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Abstract  

This thesis is about mapping background radiation in Namibia; specifically in  the 

townships of: Windhoek, Otjiwarongo, Otavi and Tsumeb. No measurements of 

background radiation in these towns had been carried out before this thesis was done. 

Even though high levels of background radiation can cause cancer Namibia does not have 

any laws or recommendations regulating the maximum limits of exposure to background 

radiation. 

 

Our goal was to measure the radiation levels in the four townships mentioned above by 

using Thermo Luminescent Dosimeters (TLD’s) and carry out instant measurements of 

background radiation. Then use the results from these measurements to make a map that 

would be easy for the general public to understand. We have also investigated both the 

Namibian and the Swedish law to find out if there were any shortcomings in the 

Namibian law and if it might be possible to use Sweden’s regulations about suitable and 

appropriate properties in Namibia. 

 

The results of the measurements of the background radiation showed that the radiation 

levels ranged from 0.50 to 2.11 mSv year
-1

. Compared to the recommended value from 

the International Conference on Pattern Recognition at 1 mSv year
-1 

the measured values 

are not exceptionally high. The measurements that were done in this thesis were plotted 

onto orthophotos of the different townships, thereby creating five maps showing levels of 

radiation exposure. The levels were colour-coded; green for the lowest, red for highest 

and yellow and orange for the radiation levels in between. The review of Swedish and 

Namibian legislation resulted in finding that parts of Sweden’s laws could be applied in 

Namibia, but some of Namibia’s existing legislation could also be modified to cover 

radiation exposure. 

 

This thesis has concluded that one possible way to mitigate the harmful effects of 

background radiation and thereby protecting Namibians from acquiring cancer is to 

expand existing legislation to encompass radiation. 

 

Keywords: Namibia, radiation, mapping, legislation, Sweden 
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1 Introduction  

1.1 Radiation 

Humankind is constantly exposed to radiation, which is defined by Merriam-Webster’s 

online dictionary (2011) as ―the process of emitting radiant energy in the form of waves 

or particles‖. The radiation dose that the public normally receive comes primarily from 

two sources namely; medical examinations and naturally occurring background radiation. 

Background radiation can be divided into two categories: cosmic and terrestrial radiation 

(Murty & Karunakara, 2008). Terrestrial radiation consists of gamma rays and is mostly 

caused by radionuclides from uranium (238U), thorium (232Th) and potassium (40K) as well 

as their decay products (Murty & Karunakara, 2008). This means that places with high 

amounts of uranium in the soil are also prone to experience higher levels of terrestrial 

gamma radiation (Ramola, Choubey, Prasad, Prasad, & Bartarya, 2006). The composition 

of the ground and bedrock affect how much uranium, thorium and potassium it is likely 

to be at any given place. Granite is one material that is known to contain large amounts of 

the previously mentioned three elements (Murty & Karunakara, 2008). This is supported 

with additional findings that show that lower radiation levels are often associated with 

sedimentary rocks (Rani & Singh, 2005). 

 

Cosmic radiation emanates from space and consists of a number of different radiation 

types, gamma rays are one of them. Since they come from above, places at higher 

altitudes and people riding on planes are more exposed to their effects (Andersson, 2007). 

 

The presence of Terrestrial Gamma Radiation (TGR) has been shown to increase the risk 

of malignancies in humans (Tondel, Lindgren, Hellström, Löfman, & Fredriksson, 2010) 

and even low doses has detrimental effects on human DNA (Sudprasert, Navasumrit, & 

Ruchirawat, 2006). Because of the hazardous effects of TGR various efforts have been 

made to map the radiation dose received. Rybach, Bächler, Bucher and Schwarz (2001) 

showed that the majority of the average dose rate received by the Swiss population 

actually came from TGR. 

 

The radiation discussed in this paper is ionizing radiation. The difference between 

ionizing and non-ionizing radiation is that the former has higher frequency and lower 

wavelength than the latter (World Health Organization, 2011). This means that ionizing 

radiation contains more energy than non-ionizing radiation (World Health Organization, 
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2011). The higher energy levels mean that ionizing radiation can remove electrons from 

the orbit of an atom, thereby creating an ion – a positively charged atom (Andersson, 

2007). X-rays and gamma rays are examples of ionizing radiation (World Health 

Organization, 2011). Gamma rays are able to penetrate most materials and require a layer 

of concrete several decimeters thick to be stopped – the equivalent of a few centimeters 

of lead, see Figure 1 (Andersson, 2007). When this type of radiation passes through 

human tissue some of its energy is absorbed and this can lead to the modification, 

damage or even death of cells (Office of Air and Radiation, 2007). In the case of 

modification the DNA contained within the cells can become altered, thus leading to 

cancer (Office of Air and Radiation, 2007). 

 

 

 

Figure 1. Illustration of what it takes to stop alpha particles, beta particles and gamma 

and x-rays. 

 

1.2 Legislation 

Because of the harmful effects of background radiation there have been studies on how 

human impact might lower radiation levels. One study on radiation levels was conducted 

in the town of Guarapari, Brazil before and after it had undergone a process of 

urbanization (de Affonseca, Alves, & Junior, 2002). The results of the study indicated 

that urbanization reduces background radiation. However Rabesiranana, Rasolonirina, 

Terina and Solonjara (2008) recommend that places experiencing higher than normal 

levels of background radiation should be regulated in a way that takes this exposure into 

Alpha Particles 

Stopped by a sheet  

of paper 

Beta Particles 
Stopped by layer of 

clothing or by a few 

millimeters of a  

substance  

Gamma Rays and X – 

Ray 
Stopped by several 

 feet of concrete or a 

 few inches of lead 

 



3 

 

consideration. The fact is though, that most legislation for cancer prevention aims at 

controlling and tightening tobacco regulations (So, 2010), or regulating other lifestyle 

related issues such as obesity (Martin-Moreno, Soerjomataram, & Magnusson, 2008). 

When ionizing radiation (which is a component of background radiation) is mentioned in 

these contexts it is most often in the form of medical exposure, such as X-rays etc. 

(Martin-Moreno, Soerjomataram, & Magnusson, 2008; Tomatis, 1999). This might in 

large part be because the carcinogenic effects of background radiation was not 

recognized until relatively late in comparison to radiation used in medicine (Tomatis, 

1999). Rani and Singh (2005) writes that people who live in areas with high levels of 

background radiation will be exposed to this on a daily basis are likely to acquire cancer 

because of this. 

 

Since there is a definite risk of cancer in areas affected by high levels of background 

radiation it is just as important to ensure that this is covered by legislation as any of the 

above mentioned carcinogenic factors. The International Conference on Pattern 

Recognition (ICPR) have recommended that the yearly dose of artificial radiation that 

humans are exposed to should not be over 1 mSv year
-1

 (Karam, Mortazavi, Ghiassi-

Nejad, Ikushima, Cameron, & Niroomand-rad, 2002) . They also have some generic 

guidelines for naturally occurring radiation, but they have not come up with any specific 

number regarding this yet (Karam et al. 2002). 

 

1.3 Namibia 

Namibia has two big uranium mines (Rössing and Langer Heinrich) which provide 

approximately 10 % of the world’s mining output of uranium (Barajas & Azar, 2011).  

Oyedele, Shimboyo, Sitoka & Gaoseb (2010) concludes that in some places in Namibia 

the radiation, mostly caused by radionuclides from uranium and its decay products may 

be high. This suggests that the population is likely to be exposed to higher levels of 

background radiation. Namibia has as of yet no regulation or guidelines regarding 

exposure to background radiation. 

 

The following sections will explain more about how the Namibian state is organized in 

relation to radiation protection. 
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1.3.1 Atomic energy and radiation protection act 

The atomic energy and radiation protection act came into being in 2005, and is Namibia’s 

primary act regulating radiation sources and nuclear energy. The act stipulates that 

possession, disposal, storage, transport, import and export of radiation sources and/or 

nuclear material is illegal without a license (Act no. 5 of 2005). It also establishes the 

Atomic Energy Board and the National Radiation Protection Authority (Act no. 5 of 

2005). 

 

 

1.3.2 Ministry of Health and Social Services (MHSS) 

The Ministry of Health and Social Services is the Namibian authority responsible for 

health and social services and it is also the authority under which the agencies working 

for radiation protection sorts. 

 

The Directorate: Atomic Energy and Radiation Regulator is a subdivision of MHSS 

charged with the administration of the atomic energy and radiation protection act (Act. 

No 5 of 2005). This act is designed to ensure the protection of people and the 

environment from the harmful effects of radiation. As a way of doing this the act 

establishes both the Atomic Energy Board and the National Radiation Protection 

Authority (Act no. 5 of 2005). 

 

 

1.3.3 Atomic Energy Board 

The Namibian Atomic Energy Board is an advisory board and as such, it advices the 

Namibian government and its ministries, agencies and departments on matters related to 

radiation and radioactive materials as well as nuclear energy (Act no. 5 of 2005). This 

function spans over a wide area and requires that the board maintains contact not only 

with the organs of the Namibian state, but also with those of other countries (Act no. 5 of 

2005). The board is made up of five board members and one chair person, all of which 

are appointed by the Minister of Health and Social Services (Act no. 5 of 2005). 

Although appointed by the Minister of Health and Social Services, the Ministers of 

Ministries of Foreign affairs; Health and Social Services; Mines and Energy; Labour and 

Social Welfare and Environment and Tourism nominate one member each to serve as a 
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board member on the Atomic Energy Board (Act no. 5 of 2005). The chairperson should 

be a private individual and is not required to have any other affiliation with the 

previously mentioned Ministers. 

 

 

1.3.4 National Radiation Protection Authority 

The National Radiation Protection Authority is the Namibian authority responsible for 

the protection of people and the environment from the harmful effects of radiation. This 

means that any and all radiation, whether it comes from medical applications, activities 

associated with nuclear energy or other sources all fall under the regulatory supervision 

of this authority. 

 

 

1.4 Aims and objectives 

Planning and land use policies might lessen the impact of gamma radiation in areas 

experiencing higher than normal radiation levels. This is where regulation comes to its 

own right, used both in the way of information and protection. Legislating the matter will 

lead to the problem being recognized, making it more likely that the risks are taken more 

seriously. Prevention is likely to be both cheaper and easier than treatment of the 

problems associated with high levels of background radiation (e.g. cancer). This is 

especially true in a country like Namibia that does not have the monetary means of 

issuing compulsory purchasing orders for affected land. Empirical research into the 

extent of background radiation in Namibia is one good starting point from which to build 

a legislative framework of recommendations. Preventing the population from acquiring 

cancer and promoting a sustainable use of land is of paramount importance in a 

developing country which is in short supply of habitable land. 

 

The thesis project is undertaken in cooperation with the Ministry Health and Social 

Services and the Ministry of Lands and Resettlement in Namibia. The main objective for 

the Ministry of Health and Social Services (MHSS) is to produce a map showing the 

levels of natural background radiation in Windhoek, Otjiwarongo, Otavi and Tsumeb 

(Figure 2). MHSS also want recommendations for what levels of radiation could possibly 

constitute a danger to human health. The main objective for the Ministry of Lands and 

Resettlement is to further the use of Geographical Information Systems (GIS) within the 
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government agencies and authorities of Namibia. The purpose of this study is to satisfy 

the demands of the collaborating ministries by combining the map with suggestions for 

regulations relating to the sustainable use of land, with the aim of creating a simple 

framework of legislation or recommendations to minimize the harmful effects of natural 

background radiation. This information will be used by the Ministry of Health and Social 

Services and Ministry of Lands and Resettlement in an effort to promote the sustainable 

use of land and building materials. 

 

 

1.5 Research questions 

 What are the levels of natural background radiation in Windhoek, Otjiwarongo, 

Otavi and Tsumeb? 

 

 How does Swedish legislation regulate radiation? 

 

Figure 2. Orientation map showing the selected towns and their locations in Namibia. 
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 How can land use regulations be used as a way to mitigate the risks of terrestrial 

gamma radiation? -  More specifically: 

is it possible to use Swedish legislation relating to the formation of new property 

units to lessen the risks and dangers associated with background radiation in 

Namibia? 

 

 

1.6 Limitations 

This thesis project is limited in time to ten weeks, which includes eight weeks spent in 

Namibia. The instruments we use to measure radiation levels need four weeks to collect 

data, meaning that there is no time to do more than one measurement. 

 

The measurements are limited to the towns of Otjiwarongo, Otavi, Tsumeb as well as the 

mine outside Tsumeb. Previous measurements that were completed by MHSS in 

Windhoek,  have also been complemented in areas where the TLD’s earlier had 

disappeared, because of getting removed or flushed away by the rain. 

 

Land in Namibia is either classed as state land, communal land or as commercial land. 

The process of how to divide and acquire ownership or tenure of these classes of land 

varies depending on the type of land. This thesis project shall only concern itself with the 

subdivision and formation of real property units classed as commercial land and located 

in urban areas (henceforth townships). This land is privately owned and freely 

transferrable. 

 

Maps of the townships studied were either non-existent or outdated and as a consequence 

of this orthophotos are used instead of maps when mapping the measured radiation 

levels.
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2 Methods and materials  

 

2.1 Literature review 

Some parts of this thesis report, mostly the introduction, are based on a literature review.  

This was done both to give the reader a more comprehensive introduction to the subject 

of radiation and to give a wider perspective on how it is possible to measure radiation and 

what is the most suitable and efficient way of doing it. Scientific papers and journals 

were used in the literature review. By using the University of Gävle’s library website it 

was possible to access to the databases Science Direct (available at 

www.sciencedirect.com) and Springer Link (available at www.springerlink.com).  

 

Searches in the above mentioned databases have been on the themes of radiation, GIS 

and law as well as Namibia. More specifically, some examples of keywords that were 

used were: Natural radiation, legislation, land administration, Namibia and GIS. The 

selection of articles was based on their relevance to the aims of this literature review 

 

A qualitative study was used to compare the differences between the Swedish and the 

Namibian legislation. The two countries’ legislation relating to radiation and real 

property units was studied in detail to find out which in what ways they differ. Focus was 

on finding gaps in Namibian legislation when it comes to radiation protection and 

formation of property units that Swedish legislation could fill. A few court cases as well 

as some propositions were also used to complement the different acts and ordinances. 

These all provide a deeper understanding of the motivation and uses of the legislation 

studied. Emphasis was put on chapter 3 in the Swedish Real Property Formation Act, to 

explore if the conditions contained therein could be adapted and used to provide some 

measure of protection from the hazardous effects of radiation. To see what types of laws 

Namibia has and if it would be possible for Namibia to use these Swedish laws a 

qualitative literature review has been implemented. 

 

 

2.2 Field Study 

The Ministry of Health and Social Services has previously tried to collect radiation data 

from Windhoek, but unfortunately they were unable to collect all the TLD’s (Thermo 
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Luminescent Dosimeters) that they had placed, therefore it was necessary to collect new 

data over Windhoek. The Ministry of Health and Social Services also wanted maps 

showing the radiation levels in the towns of Otjiwarongo, Otavi, Tsumeb and the mine 

outside of Tsumeb. To be able to get the radiation data and later produce a map over 

these towns a field study was carried out in Namibia.  The reason why a field study was 

chosen was simply that there was a need to go to these places to be able to do the 

measurements and get the empirical data for the thesis. As requested by the Ministry of 

Health and Social Services this data would later be compiled into a map showing the 

radiation levels. 

 

This part of the methodology will start off by explaining different ways to measure 

radiation. Then it will focus on how the instruments that were used in this thesis project 

works. A section that gives a more detailed explanation of why these towns were chosen 

is also available below as well as a description of how the measurements were carried out 

to collect the quantitative data that was needed for this thesis. 

 

 

2.2.1 Dosimeters 

There are four different ways to measure the external exposure to ionizing radiation and 

these different ways are: by using alpha, beta, gamma or neutron radiation detectors (G. 

Amakali, personal communication, April 12, 2011). In this thesis dosimeters were used to 

measure the gamma radiation levels.  When some radioactive materials (such as 

potassium and thorium) decay they emit gamma radiation (G. Amakali, personal 

communication, April 12, 2011). Gamma radiation is very difficult to stop; you would 

need several meters of water, a thick concrete block or several centimetres of lead to be 

able to stop the radiation (Strålsäkerhetsmyndigheten, 2010). 

 

There are different types of dosimeters and thus different way of measuring radiation. 

Dosimeters that measure for a longer period of time are more accurate than the ones that 

do instant measurements. Longer measurements reduce the number of errors. The instant 

measurements are dependent on the circumstances that are present when the 

measurements are done; longer measurements mitigate the effects of these temporary 

circumstances (G. Amakali, personal communication, April 12, 2011). It measures how 

much energy per unit of mass that is absorbed per unit time at the point where the 

measurements are carried out (Faktasamling CBRN a) When the measurements measure 

the biological risk of exposure the SI unit sievert (Sv) is used (G. Amakali, personal 



10 

 

communication, April 12, 2011). If a human is exposed to radiation that exceeds 1 Sv it 

can cause injuries immediately (G. Amakali, personal communication, April 12, 2011). If 

the radiation level reaches 3-5 Sv it can lead to death (G. Amakali, personal 

communication, April 12, 2011).  

 

 

Long-term dosimeters 

 

In this thesis project Thermo luminescent Dosimeters (TLD’s) were used. Thermo 

luminescent means that they emit light when heated (Radiation Monitoring Service, 

1995). The TLD’s measure exposure from ionizing radiation under a certain time period, 

in this case a month. Therefore the results from the TLD’s will be in dose rate per month, 

but since the only recommendation available is in mSv year
-1

, the results will be 

converted into this.  

 

The detectors are made out of calcium fluoride crystal and after the measurements are 

finished the analysis is done by heating the TLD’s causing the crystal to emit light 

(Inoactive consulting, 2009). On the website How Does Thermo Luminescent Dosimetry 

Work (Radiation Monitoring Service, 1995), the process of what happens inside a TLD is 

described as follows; 

 

 “Electrons are freed from some atoms and moved to other parts of the material, 
leaving behind "holes" of positive charge. Subsequently when the TL material is 
heated, the electrons and the "holes" re-combine, and release the extra energy in 
the form of light” 

 

The light mentioned in the quote above corresponds to the radiation that the TLD has 

received, thus making it possible to measure the radiation levels that the TLD has been 

exposed to. Every time the dosimeters have been used they need to be cleaned, so that 

none of the old measurements will influence the new measurements. They are cleaned by 

a mechanic machine and after being cleaned they will need to rest for 24 hours before 

they can be used again. 

 

 

Instant dosimeters 

 

When the instant measurements for this project were done, the dosimeters that were used 

were two Radiagem 2000 Personal Portable Dose Rate and Survey Meters. These 
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instruments can measure radiation doses up to 100 mSV h
-1

 (Canberra, 2011). One 

advantage with these instruments was that just as the name indicates you get the results of 

the measurement right there on-site. 

 

 

2.2.2 Site selection 

The following section describes the towns in Namibia that were chosen and why. The 

sampling strategy is also described i.e. the placement of TLD’s and how the measurement 

were carried out. 

 

The Ministry of Health and Social Services (MHSS) had already started with the project 

before we arrived. They had put out TLD’s around Windhoek, and also collected most of 

them. However they were unable to collect all detectors since some of them were 

missing.  Some detectors were presumed to have been removed and others had probably 

been flushed away in the recent rains. The TLD’s that were still in place were analyzed 

by MHSS. MHSS later used ArcGIS to make a map, in which they put the coordinates of 

where the TLD’s had been collected and attached the recorded radiation levels from the 

detectors. Since some of the detectors were missing the instant measurements and 

replacements of the TLD’s in Windhoek were done where they had previously 

disappeared. A total of 16 TLD’s were in the end replaced around Windhoek. 

 

The Directorate of Survey and Mapping decided together with the Ministry of Health and 

Social Services that measurement of background radiation also should be done in three 

other townships in northern Namibia in addition to Windhoek. The three townships that 

were chosen were Otjiwarongo, Otavi and Tsumeb, all located north of Windhoek. This 

includes a mine outside Tsumeb as well, to see if the workers that are working there for a 

long time are in any danger. 

 

To decide where the TLD’s should be placed in the different towns maps of all the 

townships was needed. The Directorate of Survey and Mapping only had street maps of 

Windhoek. For Otjiwarongo the only map available was a black and white orthophoto 

and for Otavi and Tsumeb they had orthophotos in colour. Neither one of the orthophotos 

was particularly detailed, so a travel map of Namibia (Map Dynamix Namibia, 2010) was 

used for Otjiwarongo and Tsumeb instead. The travel map showed the streets in the 

towns and the map also had a grid but no scale. Since the distance between roads was 
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unknown it was decided that two TLD’s should be placed in every square of the grid and 

the squares on the map that were completely urbanized were each allocated one extra 

TLD. In the end 28 detectors were placed in the town of Otjiwarongo and in the same 

way it was decided that 20 detectors would be placed in the town of Tsumeb. For Otavi, a 

map of the town was supplied by the town council. Otavi is a small town and a lot of 

areas are undeveloped. Therefore it was difficult to decide where to place the TLD’s. The 

town centre consisted of square blocks and the first detector was placed in one corner at 

the edge of the town centre, then the next one was placed one street to the left and two 

streets up and then continuing this pattern until the town centre was covered. On the other 

side of the town it was harder, since some areas were not developed yet and there were a 

lot of small houses and informal settlements that were not on the map. In that part of the 

town the TLD’s were placed where it was possible; resulting in a total of 9 TLD’s placed 

in Otavi. 

 

 

2.2.3 Sampling strategy 

 

The empirical data in this thesis was collected on site in Namibia. Trips were made from 

Windhoek to Otjiwarongo, Otavi and Tsumeb.  

 

Before placing the TLD’s they were put into plastic covers, then the plastic covers were 

placed in small plastic bags to protect them from water. The bags were labelled with the 

text Property of MHSS together with a phone number (Figure 3). They were then placed 

in a second plastic bag with a clip on it, so that it would be easy to hang them in a tree or 

a bush. 

 

 

 

 

 

 

 

 

 

 

Figure 3. A packaged TLD 
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To minimize the risk that more TLD’s would get removed or disappear they were placed 

inside the fences of people’s gardens, with permission of the owner. The TLD’s were 

preferably placed in a tree or a bush. This was perceived to yield better results since it 

was close to the soil which emits terrestrial background radiation. This placement had the 

added advantage of keeping them concealed. 

 

The TLD’s were placed at the locations and at the same time the GPS coordinates of that 

position was recorded. This enabled us to find the detectors easier as well as plot the 

exact position of the TLD’s in ArcGIS. Two different handheld GPS units were used to 

get more accurate coordinates. One of the GPS units was from MHSS (Garmin GPS 12) 

and the other one (Garmin eTrex Legend HCx) was brought from Sweden; the Swedish 

one was a bit newer. The two GPS units gave slightly different coordinates but a 

comparison of the recorded positions with the orthophotos in ArcGIS showed that the 

Garmin GPS 12 unit gave a slightly more accurate position. 

 

Instant measurements were also taken at the same time as the TLD’s were placed. For 

these measurements two dosimeters were used to get more accurate measurements. The 

dosimeters that were used were Radiagem 2000 Personal Portable Dose Rate and Survey 

Meter. Since the TLD’s were placed a bit from the ground, one instant dosimeter was 

held about one meter from the ground and the other one was placed on the soil to take 

measurements on the ground. The instruments measured for one minute and then the 

highest value during that time was taken. 

 

The TLD’s were left on their position for four weeks before they were collected and 

analyzed. The TLD’s measured for a month, giving the unit mSv month
-1

. But since the 

available recommendation is in the unit mSv year
-1

 the results were converted into this 

unit. 

 

 

2.3 Mapping 

2.3.1 Why Geographical Information Systems? 

The Directorate of Surveying and Mapping had decided that Geographical Information 

Systems (GIS) should be used to create the map showing radiation levels in the selected 

townships. The main reason for this was to promote the use of GIS in other government 
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ministries and agencies. The Directorate of Survey and Mapping wanted to show the 

Ministry of Health and Social Services (as well as other ministries) that GIS can be useful 

in a lot of areas. Another reason that GIS was chosen was because ArcGIS is used by the 

Directorate of Survey and Mapping on a daily basis and as such it will be possible for 

them to keep the maps as well as add and manipulate the data in them. It was important 

that the map was clickable e.g. that you could click on a point in the map and get 

information about the attributes of that point. The aim was that the map should be easy 

for the general public to understand. 

 

2.3.2 Creation of the maps 

The data from the first set of measurements was transcribed into an excel sheet (see 

appendices 1-6). The data collected was; date of placement; TLD number; town and 

location within that town; coordinates; dose rate and finally a code to tie individual 

datasets to locations on our paper map. 

 

ArcGIS 10 was used to project the orthophotos of all the towns from which the 

measurements were taken, i.e. Windhoek, Otjiwarongo, Otavi, Tsumeb and the mine 

outside Tsumeb. The projections were done using the projection parameters from Table 

1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

To enable ArcGIS to accurately project the coordinates taken from the GPS, they had to 

be corrected. The correction was to add a minus to the Y coordinates. The correction was 

needed for the coordinates to match Namibia’s local coordinate system. After being 

corrected the excel sheets containing all the data from the measurements were saved as 

Projection:       Transverse Mercator 

False Easting: 600 000 

False Northing 10 000 000 

Central Meridian: 17° 

Scale Factor: 1.0 

Latitude of Orgin: 0° 

Datum: WGS 84 

Spheroid: WGS 84 

Table 1: Projection parameters for Windhoek, Otavi and Tsumeb 
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comma-separated value files (.csv) and imported to ArcGIS. The X and Y coordinate 

columns were added to the map and saved as shape files. This placed all the 

measurements on the orthophotos and made it possible to access all the other data by 

clicking the individual points. 

 

Later on when the TLD’s had been collected, the Ministry of Health and Social Services 

analysed it. Since the TLD’s had been in the field for one month the results were 

recalculated to show the radiation levels per year. The results from the measurements 

were divided into seven different classes. Figure 4 shows the map over Tsumeb were all 

the different classes can be seen on the left side.  The colours were assigned using the 

recommended maximum exposure given by the ICPR as a guide (Karam et al. 2002). 

 

The measurements were all classed into seven different categories and each class was 

then colour-coded (Table 2). 

 

Table 2: The division of data into classes and their corresponding colour-code. 

Dose rates Colour-code 

0.00 – 0.89 mSv year
-1

 
 

0.90 - 0.99 mSv year-1 
 

1.00 - 1.09 mSv year-1 
 

1.10 - 1.49 mSv year-1 
 

1.50 - 1.69 mSv year-1 
 

> 1.70 mSv year-1 
 

Lost TLD’s (white)     

  

According to the wishes of the Directorate of Survey and Mapping all the information 

about the measured points should be shown in the attribute table. This means that it is 

possible to click on a point in the map to access all information of that specific point 

(Figure 4). The information that can be accessed is: date of placement; identification 

number of the TLD’s; town, area and street where the measurement was recorded; instant 

and long-term readings; exact position of the measurement given in both coordinates and 

text e.g. in the big tree on the left side of the driveway. 
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To make the map easier to understand a legend, scale and north arrow was added to all 

five (Windhoek, Otjiwarongo, Otavi, Tsumeb, Mine) maps. These pictures can be found 

in the results. All the data that was collected can be found in the appendices.  

 

 

The radiation levels were interpolated using the inverse distance weighted method 

available from the ArcGIS extension Spatial Analyst. All the lost TLD’s were removed 

from the attribute tables of the townships to keep them from affecting the interpolation. 

The results from the interpolation can be found in figures 6, 8, 10, 12 and 14. 

 

 

Figure 4: Map over Tsumeb showing radiation levels and other information 
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3 RESULTS 

3.1 Radiation levels 

The results of the measurements from Windhoek, Otjiwarongo, Otavi and Tsumeb 

together with the results from the mine just north of Tsumeb are shown in the Figures 5, 

7, 9, 11 and 13 respectively. As previously mentioned, the International Conference on 

Pattern Recognition  (Karam et al. 2002) have recommended that the yearly dose of 

artificial radiation that humans are exposed to should not be more than 1 mSv year
-1

. 

 

3.1.1 Windhoek  

The radiation levels in Windhoek ranged from 0.97 to 1.27 mSv year
-1

 (see Figure 5) for 

the measurements made in this thesis project. The measurements completed earlier by 

MHSS ranged from 0.80 to 1.33 mSv year
-1

, roughly placing them in the same classes. 

Two out of the 16 TLD’s placed in Windhoek during this thesis project were lost. Out of 

those two one was still in place, but there was no one at home who could open the gate 

thus making it impossible to collect the TLD. This gives a percentage of 12.5 % lost, a 

clear improvement in comparison to just over 30 % in the earlier placement. The results 

of the interpolation can be seen in Figure 6. 

 

 

 

 

 

 

 

 

 

 

Figure 5. The measurements in Windhoek, with area boundaries 
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3.1.2 Otjiwarongo  

The radiation levels in Otjiwarongo ranged from 1.19 to 1.67 mSv year
-1

 (see Figure 7). 

This was somewhat unusual in comparison to the results from the other towns since it 

placed all the measurements from Otjiwarongo in two of the three highest classes. None 

of the TLD’s placed in Otjiwarongo was lost. The results of the interpolation can be seen 

in Figure 8. 

 

 

Figure 6. The interpolated map over Windhoek 
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Figure 7. The measurements in Otjiwarongo 

Figure 8. The interpolated map over Otjiwarongo 
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3.1.3 Otavi 

The radiation levels in Otavi were all within a narrow spread, from 0.95 to 1.01 mSv 

year
-1

 (see Figure 9). Out of the nine TLD’s placed two were lost (22 %). The GPS units 

also recorded the same position for two detectors (one TLD that was missing and one that 

was found) giving them the same position on the orthophotos. The results of the 

interpolation can be seen in Figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. The measurements in Otavi. 

Figure 10.The interpolated map over Otavi 
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3.1.4 Tsumeb 

The radiation levels in Tsumeb ranged from 0.50 to 2.11 mSv year
-1

 (see Figure 11). 3 

TLD’s out of 20 placed were lost in Tsumeb (15 %). Tsumeb had both the highest and 

lowest levels recorded during this thesis project. Two points made it into the highest class 

(>1.69 mSv year
-1

), these were close to each other and located in the north of the town. 

The results of the interpolation can be seen in Figure 12. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. The measurements in Tsumeb 

Figure 12. The interpolated map over Tsumeb 
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3.1.5 Mine  

Five TLD’s were placed at the mining site just north of Tsumeb and the radiation levels 

for those measurements ranged from 0.91 to 1.01 mSv year
-1

 (see Figure 13). One TLD 

was lost at the mine; it had been placed right next to a large weighing machine that 

contains radioactive material. The results of the interpolation can be seen in Figure 14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. The measurements at the mining site north of Tsumeb 

Figure 14. The interpolated map over the mining Site north of Tsumeb 
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3.2 The Swedish Radiation protection act (SFS 1988:220) 

The average dose rate that the Swedish population is exposed to according to the Swedish 

Radiation Safety Authority is 2.4 mSv year
-1

 (Andersson, 2007). However they also add 

that the received dose rate varies depending on a number of behavioural factors, such as 

smoking. As such the dose rate mentioned above is an average for non-smokers. Out of 

the 2.4 mSv year
-1

, it is estimated that the dose from terrestrial background radiation is 

0.6 mSv year
-1

 and the dose received from cosmic radiation is 0.3 mSv year
-1

 (Andersson, 

2007). The rest of the radiation that humans gets expose to comes from medical 

examinations and other sources. (Andersson, 2007). The amount of snow received during 

winter and the length of time that any particular area is covered by snow changes the 

dose rates from terrestrial background radiation. The thicker the snow cover and the 

longer it is present the lower the terrestrial background radiation dose received 

(Andersson, 2007). 

 

Swedish regulation regarding radiation protection primarily takes the form of the 

radiation protection act, Strålskyddslagen, (SFS 1988:220). This law is general in its 

application and deals with the protection of people, animals and the environment from 

the harmful effects of radiation. Radiation according to this law is specified as any 

ionizing or non-ionizing radiation (SFS 1988:220). The definitions of these two are 

widened to include any radiation with the equivalent biological effect (SFS 1988:220). 

Much like the Namibian Atomic Energy and Radiation Protection Act, the radiation 

protection act also states that a number of activities such as that possession, disposal, 

storage, transport, import and export of radiation sources and/or nuclear material are 

illegal without a license (SFS 1988:220; Act no. 5 of 2005). The radiation protection act 

does not contain any specific limits or recommendations for levels of radiation deemed 

safe, but rather focuses on making sure that any exposure is carefully monitored and 

controlled (SFS 1988:220).  

 

The radiation protection act (SFS 1988:220) explicitly regulates radiation, but there are 

other acts and regulations with the potential to be used to cover the issues of radiation 

safety for property units. These will be covered in the following sections. 
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3.3 Swedish laws regulating the formation of new property units 

There are about 2.3 million property units in Sweden (Julstad, 2008). If any changes of 

the property unit should need to be made, then the legally registered owner must apply 

for a cadastral procedure from the cadastral authority. Most laws about property 

formation can be found in the real property formation act (SFS 1970:988). But exceptions 

about properties and changes that need to be made can be found in the facility act 

(anläggningslagen), utility easement act (ledningsrättslagen), planning and construction 

act (plan- och bygglagen), expropriation act (expropriationslagen), road law (väglagen), 

land law (jordabalken) and the real property formation act (fastighetsbildningslagen) 

(Julstad, 2008). 

 

There are a number of other Swedish laws that deals with radiation, but the radiation 

protection act (SFS 1988:220) is the only one general enough to include background 

radiation. As mentioned in previous sections other laws can be used for the regulation of 

radiation as well, since these laws are general for property units. The main piece of 

legislation is the Swedish land law (SFS 1970:994), which regulates in which way 

property units are to be used, e.g. how ownership is transferred and in what ways leasing 

and/or renting property units is allowed. However the real property formation act (SFS 

1970:988) is the act that regulates the formation of these property units. 

 

In the Swedish constitution there is a law, Regeringsformen, paragraph 18, chapter 2 

(SFS 1974:152), that states that the owner’s right to his or her property can only be 

changed if it is in the interest of the general public to do so and if the owner is 

compensated for his or her loss. This compensation comes into play when the owner is 

required relinquish a part of his or her property or when he or she can no longer use a 

certain part of the property like he or she used to. However the compensation only comes 

into question if the intrusion on his or her property is of substantial importance (SFS 

1974:152). The size of the compensation will be dependent on the reason that the owner 

is relinquishing parts of his or her property. Most of these laws can be found in the 

expropriation act (Julstad, 2008). The owner’s right to a property unit can be described as 

the right to use the property unit for the same purpose that it is currently used for. So a 

property that is used for industrial purposes needs to be able to be used as an industrial 

property unit after relinquishing parts of it. Consequently, the owner cannot change this 

property into a property for a year-around house.  
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3.3.1 Land law (SFS 1970:994) 

The very first thing that is written in the land law chapter 1 paragraph 1 is a statement 

defining what constitutes a real property unit. It says that immoveable property is soil. 

Property units can be demarcated horizontally or both horizontally and vertically. The 

first paragraph also says that regarding property formation there are specific regulations, 

meaning that subdivision, consolidation and similar actions are illegal unless undertaken 

by the appropriate authority. 

 

The fourth chapter in the land law is about buying, selling and donating properties. When 

buying a property unit there are certain things that the sales contract must contain. The 

document must contain an explanation that the seller is transferring his property unit to 

the buyer; a signature of both the buyer and the seller; and the amount that the buyer is 

paying the seller for the property (SFS 1970:994). The fourth paragraph of the fourth 

chapter in the land law states that conditions or terms on the purchase are only valid for a 

maximum of two years after the day the contract was written.  If longer times have been 

agreed upon, then the purchase is not valid. If no time has been decided, then it is 

considered to be two years. 

 

The part that is selling a property unit has certain responsibilities for the property unit 

during the time that the property unit is in his or her ownership. One paragraph that could 

be transferred to Namibia to regulate radiation exposure is paragraph 18. That paragraph 

states that if a public authority has made a decision about a property unit making it less 

useful for the buyer than he thought at the time he or she acquired it he or she can 

become compensated for any and all harm suffered because of this. This can be done by 

making a deduction from the purchase amount (SFS 1970:994). The deduction from the 

purchase amount must be comparable to the condition of the property unit in comparison 

to the condition of the property unit according to the contract (SFS 1970:994). 

 

Another paragraph that could be useful in Namibia is paragraph 19. This paragraph says 

that if the property unit is not consistent with the sales contract or if it differs from what 

the buyer could expect when he or she bought the property unit, then he or she could pay 

less or cancel the purchase (SFS 1970:994). For example if the buyer did not know that 

the property unit had high levels of radiation in the soil, he or she should not be penalized 

for this. It must not be things that the buyer should have noticed when he or she 

examined the property unit before the purchase (SFS 1970:994). The buyer needs to 

make a claim of the fault within a reasonable period of time (SFS 1970:994). 



26 

 

 

 

3.3.2 Real property formation act (SFS 1970:998) 

Real property formation means both the creation of new property units and changes to 

existing property units (Julstad, 2008). 

 

 

Protective paragraphs 

 

There are four main conditions on property formation found in chapter 5 of the real 

property formation act (SFS 1970:998), these are: 

 

-Båtnadsvillkoret (Swedish) –i.e. the benefits should be bigger than the disadvantages 

that arise, chapter 5, paragraph 4  (SFS 1970:998) 

Formation of new property units must lead to an improvement in land use. The property 

unit must in other words be more appropriate after the formation than before. The cost of 

the cadastral procedure must be lower than the betterment gained through the procedure. 

But if the owners of a property unit want to disregard this condition they can do so and 

instead create a new property unit that does not lead to a better use of land. For doing that 

the both owners must agree on overlooking this condition, but  if one owner do not agree 

this is not applicable (Julstad, 2008). 

 

-The condition of improvement, chapter 5, paragraph 5 (SFS 1970:998) 

The condition of improvement states that a requested cadastral formation procedure is 

only allowed if it benefits the property unit belonging to the person requesting the 

procedure. This paragraph is not used if it is necessary that a formation is needed for the 

property unit to better adhere to any planning schemes in the area (Julstad, 2008). 

 

- Condition of opposing opinions, chapter 5, paragraph 2 (SFS 1970:998) 

If someone other than the registered owner of a property unit has applied for a cadastral 

procedure, or when a reallotment of a property unit expands to cover more than the 

improvement of the applicants property unit this is not allowed if those affected by it are 

generally opposed to it and have considerable reasons for opposing it (Julstad, 2008).  

 

-Property protections, chapter 5, paragraph 8 (SFS 1970:998)  
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A property reallotment is not allowed if one of the property units will be less useful after 

the reallotment than it was before. The reallotment is not allowed to significantly lower 

the value of the property. The opposite is not allowed either, an unreasonable increase in 

value causing inconvenience to the owner. Value means value of the property without 

buildings on it (Julstad, 2008). 

 

 

Third chapter of the real property formation act (SFS 1970:998) 

 

The third chapter of the real property formation act consists of 11 paragraphs, with the 

first paragraph being the most important. The first paragraph states that all cadastral 

procedures that results in new property units or changes an already existing property unit 

should be done so the property unit is suitable for its use (SFS 1970:998). For example 

the property unit must have an appropriate location and size for its use. It must be big 

enough to function as a residential unit. A guideline for this is that residential property 

units should not be bigger than they need to be to accommodate a residence (Julstad, 

2008). The location of the property unit should also be suitable to its use. For example; 

an industrial area is not well suited to accommodate a residence. When considering the 

appropriateness of a property unit no consideration should be taken for who owns it. A 

property unit should be appropriate for its use, not the use of its owner. This requirement 

needs to be fulfilled both now and in the future, meaning that property units that will 

become appropriate eventually or are only appropriate for a short period of time are not 

allowed to be formed (Julstad, 2008). Chapter 3, paragraph 1 of the real property 

formation act (SFS 1970:998) also states that property unit needs to have access to roads. 

Any property units with buildings on them also need to have access to utilities, such as 

water, electricity and sewage. The paragraph further states that if a problem can be solved 

by other means than property formation it should. Property formation must comply with 

the relevant zoning or planning schemes of the area concerned. 

 

Paragraph 9 contains an exception from the rules of chapter 3 in the real property 

formation act (SFS 1970:998). Paragraph 9 states that property formation can be allowed 

even if it does not lead to an improved use of land. For this to happen the overall use of 

land must be improved, even if particular property units are not. 

 

 



28 

 

3.4 Applying the third chapter of the real property formation act 

As mentioned in the previous sections the third chapter of the real property formation act 

contains a number of conditions regarding the appropriateness of property units (SFS 

1970:988). Paragraph 1 holds the most general of these conditions and according to the 

act’s proposition these conditions have been made general in order to accommodate 

changes in the political will and development of the field (Proposition 1969:128 B13). 

This allows the demands that paragraph 1 imposes on new property units to adapt, 

meaning that the application of the rule is not always the same depending on the political 

will of the time. The following sections describe two court cases that emphasise the 

importance of the rules of appropriate property units and also shows how these 

requirements are used in different ways. 

 

 

3.4.1 NJA 1985 s. 110 – Property units suitable for its purpose 

The verdict found in NJA (1985, p. 110) shows the importance that the supreme court 

attaches to paragraph 1 in chapter 3 of the real property formation act (SFS 1970:988). 

Paragraph 1 state that a new property unit must be suitable for its purpose. It must also be 

apparent in a foreseeable future. This shows that the aspect of time has a large bearing on 

the demands on appropriateness set by paragraph 1. The eventual change of zoning 

cannot be taken into account. 

 

The case revolves around a property unit called Rösa Frälsegård 4:5. This is an 

agricultural unit consisting of 8 hectares of farmland, 55 hectares of forestland and 5 

hectares of grazing land. The property unit has been zoned for farming purposes. J.L. and 

E.M. rents a house on the property in which they also live.  The owner of the property 

sold 30 000 m² of it to J.L. and E.M. encompassing the house in which they live. The 

owner of Rösa Frälsegård 4:5 applied for a survey to subdivide the purchased plot 

adducing the purchase. The purpose of the subdivision was to use part of the plot to park 

machinery and larger vehicles. Because the vehicles are often repaired during evenings 

and weekends J.L. wanted to be able to do this outside of denser population areas. The 

survey was cancelled by the cadastral authority. J.L. and E.M. made an appeal to the 

district court requesting that the cancellation be revoked. The case was appealed to the 

Supreme Court. 
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The cadastral authority claimed that the subdivision was in conflict with paragraphs 1, 3 

and 6 in chapter 3 of the real property formation act (SFS 1970:988). Meaning that it was 

not suitable for its purpose, it violated the area’s zoning and further that it would also 

make farming in the area more difficult. The municipality’s construction committee had 

not approved J.L’s application to build in conflict with the area’s zoning, but the county’s 

administrative board had overruled this and approved an exception. The construction 

committee went against this overruling in a new decision sometime later which was also 

overruled by the administrative board. Finally this verdict was appealed by the 

construction committee to the supreme administrative court which backed the 

construction committee’s first verdict. With all the differing opinions within the 

authorities involved in zoning the Supreme Court concluded in its verdict that the 

property unit was not likely to constitute an appropriate property unit within a foreseeable 

future. 

 

 

3.4.2 NJA 1999 p. 339 - appropriateness of property units 

The case found in NJA (1999, p. 339) is a complicated case, concerning most of the 

regulations about the appropriateness of property units. The case involves the rules and 

guidelines for sustainable agriculture and forestry as well as the general conditions set by 

paragraph 1 in chapter 3 of the real property formation act (SFS 1970:988). The case also 

does a good job of showing just how many things that fall under the regulations of what 

constitutes an appropriate property unit. 

 

The case involves an old estate consisting of several property units that has been gifted to 

two plaintiffs. Both plaintiffs want all the property units comprising the estate to be 

consolidated and then split according to the ownership percentages. The consolidation is 

uncontested, but both plaintiffs each have their own proposal of how to best subdivide the 

consolidated property unit. The whole estate consists of a manor as well as farmland and 

forest. The cadastral authority has during the procedure of consolidation and subdivision 

come up with their own alternative, advising a compromise between the two suggestions 

offered by the plaintiffs. The case was appealed to the Supreme Court, and although the 

outcome in itself is not important to this thesis the number of argument for the 

appropriateness of each alternative is. The assessment of appropriateness involved the 

size of the different subdivisions, the value of the wood, upkeep of the forest, and 
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composition of the different types of land as well as different estimations on which 

effects the subdivision would have on the hunting rights in the area. 

 

 

3.5 Namibian property legislation 

Namibia is a very young country and only just over 20 years has passed since 

independence in 1990. As such there is a gap between Swedish and Namibian legislation. 

But as in the Swedish legislation, the Namibian legislation does not either explicitly 

mentions radiation. However this regulation could be changes so they cover the radiation 

as well.  

 

3.5.1 Townships 

Land in Namibia is classed into various categories. Land supporting urban areas is 

classed as a township. The townships and division of lands ordinance (Ordinance 11 of 

1963, p.4) defines the concept of township as: 

“any area of land registered as one or more pieces of land either contiguous or in 
close proximity to each other which is being or is intended to be laid out or divided 
into sites for residential, business, industrial, building, occupational or similar 
purposes or for urban settlement arranged in such a manner as to be intersected or 
connected by or to abut on public places” 

 

An area meeting the requirements of the definition above can apply for township status, 

unless it is listed in what is called the First Schedule. The First Schedule is a list of 

townships in the official Government Gazette of the Republic of Namibia. These 

townships are referred to as approved townships (Ordinance 11 of 1963). 

 

This definition just quoted, activates a number of effects, mainly affecting the plots of 

land within a township (henceforth referred to as erven, singular: erf). The principal of 

these effects is that all townships are placed under the jurisdiction of the Townships 

Board when it comes to the formation and division or real property (Ordinance 11 of 

1963). Although the Minister of Local Government and Housing (henceforth referred to 

simply as the Minister in this section and following Subsections) is the executive 

decision-maker on matters relating to the formation of townships and subdivision of 

erven, it is the duty of the board to review applications thereof and recommend 

appropriate action for the Minister  (Ordinance 11 of 1963). 
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Applications for permission to establish a new township must be lodged by the owner of 

the land on which the new township is situated to the Minister (Ordinance 11 of 1963). 

The Minister must then pass the application on to the Namibia planning advisory board 

for them to form recommendations on the necessity and desirability of setting up the 

suggested township (Ordinance 11 of 1963).  If the Minister accepts these 

recommendations then he or she is required to refer the application to the Townships 

Board (Ordinance 11 of 1963).  

 

Subsection (1) of Section 3 of the townships and division of land ordinance (Ordinance 

11 of 1963) gives directions on what the board is to consider when reviewing 

applications of establishing a new township. The Townships Board must consider the 

following (Ordinance 11 of 1963, p.6): 

 

“[(a) has been deleted by another ordinance] 

 

(b) whether the land is suitable in respect of area, position, water supply, aspect, 
contour, extension, soil and other physical features and accessibility;  

 

(c) the existence of servitudes or encumbrances which may affect the establishment 
of the proposed township;  

 

(d) the proposals and stipulations contained in the application and the conditions on 
which in the opinion of the Board the application should be granted;  

 

(e) the extent of the townlands and the number, size and position of any erven and 
sites to be reserved for the State or for any public or local authority purposes or in 
the general interest of the inhabitants;  

 

(f) the proposed design and name of the township;  
 
(g) the allocation of districts or zones limiting the use to which the erven may be put 
and the order in which they may be sold;  

 

(h) the maximum number of houses which may be built upon each erf and the 
maximum area of each erf which may be built upon;  

 

(i) the endowment, if any, which should be made for a local authority or future local 
authority;  

 

(j) any other matters to which, in the opinion of the Board, the attention of the 
Minister should be drawn.” 
 

 

Radiation is not explicitly mentioned, but could potentially be covered by (b) in the list 

just presented. 
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Should the Townships Board be satisfied with the application they put forward their 

recommendations that the application be granted to the Minister. They may also 

recommend the Minister to refuse or postpone the application (Ordinance 11 of 1963). 

The board’s decision also binds the Minister to some extent. The Minister has the final 

word, but he or she is unable to grant an application that the Townships Board has 

recommended be refused without first consulting the board (Ordinance 11 of 1963). 

 

When an area is granted township status it is subjected to Section 14 of the townships and 

division of land ordinance (Ordinance 11 of 1963), which states that by the fact that the 

township has been proclaimed all public places therein are automatically vested in the 

state or the local authority of that area (if there is one). 

 

Granting an area township status defines the plots of land within its boundaries as erven, 

thereby activating Section 19 of the townships and division of land ordinance (Ordinance 

11 of 1963) and thus separating the subdivision of erven from the subdivision of other 

types of land. The subdivision of erven is surrounded by more rules and regulations than 

the subdivision of other land and will be explained in more detail in the following 

sections. 

 

Areas that are not within the boundaries of an approved township, but still within the area 

of jurisdiction of a local authority are referred to as townlands. 

 

 

3.5.2 Subdivision of erven in an approved township 

Subdivision of erven and the resulting formation of new real property units are governed 

in Section 19 of the Townships and Division of Lands Ordinance 11 of 1963 as amended. 

The process of dividing an erf into several units starts with an application to the 

Townships Board. Before submitting the application the local authority within whose 

jurisdiction the erf is located in must be given the opportunity to make comments on the 

proposed subdivision. For the application to be successful the comments from the 

municipality council (local authority) needs to support the proposed division. In the 

capital city of Windhoek this system has been further strengthened by Clause 30 of the 

Windhoek Town Planning Scheme (2007). This clause states that subdivision of erven 

within the city of Windhoek is prohibited unless the city council has given its consent. 

 



33 

 

After submitting the application for subdivision it is reviewed by the Townships Board. 

The Townships and Division of Lands Ordinance (11 of 1963) does not explicitly state 

what the Township board is to consider when reviewing applications, simply limiting the 

requirements for the board to have considered the application before making 

recommendations to the Minister of Local Government and Housing (Ordinance 11 of 

1963). The board is however able to make recommendations not only on the approval or 

disapproval of a proposed subdivision but also on conditions which to impose on the new 

erven (Ordinance 11 of 1963). The types of conditions that are available to the board and 

by extension the Minister are listed in Subsection (3) of Section 6 of the Townships and 

Division of Lands Ordinance. These are (Ordinance 11 of 1963, p.4): 

 
“the manner, or purpose for which, the land concerned may be used or occupied;  

 

the number, nature, coverage, height and situation of buildings or structures which 
may be erected on such land;  

 

the provision of, and transfer to a local authority of public places;  

 

the reservation of erven for the State or for local authority purposes” 

 

If any conditions are imposed on the newly created erf they may also be registered with 

the Registrar of Deeds (Ordinance 11 of 1963). 

 

Ultimately, the decision is the Minister’s and if the erf in question is located within an 

area that is regulated by a scheme approved under the Town Planning Ordinance (1954) 

no recommendations in conflict with any of the provisions of that scheme are allowed. 

These planning schemes provide a form of guidance in the way of zoning. According to 

the Town Planning Ordinance (1954) town planning schemes are required to zone areas 

thereby earmarking them to be used either exclusively or mainly for residential, business, 

industrial or other purposes. These zoning areas contain rules governing density and erf 

size. If the erf that is to be subdivided is at least twice the size of the minimum required 

by the zoning it may be possible to subdivide it (Customer Care Centre, 2007). 

 

The status of township brings the effect that any subdivision of erven which is not 

situated in an approved township need the permission of the Minister of Local 

Government and Housing before being able to gain the approval of the Surveyor-General, 

thus slowing the process. Until the township has been proclaimed transfer of erven is not 

allowed (Ordinance 11 of 1963). If an application for subdivision of an erf is approved by 

the Minister and the owner of the erven disposes of it (this refers both to the newly 
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created portion of land as well as the erf from which it came) he or she is required to pay 

endowment. Endowment is required regardless of in which manner the plot of land was 

disposed of, viz.: sale, gift exchange or any other means of disposal. This duty even 

extends to include leasing. If the plot is leased for a period of ten years or more the 

obligation to pay endowment is activated through Subsection (5) a of Section 19 in the 

Townships and Divisions of Lands Ordinance (1963). The endowment is due to the local 

authority within whose jurisdiction the erf is located. Given as a percentage of the value 

of the transferred erf or plot of land, the exact percentage of endowment due is fixed by 

the Minister after recommendations by the Townships Board and local government 

concerned. Subsection (5) of Section 19 in the Townships and Division of Lands 

Ordinance contains numerous provisions for correcting the value of an erf for it to better 

represent an accurate purchase price in the case the erf or plot of land was given or 

exchanged rather than sold on the open market. 

 

When subdivisions result in the creation of new public places, those public places are 

automatically vested in the state. The state being represented by the local authority of the 

area where the public places are located (Ordinance 11 of 1963). This is registered with 

the Registrar of Deeds (Ordinance 11 of 1963). This procedure follows the same 

principals as public places within a newly proclaimed township described above. 

 

A granted application of division of erven is valid for a maximum period of two years 

and if within this time an application of survey has not been lodged with the Surveyor-

General the permission to subdivide will have lapsed (Ordinance 11 of 1963). 

 

 

3.5.3 Subdivision of townlands 

Section 21 (which refers back to Section 20) of the Townships and Division of Lands 

Ordinance (1963) deals with the subdivision of townlands. This Section states that 

subdivisions resulting in plots smaller than 25 hectares must receive the permission of the 

Minister of Local Government and Housing before being able to gain the approval of the 

Surveyor-General. 

 

As mentioned above, if a subdivision of lands is proposed outside of an approved 

township, the application must be sent to the Namibia Planning Advisory board. The 

application for division of townlands must contain a plan that shows how the subdivision 

will be done as well as any other information that is necessary for the Namibia Planning 
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Advisory Board to make an informed recommendation and for the Minister to make a 

correct decision. Upon approval, the Minister is able to impose the same conditions as 

when approving the subdivision of erven. 

 

3.5.4 Consolidation of erven 

Consolidation of erven is done in much the same way as subdivision.  Section 30 of the 

townships and divisions of lands ordinance (Ordinance 11 of 1963) contains the 

ordinance’s only three Subsections relating to consolidation of erven or portions of erven. 

First of these is the requirement that the approval of the Minister must be obtained before 

the newly formed erven can be surveyed. Applications made to gain the previously 

mentioned approval must be made to the Minister and accompanied by comments from 

the local authority of the area where the consolidation is proposed. The Minister is 

required to refer the application to the Townships Board and the board will consider it on 

the same conditions as with applications to subdivide erven. If any conditions of the type 

mentioned in the previous section about the subdivision of erven are registered with the 

erven to be merged the board may recommend the Minister to alter, cancel or add 

additional conditions if deemed necessary. It is explicitly stated that the purpose of this is 

for the newly created erf to have a consistent set of conditions applied to it. As is the case 

with subdivision of erven the conditions must not stand in conflict with any scheme 

under the Town Planning Ordinance which the area may be subject to. 

 

 

3.5.5 Survey and registration of newly formed erven 

Approved consolidations or subdivisions of erven and townlands are awarded certificates 

of their validity and on what conditions the subdivision or consolidation has been 

granted. These certificates are issued by the Minister of local government and housing. 

After approval it is possible for a surveyor to survey the erf and draw what is referred to 

as a diagram. A diagram is defined in the townships and division of lands ordinance 

(Ordinance 11 of 1963), as a document that is signed by a land surveyor and describes a 

plot of land in terms of geometry and geographical position. It is further stated that these 

diagrams form the basis of real right. The diagram must be approved by the surveyor 

general upon completion. 
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The approved diagrams of the erf or plot of land can then be registered in the deeds 

registry by the registrar of deeds. The erf’s certificate must be presented to the Registrar 

of Deeds when doing this. 
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4 Discussion 

4. 1 Measurements 

Out of all the TLD’s we placed in Windhoek 12.5 % were lost, compared to the earlier 

placements done by the Ministry of Health and Social Services were 30 % were lost. This 

was a clear improvement. This was probably because the TLD’s were placed inside 

people’s yards, thereby minimizing the risk that the detectors would be intentionally 

removed. 

 

The language barrier proved to be a problem when placing the TLD’s. English is the 

official language in Namibia, but in some areas it was only barely spoken. Fortunately 

most of these problems could be overcome thanks to our driver. He speaks a number of 

local languages and was able to translate our explanations and requests to place the 

TLD’s in people’s yards. 

 

One potential disadvantage with placing TLD’s in people’s yards was that they were 

more likely to be influenced by building materials. This could mean that the recorded 

radiation levels were caused by the building materials and not the soil of those places. If 

this was the case then higher readings would mean that the materials used in construction 

are not suitable for houses and not the land on which the buildings stand. However as 

mentioned in section 1.2 urbanization can also reduce radiation levels (de Affonseca, 

Alves, & Junior, 2002). Variation in building materials and placing the TLD’s over open 

ground is likely to have mitigated these influences. 

 

Two dosimeters and two different GPS units were used in the measurements in this 

thesis. The advantage of this is that by using two instruments you can compare the results 

thereby getting more accurate results. This reduces the number of errors. During the field 

work it was discovered that the GPS units gave slightly different readings, but when 

comparing the coordinates in ArcGIS it was possible to match the coordinates to 

locations on the orthophotos and thus figuring out which unit gave the most accurate 

readings. 

 

The instant dosimeters used did not provide consistent readings. Even if both of them 

were placed right next to each other they gave different readings. To counter this they 

were left in place for one minute when placing the TLD’s, and the highest radiation level 
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measured during this time was recorded. This fluctuated immensely however, and when 

making the map it was decided that the instant measurements should have no bearing on 

the representation of radiation levels. They can instead be accessed through clicking the 

individual points on the map, but are not included in the colour-code of that point.  

 

 

4. 2 Mapping 

Originally the radiation levels were going to be buffered to create a fuller map, providing 

more information. However since we were unable to find any support in the literature of 

buffer distances suitable to radiation it was decided that the measurements should be 

made interpolated instead. The reason that interpolation is because; the measured levels 

of background radiation are caused by the composition of the ground and soil cover. The 

radiation is in other words not emitted from specific points. It can therefore be assumed 

that the radiation levels for the areas between the points of measurements can be 

interpolated. 

 

 

4. 3 Radiation levels 

The results from the measurements revealed that the radiation levels were not 

dangerously high in any of the townships. Although the literature review showed that 

there are few, if any, concrete levels of exposure to background radiation that are agreed 

upon to be directly dangerous to humans. We have used the limits for exposure to 

artificial radiation given by the International Conference on Pattern Recognition (ICPR) 

as a scale of reference. They have recommended that the yearly dose of artificial 

radiation that humans are exposed to should not be over 1 mSv year 
-1

 (Karam et al. 

2002). The recommended levels of exposure set by the ICPR are for artificial radiation 

and as such it is difficult to assess what parameters of natural background radiation that 

have been included in this recommendation. However, using this value as a frame of 

reference for natural radiation means that we are erring on the side of caution. 

 

The highest recorded dose was found in Tsumeb at 2.11 mSv year
-1

. This is more than 

twice the dose recommended by the ICPR and could potentially lead to a higher risk of 

cancer for the residents in that area. The problem is that it is difficult to say whether this 
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is all from naturally occurring background radiation, or if it is caused by the building 

materials at that particular point of measurement. But most likely it is the actually 

background radiation that is causing the high values. However since it is more than twice 

the dose recommended by the ICPR it is worth investigating those points further. 

 

4.4 Possibilities to use Sweden’s legislation in Namibia 

As mention in the result section above Sweden has a special law regulating radiation, 

namely the radiation protection act. This act relates to both ionizing and non-ionizing 

radiation. However most of it is concentrated at disposal, storage and transport of 

radiation sources. Since this part of Swedish legislation deals with artificial radiation 

sources it is not applicable to the background radiation that this thesis deals with. The 

Namibian atomic energy and radiation protection act is comparable to that. Even though 

Sweden has the radiation protection act there are no maximum radiation exposure levels, 

but according to the Swedish Radiation Safety Authority the radiation that the population 

of Sweden are exposed to is 2.4 mSv year 
-1

 (Andersson, 2007).  This is higher than the 

highest level of background radiation that was measured in Namibia. But out of these 2.4 

mSv year 
-1

 only 0.6 mSv year 
-1

 comes from terrestrial background radiation and 0.3 

mSv year 
-1 

comes from cosmic background radiation. If you add these two together (the 

cosmic and the terrestrial radiation) the sum is 0.9 which is lower than what the 

International Conference on Pattern Recognition (ICPR) have recommended as the yearly 

dose of artificial radiation that humans should not be exposed to, which is 1 mSv year 
-1

 

(Karam et al. 2002). Since the value in Sweden is so close to the ICPR’s recommendation 

this is probably not dangerous for the Swedish population.  Most of the radiation levels 

measurements done in Namibia were also around the ICPR’s recommendation value; 

therefore we think that the risk for the people who live there to get cancer is low. 

 

Unlike Namibia, Sweden has other laws that regulate radiation even though they do not 

explicitly mention it; these are the land law and the real property formation act. The real 

property formation act (SFS 1970:988) contains one chapter that could be used in 

Namibia as a protective measure from radiation and that is the third chapter. It states that 

every property formation that is carried out must make the new or modified property unit 

suitable for its use. With other words it says that a property formation cannot be done if it 

will lead to a property unit affected by high levels of radiation. This regulation could help 

Namibia to avoid creating new properties suffering from high levels of radiation. 

Båtnadsvillkoret, which can also be found in the real property formation act (SFS 
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1970:988), is another regulation that could be used in Namibia. It states that property 

formation must lead to a better use of land, i.e. the property must be more appropriate 

after the formation than before. 

 

4.5 Possibilities of modifying Namibian legislation 

This thesis has shown that the Swedish legislation is more extensive in the areas of 

property units and their subdivision and consolidation than the Namibian legislation. 

Because of the differences in extent, implementing Swedish legislation unchanged in 

Namibia is not possible. But some parts of Namibian legislation could be adapted and 

implemented in new ways to better encompass the issues of radiation as well as other 

potential problems with the suitability of new property units. Subsection (1) of Section 3 

of the townships and division of land ordinance (Ordinance 11 of 1963) contains a 

number of requirements that relate to the suitability of land for the purposes of 

establishing a new township. One alternative would be for the regulations regarding 

subdivision and consolidation of lands, especially in more densely populated areas, to 

explicitly activate similar requirements as for the approval of a new township. Even 

though a new township must meet these requirements to be formed, this does not cover 

townships that have already been approved. Implementing similar requirements in the 

rules governing the subdivision and consolidation of erven would ensure that these 

requirements are continuously met. This is similar to the requirements of suitability in 

Swedish legislation. A location that was once suitable might not be after investigating 

things that were not looked at when the township was first established. 

 

Once levels of radiation that are high enough to be likely to cause harm to humans has 

been detected one solution to avoid those areas to be used for habitation could be an 

adaptation of Subsection (10) of Section 19 in the Townships and Division of Lands 

Ordinance (Ordinance 11 of 1963). This Subsection automatically vests new public 

places in a newly formed township in the state. Making similar provisions for lands that 

are afflicted with cancer-inducing levels of radiation could potentially keep the land from 

being settled. 

 



41 

 

4. 6 Things that could have been done differently 

This thesis project would have benefitted greatly from interviews with stakeholders 

relevant to the formation of new property units. This would have added depth and width 

to the thesis and given valuable insight into how the rules and regulations regarding 

property formation are applied in reality. An advice to other students pursuing a similar 

project is to get hands-on experience of how the studied rules are applied. In our 

experience the fact that a rule exits does not necessarily mean that it is enforced or 

practiced. Interviews with employees at the Surveyor General’s Office and members of 

the Townships Board could have provided a better understanding of the gap between 

regulations and their practice, if any such gap exists. Interviews could also have given 

valuable advice of suitable modifications and possible shortcomings of today’s 

legislation.  

 

One thing that has caused unnecessary loss of time during this thesis project has been the 

sometimes overly complicated bureaucracy of accessing and using material and 

instruments needed for measurements.  
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5 Conclusion 

 

This thesis has concluded a number of things, specifically related to the research 

questions listed in section 1.5. The following is a brief conclusion as it relates to our 

research questions. 

 

 What are the levels of natural background radiation in Windhoek, Otjiwarongo, 

Otavi and Tsumeb? 

Levels of natural background radiation were measured in all the previously mentioned 

townships as shown in the results section. Most levels were around the levels 

recommended by the ICPR (Karam, et al. 2002), with two exceptions in Tsumeb. Most 

likely it is the actually background radiation that is causing the high values. 

 

 

 How does Swedish legislation regulate radiation? 

Background radiation is mostly regulated implicit in Swedish legislation, as demonstrated 

in section 3.3. 

 

 

 How can land use regulations be used as a way to mitigate the risks of terrestrial 

gamma radiation? -  More specifically: 

is it possible to use Swedish legislation relating to the formation of new property 

units to lessen the risks and dangers associated with background radiation in 

Namibia? 

 

This thesis has concluded that one possible way to mitigate the harmful effects of 

background radiation and thereby protecting Namibians from acquiring cancer is to 

expand existing legislation to encompass radiation. Review of Swedish legislation has 

demonstrated that this can be done without explicitly mentioning radiation. 
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Appendix 1- Data from Windhoek 

Code Date annealed 
TLD 
no. Town Area Street 

House/street 
no 

Coordinate 
(S) old 

Coordinate 
(E) old 

Coordinate 
(S) new 

Coordinate 
(E) new 

Dose 
rate 
(top) 

Dose 
Rate 
(bottom) Location 

1 2011-04-05 8224 Windhoek Dorado Park Gemini st.   22,56593 17,05668 22,33959 17,03400 0,12 0,17   

2 2011-04-05 8503 Windhoek Eros     22,60055 17,08272 22,36061 17,05016 0,03 0,02 Ministry of Mines & Energy, tree on the side 

3 2011-04-05 8490 Windhoek Eros 
Olof Palme 
st. 172 22,53635 17,09717 22,32180 17,05828 0,01 0,13 Side of the house, in the trees 

4 2011-04-05 8049 Windhoek Kleine Kuppe Koinseb st. 998 22,61854 17,09926 22,37111 17,05953 0,14 0,24 Big tree in the front 

5 2011-04-05 8006 Windhoek Olympia 
Gerald 
Dreyer 5 22,60553 17,09957 22,36332 17,05970 0,19 0,09 Bush in the front 

6 2011-04-05 8466 Windhoek Pioniers Park Rath st. 1467 22,59011 17,05505 22,35405 17,03308 0,11 0,25 Palmtree in the front 

7 2011-04-05 8086 Windhoek Katutura Okuryangara    22,51037 17,05210 22,30625 17,03126 0,25 0,23 Primary health clinic, at the back 

8 2011-04-05 8479 
Not 
placed Not placed Not placed Not placed Not placed Not placed Not placed Not placed 

Not 
placed 

Not 
placed Not placed 

9 2011-04-05 8379 Windhoek 
Southern 
Industrial Wright st. 11 22,58926 17,07645 22,35348 17,04591 0,06 0,08 Nambil meat, brick wall 

10 2011-04-05 8454 Windhoek Pioniers Park Hintrager st. 33 22,60439 17,07212 22,35691 17,04037 0,26 0,20 Big tree close to the house 

11 2011-04-05 8496 Windhoek Academia Descartes st. 28 22,60699 17,07346 22,36419 17,04407 0,09 0,14 Tree in the front and the side 

12 2011-04-05 8346 Windhoek Eros Ziegler st. 43 22,55759 17,09758 22,33455 17,05854 0,06 0,04 Bush in the front 

13 2011-04-05 8375 Windhoek Katutura 
Messie st. 
(Mersey) ERF 2081 22,51671 17,02957 22,31003 17,01780 0,05 0,08 Tree at the side of the house 

14 2011-04-05 8391 Windhoek Katutura Eveline st. ERF 857 22,51428 17,02402 22,30858 17,01440 0,06 0,22 Red/yellow house. Bush in the corner 

15 2011-04-05 8317 Windhoek Eros Gevers st. 37 22,56305 17,10651 22,33788 17,06390 0,01 0,01 Tree at the front 

16 2011-04-05 8488 Windhoek Olympia 
Daan Bekker 
st. 93 22,60555 17,09970 22,36867 17,05991 0,12 0,03 Big tree in at the front 

17 2011-04-05 8164 Windhoek Eros Auobstraat 3 22,54853 17,09516 22,32917 17,05709 0,01 0,27 Front side, small tree and small dogs 

 

 

 

 

 

 

 



 

 

Appendix 2 – Data from Otjiwarongo 

Code 
Date 
annealed TLD no. Town Area Street 

House/street 
no 

Coordinate 
(S) old 

Coordinate 
(E) old 

Coordinate 
(S) new 

Coordinate 
(E) new 

Dose 
rate 
(top) 

Dose 
Rate 
(bottom) Location 

1 2011-04-11 8055 Otjiwarongo Square 3 River/Veterinary 1 20.45.447 016.65.333 20.27.261 016.39.214 0.13 0.36 The third tree on the right side 

2 2011-04-11 8020 Otjiwarongo Square 3 Rikumbi Kandaga NBC 20.45.784 016.65.337 20.27.473 016.39.207 0.14 0.04 First tree on the right hand side 

3 2011-04-11 8063 Otjiwarongo Square 2 River west/sand road   20.45.491 016.65.223 20.27.293 016.39.134 0.14 0.10 Small tree in the front - straight - tractor 

4 2011-04-11 8016 Otjiwarongo Square 5 Dr. Frans Indongo FNB 20.45.922 016.65.081 20.27.548 016.39.038 0.12 0.19 Tree in the back 

5 2011-04-11 8185 Otjiwarongo Square 2 Short/Adrey Associates   20.45.731 016.64.789 20.27.439 016.38.872 0.05 0.05 Bush close to the front door 

6 2011-04-11 8170 Otjiwarongo Square 4 Jan Peter, dead in 1932   20.45.888 016.64.397 20.27.532 016.38.638 0.19 0.22 Bush close to the grave 

7 2011-04-11 8029 Otjiwarongo Square 1 BCS Green/purple/white   20.45.729 016.63.652 20.27.437 016.38.188 0.18 0.21 Go in, turn left - big old tree 

8 2011-04-11 8123 Otjiwarongo Square 1 Hortheusen   20.45.536 016.64.547 20.27.323 016.38.727 0.09 0.29 Otjiwarongo panelbeaters cc/Bush on the right side 

9 2011-04-11 8014 Otjiwarongo Square 5 Industria/Falcon west   20.46.047 016.64.728 20.27.633 016.38.834 0.19 0.26 Tree on the side, next to the birds 

10 2011-04-11 8260 Otjiwarongo Square 4 Swimming pool C'est si bon 20.46.211 016.64.439 20.27.725 016.38.661 0.13 0.07 Tree on the backside of the swimming pool 

11 2011-04-11 8193 Otjiwarongo Square 5 Riebeeck/church Accomodation 20.46.354 016.64.961 20.27.811 016.38.975 0.13 0.15 Bush across the house 

12 2011-04-11 
8501, Wrong no. 
Right 8502 Otjiwarongo Square 6 Henke Willem st. 

Lelany beauty 
salon 20.46.360 016.65.274 20.27.817 016.39.161 0.08 0.10 Tree in the backside to the right 

13 2011-04-11 8371 Otjiwarongo Square 6 Henk Willems ERF 1746 20.46.404 016.65.648 20.27.840 016.39.389 0.03 0.15 The bush in the front, behind the tree 

14 2011-04-11 8080 Otjiwarongo Square 9 School st. 61 20.46.692 016.65.233 20.28.013 016.39.139 0.07 0.12 Against Bohlman st. in the tree 

15 2011-04-11 8458 Otjiwarongo Square 9 Markotter st. 10 20.47.047 016.65.408 20.28.272 016.39.261 0.05 0.09 Bush/tree in the front 

16 2011-04-11 8231 Otjiwarongo Square 12 Rikunta kadango 109 20.47.297 016.65.462 20.28.419 016.39.341 0.19 0.16 Kindergarten, tree at the end of the driveway 

17 2011-04-11 8137 Otjiwarongo Square 12 End st. (end of the street) 2 20.47.263 016.65.014 20.28.359 016.39.007 0.20 0.07 Tree on the right side 

18 2011-04-11 8400 Otjiwarongo Square 12 End st. 11 20.47.790 016.65.181 20.28.676 016.39.108 0.20 0.22 KaMaKa Guesthouse. Big tree in the front, high up 

19 2011-04-12 8353 Otjiwarongo Square 8 School street? 22 20.46.631 016.64.866 20.27.975 016.38.922 0.05 0.12 Tree on the right side 

20 2011-04-12 8310 Otjiwarongo Square 8 Sonn st. 19 20.46.944 016.64.875 20.28.161 016.38.924 0.10 0.17 Tree straight ahead. Call Lena: 081 4455 116 

21 2011-04-11 8508 Otjiwarongo Square 11 East   20.47.288 016.64.815 20.28.370 016.38.888 0.11 0.32   

22 2011-04-12 8039 Otjiwarongo Square 11 Forsyth st. 32 20.47.674 016.64.747 20.28.604 016.38.847 0.36 0.03 Tree in the front 

23 2011-04-12 8116 Otjiwarongo Square 11 Gate st. 13 20.47.351 016.64.545 20.28.409 016.38.726 0.24 0.09 Tree in the right corner 

24 2011-04-12 8004 Otjiwarongo Square 10 Lang st. BM 71/53 20.47.402 016.64.288 20.28.437 016.38.574 0.13 0.23 2nd tree from the driveway 

25 2011-04-12 8085 Otjiwarongo Square 10 Dwars st. 4 20.47.128 016.64.100 20.28.275 016.38.460 0.30 0.08 Tree on the driveway 

26 2011-04-12 8378 Otjiwarongo Square 7 Hoogenhoof st. 
Compunet 

Services 20.46.690 016.64.020 20.28.214 016.38.412 0.06 0.16 Tree on the right side 

27 2011-04-12 8276 Otjiwarongo Square 7 Vrede 14 20.46.716 016.64.398 20.28.031 016.38.638 0.23 0.16 Tree to the left 

28 2011-04-12 8244 Otjiwarongo Square 8 Park st. Private school 20.46.962 016.64.566 20.28.179 016.38.738 0.24 0.05 Big tree close to a classroom 



 

 

Appendix 3 – Data from Tsumeb 

Code 
Date 
annealed 

TLD 
no. Town Area Street 

House/street 
no 

Coordinate 
(S) old 

Coordinate 
(E) old 

Coordinate 
(S) new 

Coordinate 
(E) new 

Dose 
rate 
(top) 

Dose 
Rate 
(bottom) Location 

  1 2011-04-13 8172 Tsumeb Square 1 Berg st White house 19.24.089 017.69.992 19.14.453 017.41.994 0.04 0.16 Bush in the back 

  2 2011-04-13 8451 Tsumeb Square 1 Made up GHS 19.24.038 017.70.421 19.14.422 017.42.252 0.01 0.03 BIG tree, poor people 

  3 2011-04-13 8420 Tsumeb Square 4 Mika/ giraff   19.24.723 017.70.368 19.14.834 017.42.221 0.04 0.01 Tree on the left side, small yard 

  4 2011-04-13 8426 Tsumeb Square 4 Geelhout 1055 19.24.886 017.69.964 19.14.932 017.41.978 0.01 0.02 Back side, to the right 

  
5 2011-04-13 8456 Tsumeb Square 4 unknown 

Yellow 
pretty big 19.25.282 017.70.495 19.15.169 017.42.299 0.07 0.15 Tree on the left side  

  
6 2011-04-13 8373 Tsumeb Square 5 Blei st. 723 19.25.412 017.71.003 19.15.246 017.42.601 0.09 0.12 

House in the end of the street, tree to 
right 

  7 2011-04-13 8015 Tsumeb Square 7 Antimon 750 19.25.660 017.70.605 19.15.394 017.42.363 0.09 0.09 Tree on the end of the drive way 

  8 2011-04-13 8301 Tsumeb Square 7 Peter… Pink house 19.25.613 017.70.390 19.15.369 017.42.233 0.07 0.20 Tree to the right from the front gate 

  

9 2011-04-13 8042 Tsumeb Square 8   

Resort 
kupfer 
quelle 19.25.937 017.71.012 19.15.568 017.42.603 0.04 0.01 Tree newt to the pool, right side 

  10 2011-04-13 8009 Tsumeb Square 8 5 TH AVE 1432 19.25.856 017.71.435 19.15.518 017.42.865 0.17 0.17 Big tree on the left 

  11 2011-04-13 8187 Tsumeb Square 9 16 TH RD 1246 19.25.895 071.71.969 19.15.537 017.43.180 0.04 0.05 Tree in the back, next to banana tree 

  12 2011-04-13 8201 Tsumeb Square 9 SPPN GBOK 1560 19.26.172 017.72.204 19.15.703 017.43.323 0.01 0.01 Tree in the front, to the right 

  13 2011-04-13 8293 Tsumeb Square 6 12 TH RD 1160 19.25.528 017.71.772 19.15.319 017.43.065 0.06 0.02 White house + green 

  14 2011-04-13 8479 Tsumeb Square 5 ilse schtz white house 19.25.309 017.71.608 19.15.187 017.42.963 0.11 0.18 Palm outside the last house 

  
15 2011-04-13 8028 Tsumeb Square 5 DR. Sam 

Gästehause 
omeg alle 19.24.902 017.71.356 19.14.941 017.42.812 0.35 0.30 Bush in the back 

  16 2011-04-13 8459 Tsumeb Square 6 10 TH RD 1032 19.24.961 017.71.919 19.14.974 017.43.151 0.07 0.15 Big tree, right side 

  17 2011-04-13 8374 Tsumeb Square 3 Main st.  406 19.24.560 017.71.881 19.14.734 017.43.128 0.07 0.07 Tree in the driveway 

  
18 2011-04-13 8106 Tsumeb Square 3 Post st. 

Minen Hotel           
5 19.24.288 017.71.766 19.14.574 017.43.059 0.10 0.31 

Palm tree and coniter next to the 
playground 

  
19 2011-04-13 8360 Tsumeb Square 2 Main st 

Bakery 
stainbuschey  19.24.255 017.71.465 19.14.535 017.42.849 0.26 0.15 Tree in the back  

  20 2011-04-13 8268 Tsumeb Square 2 6 TH st. 2702 19.24.484 017.71.074 19.14.699 017.42.693 0.08 0.06 Big tree in front 

  



 

 

 

 Appendix 4- Data from the mine north of Tsumeb 

Code 
Date 
annealed 

TLD 
no. Town Area Street 

House/street 
no 

Coordinate 
(S) old 

Coordinate 
(E) old 

Coordinate 
(S) new 

Coordinate 
(E) new 

Dose 
rate 
(top) 

Dose 
Rate 
(bottom) Location 

1 2011-04-14 8296 Tsumeb  Mine     19.22.683 017.72.869 19.13.610 017.43.726 0.24 0.01 Where the copper comes to 

2 2011-04-14 8292 Tsumeb  Mine     19.22.698 017.72.811 19.13.614 017.43.696 0.33 0.40 Preparation 

3 2011-04-14 8025 Tsumeb  Mine     19.22.830 017.72.646 19.13.697 017.43.596 0.10 0.18 
Right in the middle, next to a big 
chimney  

4 2011-04-14 8485 Tsumeb  Mine     19.23.047 017.72.674 19.13.827 017.43.605 0.11 0.03 At the guard tower, at the fence 

5 2011-04-14 8241 Tsumeb  Mine     19.22.660 017.72.472 19.13.594 017.43.482 0.05 0.09 
At the Fence on the right side of the 
mine 

Appendix 5- Data from Otavi 

Code 
Date 
annealed 

TLD 
no. Town Area Street 

House/street 
no 

Coordinate 
(S) old 

Coordinate 
(E) old 

Coordinate 
(S) new 

Coordinate 
(E) new 

Dose 
rate 
(top) 

Dose 
Rate 
(bottom) Location 

1 2011-04-12 8294 Otavi German school Josef Buckholz st. 27 19.63.933 017.34.518 19.38.357 017.20.724 0.02 0.01 Tree on the left side 

2 2011-04-12 8227 Otavi   Republiek st. 93 19.64.301 017.34.659 19.38.579 017.20.795 0.09 0.24 Tree on the left side in front 

3 2011-04-12 8368 Otavi Doctor's office Omeg st. 165 19.64.280 017.34.658 19.38.605 017.20.570 0.09 0.02 Tree in the back 

4 2011-04-12 8032 Otavi   Close to Jan smutslaan 126 19.64.612 017.34.481 19.38.770 017.20.686 0.09 0.01 Tree, straight ahead 

5 2011-04-12 8438 Otavi   Phyllis st. 178 19.64.469 017.33.621 19.38.648 017.20.173 0.07 0.09 Big tree in front, left side 

6 2011-04-12 8427 Otavi   Industrial st. 454 19.64.056 017.33.637 19.38.435 017.20.184 0.04 0.02 Big tree in the front 

7 2011-04-12 8393 Otavi 
Went to the 
end, then left   467 19.63.363 017.34.110 19.38.016 017.20.465 0.21 0.02 

In tree in front, Grant seven next to a 
brick house 

8 2011-04-12 8361 Otavi   street behind the church 
243 

Beige/orange 19.63.434 017.33.528 19.38.059 017.20.117 0.12 0.01 Big tree in the front 

9 2011-04-12 8364 Otavi 

House on the 
right side of 
the road   303 19.63.210 017.33.406 19.37.926 017.20.245 0.08 0.02 Big tree, yellow brick house 



 

Appendix 6 – Control of placed TLD’s 

Placed TLD's 
Analyzed 
TLD's   

 
Placed TLD's 

Analyzed 
TLD's   

 
Placed TLD's 

Analyzed 
TLD's   

  8004 8004   

 
8276 8276   

 
8490 8490   

  
8006 8006   

 
8292 

Lost in the 
Mine   

 
8496 8496   

  8009 8009   

 
8293 8293   

 
8503 8503   

  8014 8014   

 
8294 Lost in Otavi   

 
8508 8508   

  
8015 8015   

 
8296 8296   

 

8501, Wrong 
no. 8502   

  8016 8016   

 
8301 8301   

 
No match 8271   

  8020 8020   

 
8310 8310   

      8025 8025   

 
8317 8317   

      8028 8028   

 
8346 8346   

      8029 8029   

 
8353 8353   

      8032 8032   

 
8360 8360   

      8039 8039   

 
8361 8361   

      8042 8042   

 
8364 8364   

      8049 8049   

 
8368 8368   

      8055 8055   

 
8371 8371   

      8063 8063   

 
8373 8373   

      
8080 8080   

 
8374 

Lost in 
Tsumeb   

      8085 8085   

 
8375 8375   

      8086 8086   

 
8378 8378   

      
8106 8106   

 
8379 Windhoek 

Unaccounted 
for 

      8116 8116   

 
8391 8391   

      8123 8123   

 
8393 8393   

      8137 8137   

 
8400 8400   

      
8164 8164   

 
8420 

Lost in 
Tsumeb   

      8170 8170   

 
8426 8426   

      8172 8172   

 
8427 8427   

      8185 8185   

 
8438 8438   

      
8187 8187   

 
8451 

Lost in 
Tsumeb   

      8193 8193   

 
8454 8454   

      8201 8201   

 
8456 8456   

      8224 8224   

 
8458 8458   

      
8227 Otavi 

Unaccounted 
for 

 
8459 8459   

      8231 8231   

 
8466 8466   

      8241 8241   

 
8479 8479   

      
8244 8244   

 
8479 Windhoek 

Unaccounted 
for 

      8260 8260   

 
8485 8485   

      
8268 8268   

 
8488 Windhoek 

Unaccounted 
for 

       


