 6.14. Ra-226 specific activity at Saulspoort 

Radioanalysis (Bq/kg) 

148 

183 

137 

119 

108 

184 

144 

137 

144 

112 

Average 142 

Range 112 - 184 



Place: Mogwase 

Geology: Mixed granite 

Table 6.15. Ra-226 specific activity at Mogwase 

Radioanalysis (Bq/kg) 

67 

71 

59 

77 

112 

66 

93 

50 

94 

Average 77 

Range 50 - 112 

Place: Kwaggasnek 

Geology: Shale, polo ground member 

Table 6.16. Ra-226 specific activity at Kwaggasnek 

Radioanalysis (Bq/kg) 

71 

68 

56 

73 

89 

63 

80 

79 

58 

58 

Average 70 

Range 56 - 89 
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Place: Swartruggens 

Geology: Shale, slate with undusulite 

Table 6.17. Ra-226 specific activity at Swartruggens 

Radioanalysis (Bq/kg) 

35 

43 

41 

42 

42 

41 

44 

48 

52 

Average 43 

Range 35 - 52 

Place: Ga-Kgale 

Geology: Norite, hybrid rocks, diabase, epidiorite 

Table 6.18. Ra-226 specific activity at Ga-kgale 

Radioanalysis (Bq/kg) 

35 

47 

39 

40 

64 

37 

50 

46 

Average 45 

Range 35- 64 
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Place: Gelukspan 

Geology: Soil cover 

Table 6.19. Ra-226 at Gelukspan 

Radioanalysis (Bq/kg) 

36 

40 

29 

54 

30 

34 

32 

44 

53 

30 

Average 38 

Range 29 -54 

Place: Ga-Luka 

Geology:Gabbro, norite anorthosite 

Table 6.20. Ra-226 specific activity at Ga-Iuka 

Radioanalysis (Bq/kg) 

41 

41 

34 

27 

27 

37 

33 

39 

Average 35 

Range 27 -41 

.. 
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Place: Stella 

Geology: Brick clay shale 

Table 6.21. Ra-226 specific activity at Stella 

Radioanalysis (Bq/kg) 

25 

30 

36 

22 

32 

29 

25 

35 

29 

22 

Average 29 

Range 22 - 36 

Place: Slurry 

Geology: Calcrete with limestone 

Table 6.22. Ra-226 specific activity at Slurry 

Radioanalysis (Bq/kg) 

35 

34 

00 

39 

39 

43 

36 

40 

39 

35 

Mea n 38 

Range 34- 43 
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Table 6.23. Summarised Radioactivity data and dose rate for North West 

Province in Bq/kg and µSv/h. 

Mean Mean Mean 
Place Geology In-situ Range lab Range dose 

activity (Bq/kg) activity (Bq/kg) rate 
(Bq/kg) (Bq/kg) µSv/h 

Saulspoort Coarse grained 150 142-159 142 112-184 0.35 
granite 
Mixed granite 

Mogwase 80 65-104 77 50-112 0.22 

Shale, polo ground 
Kwaggasnek member 68 58-82 70 56-89 0.21 

Shale, slate with 
Swartruggens undusulite 57 49-64 43 35-52 0.19 

Norite, hybrid 
Ga-kgale rocks ,diabase, 36 23-47 45 35-64 0.17 

epidiorite 

Gelukspan Soil cover 26 29-54 38 29-54 0.18 

Gabbro, 
Ga-Iuka Norite anorthosite 30 17-38 35 27-41 0.20 

Brick clay shale 
Stella 26 22-42 29 22-36 0.15 

Calcrete, 
Slurry limestone 26 17-36 38 34-43 0.16 
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Range 
(µSv/h) 

0.23-0.45 

0.11 -0.29 

0.14-0.29 

0.13-0.29 

0.1 3-0.23 

0.10-0.26 

0.09-0.27 

0.11 -0.27 

0.13-0.23 
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Table 6.24 Summarised radioactivity data for Gauteng Province in Bq/kg 

Field analysis Bq/kg Lab analysis Bq/kg 

Place Geology Mean Range Mean Range 

Honeyvale Granophyre, granite porphyry. (Acidic 103 86-130 84 66-107 

extrusives) . 

Klipdrift Porphyritic amygdaloidal red rhyolite, 99 61 -123 68 56-76 

subordinate andesite, black rhyolite tuff 

and agglomerate, quartzite agglomerate 

Vastfontein Grey to pink coarse grained granite, red 96 69 - 119 83 52-99 

medium granite near top (acid intrusive). 

Mamelodi Shale, hornfels and chert. (sedimentary 78 40-95 57 48-64 

rocks) 

Renstown Shale, sandstone, grit, conglomerate. 75 62-88 56 49-68 

(Sedimentary siliceous elastics). 

Randjesfon Granite,gneiss,gneiss and amphobolite 43 26-55 44 38-53 

tein (metamorphosed igneous) . 

Pretoria Gabbro norite, anorthosite, black magnitite 36 26-45 44 33-55 

North gabbro, pyroxenite. (Basic extrusive) . 

(Hestia 

park) 

Sphinx Ferrogabbro , ferrodiorite , diorite magnitite 35 24- 51 38 29-45 

(Pyramid) layer amd tractol ite layer. (Basic 

extrusives). 

Reference: [16). 

6.5 Radiometric maps 

The results were further illustrated as radiometric maps. The x-axis and they

axis represent the latitude and longitude respectively . The legend on the sides of 
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the map represents the radioactivity distribution in Bq/g. The dominant colour on 

the map indicate the common radioactivity range. 
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6.6 Discussion of Results 

6.6.1 In-situ results 

From the various geologies, which were covered by the gamma survey, it can be 

realised that there is a large variation in both geological formations and radiation 

levels throughout the province. The average Ra-226 specific activity in the 

studied areas ranges from 26 Bq/kg to 150 Bq/kg. The lowest average specific 

activity values recorded in-situ is on: sandy soil geology (26 Bq/kg), brick clay 

shale (26 Bq/kg), limestone area (26 Bq/kg), gabbro, norite anorthosite (28 

Bq/kg) and norite hybrid rocks (37 Bq/kg) . The intermediate average specific 

activity values are found on shale slate undusulite (61 Bq/kg) and shale polo 

ground, quartzite member (72 Bq/kg) . The highest radioactivity is on granites, the 

mixed granites (82 Bq/kg) and mineralised coarse grained granite (150 Bq/kg). 

The average dose rates for various geological formations range from 0.15 µSv/h 

to 0.35 µSv/h on limestone and coarse grained granite respectively. See Table 

6.11 to Table 6.13 for different geological formations. If the members of the 

public in the respective study areas are assumed to stay for 365 days per 

annum. Then the average dose accrued over that period range from 1.3 mSv/a to 

3.06 mSv/a in the two extreme geological formations . These values tend to be 

generally higher than the dose limit of one mSv/a for a member of the public. 
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The reason for the high radioactivity in the granite areas like Saulspoort and 

Mogwase, is because granites are usually associated with high concentration of 

U-238, Th-232 series radionuclides and K-40 [18, 19, 29, 12]. They are usually 

more concentrated with nuclides than other crustal rocks. 

The radioactive anomalies due to thorium and uranium are known at Saulspoort, 

which contributes to the higher background radioactivity . The granites are 

mineralised and the principal ore minerals occur as veins in white foyaite at 

Saulspoort 38 JQ. It is associated with thorianite (Th,U)O2 , and thorite (ThSiO4); 

and when the percentage of uranium exceeds 5 % the mineral is termed 

uranothorite [23]. 

The higher percentage of U in thorianite or in thorite, may be responsible for the 

higher background radioactivity in that area. Both thorianite and thorite can occur 

in small amounts in granites [22], which implies that either the thorianite or thorite 

with a higher U concentration occur in the Saulspoort's coarse grained granite 

thus increasing the background radioactivity. Therefore, the background 

radioactivity is expected to be lower for some areas within the same geology as 

Saulspoort, but with no mineralised thorianite and thorite. 

In the sedimentary rocks , shales have the highest mean radioactivity [29] and 

progressively lower radioactivity occur in sandstone and conglomerate, clay and .. 
the carbonate rocks [29] . The presence of the U-238, Th-232 series and K-40 in 
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higher concentration, is the reason why slate shale undusulite and shale polo 

ground have specific activity values and dose rates intermediate to those of 

granites (igneous) and clay, limestone (Carbonates). 

The sand soil cover of Gelukspan contains the lowest level of background 

radioactivity and this can be due to the reason that the parent rock has very low 

concentration of radionuclides. The sandstones have low concentration of the U-

238, Th-232 series and non-series nuclides [18, 19, 10]. 

The low U-238 activity concentration at Slurry which is on a quartzite calcrete 

and limestone area is because generally quartzites have low radionuclides 

whereas limestones tend to be free of radionuclides [18, 19, 1 O]. 

6.6.2 Laboratory results. 

The mean laboratory radioactivity results for various geology ranges from 29 

Bq/kg to 142 Bq/kg. See Table 6.21 The mean radioactivity distribution is also 

high in granites, intermediate in shale rocks and low in sandy soil geology, brick 

clay, limestone, gabbro, norite anorthosite and norite hybrid rocks . The 

radioactivity distribution pattern in various geologies is generally in agreement 

with the pattern described in literature [18, 23 , 28] as indicated in section 6.6.1. 
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6.6.3 Laboratory and in-situ data. 

The Ra-226 was analysed in the laboratory to verify that the in-situ results are 

consistent and also to ensure that the in-situ instrument did not malfunction. The 

in-situ and laboratory results fall within a very close range of specific activity. The 

results differ by very small values and this indicates that the in-situ technique 

functioned properly and the results can be relied on . The patterns observed for 

different geological formations are generally consistent for both results. The dose 

rates also tend to follow a similar pattern for various geological formations. 

6.6.4 Correlation of results with geology 

The measured background radioactivity correlates with the geology as expected 

from literature. The expected pattern of radionuclides distribution is clearly 

noticeable on the results . The specific activity decreases from granites, shales, 

quartzites, gabbro, norite, norite anorthosite, hybrid rocks, diabase, epidiorite, 

clay , and limestones as expected (see figure 5.2) . Some of the geologies on 

average have the same background radioactivity, (see table 6.20). 

Since it has not been shown, on whether a similar geology is always associated 

with a similar background radioactivity, in this work an assumption is made that 

similar geology means the same background radioactivity. The assumption only 

becomes true when the particular geology is regarded to have resulted from the 

same geological process or event at the same time. From this assumption all 

areas of the same geology will be categorised to be of the same background 

radioactivity. 
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Figure 6.6. Distribution of mean specific activity according to geology 

6.6.5 Comparison of present data with data from previous studies 

Generally, data from this study show averages and range values that are 

comparable to those of previous international studies. The specific activity 

concentration (Bq/kg) data that was reported by UNSCEAR 1993 [28], (see table 

6.25) show average values that are close to the values of this study, and all 

values fall within the reported activity range. The activity ranges from this study 

~ 
~ 
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fall within the reported ranges by Christensen in UNSCEAR 1993 [28] , (see table 

6.26). 

Table 6.25. Specific activity of 226 Ra (Bq/kg) in various types of rocks. 

Results of this 

Type of rock Example Previous data (Bq/kg) research (Bq/kg) 

Average Range Average Range 

Acid Granite 78 1 - 370 80 65 - 104 

intrusive 

Chemical Limestone 45 0.4 - 340 26 17 - 36 

sedimentary 

Detrital Clay, 60 1 - 990 63 49-82 

sedimentary Shale, 

Sandstone 

Reference: [28] 

Table 6.26. Specific activity of radionuclides in various types of rock in 

the Nordic countries 

Type of rock 226Ra Activity concentration (Bq/kg ) 

Previous data Results of th is research 

range 

Normal granite 20 - 120 65 - 104 

Thorium and uranium rich 100 - 500 142 - 159 

granite 

Limestone 5-20 17 - 36 
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I Shale 110 - 120 149 - 82 

Reference: [28] 

6.6.6 Comparison between North West and Gauteng Province 

The study in the North West Province was done parallel with the study in the 

Gauteng Province. The results of these studies indicate that the background 

radioactivity in the Gauteng Province is generally higher than in the North West 

Province. The average values of radioactivity for all the geological formations 

covered by this study range from 26 Bq/kg to 150 Bq/kg for in-situ data and 29 

Bq/kg to 142 Bq/kg for the laboratory. In Gauteng Province, the average activity 

ranges from 35 Bq/kg· to 103 Bq/kg for in-situ and 38 Bq/kg to 84 Bq/kg for 

laboratory. 

In the Gauteng province the radioactivity ranges mostly from higher to 

intermediate values although the highest value is lower than that of North West. It 

has been found that, most of the geology that has been surveyed in the Gauteng 

province is associated with higher concentration of Ra-226 than most of the 

areas in North West. Since most of the studied Gauteng areas are in Pretoria 

North , which is far from TENORM operations, the radioactivity pattern may not be 

associated with TENORM [16]. 

-In the surveyed areas of Gauteng (see table 6.24), much of the background 

radioactivity is found mostly in granitic areas but the granite gneiss and 
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amphibolite tends to be less radioactive than the shale, shaly sandstone which 

implies that the particular granite has less radionuclide content than the other 

granites. 

In the North West the granites are the most radioactive, followed by the shales 

and all other rock types are of lower radioactivity. This order is also reported in 

NCRP, 1976 and 1987 (18, 19]. 

Most of the geological formations surveyed in the North West province are 

spread over a wide area and also stretches over very long distances and some 

only occur as spots in a scattered form, whereas in Gauteng most geological 

areas occur mainly as small spots. The typical long-range geologies includes the 

shale, slate with undusulite and shale, polo ground member which stretches from 

around the West Rand in Gauteng to around Zeerust in the North West province. 

The coarse-grained granite stretches from around Hebron (North of Pretoria) to 

around Drielaagte, north of Manamakgoteng . 

Since radionuclide distribution is assumed to be the same for the same geology 

as well as the background radioactivity, as such the radioactivity levels due to 

such geologies are expected to be distributed over large areas across the 

province like the related geology . 

• .. 

.J 
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6.6.7 Inferential statistics 

In order to infer about the specific activity distribution in the North West Province, 

the statistical analysis was done using Excel plus analysis tool. The tests were 

done at one standard deviation. The histogram method was used to determine 

the distribution of radioactivity in the North West Province. Exactly 185 

radioactivity measurements were taken across the North west Province spread 

through various geological formations . The chosen geological formations 

represent those areas where highest and lowest background radioactivity was 

expected . The distribution of the province is almost normal. Consequently, the 

student t-test was done on the data. 

(a) The 95 % confidence interval estimate of sample mean. 

The 95 % confidence level interval of the North West Province was determined 

and the interval is defined by, X ± z a12 cr/✓n . where a/2 = 0.025. 

At 95 % confidence level , the lower confidence limit and upper confidence limit of 

the sample mean interval estimate lies between 50.048 Bq/kg and 61 .74 Bq/kg . 

This means that the interval between 50.048 Bq/kg and 61 .74 Bq/kg has 95 % 

probability of containing the population mean µ in the North West Province. This 

suggest that there is 95 % probability that the background radioactivity mean for 

the North West Province lies in the interval 50 .048 Bq/kg and 61 .74 Bq/kg . The 

average specific activity for the North West Province is 55.9 Bq/kg. 
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(b) Test whether sample mean is sufficiently below 200 Bq/kg 

The average specific activity for all the areas was tested u~ng the hypothesis 

testing in order to infer, whether the average specific activity for all the areas is 

below the entry level into regulation of 200 Bq/kg. For the null hypothesis to be 

rejected, the t-value should be less than the rejection region (critical value) . 

H1 : µ < 200 (alternative hypothesis) 

Ho: µ = 200 (null hypothesis) 

The test statistic is given by: 

t = _X:g 
s/✓n, 

where X = sample mean, µ= population mean, s = standard deviation and n = 

number of samples. 

For example at Saulspoort, 

X = 153.4, µ = 200, s = 10.7184, n = 20, ✓n = 4.472. 

Hence, t = -19.44. 

The degree of freedom (d.f) = n -1 which is a function of sample size, therefore 

d .f = 19 if n = 2 0. 

At 5 % significance level (a = 0.05) the rejection region , t < -t a, d.f = -t o.os, 19 = -

1.729. The inequality on the t-value must match the sign of the alternative 

hypothesis. The negative sign ind icates that the rejection reg ion is on the left tail 

of the distribution. 
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Table 6.27. Student t-test results 

Mean Std t-stats Critical Accept or 
Place N (X) deviation value p-value value reject Ho 
Saulspoort 20 153.4 10.718 -19.44 0 -1.729 Reject 
Mogwase 20 82.2 14.526 -36 .27 0 -1.729 Reject 
Kwaqqasnek 18 71.8 9.06 -59.99 0 -1.740 Reject 
Ga-kgale 19 36.7 5.92 -120.32 0 -1 .734 Reject 
Gelukspan 24 26.3 3.71 -229.46 0 -1 .714 Reject 
Ga-Iuka 21 29.8 5.43 -143.66 0 -1 .725 Reject 
Stella 18 26.4 5.35 -137.72 0 -1 .740 Reject 
Swartruggens 20 61 .30 7.97 -77.85 0 -1 .729 Reject 
Slurry 25 27.30 4.77 -180.89 0 -1 .711 Reject 
North West 185 55.89 40.32 -48.616 0 Reject 
Province 

From table 1, the t-test show that all the t-stat values are less than the critical 

values (see table 1 ). Hence, the null hypothesis is rejected in favor of the 

alternative hypothesis. The p-values are equal to zero for all the areas, hence 

there is overwhelming evidence to infer that the alternative hypothesis is true . 

From the t-test results , there is enough evidence to infer that the average specific 

activity for all the studied areas is below 200 Bq/kg. 

The t-stat value for the whole North West Province is -48.616, and p = 0 and that 

is less than 1 % and hence there is overwhelming evidence to infer that the 

alternative hypothesis is true. This indicates that the average specific activity in 

the province is sufficiently below 200 Bq/kg . 
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6.6.8 Background radioactivity and regulation 

According to the Nuclear Energy Act of the Council for Nuclear Safety (CNS) no. 

131 of 1993 in South Africa , the level of entry into regulation of radionuclides 

such as radium , uranium and thorium is 200 Bq/kg specific activity. The 

radionuclide specific activity which, is below 200 Bq/kg is not considered for 

regulation but above that level , the regulator can consider controls. According to 

the act anybody working with material whose radioactivity is below 200 Bq/kg is 

not amenable for regulation because below this value the radiation is considered 

to be at background level. 

In this study, the focus was on Ra-226 specific activity in soil. When the results 

from the study are compared with the set entry level of 200 Bq/kg , the statistical 

test indicates that none of the areas that were surveyed have background 

radioactivity that exceeds the entry level (see table 6.27). These results suggest 

that the entry level into regulation may be appropriate and does not 

unnecessarily bring into control background areas. However, data for the whole 

country will still be required. 
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6.6.9 Conclusion 

The radioactivity is high in granites, intermediate in shale and low in gabbro, brick 

clay shale, limestone, norite anorthosite and hybrid rocks . The high background 

radioactivity at Saulspoort is due to the presence of high uranium concentration 

in thorite and thorianite in the granites. The in-situ and laboratory results fall 

within a very close range of values . There is a correlation between the results 

and the studied geology although some geologies have the same average 

specific activity. The data is also comparable with data from previous studies 

(26] . The studied geological structures in the Gauteng Province generally have a 

higher background radioactivity than those of the North West Province. The 

background radioactivity in the areas studied in both provinces may not be 

associated with any TENORM, but only NORM because they are a distance from 

all operations. 

Inferential statistics indicate that there is 95 % probability that the background 

radioactivity mean for the North West Province lies in the interval 50.048 Bq/kg 

and 61 .74 Bq/kg . The average specific activity for the province is 55.9 Bq/kg . 

The Nuclear Energy Act no. 131 of the Council for Nuclear Safety (CNS) 1993 in 

South Africa , specifies an entry level into regulation of 200 Bq/kg specific activity. 

According to student t hypothesis test the t test value and p -value, indicate that 

there is enough evidence to infer that the average specific activity for the whole 
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North West Province is sufficiently below the entry level into regulation of 200 

Bq/kg. Therefore, the entry level into regulation of 200 Bq/kg is appropriate 

because it does not bring background areas into regulation . 
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CHAPTER SEVEN 

7. CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusion 

The primary objective of this study was to determine the background radioactivity 

levels for various geologies and areas in the North West Province. As a result the 

gamma background radioactivity levels for some parts of North West Province 

were determined in various geological formations and this study was done 

parallel with the study in Gauteng Province. The focus of this study was on U-238 

series due to its high contribution to the background radioactivity. The gamma 

spectrometer coupled to a Nal(TI) detector was used both in-situ and in the 

laboratory to determine the Ra-226 specific activity in Bq/kg. The counts under 

the Bi-214 peak were converted to specific activity of Ra-226 using the 

calibration factors. The Electra GM dose rate meter was used to measure the 

gamma dose rate in µSv/h for each geology. 

From this work, it was found that the mean Ra-226 specific activity across those 

areas covered in the province ranges from 26 Bq/kg to 150 Bq/kg for various rock 

types. The dose rate range from 0.15 µSv/h to 0.35 µSv/h for various geological 

formations. The radioactivity is found to be high in granites, intermediate in 

shales and low in quartzites, gabbro, norite , norite anorthosite, diabase, 
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epidiorite, hybrid rocks , limestone and brick clay which was an expected trend. 

There is a higher background radioactivity at Saulspoort, and that is due to the 

high uranium concentration in thorite and thorianite in the granites. 

There is a correlation of the results of this study with the geology in the North 

West Province. The results are also comparable with data from the previous 

international studies. 

In general, the types of geology which have been studied in the North West 

province are different from those that were studied in Gauteng province. As a 

result, the studied geologies in the Gauteng Province generally have a higher 

background radioactivity than the geologies studied in the North West Province. 

The results suggest that generally the North West Province have a lower 

background radioactivity than the Gauteng Province because of the types of 

geology that dominates the province. Also, the background radioactivity in most 

studied areas for both provinces should only be associated with NORM due to 

their distance from all TENORM operations. 

Inferential statistics using student t test indicate that there is 95 % probability that 

the background radioactivity mean for the North West Province lies in the interval 

50.048 Bq/kg and 61.74 Bq/kg . The average specific activity for the province is 

55 .9 Bq/kg. The student t test value and p -value, indicate that there is enough 
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evidence to infer that the average specific activity for the whole North West 

Province is sufficiently below 200 Bq/kg. 
. ... 

According to the Nuclear Energy Act no. 131 of the CNS 1993 in South Africa, 

the level of entry into consideration for regulation is 200 Bq/kg. The radionuclide 

specific activity that is below this limit is not considered for regulation , but above 

that level the regulator can consider control. From statistical analysis, all the 

areas that were covered by this study have a specific activity below a value of 

200 Bq/kg. Hence the results suggest that the entry level into regulation of 200 

Bq/kg is appropriate because it does not bring background areas into regulation. 

The information from this study will serve as a baseline data for some areas of 

the North West province and the country. As a result this data will assist when 

similar studies are done around some of the mines with the same geology. This 

data will also enable expected background radioactivity to be extrapolated for 

various geological formations and hence allow for the categorisation of some 

parts of the province radiometrically. Finally, the results of this study will enable 

the regulatory body to assess the current standards and also to set appropriate 

regulatory standards in future for this various areas. 
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7 .2 Challenges 

• The focus was on the Bi-214 peak and the intention was to operate with a 

counting time that will yield a clear Bi-214 peak. But since the measured 

background in-situ was below the lower limit of detection (LLD) , the initial 

counting time of 1 minute could not provide enough counts to form a clear Bi-

214 peak consequently the counting time was revisited and increased to 10 

minutes in order to get a well resolved peak. 

• The experimental set-up took longer than expected and the experimental 

work eventually took longer than planned. 

• The portable gamma spectrometer trolley was limiting access to the survey 

areas, because it is only suitable for flat areas. 

• Most of the landowners (farmers) denied entrance permission to do the 

survey on their property and that made the survey programme very lengthy 

and difficult. 

• The study had to be continued around the mines, but due to time constraints 

the survey could not be continued around the mines in Klerksdorp . 

• .. 
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7 .3 Recommendations 

• The study around the mines to determine the spread of contamination from 

the mine tailings to areas occupied by members of the public should be 

continued. The data from this study should also be used to determine the 

radioactivity increment around some of the mines. 

• This type of study should be continued in all other geological formations 

remote from mines that could not be covered by this study. 

• The aerial gamma survey using a light aircraft should be considered for the 

whole country in order to cover different parts of the country faster and for 

baseline data to be made available for regulatory purposes quickly. The 

inconsistency of calibration of the instruments can be overcome by 

determining the correction factors for the varying parameters like aircraft 

speed , altitude and density of plantations. 
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