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· ABSTRACT 

The Wonderfonteinspruit (WFS) catchment is home to thousands of people, amongst them a 

significant number of informal settlement inhabitants, which largely rely on the 

Wonderfonteinspruit for domestic consumption on a daily basis or during water scarce 

periods. This research was aimed at: establishing the water sources and uses, the water 

quality and consequently the health risks arising from consumption of the water. Another aim 

was to investigate the challenges associated with accessing potable drinking water, and the 

effectiveness of the implementation of the water institution in South Africa with special 

reference to this catchment. Using questionnaires administered to communities, mines and 

the municipalities, data was gathered on the drinking water sources, from which water 

samples were collected and analyzed for heavy metals (As, Cd, Pb, Zn, Cd) and radionuclides 

(U isotopes) using inductively coupled plasma mass spectrometry (ICPMS) in the dry and 

wet seasons. In addition, the radiological absorbed dose and risk quotients for the various 

contaminants were computed using the contaminant concentrations. Research in the area has 

shown that there are radionuclides and heavy metals trapped in sediments of the 

Wonderfonteinspruit River. The findings revealed that there is significant usage of river 

water from the WFS for domestic consumption, either as an alternative or a main water 

source especially in the informal settlements. The quality of water from this river is not in 

compliance with the SANS 241 and WHO 2011 drinking water standards for As and U, thus 

statistically significant associations were observed between the concentrations of these 

contaminants in water and the occurrence of skin lesions and kidney inflammation 

respectively. As such, informal settlements of Carletonville, Bekkersdal and Khutsong are at 

potential risk of serious health problems as a result of their usage of the WFS for domestic 

consumption. A review of contemporary literature and government publications revealed that 

the poor implementation of the water institution could be attributed to non-collaboration 

between the various stakeholders. This study developed useful indices which can be used to 

measure community perception and a model for integrated waste and water resources 

management. Findings from this study are thus pertinent as they provide a baseline from 

which further epidemiological studies can be undertaken. Furthermore, these findings also 

have serious policy implications and cou ld then be used in advancing water resources 

management in South Africa. 

I NWU· 
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DEFINITION OF CONCEPTS 

Radionuclides: Naturally occurring radioactive minerals that are occas ionally present in 

bedrocks; they are also by-products of mining activities. Examples include uranium and 

radium, which in high concentrations result in toxicity to the kidneys and increased risk of 

bone cancer among other things. 

Heavy metals: Metallic chemical elements, which have a relatively high density and are 

toxic and poisonous at low concentrations namely; cadmium, lead, chromium, arsenic etc. 

Drinking water: Water meant for human consumption, which should be of sufficiently high 

quality so that it does not cause immediate or long-term harm to the public. 

Health risk: A degree of likelihood that exposure to a particular contaminant will affect the 

health of the exposed population. 

Catchment: An area drained by a river system. 

Morbidity: The incidence/occurrence of diseases or conditions. 

Informal settlements: Dense settlements comprising of communities housed in self­

constructed shelters under conditions of informal or traditional land tenure. 

AMD (Acid mine drainage): An outflow of acidic water from (usually abandoned) metal 

mines or coal mines, characterized by low pH, high acidity and a high concentration of toxic 

metals. 

Water quality: The physical, chemical and biological characteristics of water. 

Radiological annual dose: A measure of the average radiation energy received by the whole 

body measured in (Sv) assuming that uptake of a certain amount of radioactivity occurs in a 

year over the whole lifetime of a person and taking into consideration the sensitivity of a 

human body at different age intervals. 

Isotopes: Different types of atoms (nuclides) of the same chemical element, each having a 

different number of neutrons. In a corresponding manner, isotopes differ in mass number (or 

number of nucleons) but not in atomic number. 

Biological indicator: An organism which accumulates contaminants in its tissues in a way as 

to reflect environmental levels of those substances to the extent to which the organism has 

been exposed to them. 

Water institution : A set of rules that define the action sets for both individual and collective 

decision making in the realm of water resources development allocation and utilization 

formalized in terms of the three aspects; water law, water policy and water administration 
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CHAPTER! 

1. INTRODUCTION 

Water is one of the most essential components of the life systems and forms a basic part of 

the natural environment. Like many other resources, water exists in finite quantities and is 

being polluted at rates approaching totality, it is therefore necessary to use this essential 

commodity in a sustainable manner ensuring that the present generations can meet their 

demand without affecting the future generation's abi lity to do the same. The availability of 

water is threatened by anthropogenic activities which have led to phenomena like climate 

change and pollution. These phenomena denote serious negative implications on the 

availability of sufficient potable water resources to drive the most basic uses of domestic 

consumption and industrial purposes. This chapter introduces the research (problem and 

objectives) and further highlights the connection between water resources management and 

the sustainable development concepts; also it covers the impact of mining activities on water 

resources and the resultant problems. 

1.1 Water Resources and Sustainable Development 

Development in the final lapse of the 20th century has taken a new twist that not only focuses 

on economic growth alone, but also, encompasses the aspect of environmental conservation 

in a new phenomenon termed 'sustainable development' . Sustainable development calls for 

balanced interrelated policies aimed at economic growth, poverty reduction, human welfa re, 

social equity and protection of the Earth's resources (UNESCO, 2000). Water is a vital 

limited resource for human existence and the availability of water connects strongly with the 

sustainable development concept. 

South Africa is faced with the problem of scarcity of fresh water resources and highly 

variable hydrological conditions leading to every major river in the country being regulated 

in order to ensure 'adequate water supply for development (NSER, 1999). Due to the spatial 

variability and scarcity of water resources in many catchments, the need for water exceeds 

the supply. The scarcity of water is further compounded by the deterioration in quali ty 

because of water pollution. Opperman (2008) forecasted that water will increasingly become 

the single most limiting resource in South Africa and supply will become a major restriction 

to the future of socio-economic development of the country. Four million people in South 
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Africa were reported to lack access to clean water in urban areas thus restricting economic 

growth. 

The inverse side of the water scarcity issue involves the pollution of natural water systems 

like rivers and streams by anthropogenic activities which include mining, industrial activities 

and farming. Pollution of natural watercourses with mine drainage is a major environmental 

issue worldwide (Bhuiyan et al., 2010). A major problem related to mining in many parts of the 

world is uncontrolled discharge of contaminated water or decant from abandoned mines which 

is generally termed acid mine drainage (Banks et al., 1997a;b; Pulles et al. , 2005). South Africa 

has a mining-based economy; however, the mining companies and the government have 

underplayed or ignored the social injustices and negative environmental impacts that 

accompany mining activities (Van Eeden et al., 2005).The semi-aridity of South Africa has led 

to the environmental impacts arising from mining, related to acid mine drainage beginning to 

show face after a century and this may continue to damage the environment for a thousand 

more years to come. 

1.2 Challenges within the Wonderfonteinspruit Catchment - South Africa 

As at 1997, South Africa produced an estimated 468 million tons of mineral waste per annum 

(DWAF, 2001 ). According to Oelofse et al. , (2007), wastes from goldmines constitute the 

largest single source of waste and pollution in South Africa contributing up to 221 million 

tons or 47% of all mineral waste thus there is a wide acceptance that acid mine drainage 

(AMD) is responsible for the most costly environmental and socio-economic impacts. AMD 

emanates from both surface and underground workings, waste and development rock ,tailings 

piles and ponds (Durkin and Herrmann, 1994).AMD is characterized by high acidic 

concentration of metals and metalloids which can create problems of groundwater and 

surface water pollution in the area of the mine (Bhuiyan et al. , 2010). The generation of 

AMD can persist for hundreds of years after closure of the mine thereby jeopardizing water 

resources and causing deleterious effects on aquatic life and terrestrial environment 

(Demchak et al., 2004). 

The Wonderfonteinspruit River flows between Gauteng and the upper North West province. 

The North West province is densely populated because of its agricultural value and the 

presence of gold mines. Mining forms an integral part of the economy, contributing 

approximately 74% of the employment in the area (North West Environmental Outlook Report, 
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2008). As a result, there are a growing number of communities located m the catchment 

including Kagiso, Mohlakeng, Toekamsrus, Rietvallei and Bekkersdal. 

The headwaters of the Wonderfonteinspruit originate from the mine residue deposits of several 

old and abandoned mines of which these are significant contributors of the diffuse 

contamination. Numerous active gold mines are discharging fissure and process water into the 

environment. There is groundwater contamination of which the groundwater is discharged into 

streams. It is estimated that gold mines discharge 50 tons of uranium yearly into receiving 

watercourses. The mine effluent generated by the mines on the West Rand has a negative 

impact on the quality of groundwater because large portions of mine land in the Gauteng and 

North West and the rivers that flow from this land occur close to or on top of dolomite (Coetzee 

et al., 2006, Hobbs and Cobbing 2007). The rate of oxidation and dilution and the deleterious 

effect of the addition of contaminated water persist 10km beyond the source (Naicker et al. , 

2003). 

1.3 Problem Statement 

Surface and groundwater resources are of increasing importance as sources of water supply to 

a growing population. Groundwater is of importance in the North West province contributing 

up to 80% of water use in the rural and agricultural communities (North West Environmental 

Outlook report 2008). Many people and their livestock depend on the rivers and the 

groundwater from the Tweelopiespruit and Wonderfonteinspruit catchments (Oelofse et al., 

2007) . On farms, contaminated groundwater is used for livestock and to irrigate crops, which 

can eventually pose serious health problems to peop le eating this produce. Due to the 

presence of gold deposits in the area, a great number of informal settlements have erupted in 

the catchment. These informal settlements lack clean water (piped water systems/potable 

drinking water) giving rise to possible utilization of untreated surface and ground water for 

drinking and personal hygiene in the catchment. 

Formal townships, which are also closely related to the mining activities in the catchment, 

abstract water from the boreholes for domestic use. Carletonville municipality abstracts a 

small portion of water from boreholes and Potchefstroom municipality abstracts water from 

the Boskop dam for domestic use. Farmers therefore risk losing their earning capacities due 

to the use of contaminated water .Long-term exposure to polluted drinking water has been 

shown to lead to increased rates of cancer, appearance of skin lesions and decreased cognitive 
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function and heavy metals in drinking water strongly compromise the neural development of 

a foetus (Adler et al., 2007; Ahsan et al., 2006; Bellinger et al., 1992) 

. Questions can thus be raised, regarding the safety of the drinking water for the public in the 

Wonderfonteinspruit catchment area, in both the formal and informal settlements, in terms of 

radionuclide and heavy metal contamination. It is in this light that this study seeks to 

determine the presence of radionuclide and heavy metal contaminants in drinking water 

sources within the Wonderfonteinspruit catchment and the health risks thereof. 

1.4 Justification of the Study 

Although extensively researched from a variety of academic angles and disciplines, the 

management of water affairs issues in the Wonderfonteinspruit catchment area still remains 

controversial and of tremendous concern (Van Eeden et al., 2005). Winde (2010) concluded 

that attempts to manage this catchment had been uncoordinated and fragmented, resulting in 

the current manifestation of environmental problems caused by impacts that have been 

continuing for many years. 

Coetzee ( 1995) reported on the airborne gamma ray scan of the upper Wonderfonteinspruit 

and concluded that the Wonderfonteinspruit is an important transport line of radioactive 

material from gold mine slime dams. Wintle (2000) analyzed sediment samples from the 

Wonderfonteinspruit catchment and concluded that although radionuclides and heavy metals 

were mostly trapped in the sediments they might possibly be mobilized under certain 

conditions like variations in pH, redox conditions and by resuspension of sediments during 

flood events. 

There was a study commissioned by the National Nuclear Regulator (NNR) to determine the 

presence of radioactive contamination in the Wonderfonteinspruit catchment using fish and 

vegetable samples. Results indicated radiological levels above regulatory levels and 

suggested the possibility of heavy metal contamination (NNR 2005). Furthermore, there was 

a study where an assessment was done of sources, pathways mechanisms, risks of current and 

potential future pollution of water and sediments in gold mining areas of the 

Wonderfonteinspruit catchment (Coetzee et al., 2006). 

In addition, in 2007, the National Nuclear Regulator performed a radiological risk assessment 

on the public in the Wonderfonteinspruit catchment area and published the radiological risks 

though the results were restricted to the public. At the core of all the rumours regarding 

environmental destruction and pollution are the health threats to informal settlements in the 
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area and the irreversible harm done to water resources and the environment (Van Eeden et al., 

2005). There have been monitoring programs, reports, forums and committees, which have 

not in any way ameliorated the impact upon the local communities. 

It can thus be concluded that the contemporary research in this area to date was mainly 

concentrating on: 

• radioactive contamination and the possible risks associated with that exposure and not 

heavy metals; 

• contamination of water in general not specifically drinking water except in a study 

which was looking at the Mooi river catchment which includes the 

Wonderfonteinspruit catchment but the samples taken from the Wonderfonteinspruit 

were not representative of the whole catchment; 

There has also been no effort to establish the drinking water sources, the water quality of 

those sources and correlations between the presence of these contaminants in water and the 

occurrence of the health risks associated with these contaminants amongst people living in 

the catchment area. Winde (2006) concluded that there had not been any investigation aimed 

at establishing possible health implications in affected communities that had been conducted 

in the Wonderfonteinspruit by 2006. In addition, the only health related concerns that are 

currently addressed by the legislation, pertain to occupational health and safety of mine 

workers ignoring the off-mine populations who are usually affected by pollution from 

upstream activities (Adler et al., 2007). 

1.5 Objectives of the Study 

Therefore, the purpose and main objective of this study was to identify the link the 

environmental pollution in the Wonderfonteinspruit and the health effects arising thereof. 

The specific objectives included: 

• To identify the drinking water sources for formal and informal settlements m the 

Wonderfonteinspruit catchment; 

• To establish the levels and variations of uranium isotopes and heavy metals namely 

cadmium, arsenic ,zinc, cobalt and lead in drinking water sources and explore possible 

risks of the contaminated drinking water, 
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• To establish community perceptions and awareness regarding water quality 

management issues, 

• To examine the effectiveness in the implementation of institutional set-up for water 

resources management in the area. 

The Main Hypotheses: 

Ho: There are no radionuclide and heavy metals 111 drinking water sources m the 

Wonderfonteinspruit catchment area, 

H0: There are no health risks from radionuclides and heavy metals in drinking water sources 

in the Wonderfonteinspruit catchment area 

Ho The quality of water and its availability have no effect on the perceptions of the 

Wonderfonteinspruit catchment communities regarding water management in the catchment 

Ho The implementation of institutional set-up for water resources management in the WFS 

catchment is not effective 

Research Questions 

The Research seeks to answer the fo llowing questions I NWU- I 
LIBRARYJ 

1. What are the main and alternative water sources in WFS catchment? 

2. ls the water from all the drinking water sources safe for human consumption? 

3. What are the levels and variations of Uranium isotopes and heavy metals in drinking 

water sources? 

4. Are there any health risks associated with the drinking water sources in the 

catchment? 

5. What is being done to ensure that there is adequate potable drinking water for all the 

people in the catchment? 

6. How effective are the efforts in place to provide adequate potable drinking water in 

the catchment? 

7. What are the community perceptions regarding water supply, quality and management 
in the catchment? 

8. Is the institutional set up for water resources management in the area effective? 
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1.6 Description of the Study Area 

The Wonderfonteinspruit (WFS) River is located between latitude 28° 53' 0"and longitude 

25° 48' 0", and runs 90km from the outskirts of Johannesburg to the south west, past the 

towns of Krugersdorp, Bekkersdal, Carletonville and Khutsong, and flows into the Mooi river 

near Potchefstroom. The towns are located in the three municipalities within the catchment 

namely: Merafong, Mogale and Westonaria. There are more than 400 000 people residing in 

and around the area (Tempelhoff, 2007) . The catchment is divided into two sections: the 

upper section, which commences in the Gauteng province in Krugersdorp (Tudor dam) to 

Donaldson dam in Bekkersdal and the lower section, which lies in the North West province 

from Bekkersdal to Carletonville before flowing into the Mooi River. The catchment covers a 

surface area of 460.94 km2; a mean annual precipitation of 663.5 mm with a reported mean 

annual run-off into surface streams of 29.5mm (Midgley et al. , 1994). 

1.6.J Study Area 

The main aim of the study was to look at the WFS River entirely, thus four settlements along 

the river were selected, taking into consideration that they were supposed to be representative 

of the whole catchment' s characteristics, comprising of the upper and lower sections. The four 

settlements included Kagiso, Khutsong, Bekkersdal and Carletonville and a brief description of 

each municipality were these towns fall is given below. 
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Merafong 

This is the municipality for Carletonville and Khutsong; but there are also other settlements 

which have not been included in this study which include Fochville, Welverdiend and 

Oberholzer. The population in Carletonville, the administrative town for the municipality, is 

28 090 with 326 informal structures and Khutsong has a population of 149 850 with about 

13000 structures as per the National Census 2001 (Merafong City, 2008). The main economic 

activities in the area are mining and agriculture with the former, contributing to about 67% of 

employment in the area and contributing approximately 69% to the economy of the area. 

Agriculture on the other hand employs 0.9% of the population and contributes around 1.1 % 

to the local economy (Merafong City, 2008). The agricultural activities are conducted on the 

peripheral of the urban areas as well as next to the WFS River where many small scale 

livestock and crop farmers are notable. 

Mogale 

The municipality is located on the western borders of the Gauteng Province. This 

municipality boasts of the Cradle of Humankind World heritage site which is also found 

within. The total population in the municipality is 223 657 as per 1996 census. Gold mining 

used to be at the core of the economy in that area, although there has been a major shift in the 

focus to include agriculture and manufacturing. Kagiso, which is part of the study area, has a 

population of 190 000 and it lies close to other settlements like Rietvallei and Azaadvillle 

which have also been used in this study due to their close proximity to the WFS river. 

Westonaria 

Table l : Total population, Westonaria Source: NALEDI, (2004) 

Census 1996 IDP 1998 BURP 2004 

Houses No. of Houses No. of Houses No. of 

Settlement people people people 

Informal 13 447 44 676 8 400 50 400 9 032 26 283 

Formal 1 200 4 800 1 800 9 000 1 695 7 485 

Backyard shacks 2 351 7 806 5 000 30 000 3 668 10 600 

Total 16 998 57 282 15 200 89 400 14 395 43 568 
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This municipality is situated in the West Rand of the Gauteng Province 20.31679 latitude and 

27.65 longitude .The total population size for this municipality is approximately 156 598 and 

it consists of about ten suburbs of which Bekkersdal is among them. Some of the land use 

activities are agriculture and mining constituting 3.79% and 3.32% respectively. The majority 

of households in the area have access to piped water, with 28% and 30% access recorded for 

the rural and urban populations respectively. 

1. 6.2 Geology 

The catchment is characterized by karst subsurface geology underlain by dolomitic aquifers, 

which at one point, contained copious volumes of water. Gold mining activities led to the 

dewatering of some of the aquifers, which led to the lowering of the water table, and the 

subsequent formation of dolines and sinkholes. The dolomitic underground is divided into 

several compartments separated by impermeable ve11ical syenite dykes. Geological faults and 

dykes as well as sinkhole have historically been known to channel pollutants to underground 

water resources. The shifting of the water table to its original position has caused the decanting 

of an effluent rich in heavy metals. 

1.6.3 General Socio-Economic Aspects 

Some of the richest, largest and deepest (4 km) gold mines in the world for example, the 

Harmony gold mines; the fifth largest gold producer in the world, have operations in the 

Wonderfonteinspruit catchment area. The gold bearing reefs contain an array of minerals such 

as native gold, uranium oxides, traces of platinum and an array of sulphide minerals with pyrite 

being the most abundant. 

Farming and large-scale mining are the predominant land uses. Downstream farmers have been 

adversely affected by the dropdown of the water table due to dewatering. The majority of the 

inhabitants live in the informal settlements using contaminated ground and stream water for 

personal hygiene and drinking. 

Liefferink (2010) reported that since the Wonderfonteinspruit area has above average infection 

rates of HIV/AIDS and chronic and acute malnutrition, it is thus particularly more vulnerable to 

additional stress of the immune system by contaminants such as uranium 
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1.7 Research Ethics 

This research was carried out guided by the four main ethical principles; respect and protection, 

transparency, scientific and academic professionalism and accountability. 

1.8 Organization of Chapters 

Chapter one is an introduction laying the foundation to the study, comprising of the 

background and rationale, the objectives of the research as well as a comprehensive detail of 

the study area. Chapter two which is literature review, documents studies and findings from 

research related to the study; aspects of heavy metal and radionuclide contamination in water 

at global, regional and local scales. Water related government publications are also discussed. 

Chapter three, which entails the research methodology looks mainly at the research design 

and the methods of data collection, sampling procedures and the materials that were used. 

Chapter four comprises of results and discussion on the water sources and water quality 

presented in the form of tables, graphs, pie charts and histograms, and also statistical tests 

which were used to illustrate the relationships between the different variables. Chapter five 

consists of results and discussion on community perceptions and the water institution in 

South Africa. Chapter six is the conclusion and recommendations, consisting of a summary 

of the whole research as well as suggestions on remediation measures for water pollution and 

water resources management. Appendices: includes questionnaires and interview questions as 

well as statistical analysis and letters for data collection. 

1.9 Limitations to the Study 

South Africa being a multicultural country has different tribes with different cultures and in 

particular, languages, which meant that, the researcher had to have multi language 

proficiency. This resulted in the use of a translator during some interviews in the study where 

there were languages barriers leading to the accuracy of the information being compromised, 

but because the questionnaire had straight forward questions and structured answers it made 

it easy, for the translator to interpret, the questions and the respondents to answer the 

questions. The translator was also trained to understand what the questionnaires required. 

Also the participation of mines of was not overwhelming as only one mine agreed to be part 

of the survey, but because the main focus of the research was on the health risks, the results 

of this research were not affected in any way. 
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Due to logistical problems and funding, the water samples for the wet season were collected 

at the end of the wet season which might have a bearing on the results presented in the 

research. Nonetheless, due to the shift in the seasons and climate changes, rains were still 

being experienced during the time of sampling. 

Summary 

It is evident that water is a vital limited resource which not only drives sustainability but 

functionality of the ecosystems. The human elements of the ecosystem, in this case the 

Wonderfonteinspruit catchment communities; face a major threat on their health. In order to 

achieve the main aim of the study, there was therefore a need to ascertain, the possibility of 

river use for domestic consumption and consequent risks. The following chapter documents 

the various impacts of acid mine drainage on the water resources and subsequently, the health 

effects arising from consumption of contaminated water. The information presented thereof 

derives from various studies around world. 
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CHAPTER2 

2 LITERATURE REVIEW 

This section discusses the problems of water scarcity and pollution globally, 

regionally and nationally. Existing research on generation of acid mine drainage, its 

environmental impacts and health effects of contaminants in drinking water are also 

covered in this chapter. A comprehensive discussion on the water institution 

implementation in South Africa concludes the chapter. 

2.1 Water Supply and Quality l NWU _l 
LIBRARYJ 

Access to clean water is universally accepted to be a precondition for economic and social 

development (Molden and Merrey, 2002; Gilbert et al., 1996). This is because the 

relationships between water availability, water demand, per capita consumption and the 

standard of living are directly proportional to each other, with an increase in any one of these 

factors also having a negative bearing on the economy. Freshwater is scarce and resources are 

unevenly distributed throughout the world with much water located far from the human 

populations (GUier, 2007). UNEP (2002) reported an approximate of 450 million people in 29 

countries suffering from water shortages and that water related concerns are the most acute in 

arid and semi-arid areas. 

The inverse side of water supply, that is water scarcity, consequently involves water pollution. 

Due to anthropogenic activities, freshwater systems are confronted with thousands of 

compounds (Schriks et al. , 2010). Johnson and Hallberg, (2005) stated that in 1989, it was 

estimated that an approximate 19 300km of streams and rivers and about 72 000ha of lakes and 

reservoirs worldwide, had been seriously impacted by mine effluents. It is however somewhat 

difficult to measure the current magnitude of the environmental pollution, thus continuous 

discharge of effluents and associated toxic compounds into aquatic systems represents an 

ongoing environmental problem (Keller et al., 2002) . This is due to their possible impact on 

communities in the receiving aquatic end and a potential effect on human health (Adler et al., 

2007). 

On a regional scale, Africa faces major challenges relating to the access to basic sanitation and 

sufficient potable drinking water. The problem is not only confined to rural areas but is a 
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common issue across various communities in urban areas in developing and underdeveloped 

countries.- Falkenmark (1989) reported that there was an urgent need for increased awareness 

among African leaders so that adequate strategies can be made for development under 

conditions of severe water scarcity. Availability of water improves self-sufficiency; in 

particular, food production and other water dependent societal activities. Falkenmark, (1989). 

maintained that there are a few, if any, models that can be followed for socio-economic 

development for Africa under severe water scarcity. There are projections suggesting absolute 

water scarcity in Malawi and South Africa by 2025 and water stress for Zimbabwe, Mauritius 

and Tanzania (Hirji et al., 2002). The Southern African Development Corporation (SADC) is 

making headway in the search for initiatives aimed at sustainable development. To achieve this, 

SADC's main goal is to achieve the sustainable utilization of natural resources and effective 

protection of the environment (Hirji et al., 2002). Although there have been major policy shifts 

to attain this ,more needs to be done to have operationally effective policies as well as 

institutional framework that reflect effective integration of sustainable management principles 

(Imperial, 1999). 

2.1.1. South Africa's Water Stress Profile 

South Africa is a water stressed country (Turton, 2003). The water supply and demand 

situation in the country may look comfortable but the seasonal and regional variations in 

rainfall and the cyclical patterns as well complicate the national water balance (Backeberg 

2005). Only 8.6% rainfall is available as surface water (Davies and Day, 1998) and the mean 

run off pegged at 49,228 million m3.Hamann and O'Riordan, (2002) argued that water 

scarcity is a socially constructed notion and the argument was based on the fact that, 

approximately 20 million black South Africans experience water shortages and or do not 

have access to water and basic sanitation. On the contrary, white South Africans use as much 

as they need and more. Karr and Dudley, (1981) stated that it was imperative for South Africa 

to develop a water efficient economy together with a social ethic of water conservation and 

ultimately a culture of sustainability of water resource use. Predictions indicate that beyond 

2020, South Africa will have no water to spare if all black South Africans are adequately 

provided with water (Davies and Day, 1998). Consequently, every major river in the country 

ought to be regulated in order to ensure adequate water supply for development (NSE Report, 

1999). 
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In addition, the scarcity of water is further compounded by the deterioration in quality because 

of water pollution. Pollution of natural watercourses with mine drainage is a major 

environmental issue worldwide (Bhuiyan et al., 2010). About 6 billion tons of tailings have 

been produced in Witwatersrand, ever since the commencement of mining activities a century 

ago (Janisch, 1986; Robb and Robb, 19998a, b; Wymer, 2001 ). Winde and De Villiers, 

(2002) reported that an approximate 6000t of U are annually deposited into slimes dams by 

gold mining activities in South Africa. The WFS runs through two goldfields, i.e. the West 

Rand and the Far West Rand, of which tailings from these two are estimated to contain over 

100,000tons of U creating a large reservoir for ongoing future pollution (Winde, 2010). 

The status quo of the environment in the WFS catchment can be attributed to the negative 

externalities that were not incorporated within environmental planning and management 

systems during the apartheid era (Adler et al., 2007). Thus, the mining industry failed to 

adequately prepare for closure and to dispose off mine waste in a manner that is consistent 

with current international best practice. Cumulative harm to off mine populations resulting 

from modified water tables, contaminated groundwater sources, acidic mine drainage and 

ground instability must be addressed before they lead to an even more devastating socio­

economic, political and environmental damage (Adler et al., 2007). Recent reports 

concerning the polluted mine water spillages into the environment have been highly 

politicized, thereby creating strong sentiments about the relationship between the mining 

industry and the government (Adler and Rascher, 2007). The WFS catchment has a surface 

area of approximately 460.94km2 making AMO an extraordinary problem of spatial 

dimensions (Tutu et al. , 2008). In addition, long-term effects on cattle and crop farming and 

established drinking water supplies are also of concern as shown by a number of recently 

launched projects (Hearne and Bush, 1996; IWQS, 1999; Wade et al., 2002). 

2.2 Mining, pollution and health 

Mining has potentially adverse impacts on the natural environment, society and cultural 

heritage, the health and safety of mine workers and communities based in close proximity to 

the operations (Moody and Panos, 1997). In a study assessing the socio-economic and 

environmental impacts of mining in Tanzania, findings included: the effects of mining on the 

environment, the release of many chemical contaminants into water resources, environmental 

damage that can persist for a long time after mine closure and the health and safety of nearby 
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communities being compromised (Kitula, 2006). Other contaminants are sulphates resulting 

from the mining processes, which originate from the oxidation of the sulphides in the ore that 

may result in the acidification of water and the consequent mobilization of the above­

mentioned metals including Uranium series radionuclides that occur at elevated levels within 

the ore. People are becoming aware of the delicate balance and the complexity of nature that 

exists within the global ecosystem (Ahmet et al. , 2006). Consequently, though the mining 

population maybe attracted by the economic benefits they also worry about the potential 

implications on their livelihoods, consumption, well-being and health (Bebbington and 

Williams, 2008). Noronha (2001) indicated that the social and environmental impacts of 

mining are more pervasive in regions where operations are newly established or are closing 

down. The following section looks in detail at AMD which is the most fatal by-product of 

mining operations. 

2.2.1 Acid Mine Drainage (AMD) 

Acid mine drainage probably presents the single most important factor in dealing with 

tailings and waste rock and their impact on the environment (Ritcey, 2005). AMD is 

produced when sulphide bearing material is exposed to oxygen and water resulting in low 

quality effluents. Exponential growth in the surface area of the ore exposed to air occurs 

which corresponds to the rates of chemical reaction and thus the release of contaminants into 

the environment (Berkowitz et al. , 2006). The production of AMD usually does not 

exclusively occur in iron sulfide, but also copper, nickel and other sulfide-rich rocks 

aggregated rocks. There are some main chemical reactions which illustrate the weathering of 

pyritic rocks resulting in the formation of AMD (Evangelou and Zhang, 1995); 

Pyrite +Oxygen+ Water ~errous iron + Sulphate +acid q 1) 

4Fe2+ + 0 2+ 41-:t. ► 4 Fe3+ +2H2O 

Ferrous iron+ Oxygen +Acidity--• Ferric Iron + water (2) 

4Fe3+ + 12H2O ► 4Fe (OH) 3+ 12W 

Ferric iron +Water ► Ferric Hydroxide+ Acidity (3) 

FeS2+14 Fe3++8 H2O--•15 Fe2++2SO/- +16H+ 

Pyrite+ Ferric iron+ Water Ferrous Iron+ Sulphate+ Acidity (4) 

Overall reaction summarized 
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Pyrite+ Oxygen +Water __ .. Ferric Hydroxide + Sulphuric Acid '(5) 

Releases of AMD have low pH, high electrical conductivity, elevated concentrations of 

anions (sulphates), Fe, Al, Mn and raise the concentrations of toxic heavy metals (As, Cd, 

Cu, and Zn) (Tutu et al., 2008). The acid produced dissolves salts and mobilizes heavy metals 

from mine workings. Briefly, AMD introduces acidity due to its low pH, leading to metal 

toxicity emanating from metal dissolution, also salinization as a result of the dissolution of 

salts. This results in impacts which range from non-detectable to completely destructive on 

the flora and fauna (Kelly, 1988; Gray, 1997; Cherry et al., 2007; De Nicola and Stapleton, 

2002; David, 2003). AMD is not only associated with surface and groundwater pollution, but 

is also responsible for the degradation of soil quality, for harming the aquatic sediments and 

fauna and for allowing heavy metals to seep into the environment (Adler and Rascher, 2007). 

The environmental implications of tailings disposal include contamination of streams by 

AMD, contamination of streams due to surface run off from the impoundment area, air and 

water contamination due to wind erosion of dried out tailings. It also leads to possible risks of 

catastrophic dam failure and release of slimes; physical and aesthetic modification to the 

environment and difficulty of establishing vegetative cover to permanently stabilize the 

tailings, due to unfavorable soil conditions in the presence of pyritic tailings (Oelofse et al., 

2007). AMD follows the same flow pathways as water and therefore it can be controlled by 

controlling water entry into the site of acid formation by diversion of surface water away 

from the residue storage areas, prevention of hydrological seepage into the affected areas and 

controlled placement of acid generating waste (Akcil and Koldas, 2006). Thus, offsite 

pollution by eroded slime particles can be prevented relatively easily and cost effectively. 

The same is not true for the aqueous pathways as experienced with rehabilitation of Uranium 

mining sites in the US (Robinson, 1995) and in Germany (Winde, 2000). 

2.3. Environmental Impacts of Acid Mine Drainage 

There is a lot of research internationally as well as locally on the environmental impacts of 

abandoned and active mining activities, with AMD being classified as the most adverse to the 

environment especially on water resources (Adler et al., 2007). Witman and Forstner, (1976) 

observed enrichment of metals in streams draining the Central Rand . Marsden, (1986) further 

probed this concept and reported on elevated concentrations of heavy metals in the streams 

around the Central Rand which were in the vicinity of gold mining tailings dumps. In a 
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similar study, Jones et al., (1988), attributed this steady rise in metal concentrations to the 

mining activities in proximity to the area. The movement of these trapped metals from 

underneath the tailings is due to the dewatering activities. 

Rosner and van Schalkwyk, (2000) and Rosner (2001 ), indicated that even decades after 

decommissioning and clearing of mines, significant loads of salts, metals and radionuclides 

remain trapped beneath reclaimed tailings. Coetzee (1995) did an airborne gamma ray scan 

and concluded that the WFS is an important transport line of radioactive materials from the 

mines ' tailings to the other water sources within the catchment such as the Mooi river loop 

which is also part of the catchment. Hearne and Bush, (1996) and Winde, (2001) suggested 

that seepage containing high concentrations of dissolved contaminants migrates from tailings 

deposits into sub-adjacent aquifers and finally enters adjacent streams. Naicker et al., (2003), 

further demonstrated this in a study of groundwater seeping from disused tailings. The study 

reported that mining activities contaminate shallow ground water hence contributing to the 

quality of surface water emanating from the Witwatersrand catchment. Besides, contaminants 

not only affect the pH of water, but also contribute heavy metals to the surface environment, 

constituting about 20% of surface stream flow (Naicker et al., 2003) . The movement of these 

contaminants in and near mining sites is a function of geology, hydrology, geochemistry, 

pedology, meteorology, microbiology, and mining and mineral processing history 

(Nordstrom and Alpers, 1999). 

Davidson, (2003) illustrated that water quality in the Witwatersrand basin deteriorates in the 

proximity of mine tailings and improves in the distal regions, and this has been largely 

attributed to the presence of wetlands which act as sinks and traps for pollutants (McCarthy and 

Venter ,2006). This is in agreement with Winde, (2000), who noted a decrease with distance of 

radioactive levels in a study on the WFS catchment. Although contaminant concentrations 

decrease with distance in the water column, the same is not true for sediments which have been 

shown to trap contaminants, suggesting solute transpo1t mechanism which conforms to U 

concentrations in the range of 50- 90 ppm in the lower WFS sediments as compared to 

concentrations in the range of 0.02-0. l 4ppm in the water column (Winde, 2000). 

Furthermore, Naicker et al. , 2003, reported that the effects of contaminated water persists for 

considerable distances downstream the pollution sources. This is attributed to the slow rates of 

dilution and oxidation of iron which acts as buffer thereby controlling the pH, and facilitating 

the removal of metals from the water column. Although it was suggested that the water column 
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toxic metal concentrations can be maintained at a safe level while the sediments become 

enriched with respect to metal concentrations (Wade et al., 2002; Winde, 2000), the 30x 

enrichment factors (Winde ,2000) for U are a cause for concern. U concentrations have 

radiological and chemical toxicity especially through the domestic consumption of the water. 

There is also evidence from recent studies which indicates the occurrence of health risks at 

lower than previously reported concentrations of U in drinking water (Kurttio et al., 2002) 

(Section 2.4) . 

The stream water pollution not only depends on the concentration of pollutants but also on the 

rate at which polluted groundwater infiltrates the stream (Winde and Van der Walt, 2004) as 

well as the seasonal variations. The rate of groundwater infiltration is supposed to be high 

during the rainfall seasons because of the rise of the water table, thus resulting in more stream 

water contamination (Tutu et al., 2008). At the same time, the quality and intensity of the 

rainfall further affects the mobilization of U, since acidic rainfall introduces acidity to the 

streams (Winde and van der Walt, 2004). Rosner and van Schalkwyk (2000) reported on 

contamination of soil profiles in the proximity of tailings in particular the top soil, with heavy 

metals Zn, Co and Ni. The top soil contamination was attributed to evaporation and capillary 

rise of groundwater from the vadose zone (Naicker et al., 2003). The resultant heavy-metal 

enriched crust is a secondary source of pollution to groundwater sources, and since these metals 

exist in a labile form, they can thus been reintroduced into groundwater by leaching (Rosner 

and van Schalkwyk, 2000). In another study on health effects and environmental impacts of 

trace metals and radionuclides (Van Hook, 1979), it was noted that the trace metal 

concentrations in soil decrease rapidly with distance from power plants approaching 

background levels at distances > 3km from the coal plants. The contamination of the soil has 

largely been attributed to upward and lateral movement of water and solutes within the soil, 

when soil surface evaporation and plant transpiration exceed rainfall infiltration. 

The metal distribution in rivers is controlled by pH, with an increase in pH resulting in co­

precipitation and or adsorption of metals primarily with secondary Fe hydroxide minerals 

(Bou It, 1996; Banks et al., 1997a;b; Young , 1997) which will result in the alteration of metal 

load potentially allowing storage in an insoluble form within the receiving wetlands (Bault 

1996). Other factors also controlling the metal distribution include the redox conditions and the 

resuspension of sediments during flood events (Thuy Nguyen, 2008). Physical factors, which 
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affect metal retention and mobility in aquatic systems, include redox potential, pore space, and 

chemical transformations (Thuy Nguyen, 2008). 

The contamination of streams by adjacent slimes dams poses a severe risk to the health of 

people in informal settlements, where polluted stream water is often consumed without 

appropriate treatment (Winde, 2000), as well as to the inhabitants within the catchment who are 

heavily reliant on groundwater for domestic consumption and personal hygiene. In addition, 

subsistence farming is often the sustaining land use activity in the informal settlements; 

consequently, the AMD can render the water unfit for agricultural purposes (Warhurst and 

Noronha, 2000). Also considering the fact that the contaminants are likely to have a coupled 

effect on human health and water quality impairment, drawing from the heavy metals as well as 

the U series decay radionuclides, the synergistic effects will almost certainly be greater (Brugge 

et al., 2011). This is supported by results from a study where algae were used to illustrate that U 

toxicity increased with the presence of Cd (Benner, 2008). Locally, a study in the Northern 

Cape in 1997 has linked the hematological abnormalities to the naturally elevated levels of U in 

domestically used groundwater (Toens et al., 1998). These health effects are discussed in 

greater detail in Section 2.4. 

2.4 Health Effects of the Contaminants in Drinking Water 

The major contaminants resulting from mining activities in the WFS catchment under study 

are radionuclides and heavy metals. The radionuclides include isotopes of radium and U, the 

former, poses a double threat from both toxicity and damaging radiation (Campbell, 2009) 

and gives off other by-products such as radioactive polonium and lead. Oxidation of 

radionuclides is a major concern for the natural environment because U for example, in the 

higher oxidation state of +6 is highly toxic and can thereby cause detrimental effects to the 

health of human and aquatic life and the quality of surface and groundwater used for 

drinking, recreation and crop irrigation (Krieger, 2005). Heavy metals like lead for example, 

may adversely affect the nervous system and kidneys (Mugica et al., 2002). This section 

comprises a detailed account supported by literature of various health effects arising from 

contaminated drinking water and in particular, with heavy metals and radionuclides. 
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2.4.1 Heavy Metals 

Reports on exposure to heavy metals reflect an ongoing increase in many parts of the world 

particularly in the developing countries although several adverse health effects resulting froin 

the heavy metals are known. Exposure to metals is a cause for concern since they possess the 

potential toxic effect and ability to bio-accumulate in aquatic ecosystems (Miller et al. , 2002; 

Censi et al., 2005). Many metals like Cd and Pb have no known physiological activity but 

they are proved detrimental beyond a certain limit (Marshner, 1995; Bruins et al., 2000). 

Several studies have revealed that long term use of acidic heavy metal-laden mine water 

could cause the contamination of groundwater and agricultural soils, thus threatening the 

health of people who consume drinking water and food derived from such contaminated land 

systems (Chen et al., 2007) . In aquatic systems, metals are present as dissolved ions 

complexes and colloids ions and solid in sediments with the concentrations heavily dependent 

on the biological processes, redox potential, ionic strength, pH, activities of chelators and 

scavenging processes (Larocque and Rasmussen, 1998). Jarup, (2003) suggested that the 

main threats to human health from heavy metals are associated with exposure to lead, 

cadmium, mercury and arsenic. Schriks et al., (2010) concluded that although the health 

effects of many emerging contaminants present in the water cycle and the potential health 

concern associated with direct ingestion have been evaluated the statutory standards were not 

available. 

A broad spectrum of effects, varying from shortness of breath to different types of cancers 

may occur, in the event of ingestion of drinking water containing significant amounts of trace 

metals (Cantor, 1997; Barwick et al., 2000; Xia and Liu, 2004; Dogan et al., 2005). The 

deadlier diseases like edema of the eyelids, tumor, congestion of nasal mucous membranes 

and pharynx, gastrointestinal ,muscular, reproductive, neurological and genetic malfunctions 

caused by some of the metals have been documented (Johnson, 1998; Tsuji and Karagatzides, 

2001; Abbasi, et al., 1998). In other studies relating to exposure of pregnant women to 

relatively low concentrations of heavy metals and other industrial chemicals in drinking water 

results have revealed that the neural development of fetuses can be compromised resulting in 

the mental retardation of the offspring (Grandjean and Murata, 2007; Grandjean and 

Landrigan, 2006; Bellinger et al., 1992). It is therefore safe to conclude that monitoring of 

these metals is pertinent for not only the safety of the environment but also for the 

safeguarding of human health. The following sections are a comprehensive discussion based 
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on the existing literature of the health effects arising from the heavy metals covered in the 

present study, which include arsenic, cadmium, zinc, lead and cobalt. 

Carcinogenic Classifications 

Table 2 shows the classification of carcinogens by the United States Environmental 

Protection Agency (USEPA) 2005. These descriptions are continuously made use of in the 

text. 

Table 2: 

Group 

A 

B 

Bl 

B2 

Classification of Carcinogens (USEPA 2005) 

Type of Carcinogen 

l NWU _ _l 
LJBru\RYJ 

Human Carcinogen (sufficient evidence if carcinogenicity in humans) 

Probable human Carcinogen 

Limited evidence of carcinogenicity in humans 

Sufficient evidence of carcinogenicity in animals with inadequate evidence in 

humans 

C Possible human carcinogen (limited evidence of carcinogenicity in animals 

,absence of human data) 

D Not classifiable as to human carcinogenicity 

E Evidence of non-carcinogenicity for humans (no evidence of carcinogenicity 

inadequate studies 

Arsenic (As) 

One of the most hazardous trace metals found in drinking water that is both toxic and 

carcinogenic is arsenic. Scientists the world over face a major and common challenge of 

adverse health effects arising from arsenic in drinking water (Chatterjee et al. , 1995; 

Chowdhurry et al., 2000; Jain and Ali 2000; Manda! and Suzuki 2002; Jack et al., 2003; 

Ahmad et al., 2004; Arain et al., 2008). Arsenic is a naturally occurring element present in 

both inorganic and organic forms and in different environmental and biological samples 

(Villa-Jojo et al. , 2002). Arsenic is amongst the priority elements associated with AMD 

especially from gold mining operations. Inorganic arsenic is acutely toxic, intake of large 

quantities leads to gastrointestinal symptoms, severe disturbances of the cardiovascular, and 

central nervous systems and eventually death (Jarup 2003). An evaluation by the WHO 

concluded that arsenic exposure via drinking water is causally related to cancer of the lungs, 

kidney bladder and skin. Drinking water concentrations of approximately lO0µg/1 have led to 
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cancer and precursors of skin cancer have been reported at levels of <50µg (WHO, 2000). 

The drinking water standards set up by WHO currently permit not more than 1 0ppb of 

arsenic in drinking water (Jarup, 2003). In an investigation of trends in infant mortality 

between two geographic locations in Chile, one area with a known history of an exposure to 

contaminated drinking water and one with low exposure indicated a possible role of arsenic 

exposure in increasing the risk of late fetal and infant mortality (Hopenhayn-Rich et al., 2000). 

There is also evidence, which denotes the association between arsenic ingestion and cardiac 

and cerebrovascular diseases as well as diabetes mellitus (Tseng et al., 2000). 

Prior to the above mentioned study, a survey in India West Bengal on arsenic contamination 

of groundwater hinted at consumption of arsenic concentrations above the permissible limits 

recommended by WHO (Manda! et al., 1996) which was pegged at 0.05mg/l. Repo1ts of 

arsenic contamination in especially groundwater have emanated from other areas; Taiwan, 

Chile, Argentina, Mexico and Thailand (Rana, 2006), though India is recorded to have faced 

the biggest arsenic calamity so far. 

The effects of arsenic are known to show face in at least six months to two years or even up 

to between 8-14 years as indicated by Murkherjee et al., (2005). The time span for symptoms 

of toxicity to manifest depends on the consumption patterns, concentrations of the metal in 

the drinking water, the nutritional status and immunity level of the consumers (Mazumder et 

al., 2000). On the skin, the effects vary from darkening of the skin, spotted pigmentation, 

white and black spots as well as rough and dry skin in severe arsenic poisoning cases. 

Cadmium (Cd) 

I-laving an extremely long biological half- life to humans of more than 15 years (Alcock, 

1996; Jin et al. , 1998; Viaene et al., 1999), Cd is known to be potentially dangerous at global, 

regional and national levels. It is a cumulative toxic metal thus it accumulates in the renal 

cortex and may cause renal dysfunction at concentrations between 200 and 300rmugg-1 
-

(radius per couric mugs) wet weight (Ryan et al. , 1982). After consumption, only a very 

small fraction of Cd is excreted and the total body content increases with age (Bender and 

Bender, 1997). Recent data suggests that adverse health effects of Cd exposure may occur at 

lower exposure levels than previously antic ipated primarily in the form of kidney damage but 

also bone effects and fractures (Buchet et al., 1990; Jarup et al., 2000). Hellstrom, (200 l) 

revealed an association between Cd exposure and chronic renal failure [ end stage renal 
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disease (ESRD)]. Cd is also classified by the International Agency for Research on Cancer 

(IARC) as a human carcinogen (Table 1 ). Jarup et al., (1998) states that Cd is a risk factor for 

osteoporosis which also aligns with the notion of disrupted calcium metabolism. Furthermore 

reports from Japan indicated that long term high Cd exposure may cause skeletal damage. 

Other effects include lung diseases and thyroid gland malfunction (Jin et al., 1998). 

Cobalt (Co) 

Significant knowledge exists concerning the genotoxic properties of Co and the potential 

mechanisms of action. There is also evidence to the effect that mutagenicity, toxicity, 

carcinogenicity can be observed after exposure to Co, variations occurring with species of the 

Co (Lison et al., 2001 ). Several reports illustrate that long-term consumption of Co in 

drinking water may result in dermatitis, asthma and cardiovascular failure for concentrations 

in the range of 5-l0µg/day (Barceloux, 1999; Nordberg, 1994). According to Lauwerys and 

Lison, (1994), the skin and the respiratory tract are the target organs for Co. 

Zinc (Zn) 

Zn is an essential element for humans but in excess, it can be harmful. Fosmire, (1990) reported 

that an excess intake of Zn has resulted in induced copper deficiency, anaemia, and nuetropenia 

and impaired immune function. Zn is also listed as a priority pollutant. In the environment, Zn 

has been largely associated with impairment of river and stream water quality. Other human 

health impacts of Zn reported include nausea, fainting, and stomach disorders (Ntengwe and 

Maseka, 2006). 

Lead (Pb) 

Lead toxicity causes many diseases which include hematological, gastrointestinal and 

neurological dysfunctions (Lockitch, 1993). Pb in blood is bound to the red blood cells and 

can be slowly eliminated through the urine. If absorbed in the skeleton it will take even 

longer to be eliminated since the half-life is 20-30 years compared to the one month in the 

blood. Long term exposure to low level Pb has been shown to cause diminished intellectual 

capacity in children and may adversely affect the nervous system and kidneys (Mugica et al., 

2002). More susceptibility is found in children compared to adults because the formers' 

intestinal absorption capacity is five times greater than the latter (Hettiarachchi and 
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Pierzynski, 2004). Acute exposure has been shown to cause proximal renal tubular damage 

(Jarup, 2003). In 1987, the IARC classified Pb as a possible human carcinogen. 

2.4.2 Radionuclides 

Uranium (U) 

U is non-biodegradable and therefore tends to accumulate in the biosphere reaching 

concentrations in soil, sediments and biota well above the natural backgrounds (Winde, 

2003). Of all the heavy metals, U has the highest geochemical mobility in aquatic 

environments. The U decay series releases primarily alpha radiation along with some gamma 

radiation. It has a half-life of 4.5 billion years and can persist in the human body for varying 

lengths of time depending on the affected organs and various exposure pathways. The 

toxicity of U is as a result of its radioactive and chemical properties (Brugge et al., 2011; 

Taylor and Taylor, 1997). However, several studies have indicated that the major health 

effect of U is chemical kidney toxicity, rather than a radiation hazard (Wrenn et al., 1985 ; 

Leggett, 1989; Taylor and Taylor, 1997). The primary health outcomes of concern 

documented with respect to U are renal, developmental, reproductive and DNA damage, as 

well as diminished bone growth, these were derived from experimental animal studies and 

human epidemiology. The primary routes of entry into the body include ingestion and 

inhalation. In a study on the health of residents living near a U processing plant in the United 

States, were a reported 99 000 kg of U was cumulatively released to surface water, Pinney et 

al., (2003) reported a statistically significant elevation of the urinary systems diseases, which 

included bladder and kidney disease, kidney stones and chronic nephritis. 

Studies mainly looking at the association between U and cardiovascular diseases have found no 

association except in a study amongst workers in Ohio at a U processing plant (Pinney et al., 

2003). There is also sufficient evidence to suggest that U is an endocrine disruptive 

compound (EDC) (Raymond-Whish et al., 2007), mimicking the effect of oestrogen, thus 

increasing the risk of fertility problems as well as the occurrence of reproductive cancers 

(Winde, 2010). U has been reported to be immunotoxic in a study in which chicken 

lymphocytes were exposed to low concentrations of uranyl nitrate, thereby compromising the 

human immune system. This therefore exacerbates the situation for residents in the WFS 

catchment in particular Carletonville which was dubbed to be ' the capital of AIDS in South 

Africa' (Stoch, 2008). There are also rumours of U having an effect on learners in a small 
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village around Carletonville (Tempelhoff 2007; Stach ,2008,) of which this is in agreement 

with the concept of U having neurotoxic effects, although the extent to which this can affect 

human behaviour is still unclear . 

In a study on the DNA repair deficiency it was discovered that U can induce DNA repair 

deficiency in somatic cells Au et al., (1996). In this study non-smoking and non-employee 

residents of mining and milling sites in Texas, were observed to have higher frequencies of 

aberrant cells and elevated frequencies of chromosome deletions. Many guidelines and 

calculation for the effects of U activity only consider its radioactive effects, and the decay 

products excluding its chemical toxicity. While U may induce radiological effects in organs, 

nephrotoxic effects from ingested U are more likely due to its chemical as opposed to its 

radiological properties (Kitto et al., 2005). 

2.5 Mining Economic Benefits versus Sustainability 
I l\lvv1.l _ _l 
LLIBRARJJ 

The minerals in South Africa are highly diversified, plentiful and profitable thus; government 

has allowed the industry to be privileged and enabling it to maximize profits at the expense of 

the environment and consequently human health (Adler et al., 2007). The negative impacts 

associated with mining are delayed and accumulate decades after mine closure thus the social 

costs of mining are difficult to predict and regulate. There is a growing realization that 

mining activities can be undertaken in a fashion whereby economic contributions are 

maximized, social conditions are improved and damages to the environment minimized. 

Availability of adequate safe water has been noted to be strongly connected with sustainable 

development (Massoud et al., 2010). 

The primary management issues for underground gold mine closure therefore include long 

term decant risk, acid mine drainage, water pumping and treatment and the allocation of 

responsibility especially in the light of the interconnectedness of the mines (Pulles et al. , 

2005). To ensure public health protection and if sustainability can be achieved; a 

comprehensive drinking water system has to be set up which integrates water supply, quality 

and management. 

The following section comprehensively lays in brief detail, the current state of the water 

institution in South Africa and other related statues and policy frameworks so that when an 

analysis of the effectiveness of these institutions (Section 5.3) with reference to the WFS 

catchment is made,a baseline has already been created. 
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2.5.J. South African Legislation (Water Management Institution) 

South Africa, according to the 1994 constitution, has a mandate towards achieving and 

maintaining sustainable development. Thus, the government has had to establish a clear 

institutional and regulatory framework with quantitative objectives and standards for decision 

making in terms of mining, environmental and public health protection. The development of 

laws on water allocation, use and management came with the 1996 constitution having cited 

the inequities in the ownership and thus the utilization for development, because of the pre-

1996 legal framework. The basis of the South African law is thus embedded in the 

Constitution Bill of Rights Section 27 (1) paragraph (b) which states "the right of every 

individual to access sufficient water". For the purpose of this section of the research, there is 

a review of the following policy material with regard to assessment of the institutional set up 

for water resources management: 

• The Constitution of 1996 Act (No. I 08 of 1996) 

• The National Water act (No. 36 of 1998) 

• The National Water Resources Strategy 2004 

• National Environmental Management (NEM)Waste Act (No.59 of 2008) 

• White paper on Integrated Pollution and Waste management 2000 

• White paper on Minerals and mining policy 

2.5.2 Theoretical context of the: 

National Water Act 1998 (NWA) 

It was set out to rectify the uneven distribution of water and scarcity. Water is unavailable to 

the Black South Africans; they have no pipes and taps in many black settlements and squatter 

camps (Hamann and O'Riordan 2000). Under this law, the riparian ownership of water is 

converted to common ownership, whereby water is a national resource, owned by the people 

of South Africa, and held in custodianship by the state. NW A takes cognisance of the aim of 

water resource management, protection of the water quality and the need to involve all 

stakeholders, all other aspects of water resources and administration of the law. Other guiding 

principles to ensure sustainability and equity are used, development, conservation and the 

control of water resources. NW A has 28 principles some of which include the concepts of 

user and polluter pays, licensing of water and the registration of water users . The NW A also 

makes a provision for the creation of a National Water Resources Strategy (NWRS) which is 
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supposed to forge framework guiding protection, conservation, use and management of water 

resources. 

A stipulation in the act (Section 19) places responsibility on persons owning ,controlling 

,using or occupying land who has caused or is likely to cause pollution of water to prevent 

pollution from occurring , continuing or recurring. Section 26 of the NW A also prescribes for_ 

the Government Notice No704 (GN 704), which states regulations on use of water for mining 

and related activities aimed at the protection of water resources. 

National Water Resources Strategy (NWRS) 2004 

The NWRS is an implementation initiative that outlines the ways and plans of action intended . . 

to achieve the integrated management of water resources, whereby there is devolution of 

powers from national levels to local government. The NWRS has its basis in the NW A as 

well as the Water Services Act of 1997. This strategy is used to achieve sustainable 

development. To achieve this, there is a provision which emphasizes the need for the 

establishment of Catchment Management Agencies (CMAs). The CMAs are expected to 

draw a water resources strategy which should align itself with NWRS. The CMAs are meant 

to bring about devolution of responsibilities through a bottom-up participatory approach that 

delegates control at the lowest levels (the CMAs) and makes use of stakeholder participation. 

The stakeholders are water users who have to be involved in the decision making process in 

order to achieve the goals set for water resources management by CMAs. 

The content comprises an introductory chapter on water policy, water law and water 

resources management, and South Africa's water situation and strategies to balance supply 

and demand. Contained within the strategy are action plans from Policy Implementation Task 

Teams (PITTs), which were created to identify and overcome constraints from the policy 

implementation (De Coning, 2006) . The NWRS maintains the main aim of the water 

institution i.e. to shift from supply to demand management by enforcing that substantial 

improvements in water use efficiency are possible if water conservation measures are 

adopted. 

Integrated Water Resource Management (IWRM) 

Also incorporated within the NW A is the Integrated Water Resources Management (IWRM) 

which is described as a "philosophy, process and management strategy to achieve sustainable 
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use of resources by stakeholders at catchment, regional , national and international levels, 
( 

while maintaining the characteristics and the integrity of water resources at the catchment 

scale within agreed limits." 

IWRM comprises of all aspects of water resources; quality, quantity and aquatic ecosystem 

quality. In order to achieve IWRM, there are two measures: the resources-directed measures 

and the source-directed measures .The resources-directed measures are aimed at protecting 

the receiving environment whilst the source-directed measures are aimed at controlling the 

impacts at the source. 

Mine Management and Closure 

There are many legal statutes in South Africa which deal with mine management and closure. 

One of the aspects set out in the National Environmental Management Act (NEMA) is the 

need for mining activities to carry out Environmental Impact Assessments EIAs as well as the 

establishment of closure plans. In the Mines and Minerals Act (MMA) 50 of 1991, as well as 

the Mineral and Petroleum Resources development Act (MPRDA) 28 of 2002, environmental 

management is an issue of priority The MMA gives mining companies an obligation of 

environmental rehabilitation . 

The Mineral and Petroleum Resources Development Act 28 of 2002 MP RDA 

The MPRDA makes provision for the mitigation of the biophysical and socio-economic 

impacts. Incorporated within the MPRDA are prescribed requirements specifically for mine 

closure .The MPRDA stipulates the carrying out of an Environmental Risk Assessment 

(ERA) whereby risks and financial provisions for long term management and monitoring 

programs are laid down. It also stipulates the development of mine closure plan which has to 

be approved by the Department of Water Affairs and Forestry (DW AF) as well as 

Department of Minerals and Energy (DME). In preparation of the mine closure plan, 

emphasis is made to involve stakeholders especially the DWAF, which has to sign off on any 

closure certificate. 

Best Practice Guidelines (BPGs) 

The DW AF has recently developed and published Best Practice Guidelines (BPGs). The 

BPGs define and document best practices for water and waste management focused on 
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attending to all the aspects of mine closure planning process. Thus they provide a logical 

process that can be applied by both the mines and the DWAF so as to ensure that the mines 

meet the requirements set for mine closure, and that DW AF is satisfied with the mine closure 

plans. The BPGs are seen as a planning tool to enable mines to implement mine closure and 

to better address water related mine closure aspects. In the BPG, listed amongst the primary 

factors for consideration in the planning for mine closure and post closure, is the sustainable 

rehabilitation of surface residue deposits which if exposed to oxygen may form AMD .In 

order to achieve the set objectives, the BPGs bank upon stakeholder and specialists 

participation, the use of appropriate tools, incorporation of financial costs as well as 

indicators for efficient mine closure planning. 

National Environmental Management: Waste Act NEM (WA) 59 o/2008 

The NEM (WA) lays a foundation for sustainable integrated waste management and 

emphasizes the need for intergovernmental co-ordination and harmonization of policies, 

legislation and actions relating to the environment. In general, waste management falls within 

the mandate of environmental management authorities and agencies, while the mining, 

authorities with little or no specific reference to mining waste address mining (Godfrey, 2007) . 

The NEM (WA) sets out the development of a strategy, the National Waste Management 

Strategy (NWMS). This is an implementation strategy just like the NWRS. 

Summary 

This chapter has given a cross sectional perspective of the following concepts; sustainable 

development; the generation and environmental implications of acid mine drainage, the 

health effects arising as a result of consumption of contaminated drinking water based on 

contemporary literature. An assessment is also made of the various government publications 

as well as policy framework in the water institution. The following chapter details the 

methods and a technique used in the collection, analysis and presentation of data for this 

study and also provides rationale for the choice of the techniques used. 
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CHAPTER3 

3. RESEARCH METHODOLOGIES 

3.1 Introduction 

This chapter outlines the research approach for the study. It gives a detailed account of the 

sources and types of data, the methods of collection as well as the various analytical 

techniques employed in the study. Rationalization is given regarding the use of these 

techniques and principles underlying their application by way of equations; thus creating a 

basis for the logic in the preceding chapters. 

3.2 Research Design 

The design mainly used for this research integrated quantitative, experimental as well as 

qualitative methods with the former being employed to a lesser extent. This is referred to as a 

multi strategy research approach (Bryman, 2012). Quantitative techniques are used for 

quantifying the distribution and describing statistically the association of variables while 

qualitative techniques explore the opinions and attitudes regarding the issues under research. 

Thus, integrating these two methods simultaneous ly cancels out and supplements the 

weakness of either method. Whereas one of the weaknesses of the quantitative approach is 

decontextualization of human behaviour, it is actually the strength of qualitative strategy. 

According to Bamberger (2000), integrating these two approaches, broadens the analytical 

and conceptual framework of a study. In this case, the integration resulted in the 

strengthening of the analysis of social, economic, political and cultural aspects of the 

research. Furthermore, Schmidt (2005) illustrated that an integrated design could aid . , 

environmental and ecological anthropologists in their efforts to overcome lack of public 

engagement and refusal of linkages between human activities. For this research, quantitative 

methods were mainly used for questionnaire survey and the results from chemical analyses of 

water and mud samples. On the contrary, the qualitative method was applicable in the 

reviewing of the South African water institution, where reference was made to literature from 

other research projects in the field, as well as community perceptions in view of water 

resources management. 
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Research Protocol 

In maintaining the principles of ethics, applications were made to seek ethical clearance as well 

as permission to conduct interviews with the communities and the municipalities and approval 

was given before conducting of questionnaire survey .The application for ethical clearance was 

done in fulfillment of a requirement of the Masters dissertation with the North West University. 

3.3 Research Tools 

3.3.1 Data sources and collection 

I NWU l 
lLJBRARYJ 

The main sources of data for this study were through structured questionnaires, personal 

interviews with key informants, collection and analysis of drinking water and sediment 

samples from the study area. The manner of collection and purpose of the above mentioned 

are further elaborated. 

Questionnaires and interviews 

To identify the drinking water sources for formal and informal settlements in the 

Wonderfonteinspruit catchment, the first step involved the process of identification of all the 

formal and infom1al settlements within the catchment. This was followed by the selection of 

those settlements that were in close proximity to the river. Identification was done using the 

information gathered from hydrological maps and municipality publications. The identification 

of all drinking water sources within these two categories of settlements in the following towns; 

Kagiso, Khutsong, Bekkersdal and Carleton ville was done by way of structured questionnaires 

administered to residents as well as the municipalities' officials and mining companies as will 

be explained later on in this Chapter. 

The choice to use structured questionnaires was made citing the advantages of simplicity in 

conducting and analysis of the data. Responses to the questionnaires were coded to ensure that 

they could be easily captured and analyzed. Although generally the structured questionnaires 

have a disadvantage of lacking creative and exploratory responses (Gillham, 2000), a lot of 

development work was done to ensure all the possible responses were included prior to the 

distribution of the questionnaires. In addition, the fixed format of these questionnaires was 

helpful in cases of illiterate respondents though interviewer bias was introduced in the process. 

A pilot study was carried out to determine the strengths and weaknesses of the initial 

questionnaire. The pilot questionnaire was administered randomly to students, lecturers and 

community members in Mafikeng and after finding the discrepancies in the design of the 
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questionnaire, corrections and modifications were then made in relation to the findings. The 

final questionnaire illustrated in Appendix 1 was then administered in the following way: 

1) The Communities - Household Water Quality and Supply Survey 

Forty residents in each of the four townships under study were given questionnaires (20 in the 

formal and 20 in the informal settlements).The subdivision was carried out to investigate the 

patterns and distribution of variables under study in the two categories: the formal and informal 

settlements. The research was targeting especially the household heads and women. This was 

done based on the assumption that women and the household heads are the most aware 

regarding the issues of water consumption at the household level. It is important to note that the 

survey was targeted at households; therefore, only one individual per household was 

interviewed. The sample size thus totaled 160 households. The sampling size was reached after 

considering the resources constraints. Selection of households was done using the systematic 

sampling criteria. Every fifth household within a 2km radius from the river was selected. 

Purposive Uudgement) sampling was used in the case of inaccessibility to the households, 

where the nearest accessible house would be targeted. In addition, where residents of selected 

houses were unavailable, the next available household would be interviewed. Systematic 

sampling is useful in eliminating bias and improving the representativity of the sample. 

The main purpose of the Household Water Quality and Supply Survey was to identify their 

drinking water sources, efficiency of water provision in the area as well as morbidity of any 

disease conditions associated with radionuclide and heavy metal contaminants in drinking 

water. The other aim was to find out the community perceptions regarding the water supply and 

quality management issues. 

2) Stakeholders - Municipality Water Quality and Water Supply Survey 

Three municipal officials in the three municipalities (Merafong, Westonaria and Mogale) were 

given questionnaires particularly those in the Water and Sanitation Departments and in the 

Department of Environmental Affairs, depending on the organizational structure of the town. 

The purpose of the Municipality water quality and water supply survey was to ascertain the 

water sources, alternatives and the measures in place to ensure provision of safe drinking water 

to the catchment communities (Appendix 2). 

The Municipality questionnaire was divided into two sections namely; water sources and uses 

where information on water supply, consumption and quality was required . Section on water 

institution and compliance gathered information on the legal statutes for water, general 
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compliance as well as water management related programs such as Integrated Water 

Resources Management (IWRM). Although the municipality questionnaire was structured 

with coded answers, the researcher also prompted the interviewees with more questions for 

clarity and opinion. 

3) Mining authorities - Mining Water Supply and Quality Survey 

One mining official from one of the mines located in the catchment was also interviewed to 

determine measures in place to ensure non-contamination of public water sources (Appendix 

3).It should be mentioned that although the intention was to interview, mining officials from 

various mines in the area, only one mine was forthcoming. The questionnaire generally 

comprised of questions regarding the type of activities, products and bye products; the 

environmental impacts on water resources; remediation and rehabilitation programs as well as 

issues on licensing and community development. 

Observation 

During interviews, observations were made to note some of the disease conditions associated 

with radionuclide and heavy metal contamination. For example, skin cancers where 

interviewees voluntarily showed changes on the skin. Observation was also used during the 

survey to note the socio economic activities occurring in the catchment especially in the areas 

around the river. Impromptu informal interviews were conducted, to gain more perspective on 

the water quality and uses of the WFS River. 

Water Institution, Legal Statutes and Articles 

The researcher assessed the effectiveness of the institutional set up for water resources by 

making use of li terature dating 1996 when the constitution was effected up to 2011, related to 

water institutions as well as the government publications related to water management. These 

included: 

• The Republic of South Africa constitution of 1996 

• The National Water act (No. 36 of 1998) 

• The National Water Resources Strategy 2004 

• National Environmental Management (NEM)Waste Act (No.59 of2008) 

• White paper on Integrated Pollution and Waste management 2000 

• White paper on Minerals and mining policy 
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The articles targeted were those dealing with the constitutional reform and related to water , 

institution in South Africa. The information regarding the water laws from literature as well as 

government acts was intensively studied. Gathering opinion from various articles and using 

case studies of various countries together with findings from questionnaires and water samples 

the effectiveness of the water institution was assessed . 

3.3.2 Data Collection 

Water Samples Collection 

The Wonderfonteinspruit is the main river passing through the area. As such the water 

sampling points were selected taking into consideration that the Lancaster dam is the entry 

point, and that the exit is Harry's dam and two within the study area the Cooke attenuation dam 

and the Boskop dam. These points were also acting as reference points for the selection of other 

sampling points which were off the river, depending on the extensive use of the sources of 

water for domestic and other different activities. 
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Figure 2: Map of sampling points which were used in the study. 

The water samples were collected in the fo llowing manner; two sets of water samples, from 

12 sampling sites, were each collected during the wet season (summer)March 2012 and in the 
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dry season(spring) in August (2012). For each sampling site samples were collected in 

triplicates to increase accuracy of findings, thus the samples totaled 72. An additional 7 

samples were collected once off for the purposes of microbial analysis. In order to ensure that 

the sampling points for the beginning of the wet season were the same with the end of the wet 

season, a GPS was used to record the coordinates for each sampling point as well as to find 

the exact sampling sites in the other season. Random sampling was used to collect samples in 

Khutsong, Bekkersdal and Carletonville based on distance of the drinking water sources from 

the mines and the Wonderfonteinspruit River as well as the type of settlement 

(formal/informal). 

Using IL HDPE bottles washed in 1 % (55% concentrated) HN03, water samples were drawn 

from the different identified water sources. It is also noted that the bottles were rinsed with 

the sample for three times before any sample was collected. The rinsing of the bottles with 

the sample was done for acclimatization purposes especially for the microbial cultures. The 

reason for using HDPE bottles was that they are good at preservation and have a high ability 

of reducing contamination of the sample. In situ measurements for temperature, (hydrogen 

potential) pH, (Total Dissolved Solids) TDS and electric conductivity (EC) were done using 

standard procedures (Hemond and Fechner-Levy, 2000) by way of field meters (Mettler 

Toledo Education Portable EL2-FIELD) ph meter. The information was then captured onto 

field data sheets. The water samples were pre-treated with 3ml of HN03for preservation 

purposes to avoid microbial activity. The water samples were then placed in cooler bags with 

ice to maintain a temperature of 4°C and immediately transferred to Set Point Laboratories 

(ISO 17025 accredited) for analysis. 

3.3 Data Analysis 

The section covers the different methods and techniques that were subjected to the data after 

collection varying from the statistical techniques, mathematical computations as well as 

chemical and microbial analytical methods. 

3.3.1 Questionnaires 

Information from questionnaires and interviews was gathered, captured, transformed and 

analyzed using Statistical Package for Social Scientists (SPSS) version PASW Predictive 

Analysis Software version 18.0. Frequency tables were drawn and further cross tabulations 

were used to describe and estimate the relationships between the concentration of contaminants 
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and variables like distance from the mines and health statistics .Using the questionnaires some 

indices were devised to evaluate community perceptions as discussed in the following section. 

Suitability, Effectiveness, and Disease Awareness Indices 

In order to evaluate the community perceptions regarding water quality as well as their 

confidence in the Municipality water programs and measures, three indices were developed; the 

suitability index, the effectiveness index and the disease awareness index. The suitability index 

was developed using four variables from questionnaire responses on; community perceptions 

regarding the suitability of water for drinking, cooking, bathing and laundry, these were 

combined into a composite variable termed the suitability index. This was done using SPSS and 

then a scale ranging from O to 4 which constituted the responses, very unsuitable to very 

suitable respectively, was used. This suitability index was useful in assessing perception on the 

quality of water for domestic consumption against any other variables. 

The effectiveness index was created to determine the perception of communities regarding the 

measures put in place by the municipality to ensure adequate and potable water supplies. This 

index was based on two variables sufficiency and efficiency of the municipality measures. 

Again using SPSS the two variables were combined to form a composite variable which is 

termed the effectiveness index and based on the responses placed on a scale ranging from O to 2 

, to describe non effective to very effective, respectively. This effectiveness index was used in 

the assessment of the municipal programs and initiatives designed to cater for water resources 

management in the catchment and their efficiency. 

The disease awareness index was created based on the responses, aimed at evaluating the . 

knowledge of water quality related diseases. This was based on the number of water quality 

related diseases known by the respondents; then these were converted into a composite 

variable. The index ranged from O to 7 for no awareness to high awareness respectively, 

assuming that the higher the number of diseases known, the higher the index. This was used in 

the analysis of awareness amongst the catchment communities as well as in determining the 

environmental health education programs existent in the area. As such the analysis was done by 

cross tabulating this index against other variables like knowledge of water pretreatment 

techniques, amongst other variables. 

3.3.2 Water samples analysis 

The water samples were analyzed for heavy metal (Co, Cd, Zn, Pb and As) concentrations as 

well as U isotopes using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) 
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(Appendix 6). This technique employs the use of inductively coupled plasma (ICP) as an 

ionizing source and the mass spectrometry (MS) is used to determine the elements. ICP-MS 

method is advantageous in that the use of high temperatures enables the almost complete 

decomposition of the sample into constituent atoms thus enabling multi element analysis 

(Ebdon et al., 1998). It also possesses the ability to perform isotope measurements and 

dilution analysis; especially in this research where there was a need to separate the isotopes. 

The isotope measurements are a step further in the direction of accuracy and precision. 

ICPMS has better sensitivity so it can be used for the determination of ultra-low levels of 

impurities in semi-conductors and long lived radionuclides in the environment (Falciani et al., 

2000). 

The results from the ICP-MS analysis were checked against the South African water quali ty 

guideline values and the World Health Organization (WHO) drinking water standards 

3.3.3 Microbial analysis of water samples 

Analysis of Water Samples using Conventional Microbiological Techniques 

Aliquots of 100 ml of each water sample were filtered through a 0.45 µm Grid filter-unit 

(Type HA) using a Gelman Little Giant Pressure/vacuum pump machine (model 13156-

Gelman Sciences, Michigan-USA). The filters were placed on m-FC, mENDO agar plates 

using sterile forceps to evaluate the level of contamination with fecal and total coliform 

bacteria respectively. Heterotrophic bacteria in water samples were determined by spread­

plating 100µ1 of sample on plate count agar plates. The plate count agar and mENDO plates 

were incubated aerobically at 37°C for 24 hours while the m-FC plates were incubated 

aerobically at 45°C for 24 hours. After incubation, blue and metallic sheen colonies on m-FC 

and mENDO plates represented fecal and total coliforms, respectively. A colony counter was 

then used to count these isolates and the results were recorded, as cfu/100ml of water. In 

general Staphylococcus aureus, Escherichia. Coli O157:H7, Enterococcus species and 

Streptococcus species were isolated from all water samples analysed for both collections. 

These isolates were identified using species-specific PCR analysis. The indicator bacteria 

parameters used were total coliform; fecal coliform and the heterotrophic bacterial · 

counts.Total coliforms are Gram-negative bacteria that ferment lactose at35- 37°C within 24-

48 hrs; fecal thermo-tolerant coliforms are a subset of total coliform bacteria that ferment 

lactose at 44-45°C and E. coli which are exclusively fecal in origin, are a sub-group of the 

fecal coliforms that produce the enzyme B-galactosidase and not urease (Wright et al., 2004). 
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3.4 Risk Assessment 

To determine the morbidity of any disease conditions associated with uranium isotopes as well 

as and heavy metal contamination in drinking water, a risk assessment was performed. This is a 

process of estimating the probability of occurrence of an event and the probable magnitude of 

adverse health effects over a specified time (Kolluru et al., 1996). In this study, the 

determination of the risk was twofold : i) the calculations of the radiological annual dose for 

radionuclides and ii) the risk quotients for heavy metals. The following sections provide 

details of the assessments. 

3.4.1 Radiological annual dose 

According to (Chau and Michalec, 2009), the radiological annual dose is the annual dose rate 

caused by absorption of natural radioactive elements in water, based on the assumption that a 

man drinks N litres per year as stated in the WHO Drinking water guidelines (1998). In other 

words it is a measure used to interpret the health implications of various radionuclides in 

drinking water. Therefore, the results create a basis on which epidemiological health surveys 

can be conducted. Calculations of radiological annual doses for uranium and radium isotopes 

were done in order to estimate the absorbed radiation from ingestion of contaminated 

drinking water. The calculations were based on the following equation; 

(1) 

Where; 

D = radiological annual dose(m/Sv) 
N= the amount of water consumed in a year (L) 

wi=the concentration of the given radioisotope (Bq/L) 

ni =Age dependent dose conversion factor (mSv/Bq) for the i-th isotope respectively. 

The dose conversion factors are defined for specific age groups and take into consideration 

negative influence of ingested radionuclides for the whole consumer's life (Chau and Michalec, 

2009). Calculations of the radiological annual dose have been applied in many studies, 

especially those dealing with naturally occurring radioactivity in water (Chau and Michalec 

2009; Kovacs et al., 2004; Kobya et al., 2010).Since the values that were obtained from the 

ICPMS for the radioisotopes were in micrograms per liter (µg/L), there was a need to conve11 

these to Becquerels per liter (Bq/L).These units describe the activity of any radioisotope, for 

which the calculation ofD is enabled. This was done by first converting the µg/L to pCi/L (pico 
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. curies/liter) and then to Bq/L as is shown below. The computed values of D were finally 

compared against the WHO drinking water guidelines (2011). 

A(pCi/L) = C(µg/L) * 0.67(pCi/µg) (2) 

Where A is the radioactivity of the radioisotope, C is the concentration of radioisotope and the 

conversion factor from (µg/L) to (pCi/L) is 0.67 

W = A(pCi/L) * 0.037(Bq/pCi) (3) 

Where Wis the activity in Bq/1 and 0.037is the conversion factor from (pCi/L) to (Bq/L). 

3.4.2 Risk quotients 

A risk quotient is a ratio of exposure and effect. It is useful for assessing whether the 

contaminant concentrations exceed threshold levels. In the circles of risk characterization and 

assessment this is termed a tier 1 risk assessment approach. The tier 1 risk quotient approach 

was found to be valuable for making direct comparisons of quantitative risks in a study on 

pesticides (Peterson and Huiting 2004). Determination of the risk quotients for all the 

contaminants under study was done using the following equation: 

R
. k . Concentration of contaminant 
1s quotient = -------------

Regulatory limit for contamination 
(4) 

Whereby if the risk quotient is less than 1 it means there is no significant health risk but if it 

is equal to or exceeds 1 it means there is a significant health risk. 

l NWll I 
Lifetime Cancer Mortality and Morbidity Risk LJ 8 RAR):J 

The lifetime cancer risks, R, either for mortality or morbidity, associated with intake of a 

given radionuclide were estimated from the product of the applicable risk coefficient r( 

mortality or morbidity) and the per capita activity intake I expressed in equation (5). 

R = rxl (5) 

This equation takes into consideration the activity of the radionuclide 111 water and the 

amount of water consumed the product of which is represented by r and the life expectancy 

of the consumers (1). 
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3.5 Statistical analyses 

Statistical analyses are used to describe, explain, understand and prove concepts under 

investigation. Various statistical techniques were used in this study, in assessing and 

analyzing the various data that had been collected. These techniques varied from descriptive 

statistics (means and standard deviations) to inferential statistics ( correlation analysis and the 

independent t test) . Each of the various statistical techniques was applied to serve a particular 

purpose. The following section, describes these statistical analysis methods, how they were 

used and the rationale behind their use. 

Mean and standard deviation was computed for each sampling point since the samples were 

collected in triplicates per site. The independent t test was used to establish variations of 

metallic concentrations seasonally and as well as according to settlement types. The formula 

for the t statistic is as follows ; 

t 
(x1 -x2)-(u1 -Uz) 

5Cx1 -:Xz) 
(6) 

Correlation can be defined as an analysis of relationships between two or more variables, 

whereby a systematic change in the value of one value may lead to a systematic change in 

value of the other. In other words correlation measures the degree of association between two 

variables. In order to do this analysis, in this study there was use of a correlation coefficient. 

The formula for which is as shown below. In this study the Pearson's Correlation was used to 

establish the association between the presence of contaminants in the drinking water and the 

incidence of contamination related diseases. 

Ln- (x - x )-(y-y) 
r, = l 1 ) 
xy Ln n I ._ (x-x)-(y-y) 

i=l l -1 

rxy=correlation coefficient of two variables 

,LX;, IY;= sum of individuals 

(7) 

It was also used in assessing the degree of association between the following variables; the 

effectiveness index and water quality problems, the effectiveness index and water shortage 

events and contaminants concentrations for different settlement types 
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Summary 

This chapter has outlined the research approach (the mix method /integrated) and the 

rationale, for the various techniques employed in the gathering, analysis as well as 

presentation of findings. Clearly the integration of qualitative and quantitative methods are 

justified since, the data that is used in the research varies and thus requires different methods 

of analysis, henceforth combining these two methods ensures that the weaknesses of either 

methods cancels out the other. The results of findings from various data analysis are 

presented in Chapter ( 4). 

Page 41 



CHAPTER4 

4. DRINKING WATER QUALITY IN THE WONDERFONTEINSPRUIT 

CATCHMENT 

In this chapter, there is presentation and discussion of findings on the drinking water sources, 

the drinking water quality and health related risks arising thereof. These findings emanate 

from the water analysis; (physico-chemical and microbial) as well as some of the findings 

from the household survey. Presentation of data is in the form of graphs, tables, pie charts 

and statistical analyses. In the beginning, the focus is on the water sources, the uses of the 

water as well as various dynamics influencing the access to and type of water sources. This is 

preceded by a discussion on the status quo of water quality from the identified water sources. 

At the end of this chapter there is a section that looks at correlation between the findings from 

the survey on water related diseases and water quality results. In conclusion, a brief summary 

of the significance of the results is given. 

4.1. Household Water Quality Survey 

The results from the household water supply and quality survey are presented by way of these 

categories: water sources and uses, water quality and community perceptions and health and 

awareness. 

4.1.1 Water sources and uses 

Water supp ly has a direct impact on the economic development of any country. This is 

because it has to support food production, manufacturing and various other water dependent 

societal supplies. The Wonderfonteinspruit catchment (hereafter referred to as WFS) 

harbours significant thousands of informal settlers who have migrated in pursuit of better 

economic opportunities like mining, small-scale agriculture and other re lated job 

opportunities. 

Figure 3 shows that all of the respondents in Khutsong, Kagiso and Bekkersdal and 

approximately 19 of the respondents in Carletonville respectively indicated tap water as the 

most common "main" water source. 

Page 42 · 



45 

40 

3J 
i 
~ 30 -

"' Iii. 2'.i 
Sl 
~ 20 

'6 15 
0 
Z 10 

0 

Figure 3: 

■ Tof.J 

■ River 

■ Other 

Bekkersd;:ile Carletonvllle Kagiso Khutsong 

Main water sources in the Wonderfonteinspruit catchment 

From observations and informal interviews, there are variations in the types of water sources. 

For instance, most of the residents in informal communities do not have tap water in their 

yards except for some sections in Carletonville and Bekkersdal who have Jojo tanks and 

communal standpipes respectively. This conforms with findings from a Bloemfonte in study 

(South Africa) where a majority of respondents indicated that they had access to tap water 

and yet none of the respondents in the informal settlements had water delivered to their 

dwellings (Pretorius and De Villiers, 2002). 

Another notable aspect was that about 22 of the respondents in Carletonville and 1 in 

Khutsong stated that they had 'other' main water sources in which case refers to water from 

formal settlements (location) which are over at least 1km away. Additionally, 32 of all the 

respondents stated that the river was their main source of water for domestic consumption 

, with the highest proportion of river use coming from Kagiso(20) and Bekkersdal (8).None 

of the respondents stated that they used borehole water, even though in some settlements 

people were found using them. However, since municipality officials accompanied the 

researcher, it was apparent that some people were afraid to admit that they were using 

borehole water since boreholes were prohibited. 

Domestic uses for tap water vary from drinking, cooking, bathing and laundry. The uses for 

tap water vary across settlements with accessibility (Figure 4). For example, 98.8% of the 

respondents in the formal settlements use tap water for all their domestic consumption 



purposes including drinking, cooking, bathing and laundry as compared to 71.3% in the 

informal settlements. 
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Figure 4: Distribution of domestic uses of tap water in WFS catchment by settlement type 

The study revealed that 26.3% of the respondents from informal settlements do not have tap 

water available to them for use or they have inadequate supplies (1.7%).As such, tap water is . 

only used for drinking and cooking. This may be due to the formal settlements having access 

to tap water compared to the socio-economically disadvantaged informal settlements that 

have to manage the little they have and augment with alternatives. 

Page 44 



Figure 5: 
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The distribution of respondents based on the use of the WFS River as their source of water as 

shown in Figure 5 indicates that 20% of the informal settlers use river water for other 

purposes (ritual, watering livestock and gardens). Results indicated that 4% of the • 

respondents use river water as their main source of domestic water supply while 5% uses it 

for bathing and laundry only.The use of river water for bathing and laundry purposes only 

possibly constitutes the 2% in informal settlements who have access to tap water but use it 

only for drinking and cooking. However, a small proportion of the respondents access fap 

water but at some distance. 

The highest occurrence of water shortages is in informal settlements that recorded 72% 

response as compared to 28% in formal settlements as illustrated in Figure 4. This is 

attributed to the lack of tap water and communal water points in the informal settlements 

(Kagiso and Khutsong). In addition, the contribution of water shortage in Carletonville 

emanates from the municipalities' delays in filling the Jojo tanks. It is also important to note 

that during the time of the survey, the Merafong municipality was having a crisis in Khutsong 

formal settlement, whereby residents had gone without water for weeks and water had to be 

delivered by water trucks. Formal settlements experience water shortages but the severity is 

less relative to informal settlements. Table 3 shows the variations in water shortage and type 

of settlement. 
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Table 3: Cross tabulation of existence of water shortages with type relative to settlement types 

Settlement type 

Informal Formal Total 

Water Yes Count 59 23 82 

shortages % of total population 72.0 28.0 100.0 
% by Settlement type 73 .8 28.8 51.3 
% of Total 36.9 14.4 51.3 

No Count 21 57 78 
% of total population 26.9 73.l 100 
% by Settlement type 26.3 71.3 48.8 
% of Total 13.l 35.6 48.8 

Total Count 80 80 160 
% of total population 50.0 50.0 100 
% by Settlement type 100 100.0 100 
% of Total 50.0 50.0 100 

Occurrence of water shortages recorded a 72% response in informal settlements compared to 

28% in formal settlements. During the water shortages, communities augment their water 

with a number of alternatives as illustrated in Figure 6. 

Findings revealed that 50.63% of the respondents do not have alternative water sources. In 

contrast, the most common alternative is the river, with 16.5% use, while 7.5% supplement 

water shortages with both river water and bottled water. Another proportion of the 

respondents, about 21 % indicated that they draw water from nearby schools or buy from 

mobile trucks. A small proportion indicated that they use bottled mineral water that is 

deemed more of luxury than a necessity. 
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Alternative water sources in the Wonderfonteinspruit Catchment 
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Except for river water, all the other alternatives require some payment. Most of the people 

who use these alternatives are coming from informal settlements. Table 4 shows the 

distribution of variations in alternative water sources. 

Table 4: Settlement type and alternative water sources cross tabulation 

Settlement Alternative water sources 

type Stream/River Mineral None Other Stream & Mineral water 

water Other &Other 

Informal 16.25% 1.3% 9.4% 15.6 7.5% 0% 

Formal .0% .0% 12.5 35.0 .0% 2.5% 

Total 16 .3% 1.3% 2 1.9 50.6 7.5 2.5 

Findings indicate that alternatives vary with type of settlement whereby all of the people who 

use the river as their alternative are from informal settlements (23.8%). This is in actual fact 

evidence of fai lure by municipal authorities to acknowledge the reality of informal 

sett lements, and the need for services that comes along with their existence .Thus there is a 

tendency by municipalities to neglect most of these informal settlements since the ir dwellings 

are considered illegal, consequently they lack piped water systems. Moreover, the informal 

residents cannot afford paying for municipal services and have been labeled as lacking 

wi llingness to pay for these services. 

As shown in Table 4, the majority of residents with no alternatives are formal residents (12.5 

%) because the water shortages are seldom, short-lived and less severe. They frequently wait 

for water to be re-pumped in instances of water shortages . The other alternatives vary from, 

buying from trucks, schools and formal settlements, to waiting for the water to be re-pumped. 

It is worthwhile to mention that mineral water is the least used alternative in both the 

informal and formal settlements because it is viewed as a luxury. This shows the 

misconception in developing countries amongst people that mineral water is safe and yet in 

the developed world, bottled mineral water has been shown to contain radioactivity (Chau 

and Michalec, 2009). 
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Figure 7 shows the different uses of these alternatives, which vary from drinking, cooking, 

bathing and laundry by 16.3% of the respondents to selected uses (bathing and laundry only) 

7.5%. Bottled mineral water is used for drinking and cooking only (0 .6%) and supplementing 

with other sources whilst 2.5% use bottled water for all domestic purposes. 

In order to assess the economic characteristics of respondents, questions were asked 

regarding the respondents' occupation. The assessment was however not based on how much 

they get from their occupation but on the assumption that some sort of activity brings income 

to the household and enables them to afford potable water. It shou ld be mentioned that the 

employment category ( especially in the informal settlement) is not "white collar" job but 

rather unskilled and semi-skilled employment which include such activities as labourers in 

the mines, vendors and hawkers. It was noted that livelihood strategy to some extent also 

determines the alternative water sources. 
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The results indicated that the highest proportion of river use (10.6%) constituted unemployed 

residents (Figure 8). Similarly, those who had no alternatives constituted 15% who responded 

to being unemployed. This could be accounted for by the inability to pay for the expensive 

alternatives by these unemployed residents. 

The alternatives were cross tabulated with frequency of water shortages to illustrate the 

frequency of use for each particular alternative. Figure 9 shows that 4.4% of residents who 

experience water shortages on a daily basis tend to use the stream as their alternative. It is 

also interesting to note that some residents who stated that they never experience water 

shortages sti ll use the river as their alternative. Other trends from the findings depict that 

some proportions (3.1 %) of people who use bottled mineral water as an alternative, only 

experience water shortages on a yearly basis. In contrast, 3.1 % of those who do not have 

alternatives, experience water shortages on a daily basis. 
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Figure 9: Frequency of use for alternatives 

4.2. Water Quality and Health Implications 

In the following section results on water quality are presented and these include; the 

physicochemical, microbial, heavy metals and radionuclides concentrations respectively. 

These results are compared against the SANS 241 , 2011 and WHO 2011 standards, and using 

literature from related studies, the significance of these results on health of the consumers is 

discussed . 

4.2.1 Microbial Quality of the Drinking Water 

Three types of indicator organisms reported here include fecal coliforms, total coliforms and 

the heterotrophic plate counts (Figure 8) . Results of microbial analysis revealed that there is 

high microbial activity in all the water samples and this is substantial evidence of fecal 

contamination and pollution in general. WHO (2011), stipulated that E. coli and 

thermotolerant coliform bacteria must not be present in any 100ml sample of drinking water. 

All samples except for the Carletonville Jojo tank were above zero which is the maximum 

permissible for fecal, total and heterotrophic coliform count in drinking water. The highest 

fecal coliform count was recorded in the Khutsong informal settlement along the river. For 

the total and heterotrophic coliform categories of bacterial indicators, counts followed this 

order Bekkersdal>Khutsong>Carletonville. 
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Interestingly high counts of total coliform bacteria were noted in treated water samples from 

Khutsong and Bekkersdal (Figure 10). The presence of fecal and total co liforms in the treated 

water may be an indication of inadequate treatment of water. Similarly, there were high 

numbers of total and fecal coliforms in water recorded in a study in Egypt (Karem and 

Hassam, 2000),this was attributed to lack of cleaning of the storage tanks which is also the 

opinion shared by the people in the Carletonvi lle area who have Jojo tanks. On the contrary, a 

study on assessment of quality of water from source to storage, it was revealed that the 

decline in water quality in terms of fecal and total co liforms is proportionately greater, where 

source water is largely uncontaminated relative to the stored water (Wright et al., 2004) . The 

Jojo tanks in this case recorded no microbial contamination. The high microbial activity in 

the river suggests possible contamination from human activities that vary from bathing, 

laundry, recreational to livestock production, since there are some small scale farmers 

residing along the river. It is also a common practice for people residing next to the river to 

discharge their waste in the rivers (Karikari and Ansa-Asare 2006) . 

According to Kirschner et al., (2009) water containing total or fecal co liforms above the 

drinking water guidelines shou ld not be used for drinking or food preparation without 



disinfection because coliforms indicate the presence of fecal matter in the water. The 

consumption of this water can lead to stomach and intestinal illness including diarrhea and 

nausea (Ajeagah et al., 2011 ).Fecal matter carries all diseases existent in a particular 

population (WHO, 2004), thus if the contaminated water is not properly treated, one sick 

person's wastes can spread the disease epidemically (WHO and UNICEF, 2004). 

4.2.2 Physicochemical Quality of Drinking Water 

In order to better understand the chemical processes, and the mobility of contaminants in the 

water sources in the WFS catchment; it is very important to understand the physicochemical 

parameters, of the water. The parameters that were used under this category ir;icluded 

temperature, pH, electrical conductivity (EC), sulphate and total dissolved solids (TDS). 

Temperature 

The temperature of water from the drinking water sources ranged from 17.7°C to 18°C during 

both seasons. Acceptable drinking water temperature is stipulated to be l 8°C thus all the 

water sources were within the acceptable temperature limit. Cool water is generally more 

palatable than warm water, and temperature will have an impact on the acceptability of a 

number of other inorganic constituents and chemical contaminants that may affect taste 

(WHO, 2011 ). 

pH 

The acceptable levels for pH in drinking water are stipulated to range from 6.5 to 8.5, which 

also conforms with the findings that unpolluted waters exhibit pH values in the range of 6 to 

9 (Davis 1992). Any pH value below 7 is considered to be acidic and above 7 is considered to 

be alkaline. Based on this, all the identified drinking water sources were out of this 

acceptable range. Table 5 shows results of the pH obtained from the drinking water 

sources.The pH range for the water samples was mainly very acidic ranging between 1.4 and 

1.8, which is characteristic of acid waters, with relatively low I-i+ species diversity ( since pH 

is a measure of the hydrogen ions H+) and low productivity (Davis 1992). 
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Table 5: Mean and standard deviation values for hydrogen potential ( pH) 

pH 
Wet season Dry season 

Khutsong informal pt 1 4.82±0 4.20±0.06 
Khutsong informal pt 2 4.75±0.1 4.07±0.06 
Khutsong formal ptl 6.89±0.12 6.9±0.06 
Carletonville informal pt 1 5.29±0.053 4.89±0 
Carletonville informal pt 2 5.35±0.1 4.52±0.15 
Carletonville Jojo tank 1 6.38±0.06 6.50±0.06 
Carletonville Jojo tank 2 5.49±0.05 6.4±0 
Carletonville formal pt 1 6.18±0.37 6.54±0.1 
Bekkersdal informal pt 1 5.15±0.06 3.971.5±0 
Bekkersdal informal pt 2 5.65±0.06 3.84±0.1 
Bekkersdal standpipe 1 6.20±0.12 6.87±0.06 
Bekkersdal formal 6.58±0.05 6.53±0.06 
Guidelines 
SANS 241 I ~ 5-~9.7 

WHO I Not prescribed 

The pH of acid mine drainage waters is largely controlled by the rates of pyrite oxidation, 

presence of acid neutralizing minerals and dilution by mixing with other water sources (Akcil 

2006). Of great significance is the low pH which was recorded for tap water samples taken in 

the formal settlements, these low pH values in treated piped water may lead to corrosion of 

the pipelines thus the consumption of metal contaminated water. The low pH recorded in the 

tap water could be attributed to the old distribution system and poor treatment. The pH is 

important because it determines the chemical reactions that take place for example the co­

precipitation of heavy metals. Metal concentrations tend to increase when pH decreases. 

Further discussion on pH is in Section 4.2.3 of this thesis. 

Electrical Conductivity 

The electrical conductivity (EC) is a measure of the total amount of the dissolved ions/salts in 

the water. It can be used to infer the level of concentrated heavy metals in water but it does 

not give an indication of which element is present.Generally, EC was high in the range of 

1300-1850 mS/m for the wet season and relatively lower during the dry season, between 

1196- 14 73 mS/m which in both seasons is in excess of the SANS 241 and WHO limit 

pegged at > 150 mS/m and this is for aesthetic purposes (Table 6). 
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Table 6: Mean and standard deviation values for electrical conductivity 

Electrical conductivity 
Wet season Dry season 

Kbutsong informal pt 1 1308±39 1222±149 
Kbutsong informal pt 2 1522.3±237 1196.3±41 
Kbutsong formal ptl 1559.3±442 1276± 128 
Carletonville informal pt 1 1830±689 1415± 134 
Carletonville informal pt 2 1176.3±170 1302±316 
Carletonville Jojo tank 1 1271.3±220 1397.3±29 
Carletonville Jojo tank 2 1418±27 1382.7±93 
Carletonville formal pt 1 1367±37 1263±285 
Bekkersdal informal pt 1 1675 .3±443 1361.3±40 
Bekkersdal informal pt 2 1405±145 1473 .7±254 
Bekkersdal standpipe 1 1508±144 1422.3± 115 . 
Bekkersdal formal 1448±83 1432± 171 
Guidelines (mS/m) 
SANS 241 I ::S 170 
WHO I :::;150 

For both seasons, the highest EC was recorded along the river in Bekkersdal and the least in 

Carletonville for the dry season and Khutsong for the wet season. For the formal water 

sources, the highest recorded EC was for tap water in Kbutsong. The very high values of EC 

along the river could be indicative of the discharge of polluted mine waste water into the 

river. In this case, the high EC cannot be tallied with metal concentrations which were mostly 

low especially during the dry season (Section 4.2.3 of the thesis). 

Nonetheless, higher values of EC are a good indicator of the presence of contaminants such 

as sodium, potassium, chloride or sulphate (Orebiyi et al., 2010). Along with sulphates, EC 

has been labeled one of the most reliable indicators of mining effluents than pH and heavy 

metals (Gray 1996). Health problems are known to occur when the EC exceeds 370 mS/m, 

leading to blood pressure problems and the disturbance of water and salt balance in children 

(DWAF 2001). 

Sulphates '·] NWU· 
lusnARY 

The distribution of sulphates, which also have a control on the EC of water, followed a 

similar trend to that of the EC. Due to the low pH values, the sulphate concentrations and the 

EC were high though the sulphates were relatively lower compared to the EC (Table 7) . 
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Table 7: Mean and standard deviation values for Sulphates 

Sulphates 
Wet season Dry season 

Khutsong informal pt 1 188.3±1.5 213±5 
Khutsong informal pt 2 187.7±1.5 223±13 
Khutsong formal ptl 10±2 11.7±0.6 
Carletonville informal pt 1 264±49.4 230± 11.3 
Carletonville informal pt 2 199±1 223.7±15.3 
Carletonville Jojo tank 1 9.3±3.2 11.7±1.2 
Carletonville Jojo tank 2 6.3±0.6 10.3±0.6 
Carletonville formal pt 1 8±1 10.7±0.6 
Bekkersdal informal pt 1 96.6±82.2 289.3±57.5 
Bekkersdal informal pt 2 113.0±2 253.3±0.6 
Bekkersdal standpipe 1 8.7±2.1 8.8±6.4 
Bekkersdal formal 7.3±0.1 12.3±0.6 
Guidelines (mg/L) 
SANS 241 500 
WHO 200 

Noticeable are variations between the dry and wet season concentrations of sulphates in the 

water with high concentrations during the dry season. During the wet season, the highest 

sulphate concentration was recorded in Carletonville along the river (264 mg/L) while during 

the dry season; the highest was 289 mg/L. The concentrations were within the acceptable 

limits of both SANS 241 and WHO (2011) where levels are not to exceed 500 mg/I and 

200 mg/I respectively. Although WHO has derived no health-based guideline value for 

sulphate, it is generally considered that taste impairment is minimal at levels below 250 mg/L 

(WHO, 2011). For the formal water sources during both seasons, the sulphate concentrations 

were very low and in line with the standards, whereby the maximum was recorded at 

12 mg/L. The synergistic effect of high sulphates and EC along the river may potentially 

manifest laxative effects to those who consume the water (German et al., 2008) especially 

since in this study there were points along the river which exceeded the stipulated 250ml, 

coupled with the high EC,it could lead to an outbreak. 

Total Dissolved Solids 

According to WHO (2011), there is no health based limit for TDS in drinking water. The 

analysis results of the samples indicated that the water had very high values of TDS with the 

lowest being 5881.5mg/L and the highest 8376.5mg/L ,both recorded during the wet 

season(Table 8) .The TDS was high for all the sampling points in the informal and formal 
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settlements. The high values of TDS were also consistent with the high EC recorded in all the 

water samples during both seasons. 

Table 8: Mean and standard deviation values for total dissolved solids 

Total dissolved Solids 
Wet season Dry season 

Khutsong informal pt 1 6540±2 6110±2.31 
Khutsong informal pt 2 7611.5±8.72 5980±2 
Khutsong formal ptl 7796.5±0 6380±0 
Carletonville informal pt 1 9150± 1.16 7075± 1.2 
Carletonville informal pt 2 5881.5±2 6510±3.1 
Carletonville Jojo tank 1 6356.5±0 6986.5±0 
Carletonville Jojo tank 2 7090±0 6913.5±1.15 
Carletonville formal pt 1 6835±0 6315±0 
Bekkersdal informal pt 1 83 76.5±2. 70 6806.5±3.5 
Bekkersdal informal pt 2 7025±0 7368 .5± 11 .0 
Bekkersdal standpipe 1 7540±0 7111.5±0 
Bekkersdal formal 7240±0 7166±0 
Guidelines (mg/L) 
SANS 241 .:'.S1200 

WHO 1000 

TDS occurs in drinking water at concentrations well below toxic effects, but the palatability 

of water with TDS levels of less than 600 mg/L is generally considered good ( Bruno et 

al.,2008). Drinking water becomes significantly and increasingly unpalatable at TDS levels 

greater than about 1000 mg/L (Bruno et al., 2008).TDS values greater than 1200 mg/L may­

be objectionable to consumers and could have impacts for those who need to limit daily salt 

intake e.g. severely hypertensive, diabetic, and renal dialysis patients (London et al. , 2005) . 

4.2.3 Chemical Water Quality 

Heavy metals 

Findings from water analysis generally reveal that the various metallic concentrations at the 

sampling points were not spread about the mean since the standard deviation values were not 

close to zero in most cases. Generally, the heavy metals high concentrations followed this 

trend Zn>Co>As>Pb>Cd. The metal with the highest concentration recorded was Zn with a 

maximum of 172 µg/1 and the metal with the least concentration was Cd with a maximum 

of<0.l µg/1 when comparing the concentrations against the SANS 241 (2011) and WHO 

(2011), the only metals which were in excess are As and U. The presence of these two 

elements in drinking water might result in the occurrence of skin lesions and kidney 
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problems. The following sections provide detailed explanation of the concentrations and 

health risks associated with heavy metals. 

Arsenic 

Arsenic concentrations in water are determined by various complex, geochemical, chemical 

and biochemical reactions. Its solubility is largely dependent on the pH where it becomes 

more soluble with an increase in pH. As tends not to migrate over long distances thus its 

distribution in water tends to be localized around the source of pollution. This is attributed to 

the strong affinity of oxide minerals for As under mildly neutral to acidic conditions. Table 9 

shows results of As concentrations from the study area at the various sampling points during 

the wet and dry seasons. 

Table 9: Mean and standard deviation values for arsenic 

Arsenic u~/L) 
Wet season Dry season 

Khutsong informal pt 1 8.2±0.13 10.8±1.2 
Khutsong informal pt 2 7.9±0.06 12±3.4 
Khutsong formal pt 1 0.7 ±0.09 0.5±0 
Carletonville informal pt 1 14.2±0.06 16.2±0.55 
Carleton ville informal pt 2 14.9±0.2 14.3±0.15 
Carletonville Jojo tank 1 0.5±0.04 0.5±0 
Carletonville Jojo tank 2 0.6±0.01 0.5±0 
Carletonville formal pt 1 0.6±0.01 0.49±0.001 
Bekkersdal informal pt 1 11.6±0.4 9.6±0.4 
Bekkersdal informal pt 2 12±0.2 4.3±0.4 
Bekkersdal standpipe 1 0.65±0.03 0.5±0 
Bekkersdal formal 0.7±0.01 0.5±0 

Guidelines (u~/L) 
SANS 241 10 
WHO 10 

The concentrations of As were high along the river compared to the formal water sources for 

both the dry and wet seasons recording 16.17 µg/L and 14.93 µg/L respectively, compared to 

the formal water sources which had a maximum of 0.67 µg/L (wet) and 0.49 µg/L (dry) . 

Several points along the river were observed to be exceeding WHO and SANS (241) 2011 

standards in Carletonville, Khutsong and Bekkersdal. Noticeable were the relatively higher 

As concentrations for the formal water sources during the wet season compared to the dry 

season. However, the trend was completely opposite for informal water sources where As 

concentrations were higher during the dry season and this can be attributed to high rates of 
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evaporation characteristic of the dry season, in the absence of saturation species resulting in 

an increase in solutes and hence high EC and low pH (Tutu et al., 2008), these variables 

control the precipitation and adsorption of metals like As in solu tion. 

An independent t test to determine the equality of mean As concentrations between seasons at 

95% confidence interval (t=0.934) (Appendix 6 Table 28) revealed no statistically significant 

difference between the As concentrations in the dry and wet season. Correspondingly, in a 

study on the temporal and spatial variations of As in Michigan using descriptive statistics, it 

was concluded that there were no seasonal variability in mean As concentrations (Slotnick 

2002).The high concentrations of As cou ld be attributed to acidic mine waters and significant 

increase in Fe and As (Nordstrom et al., 2000).In this study, the acidic conditions along the 

river might have led to the rapid removal of dissolved As whi lst iron was oxid ised and 

precipitated (Nordstrom et al., 2000).The wet season was characterized by many irregular 

stormy events in the WFS, leading to the contribution of solutes from the soils and thus a 

high EC. These stormy events are liable for the sudden increase in solute chemistry, leading 

to weathering products being exposed to runoff (Su ltan and Dowling, 2005), as is indicated 

by the levels of As in water during the period. 
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To determine the r isk emanating from the recorded As concentrations in drinking water, a 

risk quotient was calculated against the maximum allowable risk of 1 (Figure 11). The trend 

depicts association between high concentrations in excess of the standards and the maximum 

risk allowed. The highest risk quotient for As was recorded along the river in Carletonville 



(1.6) and the least in Carletonville formal (0.05). All points along the river were above the 

maximum allowable risk quotient 1. The risk quotient for As follows the same pattern as the 

concentrations, very high along the river and very negligible in the formal water sources. In 

terms of seasonal variation of the risk, the plot suggests that for informal water sources, such 

as in Carletonville, consumption of water poses a significant health risk from As both during 

the dry and wet seasons (1.18- 1.6). Whilst in KJrntsong, the health risk from As is high 

during the dry season for Bekkersdal it is high during the wet season. Formal water sources 

have a minimal risk quotient during both seasons suggesting they are safe for consumption 

during both periods. 

Using Pearson's correlation coefficient, an association was observed (R =0.564, p <0.05) · 

between the As concentrations observed during the wet season and the occurrence of skin 

lesions. A slightly stronger association (R =0.681, p <0.05) was observed for · As 

concentrations in the dry season. Similarly, evidence of risk of skin lesions from arsenic 

exposure in drinking water at concentrations less than 50 µg/Lwere reported in a longitudinal 

health study in Bangladesh (Ahsan et al., 2006). As concentrations in the range of 8.1-

40.0 µg/L were associated with adjusted prevalence odds ratios of skin lesions of 1.91 at 95% 

confidence intervals. Ahsan et al., (2006) noted that the risk of skin lesions was also ­

influenced by the body mass index (BMI), where the risk of skin lesions was inversely 

proportional to the BMI, which is reflective of the nutritional status. On the contrary, in 

another study in West Bengal India, on As concentrations in groundwater and its impacts on 

health, a majority of the people under study did not exhibit any skin lesions but their hair and 

blood samples contained elevated levels of As suggesting that they were sub-clinically 

affected (Chakraborti et al., 2002). 

Table 10: Cross tabulation of skin lesions and gender 

Gender Suffered Skin lesions 

Yes No 

Male Count 20 54 

% within suffered skin lesions 41% 47.8 % 

Female Count 27 59 

% within suffered skin lesions 59% 52.2% 

Table 10 shows the distribution of skin lesions with gender. There are variations in the risk of 

skin lesions based on gender, where 59%of the people who had suffered skin lesions were 

women as compared to 49% for men. Correspondingly, Haque et al., (2003) observed high 
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prevalence in women relative to men. This was attributed to low privilege and poor 

malnutrition and the fact that usually women are more involved in household activities, thus 

more exposed to the contaminated water. The WFS catchment has been described to be ri fe 

with acute malnutrition and has been dubbed the HIV capital of South Africa (Stoch, 2008) 

hence consumption of water contaminated with As exacerbates the risk of developing skin 

lesions. 

Cadmium (Cd) 

Table 9 illustrates that the concentration (µg/L) of Cd during the wet season at all points in 

both formal and informal water sources was very negligible occurring at concentration of 

<0.1 compared to 3µg/L allowable limit by WHO and SANS. Thus, the recorded 

concentrations were well within the prescribed limits. Cd strongly adsorbs to the organic 

matter in the soil thus, it is present at low concentrations in the river. 

Table 11 : Mean and standard deviation values for cadmium 

Cadmium (µg/L) 
Wet season Dry season 

Khutsong informal pt 1 <0.1 <0.1 
Khutsong informal pt 2 <0.1 <0.1 
Khutsong formal ptl <0.1 <0.1 
Carletonville informal pt 1 <0.1 <0.1 
Carletonville informal pt 2 <0.1 <0.1 
Carletonville Jojo tank 1 <0.1 <0.1 
Carletonville Jojo tank 2 <0.1 <0.1 
Carletonville formal pt 1 <0.1 <0.1 
Bekkersdal informal pt 1 <0.1 <0.1 
Bekkersdal informal pt 2 <0.1 <0.1 
Bekkersdal standpipe 1 <0.1 <0.1 
Bekkersdal formal <0.1 <0.1 

Guidelines (µg/L) 
SANS 24 1 3 
WHO 3 

Cd occurs mostly in association with Zn and gets into water from corrosion of Zn coated 

("galvanized") pipes and fittings ( danamark.com, 2008). At higher concentrations, Cd is 

potentially toxic. It replaces Zn biochemically and causes high blood pressure, kidney 

damage (Rajappa et al., 2010). The kidney is the critical target organ fo r exposed populations 

(Rajappa et al., 201 0) . Cd is known to accumulate in the human kidney for 20-30 years, and 

at high doses can it produce health effects on the respiratory system .Only 2% to 6% Cd is . 

retained by the body on ingestion. 
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Based on the results, the concentrations of Cd suggest no immediate environmental and 

health hazards with respect to the water quality guidelines ,although evidence suggesting 

otherwise is beginning to surface . For example, using fish samples, the study by Kusch et al. , 

2008, revealed that chances of survival for the embryos at low concentrations around 0.2 -

2µg/L after a 36hours were low, and suggesting that low Cd concentrations may have a toxic 

effect at chronic exposures. Another study alludes to these findings; Cd concentrations of 

2µg/L had an effect on the immune function of fish (Zelikoff, 1995). 

Cobalt 

Although the maximum admissible limit (MAL) of cobalt is not mentioned by WHO (2011 ), 

all the samples analyzed comply with the SANS 241 (500 µg/L) (Table 12). Generally, the 

concentrations of Co during the wet season were higher at many points compared to the dry 

season though within the acceptable limits of 500 µg/L by SANS. Cobalt has beneficial and 

harmful effects on the health. Cobalt solubility in water ranges from highly soluble to very 

insoluble thus it can contaminate water. For sufficient concentrations of Co it is beneficial 

because it is part of vitamin B and is also useful in the treatment of anaemia, but chronic 

exposures may lead to fibrosis of the lungs. 

Table 12: Mean and standard deviation Values for cobalt 

Cobalt (µg/L) 
Wet season Dry season 

Khutsong informal pt 1 10.5±0.5 7.6±2.02 
Khutsong informal pt 2 9.1±0.5 9.5±1.1 
Khutsong formal ptl 0.2±0 0.2±0 
Carletonville informal pt 1 30.8±0.15 23.7±0.64 
Carletonville informal pt 2 31.8±0.96 19.6±0.3 
Carletonville Jojo tank 1 0.2±0 0.2±0 
Carletonville Jojo tank 2 0.2±0 0.2±0 
Carletonville formal pt 1 0.2±0 0.5±0.03 
Bekkersdal informal pt 1 5.7±0.2 6.3±0.1 
Bekkersdal informal pt 2 6.1±0.09 2.3±0.9 
Bekkersdal standpipe 1 0.2±0 0.2±0.11 
Bekkersdal formal 0.2±0 0.2±0 
Guidelines (µg/L) 
SANS 241 500 
WHO not prescribed 
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The risk quotients for Co were subsequently higher in the dry season (Figurel2), for points 

along the river compared to the formal water sources, but the values were well within the 

standards, whereby very low values were recorded in both the dry and wet seasons' 

asymptote to 0 in many cases. It can thus be concluded that there is no significant health risks 

for both the formal and informal settlement inhabitants, related to consumption of Co in their 

drinking water. 
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In this study, during the wet season a maximum level of Pb (7 .18±3.57 µg/L) was found in 

Carletonville tap water and the least (1.32±0.24 µg/L) in a Jojo tank in Carletonville (Table 

13). However, Pb concentrations from all the sampling points were with in the WHO and 

SANS 241 (2011) maximum allowable limit of lead in drinking water (10 µg/L) (Table 13). 

Begum et al., 2009 observed that alkaline pH leads to precipitation of Pb into water; in this 

study acidic pH was recorded for most of the samples during both seasons thus the low 

concentrations of Pb. These low concentrations of Pb could also be further attributed to the 

adsorption of metals to sediments, as a result of the intermolecular forces. Pb is the most 

significant of all the heavy metals because it is toxic, very common (Gregoriadou et a l., 2001 ) 

and harmful even in small amounts. Thus, numerous studies have been conducted because of 

its hazardous effects (Mebrahtu and Zerabruk, 2011 , Louis et a l. , 2003 , Lanphear et al. , 

2000). 

Table 13: Mean and standard deviation Values for lead 



Lead (µg/L) 
Wet season Dry season 

Khutsong informal pt 1 2.3±0.2 1±0 
Khutsong informal pt 2 2.8±0.6 1±0 
Khutsong formal ptl 4.6±3.5 1±0 
Carletonville informal pt 1 1.8±0.4 3.1±1.29 
Carletonville informal pt 2 1.6±0.2 1.1±0.302 
Carletonville Jojo tank 1 2.9±0.1 1.3±0.57 
Carletonvi lle Jojo tank 2 1.3±0.2 1±0 
Carletonville formal pt 1 7.2±3.60 1±0 
Bekkersdal informal pt 1 2.3±0.4 1±0 
Bekkersdal informal pt 2 2.0±0.8 2.6± 1.5 
Bekkersdal standpipe 1 2.3±0.3 1.04±0.0750 
Bekkersdal formal 3.16±1.02 1±0 

Guidelines (u12:/L) 
SANS 241 10 
WHO 10 

Pb has the ability to bio accumulate thus it is found in trace amounts in various foods, notably 

in fish, which are heavily subjected to industrial pollution. Most of the Pb consumed is 

removed from the bodies through urine; however, as exposure to Pb is cumulative over time, 

there is still risk of build-up, particularly in children. High concentrations of Pb in the body 

can cause death or permanent damage to the central nervous system, the brain, and kidneys 

(Hanaa et al., 2000). 

Pb has been identified as the cause of brain and kidney damage. At concentrations of 

l0µg/dL harmful effects on children's learning and behaviour have been reported (Lanphear 

et al.,2000.In the WFS, the health risk arising from Pb are minimal since the risk quotients 

obtained during both seasons from all the sampling points were well within maximum 

allowable risk limit (Figure 13). 
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Results of Zn concentrations are presented in Tab le 14. During the wet season, the 

concentrations of Zn were generally within the prescribed limit of drinking water from SANS 

241. The concentrations were higher in formal water sources compared to the informal, with 

the highest recorded value obtained in Carletonvi lle tap water (266 µg/L)and the least in 

Khutsong along the river (10.0 µg/L). The higher concentrations in the formal water sources 

may be attributed to dissolution of the Zn component in taps (WHO, 2011).For the informal 

settlements, samples along the river ,recorded lower concentrations , this can be attributed to 

the acidic pH values along the river which resulted in adsorption of Zn onto the 

sediments(Begum et al. , 2009). In terms of seasonal variability where Zn concentrations were 

higher in the wet season relative to the dry season can also be explained by the pH,whereby 

during the wet season, the rains shift pH of the water from acidic to alkaline ,resulting in the 

precipitation of Zn into the water column (Begum et al., 2009). 

Table 14: Mean and standard deviation values for zinc 

Sampling point Zinc (u /L) 
Wet season Dry season 

Khutsong informal pt 1 20.8±1.6 <0.60 
Khutsong informal pt 2 10.0±0.7 <0.60 
Khutsong formal ptl 50.6±24.6 <0.60 
Carletonville informal pt 1 19±0.8 <0.60 
Carletonville informal pt 2 19.6±1.4 <0.60 
Carletonville Jojo tank 1 21.3±1.1 <0.60 
Carletonville Jojo tank 2 21.5±3. <0.60 
Carletonville formal pt 1 266±231.15 <0.60 



Bekkersdal informal pt 1 21.5±2.8 <0.60 
Bekkersdal informal pt 2 19.96±0.4 <0.60 
Bekkersdal standpipe 1 172.7±0.6 133 .3 
Bekkersdal formal 65 .2± 1.3 116.7 

Guidelines (µg/L) 
SANS 241 5000 
WHO Not prescribed 

Because many samples in the dry season recorded Zn concentrations well below the detection 

limit, the health risks arising from consumption of drinking water at the current levels are 

very negligible as is illustrated in the plot for the risk quotient (Figure 14). Many points 

recorded risk quotients equalling zero during both the dry and wet seasons, and the highest 

risk quotient was a very negligible 0.04 µg/L observed in Carletonville tap water. 

Zn is a microe lement that plays a role in the biosynthesis of nucleic acids and is involved in 

the healing process of the body. Zn is relatively non-toxic such that humans and animals 

exhibit tolerance at high intake (Tran, 2008) . The adverse effects related to Zn have been 

noted for concentrations ranging between 100-300 mg/day, with effects like the reduction of 

copper in the body thus inhibiting the action of certain enzymatic functions (Eby and 

Halcomb, 2006) . No evidence exists on the association between Zn and human 

carcinogenesis, either genotoxic or even teratogenic (Udeh, 2004). At its present 

concentrations in drinking water, one can conclude that Zn poses no health risks to 

communities in the WFS catchment (Figure 14). 
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4.2.4 Uranium Radioisotopes 

Uranium (U) is one of the hazardous substances that evoke two different and totally unrelated 

effects, one due to its radioactivity and the other due to its chemical nature (Anderson et al. , 

2012).It has a low specific radioactivity and an extremely long half-life of 4.5 billion years, 

(Brugge et al., 2011 ).In this study, only two isotopes of U were determined U235 and U238and 

results of their mean concentrations are shown in Table 15. 

The chemical concentrations of both U235 and U238 followed the same trend as As, high along 

the river and very low in the formal water sources. The highest concentration forU235 

andU238 being 62.3 µg/L and 59.9 µg/L respectively and the lowest being 0.2 µg/L and 

<0.2 ~tg/L respectively. Along the river in Khutsong, both isotopes were very hi gh in the dry 

season and falling within the standards during the wet season. In Carletonville along the river, 

both isotopes recorded very high concentrations throughout the dry and wet seasons (ranging 

between 51 µg/L and 59.9 µg/L). In Bekkersdal, all the points were in excess of the standards 

with the highest U isotope concentrations observed during the dry season relative to the wet 

season. These high values along the river could be attributed to the discharge of acidic mine 

water. Spatially the concentrations were high at points which are close to many mines, refer 

to Figure 2. 

Table 15 : Mean and standard deviation values for uranium 

Uranium (µg/L) 235 Uranium 238(µg/L) 

Wet Season Dry Season Wet Season Dry Season 
Khutsong informal pt 1 8.5±0.2 52.7±0.6 8.483±0.18 56±0 
Khutsong informal pt 2 8.3±0.2 56±9.6 8.4±0.46 57.7±7.2 
Khutsong formal ptl 0.2±0.005 0.3±0.1 <0.2±0 0.3±0.05 
Carletonville informal pt 1 51.2±1.4 53.7±2.1 57.9± 1.51 56.3±2.5 
Carletonville informal pt 2 59± 1.5 48.3±0.6 59.9±0.7 51±1 
Carletonville Jojo tank 1 0.2±0.006 0.3±0.02 0.22±0.01 0.28±0.03 
Carletonville Jojo tank 2 0.2±0.005 0.3 1±0.08 <0.2±0 0.26±0.01 
Carletonville formal pt 1 0.2±0.005 7.8±13.14 0.207±0.012 0.2 1±0.021 
Bekkersdal informal pt 1 22.4±0.056 62.3±1.16 22.6±1.06 63±1 
Bekkersdal informal pt 2 23.1±0.5 11.7±0.55 23.2±0.61 12.±0.67 
Bekkersdal standpipe 1 0.2±0.006 0.277±0.04 0.27±0.02 0.3±0.012 
Bekkersdal formal 0.2±0.006 0.25±0.05 0.2±0.02 0.24±0.04 

Guidelines (µg/L) 
SANS 241 
WHO 
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An independent t test was carried out to determine whether the risk was more significant in 

either of the seasons. Results revealed no statistically significant difference between the mean 

concentrations for both isotopes in the two seasons at 95 % confidence interval (t =0 .319 for 

U235 and t= 0.365 for U238
) (Appendix 4). 

To understand better the magnitude of chemical effects that Uhas on the health of the WFS 

catchment communities, computation of the risk quotient was done for U235 and U238 

(Figure 15 and 16). 
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The chemical effects of U are of significance because U and its compounds are highly toxic 

substances, and as such, they are most soluble in body fluids. Thus, its chemical effects to the 

human body on inhalation, ingestion or absorption through the skin are more likely than 

radiation damage. Although there was no seasonal statistically significant difference in the 

risk and the mean U concentrations for both isotopes (Appendix 6, Tables 28 and 

29) .Findings from other studies revealed that U concentrations are higher during the wet 

season (Blowes et al., 1994; Pinto et al., 2004;Schemel et al., 2000) this was attributed to the 

colloidal transport as well as the high flow of water which results in large volumes of water 

interacting with low grade ore and waste rock. 

In this study, the insignificant difference in U concentrations which were slightly higher in 

the dry season could be attributed to the fact that during the wet season there were rainfall 

events, which caused the dilution of the concentrated pollutants or possibly the fact that, the 

stormy rainfall events which occurred during the dry season, could have caused the 

resuspension of sediments thereby reintroducing pollutants in the water column. On the 



contrary, there was a statistically s ignificant difference in the concentrations for both isotopes 

U235 and U238between the formal and informal settlements (t=0 for both U235 and U238
) at a 

95% confidence interval. Results suggest that informal settlements are at a higher risk of 

· · d b u 235 d u238 consummg water contam mate y an . 

Figure 16: 
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Miller et al., 2002 observed that uranyl ions exhibited genotoxic effects at low concentrations 

causing genetic damage to cell cultures. In other studies, (Zaire et al., 1998, Schroeder 2003) 

anomalous health effects like kidney and lung inflammation were reported, but these were 

noted to defy the conventional radiological risk models since they occurred at very low 

concentrations where alpha particle releases were negligible. In a study on the biochemical 

and biophysical aspects of exposure to U it was suggested that the reason could be the 

synergistic mechanisms of the radiation and chemistry (Busby and Schnug, 2007). There is 

also evidence to the effect that U toxicity increases with the presence of Cd. 

Calculation of radiological annual doses was used to estimate the absorbed radiation from 

ingestion of contaminated drinking water. According to Chau and Michalec, (2009), 

radiological annual dose is the annual dose rate caused by absorption of natural radioactive 

elements in water, based on the assumption that a man drinks N litres per year using Equation 

(1) as stated in the WHO Drinking water guidelines (1998). Figure 17 shows the calculated 

annual radiological dose for U235 in the WFS during the wet season sampling. 
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Figure 17: Annual radiological dose for U235 in WFS (wet season) 
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The highest recorded radiological dose for U235during the wet seasonwas observed in 

Carletonville along the river (9 .92 x10-5 mSv/yr) and this was for the category of less than a 

year. The lowest observed was in Khutsong formal and Carletonville Jojo tank which both 

recorded 1.23 x I 0-7 mSv/yr for the category of 7-12 years. 

Figure 18: Annual radiological absorbed dose U235 in the WFS (dry season) 

11 <1 year 

m ·J-2years 

■ 2-7years 

ci 7-12years 

m ·12-17years 

r.a > 17years 

During the dry season, the radiological absorbed dose for U235the maximum was observed in 

Bekkersdal (l.062x 104 mSv/yr) for the category of < !year (Figure 18) and it should be noted 

that compared to the wet season the radiological absorbed dose at all points along the river . 

for infants (< l year) was higher in the dry season. The least observed during the dry season 



was from Carletonville jojo tank which recorded l. l 9x 10-7 mSv/yr for the category of 

<!year.All the sampling points were within the WHO 2011 and SANS 241(2011) standard 

which is pegged at 0.1 mSv/yr for U235 for both seasons. 
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Figure 19: Annual radiological dose U23 8(wet season) 
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The highest recorded radiological dose forU238 during the wet seasonwas observed in 

Carletonville along the river (l.0lxl0-4 mSv/yr) and this was for the category of< lyear. The 

lowest observed was in a Carleton ville jojo tank, which recorded 1.18 x 10-7 mSv/yr for the 

category of 7-12 years (Figure 19).For the dry season the radiological absorbed dose for U238 

was at its highest in Bekkersdal (1.06 x l0-4 mSv/yr) this was for the category of < lyear 

(Figure 20) . The least observed dose for U238during the dry season was from Carletonvi lle tap 

water which recorded 1.279x 10-7 mSv/yr for the category of < lyear. All the sampling points 

were within the WHO 2011 and SANS 241(2011) standard which is pegged at 0. lmSv/yr for 

U235 for both seasons.These results imply that the age group of < lyear are at the highest risk 

of contracting diseases arising from the consumption of U contaminated water like, kidney 

and lung inflammation ( Zaire et al., 1998,Schroeder 2003),since they recorded the highest 

dose in both seasons, but it suffices to mention that although the dose was well within the 

standards, Busby, 2009 reported increases in infant leukemia from low dose exposure to U. 
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Figure 20: Annual radiological absorbed dose U235 (dry season) 
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In a similar study Karamanis et al. , 2007 analysed radioactivity in bottled mineral water in 

Greece. Results revealed that the contribution of U to the internal exposure of adults from the 

consumption of mineral water with the maximum determined activity was 0.77 x 10-

3 mSv/yr. This value increased by a factor of 2.7, 1.8, 1.5 and 1.5 for the age groups of 1- 2, 

2- 7, 7- 12 and 12- 17, respectively. Similar findings were obtained by Zamora et.a l, (2009) 

from a study in an aboriginal community in Australia. The highest dose of uranium calculated 

was 2.1 mSv and this was the cumulative dose over a 15-yearperiod. The study concluded 

that the risk of cancer was 13 in 100 000 which was insignificant for the population size 

studied meaning that chemical toxicity would be a greater health concern than the radiation 

dose. Based on the annual dose concentrations for U235 and U 238 from the current study, 

similar conclusions can be drawn (Figures 17-20). 

Cancer risk 

In order to determine whether there is a significant risk from radiation properties of U a li fe 

time cancer risk for mortality and morbidity was computed based on U activity in water for 

both seasons using Equation (3) . Table 16 shows the cancer mortality and morbidity for U235 

and U238 during the wet season. 



Table 16: Cancer mortality and morbidity for U235 and U238 (wet season) 

Cancer Cancer Cancer 

mortality risk Cancer mortality morbidity morbidity 
u235 risk U238 risk U235 risk U238 

Khutsong informal pt 1 9.23x l0-6 8.57x l0-6 l.43 x 10-5 1.31 X 10-5 

Khutsong informal pt 2 8.94x l0-0 8.51 X 1 o-o l.39x l0_, l.30 x l0_, 

Khutsong formal ptl 2.16 x l0-1 2.02 x 1 o-/ 3.36 x 10-1 3.l0x l0-1 

Carletonville informal pt 1 6.l 9x 10-5 5.85 x l0-5 9.6l x l0-' 8.96x l0-5 

Carletonville informal pt 2 6.39 x l0_, 6.05 x l0_, 9.92 x l0_, 9.27x l0_, 

Carletonville jojo tank 1 2.49 x l0-1 2.22 x l0-1 3.87x l0-' 3.40x l0- ' 
Carletonville jojo tank 2 2.16 x l0_, 2.02x l0-' 3.36 x 10-1 3.1o x10-/ 

Carletonville formal pt 1 2.2o x10-/ 2.09 x l0_, 3.41 X 10-/ 3.20x 10-' 

Bekkersdal informal pt 1 2.42 x l0-' 2.2s x10-) 3.77x 10-'.l 3.50 x 10-:i 

Bekkersdal informal pt 2 2.50 x l0-:i 2.34x l0-:i 3.88 x l0-:i 3.58 x l0-'.l 

Bekkersdal standpipe 1 2.67x 10-1 2.73 x l0-' 4.15 x l0-' 4.17x l0-1 

Bekkersdal formal 2.46x 10-1 2.36x 10-' 3.82 x l0- ' 3.6l x l0-' 

Results indicate that during the wet season, highest cancer mortality risk is from U235 which 

was 6.19x l0-5noted in Carletonvi lle along the river and least from U238 (2.73 x l0-7) observed 

for Bekkersdal standpipes. Whilst the cancer morbidity risk was the highest for U235 in 

Carletonville informal settlements and the least was for U238 for Carletonville Joj o tanks. 

The cancer mortality and morbidity risk for U235 and U238 during the dry season was generally 

higher relative to the wet season (Table 17). 

Table 17 : Cancer mortality and morbidity for U235 and U238 (dry season) 

Cancer mortality Cancer mortality Ca ncer Cancer 

risk U235 risk U238 morbidity morbidity 

risk U235 risk U238 
Khutsong informal pt 1 5.70x l0-:i 5.65 x l0-:i 8.85 x l0-:i 8_64 x 1 o-) 

Khutsong informal pt 2 6.06x l0-5 5.83 x l0-5 9.41 X 10-S 8.92x l0-5 

Khutsong formal ptl 3.57x l0-' 3.l0x l0-' 5.55 x l0- ' 4.74x 10-' 
Carletonville informal pt 1 5.8l x l0-' 5.69x l0_, 9.02 x l0_, 8.7l x l0_, 

Carletonville informal pt 2 5.23 x l0_, 5.15 X 1 o-'.l 8.12 x 10-:i 7.89x l0_, 

Carletonville j ojo tank 1 2.99x l0_, 2.83 x l0-1 4.65 x l0-' 4.33 x 1 o-/ 

Carleton ville j ojo tank 2 3.35 x l0_, 2.63 x l0-1 5.2l x l0-' 4.02 x l0-1 

Carletonville formal pt 1 8.48 x l0-0 2.19x l0-1 l.3 2 x l0-:, 3.35 x 10-1 

Bekkersdal informal pt 1 6.74 x 10_, 6.37 x l0-:, 1.04x l0-4 9. 75 X 1 o -) 

Bekkersdal informal pt 2 5.63 x 10_, l.22 x l0-:, 8.75 x l0-:i l.86 x 1 o-) 

Bekkersdal standpipe 1 2.99 x 1 o-/ 2.69 x 1 o-/ 4 .65 x l0-' 4.13x l0-1 

Bekkersdal formal 2.7l x l0-1 2.43 x l0-1 4.20x 10-1 3.7l x l0_, 
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During the dry season, highest cancer mortality risk was from U235 that was 6.74 x10-5 noted 

in Bekkersdal along the river and least from U238 (2.43 x l0-7
) observed for Bekkersdal tap 

water samples. Conversely, the cancer morbidity risk was the highest for U235 (1.04 x l0-4) in 

Bekkersdal along the river and the least was for U238 for Carletonville tap water (3 .3 5 x 1 o-7) . 

Based on Ye-shin et al., 2004 study, the results reflect no significant radiological risk from 

both isotopes of U in the WFS during the wet and dry seasons, since all the values recorded 

are lower than 10-3 .Similar findings were observed in a study on the chemical and 

radiological risk assessment of U in borehole water in Nigeria (Amakom and Jibiri 2010) 

with the magnitude of radiological cancer risks in range of 10-4. 

In addition, an association was observed between the occurrence of kidney problems and the 

average U235 and U238 for the two seasons using Pearson's correlation coefficient (r=0.68 and 

0.691 respectively p<0.001).These findings only serve to confirm the conclusion reported by 

Amakom and Jibiri 2010, that the chemical properties of U are more likely to cause health 

effects compared to radiological in the WFS catchment. 

Summary 

In this chapter, findings on the water sources and quality in the WFS catchment have been 

presented. The quality of water in the formal settlements vis-a-vis formal water sources is 

generally in line with the SANS 241 and the WHO 2011 drinking water standards relative to 

the informal water sources in particular river water. The elements of concern in terms of 

health are As and U235 and U238 which are very high along the river and in excess of the 

standards. Significant health effects from U are likely to arise from its chemical properties 

rather than its radiological properties or the synergistic effect of the two. Since no statistically 

significant seasonal variability was observed, it can be concluded that those consuming water 

along the river, are equally at risk of contracting water related diseases in both the dry and 

wet seasons. The following chapter deals with dynamics involved in access to potable 

drinking water based on various stakeholder perceptions and the water institution in South 

Africa. 
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CHAPTERS 

5 STAKEHOLDERS PERCEPTIONS AND THE WATER INSTITUTION IN 

SOUTH AFRICA 

This chapter focuses on the perceptions relating to water resources management in the WFS 

catchment area; in particular, issues surrounding access to clean water. The perceptions of 

various stakeholders including the communities, municipalities and mines are taken into 

consideration. There is discussion regarding the municipality and community measures to 

alleviate problems of water shortages and water quality. Using various indices developed in 

the study, an examination of the different dynamics that influence perception are revealed . 

There is also a critical analysis of the South African water institution and its implenientation 

using the Wonderfonteinspruit catchment as a case study. 

5.1. Community Perceptions I NWU . I 
LIBRARYJ 

Community perceptions regarding water resources management have very important 

implications as they empower water utilities providers to improve their services and at the 

same time they limit the ability to make changes. The purpose of using community 

perceptions in studies like this one is they are reflective of the water resources goals of a 

catchment. Public perceptions also contribute to multi-stakeholders processes, help eliminate 

discontentment and promote cooperation with the consumers (De Franca Doria 2010). 

In this study, the focus was on community perceptions of the fo llowing; 

• municipal measures and programs to curb water shortages and provide quality water ; 

• quality of water(its suitability for drinking, cooking and other domestic uses) 

• Effectiveness of the municipal programs and measures 

• The knowledge of water related disease especially those endemic to the WFS 

catchment 

5.1.1 Provision of portable water by the Municipalities 

The distribution of residents relative to the perception on ability of the municipality to 

provide adequate potable water is as shown in Table 18. 
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Table 18: Municipality measures to ensure adequate potable water supplies 

Municipal effo1ts % 

Nothing 45 

Borehole 0 

Protected wells 0 

Tanks 5.6 

Other 49.4 

A staggering 45 % stated that the municipality was not doing anything. In contrast, only 5.6 

% stated they were provided with tanks. 49.4% responded that the municipality had other 

measures, for instance the municipality made them aware of pending water sho1tages so that 

they could store water in advance whilst others stated that the municipality was already 

providing them with sufficient potable water. 

From the phenomenon of IWRM, providing access to potable water requires participatioh 

from all stakeholders. The respondents were asked on how much they are contributing to 

ensure access to clean water. Table 19 shows community intervention measures within the 

WFS catchment. 

Table 19: Community Measures to ensure they access sufficient potable water 

Community measures % 

Nothing 51.9 

Reported to the chief 0.6 

Formed water committee 3.1 

Reported to municipality 18.1 

Other 11.9 

Committee and municipality 14.4 

The community also tries to intervene in different ways. Despite 51.9% doing nothing, 0.6 

have reported to the chief, while a total of 25.6% either formed a water committee or reported 

to the municipality or did both. The other measures (11 .9%) comprised of conservation and 

use of river water to augment the meager supplies. 
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5.1.2. Suitability index 

A suitability index ranging from O to 4 (very unsuitable to very suitable) based on the 

composite responses was devised and the results presented in Figure 21. This suitability index 

can be defined as a quantitative measure of perception, regarding the appropriateness of water 

for its domestic uses. It is a useful functional tool for assessment of community awareness 

and attitudes towards water quality management (Marara et al., 2011).To determine the 

perception on suitabili ty of water for domestic consumption, for all the domestic uses of 

water, the residents were asked if they thought the water was suitable for, drinking, cooking, 

bathing and laundry. 

Figure 21 presents the suitability index for domestic water use by settlement. Results show 

that the suitability index varies with settlement type where 98.75% in the formal settlements 

perceived that the water was very suitable for all the domestic uses compared to 61.25 % in 

informal settlements . Generally, the magnitude of perceived risks from tap water is very 

small (Anadu and Harding 2000) thus tap water is considered to be very safe. This explains 

the majority of formal residents perceiving their water to be very suitable relative to informal 

residents because formal settlements have access to municipal (tap) water, which they assume 

is clean and some of the informal settlements access water from the formal settlements . 

Informal settlements Formal settlements 

Figure 21: Suitabi lity index for domestic water use by settlement type 

Suitabilit y Index 

□VERY SUITABLE 
liJOUITE SUITABLE 
□SUITABLE 
■UNSUITABLE 
O VERY Ul~SUITASLE 

Only 17.5% in informal settlements perceive the water to be unsuitable since they have to usti 

water from the river for all domestic purposes. Of much interest to note were the responses 

from some residents in the informal settlement (9%) who indicated that the river water they 

were using was su itable for all domestic purposes because they had been using it for a while 
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with no visible health effects. This is in agreement with findings from a study on perceptions 

on drinking .water in Colorado where it was noted that organoleptics (taste, odour and colour) 

have a large influence on public perception of water quality compared to other factors like 

media coverage (De Franca Doria 2010). Even though there has been a lot of media coverage 

on the contamination of the WFS, the influence of these reports on WFS communities' 

perception of the water quality was very limited because to them the water looks clean, its 

taste is palatable and it does not have odour, hence suitable for domestic consumption.The 

majority of those who perceived the water unsuitable for domestic use were residents of 

Khutsong and Carleton vi lle (Figure 22). Of the total population of respondents, which can be 

evenly distributed to 25 % for each settlement,a majority of people perceived the water to be 

very suitable Bekkersdale 24%,Kagiso 22% ,Carletonville 16% and Khutsong 15%. 

Suitablity of water for domestic purposes with settlement 

VERY UNSUITABLE UNSUITABLE SUITABLE QUITE SUITABLE VERY SUITABLE 
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Figure 22: Suitability index for domestic water use by settlements 

There are several ways that water can be made safe at househo.ld level. Some of the methods 

include boi ling; where micro-organisms exposed to high temperature can be killed; fi ltering 

can eliminate some microbes as well as removing suspended so lids. The study revealed that 

about 91.3% of the respondents do not pre-treat their water for drinking) and cooking 

(95.6%). However, only 3.1 % reported pre-treating their water by boiling before drinking 

and cooking, whilst 1.3% leaves the water for cooking to settle compared to 3.8% for 

drinking water (Figure 23). 
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Boil Filter Use a cloth Settling None 

Pre-treatment methods 

Pre-treatment methods for drinking and cooking water 

5.1.3. Effectiveness index 

■ Cook ing 

• Drink ing 

To determine the perception on effectiveness of municipal efforts, a composite measure 

termed the effectiveness index was devised based on responses to suffic iency and efficiency 

of municipal measures. An effectiveness index is a quantitative measure of perception 

regarding the sufficiency and adequacy of municipal intervention methods during periods of 

water scarcity and events of poor water quality (Marara et al., 2011). This is a functional tool 

for determining municipal programs on water demand management as well as integrated 

water resources management. The effectiveness index ranges from 0 to 2 (ineffective to very 

effective). The results are presented in Table 20. 

Table 20: Effectiveness index: Water shortages and water quality 

Variable Response Effectiveness Index 

Ineffective(%) Effective(%) Very effective(%) 

Water shortage Yes 30.6 2.5 18 .1 

No 5.6 1.3 41.9 

Water quality Yes 22.5 1.3 6.9 

No 13 .8 2.5 53 . l 

Results show that majority of the respondents perceive the intervention as very effective and 

this constituted 41.9% who had no problems of water shortages and 53 .1 % who had no 

problems of water quality. In contrast, 43.1 % felt that municipal efforts were ineffective, and 

they largely comprised those with problems of water shortages (30.6%) as well as water 



quality (22.5%) suggesting possible associations between water quality and water shortage 

problems with perception on effectiveness. 

Using Pearson 's Chi-Squared test, the relationship between perception on effectiveness of 

municipal efforts and the existence of water quality problems was computed. Results from 

the test revealed an association (r= 0.43, p<0.00 1) between perception on effectiveness of 

municipal intervention and the existence of water quality problems. This impl ies that the 

higher the existence of water quality problems, the higher the probability that residents would 

think the municipality efforts is ineffective. 

Another assoc iation was also found between effectiveness of municipal intervention and the 

occurrences of water shortages (r=0.46, p<0.001 ). From these results, it can be concluded 

that, communities' perception on effectiveness is determined by availability of water as well 

as the quality of the water. Perception on effectiveness of municipal intervention increases 

with availability of water. 
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Figure 24: 

5.1.4. Disease awareness index 

no awareness poor awareness Slight awareness Slightly moderate Moderate Considerable High awareness 
awareness awareness awareness 

Disease awareness index 

Disease awareness index 

All the respondents were well aware of the importance of water quality in general regardless 

of their level of education, existence of health education, and settlement type. An index was 

created based on their knowledge of water quali ty diseases to determine the various degrees 

of awareness. The results are illustrated in Figure 24. 
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The disease awareness index almost follows a normal distribution. The frequency of 

awareness increases with increasing awareness and reaches a peak where 33.13% are slightly 

aware of water quality diseases, the frequency then decreases with increasing disease 

awareness (moderate- considerable). 

There was generally some awareness of diseases related to water quality. A significant 

proportion of those who were aware come from the respondents (58.7%) who stated that they 

did not have any health education given to them compared to 33 .l % who were aware but had 

some health education (Table 21). 

Table2 1: Disease awareness index and health education 

Disease awareness index 

No awareness 
Poor awareness 

Slight awareness 
Slightly moderate awareness 
Moderate awareness 
Considerable awareness 
High awareness 

Health Education 
Yes(%) 
0 
1.3 
12.5 
8.1 
2.5 
2.5 
7.5 

No(%) 
0.6 
6.3 
20.6 
15 .6 
5.6 
1.9 
15 

It was important to ask respondents' prevalence of water quality related diseases in the area. 

The survey revealed that people in the area suffer from a number of diseases including 

diarrhoea, skin cancer and kidney damage as the three most serious diseases (Table 22). 

However, 16% of the respondents indicated other diseases such as HIV, TB and cow worms 

as endemic in the area. This conforms to the findings by Stach (2008) who stated that areas, 

for example, Carletonville are HIV 'havens". 

Table 22: Endem ic water quality diseases 

Diseases 
Cholera 
Diarrhoea 
Skin cancer /rushes 
Kidney damage 
Lung cancer bladder problem 
bladder problem 
Other 
Don't know 
None of the above 

% 
9 
27 
16 , r 
14 
8 
2 
16(HIV, TB and cow worms) 
48 
3 
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Figure 25 shows the distribution of respondents according to the diseases suffered. A 

significant 46% of the respondents stated that they had not suffered any water related 

diseases, 29% had suffered from skin cancers, fo llowed by pigmentation changes that 

recorded (12%) and kidney problems 9%.0ther forms of cancer recorded on ly 1 %. 
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Figure 25: Water quality related diseases suffered by interviewees 

5.2. Municipality survey 

None 

The results of thi s survey are presented in two main categories; the water sources and uses 

and the water institution for all the three munic ipalities; Merafong (Carletonville and 

Khutsong), Westonaria (Bekkersdal) and Mogale (Kagiso, Krugersdop, Rietvallei). 

5.2.1. Water sources and uses 

Across all the municipalities in the scope of the study, the main water source is the Rand 

water board . In Merafong the other main water source are boreholes and in Mogale the other 

main water source are rivers and dams. Water from the Rand water board goes into the main 

distribution network of all the three municipalities and is used for domestic purposes such as 

cooking, drinking, bathing and laundry and even recreational activities in the case of 

swimming pools. 

In the case of rivers and dams, the water is used specifically for agricultural purposes; 

although some municipalities in particular Merafong and Westonaria acknowledge that their 

residents resort to river water and use it fo r bathing and laundry. In municipalities like 



Merafong and Mogale there are small scale farmers who have been given pieces of land and 

are without water and have to rely on the river water for their agricultural activities . 

Table 23: Average consumption per household /day 

Merafong Westonaria Mogale 

25-501 25-501 2501 

In Mogale daily average water consumption per household is 250L whilst for Merafong and 

Westonaria its 25-50L (Table 23).Water shortages occur in all the municipalities except for 

Westonaria. To augment the supplies in the households, for Mogale city they have boreholes 

draining the Zuuberkom dolomitic compartment. They also have reservoirs which are 

connected to the bulk water distribution network. In Merafong, they have Jojo tanks, which . 

are storage tanks with a tap outlet, where the municipality refills with water for domestic use 

by the community. In the cases of serious shortages, the Merafong Municipality sends water 

trucks to the communities. The alternatives are mainly used for domestic purposes. In 

Westonaria, the municipality has set up communal water kiosks for the informal settlements 

which are found next to Donaldson Dam (Figure 1). 

5.2.4 Mine survey 

From the interview with the mining environmental representative of a Gold mine m 

Carletonville, it was noted that the main by-products of the gold extraction processes include 

uranium, mercury and cyanide and SOx. The major environmental impacts are air, water and 

land pollution. This mine confirmed that they discharge process water into the WFS River, 

but they reuse and recycle it in their process before discharging. The mine also monitors the 

effluent within a 10km radius from the tailings dams and they do routine water quality tests 

monthly. As per the MMA they have a mine closure plan, where they have committed to 

rehabilitation and remediation of the environmental impacts arising from the gold extraction 

processes for example in terms of acid mine drainage, they have constructed wetlands, and , 

they are working with geochemists towards the use of a special form of clay which traps . 

heavy metals. The mine has formed a network with Non-governmental organizations and 
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environmental activist groups in the area to provide a platform for them to coordinate 

programs towards bui lding and cleaning up the environment. 

5.2.3 Water quality monitoring 

Table 24: Water quality monitoring initiatives 

Municipality Monitoring of Polluter Pays Discharge Municipal Other 

water quality Principle Permits bye laws 

Merafong ✓ ✓ Blue Drop 

Westonaria ✓ ✓ ✓ Blue Drop 

Mogale ✓ ✓ ✓ ✓ Blue Drop 

Across all the municipalities in the scope of the study, there is monitoring of water quality, in 

rivers, and all the water sources (Table 24). The concept of the polluter pays principle (PPP), 

is only adopted in the Mogale municipality, because they enforce what they call an industrial 

levy, whereas in the other municipalities, they stated that since DWAF is in charge of all the 

water resources, they had no contro l of pollution in the public water ways (river courses).The 

Blue drop System measures and compares results of the perfomance of Water Services 

Authorities and Providers according to minimum standards stipulated in the assessment 

process. 

Table 25: Water quality and compliance 

Municipality Water quality status Compliance status 

Merafong Poor Non compliance 

Westonaria Average Average compliance 

Mogale Below average Non compliance 

In Mogale, there is non-compliance (Table 25) and this is attributed to uncontrolled and 

untreated run off from slimes dams, derelict sand dumps, waste rock dumps which end up in 

the WFS. Eroded slime material silt up wetlands and water courses. In Merafong, the same 

issue of mines discharging into water ways is also contributing to the non-compliance, 

abattoirs in the municipalities were also implicated as culprits, dumping waste into the WFS. 

Thus in municipalities like Westonaria and Mogale have implemented the programs like 
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Integrated Water Resources Management (IWRM) and Water Demand Management (WDM) 

(Table 26). 

Table 26: Resources management programs in the WFS 

Programs MERAFONG MOGALE WESTON ARIA 

IWRM ✓ 
WDM ✓ ✓ 

5.2.4. Stakeholder participation 

Stakeholders involved in the above mentioned programs (Table 24) especially the integrated 

water resources management include Depaitment of Water affairs and Forestry, 

environmental activist groups, the Rand Water Board, Non-governmental organizations, 

government departments for example West Rand District Municipality(WRDM )and Gauteng 

Department of Agriculture and Rural Development (GDARD). In Mogale city, they raised 

the concern that the participation of stakeholders was minimal. The Merafong Municipality 

stated that they coordinated with mines to create programs of surface and ground water. 

5.3. Water institution lL.;~RyJ 
The following section is a comprehensive discussion on the policies, statutes and government 

publications on water management in South Africa. In this discussion, focus is on the 

weaknesses and grey areas in the policies and their implementation and the consequences 

thereof to communities like the Wonderfonteinspruit. 

5.3.1. Vulnerabilities in the Policies and implementation 

Despite the redrafting of legislation on water, waste management, and mine, many of the 

changes have not been successfully implemented (Adler et al., 2007). Adler et al. , (2007) 

stated that the reasons for non- implementation are the lack of specificity in the legislation 

and conflicts between the departments due to the duplication of responsibilities amongst other 

things. In agreement Godfrey, (2007) states that fragmentation and overlapping or vaguely 

defined roles and responsibilities regarding waste management are characteristic of the 

United States of America as well as South Africa. For example, mineral residue is not 

classified as waste and is considered a potential future source of minerals (Godfrey, 2007).In 

a study on the SADC region, assessing environmental sustainability in water resources 
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management it was discovered that although water was utilized by many sectors the 

legislation was compartmentalized (Hirji and lbrekk, 2001) .This leads to the lack of 

coordination between the various sectors. 

Furthermore, Hirji et al., 2002 noted that the lack of clear definition of environmental 

sustainability criteria for water management has led to limitations in integrating the criteria 

into the decision making process. For example it is ironic that mineral residues are not 

considered as waste. This is because according to statistics given out by DWAF 2001, which 

stated that South Africa produces waste mounting up to 533 million tons yearly, it was noted 

that 87.7% of this waste is actually mineral waste of which 47% comes from gold mining 

activities like those in the WFS catchment. The government should have prioritized mineral 

waste and residue in its policy framework and thus incorporated it in its NWRS. 

Strydom (2007) indicated that despite waste management facilities in South Africa being 

internationally acclaimed, waste management is still currently afforded a low priority within 

all spheres of government, resulting in failing waste management services that negatively 

affect human health. For example, in a study on policy reform trends in 11 countries South 

Africa included (Saleth and Dinar 2000),it was noted that one of the best practices 

incorporated as a strategy in the Brazil institution is the prioritization of regions and sectors 

relative to their susceptibility to water quality and quantity problems (Saleth and Dinar 2000). 

In other words, for South Africa, the catchments facing the most serious problems of 

contamination are prioritized and the stakeholders are targeted to work with government in 

reducing or alleviating this issue. 

In the case of the WFS catchment where there is generation of radionuclides and yet the 

Hazardous Substances and Articles Act does not encompass radioactive waste. The 

radionuclide contamination is reduced to a trivial issue yet radionuclides have significant 

environmental and public health implications (Busby and Schnug 2007; Raabe 2010; Stephen 

2009). Government notably continues to be reactive in dealing with environmental issues. For 

example, in terms of water pollution, Adler et al., 2007, concluded by citing the Polluter Pays 

Principle adopted in the NWA and the carrying out of EIAs as prescribed by the NEMA 

whereby companies are supposed to pay for the contamination arising from their activities. 

However, there have been arguments as to whether this is effective (Kamen, 2011, European 

Commission report 2009). Compared to the environmental costs in terms of contamination as 

well as rehabilitation, the fines are insignificant such many governments are looking for other 
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forms of economic instruments like environmental taxes to contribute to the clean-up 

(Fullerton 2009). 

In the NEM (WA), there is no emphasis on waste minimization initiatives but it allows 

uninhibited waste production and primarily focus on treatment and disposal of waste. This is 

due to the ignorance on the part of waste generators and shortcomings in the current 

legislative and regulatory framework. However, the attitude of industry is beginning to 

change, because waste management is now costly and there are regulations that are more 

stringent (De Bakker et al., 2005). The same cannot be said of local government, who are the 

custodians of the policies on the ground. 

Despite the above-mentioned vulnerabilities in the policies, the water law in South Africa has 

been labelled as most comprehensive in the world (Schreiner &Van Koppen 2002). De 

Coning (2006) reaffirmed that there exists valuable experience in terms of water policy 

process in South Africa, although there are no clear-cut indicators to determine the 

effectiveness of the current institutions. Although the constitution and water principles and 

subsequently the NWA all emphasize the need for conservation of water quality and the 

mechanisms to determine trends and the status of water quality, there is still a lot to be done 

regarding water management at the grassroots level. CMAs for instance, despite several of 

them being established only two are fully functional that is, the lnkomati and Breede­

Overberg agencies (Segal 2009). This leads to one question: are the institutions able to 

measure up in terms of implementation to the framework? The NEM (WA) currently has no 

follow up strategic plan for implementation purposes. 

Walmsley et al., 2001 studied the indicators of sustainable catchment development and 

catchment management and they defined these indicators to be ideal means by which 

progress towards a goal (in this case integrated water resources management) can be 

monitored. Water quality trends is evidently one of the indicators that come amongst others 

such as ecosystem health, water use and availability, waste produced and the level of 

compliance. Since these indicators are directly reflective of the policies and administration 

they can be used to assess the effectiveness of the implementation of the water, waste and 

mine closure law in the WFS catchment. 
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5.3.2. Inference to the study area 

Compared against the sustainable development indicators, the levels of mineral waste being 

produced in the catchment are evidently high (Winde 2012).More than 6 billion tons of 

tailings have been reported for the Witwatersrand basin ever since the commencement of 

gold mining activities (Janisch, 1986, Robb and Robb 1998a, b) . Nevertheless, the level of 

compliance is very low and there is poor water quality since many points along the course of 

the WFS River have been found to exceed the maximum permissible limit for heavy metals 

and radionuclides (Winde, 2006; Coetzee, 2006).The ecosystem health in particular for 

inhabitants in this catchment is evidently at risk especially for informal settlements, which 

lack access to potable water (Marara, et.al 2011). Several health effects are documented 

arising from ingestion of drinking water contaminated with heavy metals and radionuclides, 

which are rife in this catchment. 

In addition, the problem of water pollution from mine waste has not been prioritised in the 

government's mandate. The ISO 14001 environmental management system should be made 

mandatory for mining companies so that there is commitment on their part as well as 

identification and continuous monitoring and mitigation of environmental impacts. 
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There is a need for po licy makers in the waste, water and mining sectors to come together and 

work towards common ground which is water quality management and the alleviation of the 

problem in their different capacities. 

Contemporary literature has many models which aim at explaining the water institution and 

the linkages within the institution thereof .Deriving from current literature and results of the 

review, a model was created (Figure 26) in an effort to portray the concept of the water 

institution not existing in isolation, this model proposes that in order to achieve the optimal 

implementation of the water institution there should be cu lture of inter collaboration between 

water and other related institutions. 

The fact that this model is a web illustrates the interconnectedness of the various components 

with the water, mine and waste sectors. Symbiotic relationships can be identified, which can 

only be sustained if the three main sectors were working together as a unit. It can be derived 

that since the water sector does not exist in isolation, management of the water resources 

shou ld be approached the in the same manner if the optimal goal of water resources is to be 
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achieved .Thus the model calls for integration of the framework on water waste and mine 

management for instance a white paper on integrated water, waste and mine management. 

The success of optimal water resources management largely relies on a balance between the 

various sectors whereby, if there is any weakness along the web, the goal cannot be achieved. 

Conclusion 

It can be concluded that although the policies exist, the content and the implementation is not 

as effective, it is lagging as evident from the situation in the WFS catchment. It is clear that 

there is fragmentation between departments as well as duplication of roles, thus resulting in 

the poor implementation of the water institutions. There is a need for the clear-cut definition 

of roles and responsibilities at each level and for each sector. Public perceptions have a 

bearing on and are indicative of the extent to which the institutional set up for water resources 

in the catchment is being implemented. From the measures devised in the study, the 

suitability, effectiveness and disease awareness indices, it can be concluded that based on 

community perceptions the institutional set up for water resources management is not 

effective, there is need for the municipal authorities and other stakeholders to be proactive 

and to engage the community and also to devise educational programmes related to water 

quality management and health related issues. 
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CHAPTER6 

6. CONCLUSION AND RECOMMENDATIONS 

This final chapter summarizes the main research findings study, by highlighting and giving 

an overview of the significant outcomes emanating from this research. Furthermore, it details 

the implications of these findings and thus provides suggestions and recommendations for 

future research to advance water quality provision for communities within mining areas. 

6.1. Conclusion 

The main water sources in the catchment are tap and river water. Findings revealed that there 

is significant use of river water from the WFS for domestic consumption, as either an 

alternative or a main water source. The informal settlements lack piped water systems as well 

as communal water outlets thus there is significant use of the WFS stream water for domestic 

consumption either as a main water source or as an alternative. The quality of water from the 

informal water sources is not in compliance with the SANS 241 and WHO 2011 for As and U 

and as such, informal settlements of Carletonville, Bekkersdal and Khutsong are at risk of 

serious health problems. Due to these problems of water shortages and poor water quality, 

communities have lost confidence in the local government, which might deter them from 

getting involved in water resources management programs. These findings not only provide a 

· baseline for a long-term epidemiological survey to assess health impacts arising from mining 

activities in the catchment but also suggest policy implications in the area of water resources 

management, service delivery and waste management in particular the operational aspect of 

the water institution. 

Although South African environmental institution in particular the water and other related 

institutions are perceived to be the best in the world, it is vulnerable because of its lack of 

clarity as well as duplication of responsibilities. In addition, policy implementation is 

lagging. It is clear that there is fragmentation between departments as well as duplication of 

roles at play, consequently, the poor implementation of the water institutions. There is a need 

for a clear definition of roles and responsibilities at each level and for each sector. The 

problem of water pollution from mine waste is clearly not a priority in the government's 

mandate. The ISO 14001 environmental management system should be made mandatory for 

mining companies so that there is commitment on their part as well as identification and 

continuous monitoring and mitigation of environmental impacts. Although the current 
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situation in the catchment is because of the government's associative rather than regulatory 

role - a repetition of the prior government's mistakes is in order, because there is a continued 

reactive approach rather than a precautionary strategy by the current government. 

6.2. Recommendations 

The study has shown that the condition of water resources in the Wonderfonteinspruit 

catchment, South Africa, has been affected adversely by mining activities over the past 

century. The following recommendations are drawn. 

• Supply of potable drinking water for the informal settlements in the WFS catchment 

should be improved. 

• The Wonderfonteinspruit catchment municipalities should initiate and implement 

programs on environmental education to conscientize the communities on aspects 

regarding water resources management as well as environmental health, so as to 

enable these communities to participate, contribute and adopt a culture of 

proactiveness regarding environmental issues. 

• There should be development of indicator guidelines for the water sector for the 

purposes of monitoring, self-evaluation and continuous improvement. 

• A further inquiry into the health risks arising from the consumption of the water 

should be done in the form of a cohort study going back to determine the extent of 

damage that has emanated as a result of consuming the WFS waters. 

• To achieve the optimal implementation of the water institution there should be cu lture 

of inter-collaboration between water and other related institutions. There is a need for 

policy makers in the waste, water and mining sectors to come together and work 

towards common ground which is water quality management and work towards the 

alleviation of the problem in their different capacities as illustrated in Figure 27. 

Page 91 



REFERENCES 

ABBASI, S., ABBASI, N. & SONI, R. 1998. Heavy metal in the environment. 1st ed. New 

Delhi, India: Mital publication. 

ADLER, R. & RASCHER, J. 2007. A strategy for the management of acid mine drainage 

from gold mines in Gauteng. Contract report for Thutuka (pty) ltd.submitted by the water 

resource governance systems research group, CSJR: Pretoria.report 

no.CSIRINRE/PWIER/2007/0053/C,. 

ADLER, R.A., CLAASSEN, M., GODFREY, L. & TURTON, A.R. 2007. Water, mining and 

waste: An historical and economic perspective on conflict management in South Africa. The 
economics of peace and security journal, 2(2): 32-41. 

AHMAD, T., KAHLOWN, M., TAHIR, A. & RASHID, H. 2004. Arsenic an emerging issue: 

Experiences from Pakistan. (In Anon. 30th WEDC international conference, Vientiane, Lao 

AHMET, D., FEVZI, Y.A., TUNA, L., NEDIM, 0. 2006. Heavy metals in water, sediment 

and tissues of Leuciscus cephalous from a stream in south western Turkey .Chemosphere 63 
(2006):1451-1458 

AHSAN, H., CHEN, Y., PARVEZ, F., ZABLOTSKA, L., ARGOS, M., HUSSAIN, I., 
MOMOTAJ, H., LEVY, D., CHENG, Z. & SLAVKOVICH, V. 2006. Arsenic exposure from 

drinking water and risk of premalignant skin lesions in Bangladesh: Baseline results from the 

health effects of arsenic longitudinal study. American journal of epidemiology, 163(1 2): 1138-
1148. 

AJEAGAH, G., CIOROI, M., PRAISLER, M., CONSTANTIN, 0., PALELA, M. & 

BAHRIM, G. 2012. Bacteriological and environmental characterisation of the water quality 

in the Danube river basin in the Galati area of Romania. African journal of microbiology 
research, 6(2):292-301. 

AKCIL, A. & KOLDAS, S. 2006. Acid mine drainage (AMD) : Causes, treatment and case 

studies. Journal of cleaner production, 14(12):1139-1145. 

ALCOCK, N.W. 1996.Trace elements: Cadmium. In: Kaplan, L.A., Pesce, A.J., (eds), 1996. 
Clinical Chemistry: Theory, Analysis and Correlation. 3rd ed. St. Louis: Mosby.pp 755 

AMAKOM, C. & JIBIRI, N. 2010. Chemical and radiological risk assessment of uranium in 
borehole and well waters in the Odeda area, Ogun state, Nigeria. International Journal of 
physical science, 5(7): 1009-1014. 

ANADU, E.C. & HARDING, A.K. 2000. Risk perception and bottled water use. Journal 
American water works association, 92(11 ):82-92. 

-'-~'l NWU·. 
lueRARY_ 

Page 92 



ANDERSON, J.L. , DANIELS, R.D., FLEMING, D.A. & TSENG, C. 2012. Exposure 
assessment for a cohort of workers at a former uranium processing facility. Journal of 
exposure science and environmental epidemiology, 22(2012):324-330. 

ARAIN, M., KAZI, T., JAMAL!, M., JALBANI, N., AFRIDI, H. & SHAH, A. 2008. Total 
dissolved and bioavailable elements in water and sediment samples and their accumulation in 

<i>Oreochromis mossambicus</i> of polluted Manchar lake. Chemosphere, 70(10):1845-

1856. 

ASHTON, P. & BHAGWAN, J. 2001. Guidelines for the appropriate management of urban 

runoff in South Africa: Integrated report. Report no.TT155/0l.Water research comm ission, 

Pretoria. 

AU, W.W., WILKINSON, G.S., TYRING, S.K., LEGATOR, M.S., EL ZEIN, R., 

HALLBERG, L. & I-IEO, M.Y. 1996.Monitoring populations for DNA repair deficiency and 

for cancer susceptibility. Environmental health perspectives, 104(3):579. 

BACKEBERG, G.R. 2005. Water institutional reforms in South Africa. Water policy, 

7(1):107-123. 

BAMBERGER, M. ed . 2000. Opportunities and challenges for integrating quantitative and. 

qualitative research. In : Bamberger, M ., 2000. Integrating quantitative and. Integrating · 
quantitative and qualitative research in development projects: Directions in Development 
Series. Washington, DC: The World Bank.pp3-36. 

BANKS, D., BURKE, S.P. & GRAY, C.G. 1997.Hydrogeochemistry of coal mine drainage 

and other ferruginous waters . in North Derbyshire and South Yorkshire, UK. Quarterly 
journal of engineering geology and hydro geology, 30(3):257-280. 

BANKS, D., YOUNGER, P.L., ARNESEN, R.T., IVERSEN, E.R. & BANKS, S.B. 1997. 

Mine-water chemistry: The good, the bad and the ugly. Environmental geology, 32(3): 157-

174. 

BARCELOUX, D.G. & BARCELOUX, D. 1999.Cobalt.Clinical toxicology, 37(2):201-216. 

BARWICK, R.S. , LEVY, D.A., CRAUN, G.F., BEACH, M.J. & CALDERON, R.L. 

2000.Surveillance for waterborne-disease outbreaks- United States, 1997-1998.CDC 

surveillance summaries, 491-35. 

BEBBINGTON, A. & WILLIAMS, M. 2008. Water and mining conflicts in peru . Mo untain 

research and development, 28(3):190-195. 

BEGUM, A., RAMAIAH, M., HARIKRISHINA, M., KHAN, I. &VEENA, K. 2009.Heavy 

metal pollution and chemical profile of the Cauvery river water. E-Journal of 
Chemistry,6(1):47-52. 

Page 93 



BELLINGER, D.C., STILES, K.M. & NEEDLEMAN, H.L. 1992. Low-level lead exposure, 

intelligence and academic achievement: A long-term follow-up study. Pediatrics, 90(6):85 5-

861. 

BENDER, D.A. & BENDER, A.E.eds. 1997. Mineral nutrition: Cadmium. In : Nutrition: A 

Reference Handbook. 1st ed. New York: Oxford University Press, pp 410. 

BERKOWITZ, B., DROR, I. & Y ARON, B. 2008. Contaminant geochemistry: Interactions 

and transport in the subsurface environment. New York: Springer. 

BHUIYAN, M.A.H., ISLAM, M., DAMPARE, S.B., PARVEZ, L. & SUZUKI, S. 201 0. 

Evaluation of hazardous metal pollution in irrigation and drinking water systems in the 

vicinity of a coal mine area of North Western Bangladesh. Journal of hazardous materials, 

179(1):1065-1077. 

BIDYUT, R.M., ORLANDO, D., GOULD, D.W. & DAVID, W.K. 2010. Biochemical and 

genomic facets on the dissimilatory reduction of radionuclides by microorganisms-A review. 

Minerals Engineering, 23 (8):591-599. 

BLOWES, D. & PTACEK, C. 1994. Acid-neutralization mechanisms in inactive mine 

tailings. Environmental geochemistry of sulphide mine-wastes, 222(1994):71-292. 

BOUL T, S. 1996. Fluvial metal transport near sources of acid mine-drainage: Relationships 

of soluble, suspended and deposited metal. Mineralogical magazine, 60(399):325-336. 

BRUGGE, D. , DELEMOS, J.L. & OLDMIXON, B. 20 l l. Exposure pathways and health 

effects associated with chemical and radiological toxicity of natural uranium : A review. 

Reviews on environmental health, 20(3 ): 177-194. 

BRUINS, M.R., KAPIL, S. & OEHME, F.W. 2000.Microbial resistance to metals in the 

environment. Ecotoxicology and environmental scifety, 45(3): 198-207. 

BRUNO, J.C., LOPEZ-VILLADA, J., LETELIER, E., ROMERA, S. and CORONAS, A., 

2008. Modelling and optimisation of solar organic ranking cycle engines for reverse osmosis 

desalination. Applied Thermal Engineering, 28(17): 22 12-2226. 

BRYMAN, A. , 2012.Social research methods.4th ed. USA: Oxford university press. 

BUCHET, J., LAUWERYS, R ., ROELS, H., BERNARD, A., BRUAUX, P. , CLAEYS, F. , 

DUCOFFRE, G., DE PLAEN, P., AMERY, A. & LIJNEN, P., 1990. Renal effects of 

cadmium body burden of the general population. Lancet, 336(8717):699-702. 

BUSBY, C. & SCHNUG, E., 2007. Advanced biochemical and biophysical aspects of 

uranium contamination. In: De Kok, L.J. & Schnugg, E., ed., 2007. Loads and fate of 
fertilizer derived uranium. Leiden, Netherlands: Backhuys publishers. 

Page 94 



CAMPBELL, KM., 2009.Radionuclides in surface water and groundwater. In: Satinder, A., 

ed, 2009. Handbook of water purity and quality. I st ed.New York, USA: Elsevier Academic 

press, pp 213. 

CANTOR, KP., 1997. Drinking water and cancer. Cancer causes and control, 8(3) :292-308. 

CENSI, P., SPOTO, S.E., SAIANO, F., SPROVIERI, M., MAZZOLA, S., NARDONE, G., 

DI GERONIMO, S.I, PUNTURO, R., OTTONELLO, D. 2006. Heavy metals in coastal 

water systems. Case study from the north western Gulf of Thailand. Chemosphere 64(2006): 

1167- 1176 

CHAKRABORTI, D., RAHMAN, M.M., PAUL, K, CHOWDHURY, U.K, SENGUPTA, 

M.K, LODH, D., CHANDA, C.R., SAHA, KC. & MUKHERJEE, S.C. 2002. Arsenic 
calamity in the Indian subcontinent: What lessons have been learned? Talanta, 58(1):3-22. 

CHATTERJEE, A ., DAS, D., MANDAL, B.K, CHOWDHURY, T.R., SAMANTA, G. & 

CHAKRABORTI, D. 1995. Arsenic in ground water in six districts of West Bengal, India: 

The biggest arsenic calamity in the world. Part I: Arsenic species in drinking water and urine 

of the affected people. Analyst, 120(3):643-650. 

CHAU, N.D. & MICHALEC, B. 2009. Natural radioactivity in bottled natural spring, 

mineral and therapeutic waters in Poland. Journal of radioanalytical and nuclear chemistry, 
279(1):121- 129. 

CHEN, A., LIN, C., LU, W., WU, Y., MA, Y., LI, J. & ZHU, L. 2007. Well water 

contaminated by aci dic mine water from the Dabaoshan mine, South China: Chemistry and 
toxicity. Chemosphere, 70(2):248-255. 

CHERRY, D., CURRIE, R., SOUCEK, D., LATIMER, H. & TRENT, G. 200 1. An 

integrative assessment of a watershed impacted by abandoned mined land discharges. 

Environmental pollution, 111(3):377-388. 

CHOWDHURY, U.K, BISWAS, B.K., CHOWDHURY, T.R., SAMANTA, G., MANDAL, 

B.K, BASU, G.C., CHANDA, C.R., LODH, D., SAHA, K.C. & MUKHERJEE, S.K 2000. 

Groundwater arsenic contamination in Bangladesh and West Bengal, India. Environmental 
health perspectives, 108(5):393-397. 

COETZEE, H. 1995. Radioactivity and the leakage of radioactive waste associated with 

Witwatersrand go ld and uranium mining. In: Merkel, B.J., Hurst, S., Lohnert, E.P., & Struck 

Meier, W., eds. 1995 .Proceedings on Uranium mining and hydrogeology. Fre iberg, 
Germany: Kolo . 

COETZEE, H. , WINDE, F. & WADE, P. 2006. An assessment of sources, pathways, 

mechanisms and risks of current and potential future pollution of water and sediments in 

Page 95 



gold-mining areas of the Wonderfonteinspruit catchment: Report to the water research 

commission. Water Research Commission. 

DANAMARK.COM. 2008 . Heavy metals in drinking water. 
Available at; 
http ://www.danamark.com/Heavymetalsindrinking water/pdf( Accessed on. 1 August 20 10) 

DAVID, C.P. 2003. Establishing the impact of acid mine drainage through metal 

bioaccumulation and taxa richness of benthic insects in a tropical Asian stream. (The 

Philippines). Environmental Toxicology and Chemistry 22(2003): 2952-2959. 

DAVIES, B. & DAY, J. 1998.Vanishingwaters.l st ed.Cape town, South Africa :University 

of cape town press, pp 467. 

DAVIDSON ,C.2003.Catchment Diagnostic Framework for the Klip River catchment, Vaal 

barrage, October 1998- September 1999,Unpublished MSc Research Report . Johannesburg: 

Un ivers ity of .Witwatersrand, 

DE CONING, C. 2006. Overview of the water policy process in South Africa. Water policy, 
8(6) :5 05-528. 

DE FRAN<;::A DORIA, M. 20 10. Factors influencing public perception of drinking water 

quality. Water policy, 12(1):1-19. 

DEMCHAK, J., SKOUSEN, J. & MCDONALD, L. 2004.Longevity of ac id discharges from 

underground mines located above the regional water table. Journal of environmental quality, 
33(2):656-668. 

DEMIRAK, A., YILMAZ, F., LEVENT TUNA, A. & OZDEMIR, N. 2006. Heavy metals in 

water, sediment and tissues of <i>leuciscuscephalus</i> from a stream in southwestern 

turkey. Chemosphere, 63(9) :145 1-1458. 

DENICOLA, D.M. & STAPLETON, M .G. 2002. Impact of acid mine drainage on benthic 

communities in streams: The re lative roles of substratum vs. aqueous effects. Environmental 
pollution, 119(3) :303-3 15. 

DOGAN, M., DOGAN, A., CELEBI, C. & BARIS, Y. 2005.Geogenic arsenic and a survey 

of skin les ions in the Emet region of Kutahya, Turkey. Indoor and built environment, 
14(6):533-536. 

DEPARTMENT OF WATER AFFAIRS AND FORESTRY (DWAF), 2001.Waste 

Generation in South Africa. Water quality management series .Pretoria 

DURKIN, T.V. & HERRMANN, J.G. 1994. Focusing on the prob lem of mining wastes: An 

introduction to acid mine drainage. (In Anon . IN managing environmental problems at 

inactive and abandoned mine sites. US EPA seminar publication.1994. p. 1-3.) . 

Page 96 



EBDON, L., HILL, S.J. & RIVAS, C. 1998. Lead speciation in rainwater by isotope di lution­

high performance liquid chromatography-inductively coupled plasma-mass spectrometry. 

Spectrochimicaacta part B: Atomic spectroscopy, 53(2):289-297. 

EBY, G.A. & HALCOMB, W.W. 2006. Ineffectiveness of zinc gluconate nasal spray and 

zinc orotate lozenges in common-cold treatment: A double-blind, placebo-controlled clinical 

trial. Alternative therapies in health and medicine, 12(1):34-38. 

FALCIANI, R., NOVARO, E., MARCHESINI, M. & GUCCIARDI, M. 2000. Multi-element 

analysis of soil and sediment by ICP-MS after a microwave assisted digestion method . 

Journal of analytical atomic spectrometry, 15(5):561-565. 

FALKENMARK, M. 1989. The massive water scarcity now threatening africa: Why isn't it 

being addressed? Ambia, 18(2): 112-118. 

FOSMIRE, G.J. 1990. Zinc toxicity. The americanjournal of clinical nutrition, 51(2):225-

227. 

FULLERTON, D., ed. 2009. Distributional effects of environmental and energy policy: An 

introduction. Distributional Effects of Environmental and Energy Policy. Aldershot, UK: 

Ashgate.A vailable at; 
http ://works.bepress.com/don_fu llerton. (Accessed on 14 August 2012) 

GERMAN, D.R. , THIEX, N. & WRIGHT, C. 2008. Interpretation of water analysis for 
livestock suitability. Available at; 
http ://www.thebeefsite.com/articles/l 503/interpretation-of-water-analysis-for-livestock­
suitability (Accessed on 14 August 2012) . 

GILBERT, L., SELIKOW, T.A. & WALKER, L. 1996. Society, health, and disease: An 

introductory reader for health professionals. Johannesburg: Ravan Press. 

GILLHAM, B., 2000.Developing a questionnaire. I st ed.London:Continuum, pp 37 

GODFREY, L. 2007. Ecosystem governance and the trialogue debate: An overview of the 
trialogue relationship and the engagement along interfaces. Governance as a trialogue: 

Government-society-science in transition, 319-336. 

GRANDJEAN, P. & LANDRIGAN, P.J. 2006.Developmental neurotoxicity of industrial 

chemicals. The lancet, 368(9553):2167-2178. 

GRANDJEAN, P. & MURATA, K., 2007.Developmental arsenic neurotox icity in retrospect. 

Epidemiology, 18(1):25-26. 

GRAY, N., 1997. Environmental impact and remediation of acid mine drainage: A 
management problem. Environmental geology, 30(1):62-71. 

Page 97 



GRAY, N., 1996.Field assessment of acid mine drainage contamination m surface and 

ground water. Environmental geology, 27(4):35 8-361. 

GREGORIADOU, A., DELIDOU, K., DERMOSONOGLOU, D., TSOUMPARIS, P., 

EDIPIDI, C. & KATSOUGIANNOPOULOS, B., 2001. Heavy metal s in drinking water in 

thessaloniki area, greece. (In Anon. Proceedings of the 7th international conference on 

environmental science and technology, aristotle university, ermoupolis. 2001. 

DE BAKKER, F. G. A., GROENEWEGEN, P., DEN HOND, F., 2005 . A Bibliometric 
Analysis of 30 Years of Research and Theory on Corporate Social Responsibility and 
Corporate Social Performance. Business & Society, 44(3), 283-3 17. 

GULER, C., 2007. Evaluation of maximum contaminant levels in turkish bottled drinking 

waters utilizing parameters reported on manufacturer's labeling and government-issued 

production licenses. Journal of food composition and analysis, 20 (3):262-272. 

HAMANN, R. & O'RIORDAN, T., 2000. Resource management in south africa. South 

African geographical journal, 82 (2) :23-34. 

HANAA, M., EWEIDA, A. & FARAG, A. 2000.I-Ieavy metals in drinking water and their 
environmental impact on human health. (In Anon. International conference on environmental 
hazards mitigation, Cairo university, Egypt. 2000. p. 542-556.). 

HAQUE, R., MAZUMDER, D., SAMANTA, S., GHOSH, N., KALMAN, D., SMITH, 

M.M., MITRA, S., SANTRA, A., LAHIRI, S. & DAS, S. 2003. Arsenic in drinking water 

and skin lesions : Dose-response data from West Bengal, India. Epidemiology, 14(2): 174-182. 

TURTON , A.R.,HATTINGH, G.A., MAREE, D.J. , ROUX, M., CLASSEN AND 

STRYDOM W.F,eds 2007.Governance as a Trialogue: Government-Society-Science in 

Trans ition . Berlin :Springer-Verlag 

HEARNE, C. & BUSH, R. 1996.lnvestigation into the impact of diffuse seepage from gold 

mines in the Klerksdorp region on water quality in the Vaal river, phase 1, Report no.CED 

/011/96 for the Klerksdorp Mine Managers Association (KMMA) Johannesburg 

(Unpublished). 

HELLSTROM, L., BLINDER, C.G., DAHLBERG, B., LUNDBERG, M., JARUP, L., 

PERSSON, B. & AXELSON, 0. 2001.Cadmium exposure and end-stage renal 

disease.American j ournal of kidney diseases, 3 8(5): 1001-1008. 

HEMOND, H.F. & FECHNER-LEVY, E.J. 2000. Chemical fate and transport 111 the 
environment.2nd ed.San Diego,CA :Academic Press 

HENNER, P. 2008. Bioaccumulation of radionuclides and induced biological effects in 
situations of chronic exposure of ecosystems-a uranium case study. In: DE KOK LJ, 

Page 98 



SCHNUG E ( eds.).2008. Loads and fate of fertilizer derived uranium. Leiden, Netherlands: 

Backhuys publishers. 

HEITIARACHCHI, G.M. and PIERZYNSKJ, G.M., 2004. Soil lead bioavailability and in 

situ remediation of lead-contaminated soils: A review. Environmental Progress, 23(1): 78-93 

HIRJI, R., JOHNSON, P., MARO, P. AND MATIZA CHIUTA, T. (Eds.). 2002. Defining 
and Mainstreaming Environmental Sustainability in Water Resources Management in 
Southern Africa. ADC/IUCN/SARDC/World Bank: Maseru/Harare/Washington DC, pp. 318. 

l-IIRJI, R. & IBREKK, H.O. 2001. Environmental and water resources management. 

Environment strategy paper 2. Environment Department, World Bank: Washington DC 

HOBBS, P. & COBBING, J., 2007. Hydrogeological assessment of acid mine drainage 

impacts in the west rand basin, Gauteng province. Rep. no. CSIR/NRE/WR/ER/2007/0097/C. 

CSIR. 

HOPENHA YN-RICH, C., BROWNING, S.R., HERTZ-PICCIOITO, I., FERRECCIO, C., 

PERALTA, C. & GIBB, H. 2000.Chronic arsenic exposure and risk of infant mortality in two 

areas of Chi le. Environmental health perspectives, l 08(7):667. 

HOW ARD, G. & BARTRAM, J. 2003.Domestic water quantity, service level, and 

health.World Health Organization Geneva World Health Organisation, Geneva [24th 

September 2009] .A vai I able at; 

http:www.who.int/water _sanitation_ healtb/diseases/WSH0302.pdf(Accessed on 21 April 

201 1). 

IMPERIAL, M.T. 1999. Institutional analysis and ecosystem-based management: The 

institutional analysis and development framework. Environmental management, 24(4):449-

465 . 

IWQS (INSTITUTE FOR WATER QUALITY STUDIES OF THE DEPARTMENT OF 

WATER AFFAIRS AND FORESTRY, SOUTH AFRICA ) 1999. Report on the 

radioactivity monitoring programme in the Mooi river (Wonderfonteinspruit) catchment: 

Repo1t no. N/C200/00/RPQ/23 99. 

JACK, C.N., WANG, J. & SHRAIM, A. 2003. A global health problem caused by arsenic 

from natural sources. Chemosphere; 52(2003):1353- 1359. 

JAIN, C. & ALI, I. 2000. Arsenic: Occurrence, toxicity and speciation techniques. Water 
research, 34(17):4304-431 2. 

JANISCH, P.R. 1986. Gold in South Africa. Journal of the South African institute of mining 

and metallurgy, 86(8) :273-3 16. 

Page 99 



JARUP, L. 2003. Hazards of heavy metal contamination. British medical bulletin, 68(1 ):1 67-

182. 

JARUP, L., BERGLUND, M. , ELINDER, C.G., NORDBERG, G . & VANTER, M. 1998. 

Health effects of cadmium exposure- a rev iew of the literature and a risk estimate. 

Scandinavian journal of work, environment & health, 24 (Sup 1 ): 1-51. 

JARUP, L. , HELLSTROM, L., ALFYEN, T., CARLSSON, M.D., GRUBB, A., PERSSON, 

B., PETTERSSON, C., SPANG, G., SCHUTZ, A. & ELINDER, C.G. 2000. Low level 

exposure to cadmium and early kidney damage: The OSCAR study. Occupational and 

environmental medicine, 57(10):668-672. 

JIN, T., LU, J. & NORDBERG, M . 1998.Toxicokinetics and biochemistry of cadmium with 

special emphasis on the role of metallothionein. Neurotoxicology, 19(4-5):529. 

JOHNSON, D .B. & HALLBERG, K.B . 2005 . Acid mine drainage remediation options: A 

review. Science of the total environment, 33 8(1) :3-14 . 

JOHNSON, F. 1998. The genetic effects of envi ronmental lead. Mutation Research/Reviews 

in mutation research, 4 10(2):123- 140. 

JONES, G., BRIERLY, S., GELDENHUIS, S. & HOWARD, J. 1988. Research on the 

contribution of mine dumps to the mineral pollution load in the Vaal barrage . Water research 
commission report, 136(1):89. 

KAR, D., SUR, P ., MANDAL, S. K. , SAHA, T. & KOLE, R . K. 2008. Assessment of heavy 

metal pollution in surface water .International Journal of Environmental Science and 

Technology, 5(1): 119-124. 

KAREM, H.A. & HASSAN, A. 2000. Quality assessment of Egyptian drinking water 

supplies and disinfecting using ultraviolet radiation. Pakistan journal of biological sciences, 
3(5):772-776. 

KARIKARI, A. & ANSA-ASARE, 0. 2009.Physico-chemical and microbial water quali ty 

assessment ofDensu river of Ghana. West African journal of applied ecology, 10(1) :87-100. 

KARR, J.R. & DUDLEY, D.R. 1981. Ecological perspective on water quality goals. 

Environmental management, 5(1):55-68. 

KELLY, M. 1988. Mining and the fresh water environment. London: E lsevier Applied 

Science. 

KELLER, W. & LEVINSON, A. 2002. Pollution abatement costs and foreign direct 

investment inflows to US states. Review of economics and statistics, 84(4):691-703. 

Page 100 



KIRSCHNER, A.K.T., KA VKA, G.G., VELIMIROV, B., MACH, R.L., SOMMER, R. & 

FARNLEITNER, A.H. 2009. Microbiological water quality along the Danube river: 

Integrating data from two whole-river surveys and a transnational monitoring network. Water 

research, 43(15) :3673-3684. 

KITTO, M.E., PAREKH, P.P., TORRES, M.A. & SCHNEIDER, D. 2005. Radionuclide and 

chemical concentrations in mineral waters at Saratoga Springs, New York. Journal of 

environmental radioactivity, 80(3):327-339. 

KITULA, A. 2006. The environmental and socio-econom ic impacts of mining on local 

livelihoods in Tanzania: A case study of Geita district. Journal of cleaner production, 

14(3):405-414. 

KOBYA, Y., CEVIK, U. , DAMLA, N., KOBYA, A., TASKIN, H. & KEMER, B. 2010. 

Radiological characterization of natural spring waters in eastern black sea region, Turkey. 

Environmental forensics, 11 (1-2): 187-192. 

KOLLURU, R. 1996. Risk assessment and Management- A unified approach. In : Kolluru, 
R.V ., Bartell, S.M., P itblado, R.M. and Stricoff, R .S., (ed). Risk assessment and management 
handbook for environmental, health and safety professionals. New York: McGraw-Hill pp 
1.3-1.45. 

KO MEN, M. 2011 .Rev iew of environmental assessment & management. Avai lable at; 
http ://www.chron icl esa.co .za/index. php? option=com _ content&v i ew=category &la you t=b log 
&id=63&1temid=88 (Accessed on l 1 April 2011). 

KOVACS, M., EVANS, J. , JOHNSTONE, I. & BROWN, J. 1994.Radiation-induced 
damage, repair and exchange format ion in different chromosomes of human fibroblasts 
determined by fluorescence in situ hybridization. Radiation research, 137(1):34-43 . 

KRIEGER, K. 2005. NORM contam ination-now you see it, now you don't. Health physics, 

89(2) :20-2 1. 

KURTTIO, P., AUVINEN, A. , SALONEN, L., SAHA, I-1., PEKKANEN, J., 

MAKELA.INEN, I., V A.ISA.NEN, S.B., PENTTILA., I.M. & KOMULAINEN, H. 2002.Renal 

effects of uranium in drinking water. Environmental health perspectives, 110(4):337-342. 

KUSCH, R.C., KRONE, P.H. & CHIVERS, D.P. 2008. Chronic exposure to low 

concentrations of waterborne cadmium during embryonic and larval development results in 

the long-term hindrance of anti-predator behavior in zebra fish. Environmental toxicology 
and chemistry, 27(3) :705-710. 

LANPHEAR, B.P., DIETRICH, K., AUINGER, P. & COX, C. 2000. Cognitive deficits 

associated w ith blood lead concentrations< 10 microg/dL in US chi ldren and adolescents . 

Public health reports, 115(6):521. 

Page 101 



LAROCQUE, A.C.L. & RASMUSSEN, P.E. 1998. An overview of trace metals in the 

environment, from mobilization to remediation. Environmental geology, 33(2):85-91. 

LAUWERYS, R. & USON, D. 1994. Health risks associated with cobalt exposure- an 

overview. Science of the total environment, 150(1):1-6. 

LEGGETT, R. 1989. The behaviour and chemical toxicity of U m the kidney: A 

reassessment. Health physics, 57(3):365. 

LIEFFERINK, M. 2010.Wonderfontein Catchment Uranium Contamination. Available at; 

http ://www.environment.co.za/poisoning --carcinogens-heavy metals­
mining/wonderfonteincatchment-uranium-contamination.html. (Accessed on) 13 August 

2010 

USON, D., DE BOECK, M., VEROUGSTRAETE, V. & KIRSCH-VOLDERS, M. 200 1. 

Update on the genotoxicity and carcinogenicity of cobalt compounds. Occupational and 

environmental medicine, 5 8( 10) :619-625. 

LOCKITCH, G. 1993. Perspectives on lead toxicity. Clinical biochemist,y, 26(5):371. 

LONDON, L. , DAL VIE, M., NOWICKI, A. & CAIRN CROSS, E. 2005. Approaches for 

regulating water in South Africa for the presence of pesticides. Water SA, 31(1) :53-60. 

LOUIS, E.D., JUREWICZ, E.C., APPLEGATE, L.K., FACTOR-LITVAK, P., PARIDES, 

M., ANDREWS, L., SLAVKOVICH, V., GRAZIANO, J.H., CARROLL, S. & TODD, A. 

2003. Association between essential tremor and blood lead concentration. Environmental 

health perspectives, 11 1 (14): 1707. 

MANDAL, B.K., CHOWDHURY, T.R., SAMANTA, G., BASU, G., CHOWDHURY, P., 
CHANDA, C., LODH, D., KARAN, N., DHAR, R. & TAMIL!, D. 1996. Arsenic in 

groundwater in seven districts of west Bengal, India- the biggest arsenic calamity in the 
world . Current science. Bangalore, 70(11):976-985. 

MANDAL, B.K. & SUZUKI, K.T. 2002. Arsenic round the world: A review. Talanta, 
58(1):201-235. 

MARARA, T., PALAMULENI, L. & EBENSO, E. 2011.Access to potable drinking water in 
the Wonderfonteinspruit catchment. Journal of Social Sciences, 29(1):73-79. 

MARSDEN, D. 1986. The current limited impact of Witwatersrand gold mine residues on 

water pollution in the Vaal river system. Journal of the South African institute of mining and 
metallurgy, 86:481-504. 

MARSHNER, H. 1995. Mineral nutrition of higher plants. London, UK: Academic press ltd, 
pp125-126. 

Page 102 



MASSOUD, M.A., AL-ABADY, A., JURDI, M. & NUW A YI-IID, I. 2010. The challenges of 

sustainable access to safe drinking water in rural areas of developing countries: Case of 
Zawtar El-Charkieh, southern Lebanon. Journal of environmental health, 72(10):24-30. 

MAZUMDER, D.N.G.,HAQUE, R. , GHOSH, N ., BINA Y, K.D., SANTRA, A., 

CHAKRABORTI, D. & SMITH, A.H. 2000. Arsenic in drinking water and the prevalence of 

respiratory effects in West Bengal, India. International journal of epidemiology, 29(6) :1047-

1052. 

MCCARTHY, T. & VENTER, J. 2006. Increasing pollution levels on the Witwatersrand 

recorded in the peat deposits of the Klip river wetland. South African journal of science, 

102(1):27-34. 

MEBRAHTU, G. & ZERABRUK, S. 20 11. Concentration and health implication of heavy 

metals in drinking water from urban areas ofTigray region, northern Ethiopia. Momona 

Ethiopian journal of science, 3(1):105-12 1. 

MERAFONG CITY ANNUAL REPORT 2008 .www.merafong .gov.za/data files/.fi!e/id 

preview Accessed 30 November 2010 

MIDGLEY, D., PITMAN, W. & MIDDLETON, B. 1994. The surface water resources of 

south africa 1990. Volumes 1 -6. Report numbers 298/1.1/94 to 298/6.1/94 (text) and 

298/1 .2/94 to 298/6.2/94 (maps). Water research commission, Pretoria, . 

MILLER, G.G., SWEET, L.I., ADAMS, J.V., OMANN, G.M., PASSINO-READER, D.R. & 

MEIER, P.G. 2002.<i> in vitro</i> toxicity and interactions of environmental contaminants 

(arochlor 1254 and mercury) and immunomodulatory agents (lipopolysaccharide and 

cortiso l) on thymocytes from lake trout ( <i>salvelinusnamaycush</i> ).Fish & shellfish 

immunology, 13(1):11-26. 

MOLDEN, D. & MERREY, D. 2002. Managing water from farmers ' fields to river basins: 

Implications of scale. Hydro politics in the developing world: A Southern African perspective, 

141 -155. 

MOODY, R. & PANOS, S.P. 1997. Environmental assessment of mining projects. 
http ://www.worldbank.org/mining.xlsO 

MUGICA, V., MAUBERT, M., TORRES, M., MUNOZ, J. & RICO, E. 2002 . Temporal and 

spatial variations of metal content in TSP and PMl0 in mexico city during 1996- 1998. 
Journal of aerosol science, 33(1):9 1-102. 

MUKHERJEE, S.C., SAHA, K.C., PATI, S., DUTTA, R.N., RAHMAN, M.M., 
SENGUPTA, M.K., AHAMED, S., LODH, D., DAS, B. & HOSSAIN, M.A. 2005. 

Murshidabad-one of the nine groundwater arsenic-affected districts of west bengal, india. part 
II: Dermatological, neurological, and obstetric findings. Clinical toxicology, 43(7) :835-848. 

Page 103 



NAICKER, K., CUKROWSKA, E. & MCCARTHY, T. 2003. Acid mine drainage arising 

from gold mining activity in Johannesburg, South Africa and environs. Environmental 

pollution, 122(1):29-40. 

NALEDI (NATIONAL LABOUR & ECONOMIC DEVELOPMENT INSTITUTE) .2004. 

Highlights of Current labour Market Conditions in South Africa. Johannesburg.Available at: 

http ://www.GlobalPolicyNetwork.org.(Accessed on 13 July 2011) 

NNR (NATIONAL NUCLEAR REGULATOR STATUS REPORT). 2005. The actions 

arising from the study of radiological contamination in the Wonderfonteinspruit catchment 

area. 

NSER (NATIONAL STATE OF THE ENVIRONMENT REPORT), SOUTH AFRICA, 

1999. Fresh water system and resources. Available at: 

http://www.ngo.grida.no/soesa/nsoer/issues/water/refer.htm (Accessed 15J uly 2010). 

NEVONDO, T. & CLOETE, T.E. 1999.Bacterial and chemical quality of water supply in the 

Dertig village settlement. Water SA 25(2):215-220. 

NG, J.C. , WANG, J. & SHRAIM, A. 2003.A global health problem caused by arsenic from 
natural sources. Chemosphere, 52(9):1353-1359. 

NORDBERG, G. 1994. Assessment of risks in occupational cobalt exposures. Science of the 
total environment, 150(1):201-207. 

NORDSTROM, D.K., ALPERS, C.N., PTACEK, CJ. & BLOWES, D.W. 2000. Negative 

pH and extremely acidic mine waters from iron mountain, California. Environmental science 

& technology, 34(2):254-258. /4 /v 
NORDSTROM, D. & ALPERS, C. 1999. Geochemistry of acid mine waters. The (Je~(/ / 
environmental geochemistry of mineral deposits. Reviews in economic geology Jl~ 
, 96(1999): 3455- 3462. -

NORONHA, L. 2001. Designing tools to track health and well-being in mining regions of 

India. Natural Resource Forum .25(2001) :53-65 . 

NORTH WEST ENVIRONMENTAL OUTLOOK REPORT 2008. A report on the state of 

the environment. Available at; 

http:\\ www.nwpg.gov.za/Agriculture/NWENVIRONMENTAL_OUTLOOK. (Accessed 14 

July 2010). 

NTENGWE, F. & MASEKA, K. 2006. The impact of effluents containing zinc and nickel 

metals on stream and river water bodies: The case of Chambishi and Mwambashi streams in 
Zambia. Physics and chemistry of the earth, parts A/EiC, 31 (15):814-820. 

Page 104 



OELOFSE, S., HOBBS, P., RASCHER, J. & COBBING, J. 2007. The pollution and 

destruction threat of gold mining waste on the Witwatersrand: A west rand case study. (In 

Anon. 10th international Symposium on Environmental Issues and Waste Management In 

Energy and Mineral Production (SWEMP, 2007), Bangkok.2007. p. 11-13.). 

OPPERMAN, I. 2009. The remediation of surface water contamination: Wonderfonteinspruit 

. MSc dissertation UNISA pp30. 

OREBIYI, E., AWOMESO, J., IDOWU, 0 ., MARTINS, 0., OGUNTOKE, 0 . & TAIWO, 
A. 20 10. Assessment of pollution hazards of shallow well water in abeokuta and environs, 

southwest, Nigeria. American journal of environmental sciences, 6(1):50-56. 

PETERSON, R.K.D. & HULTING, A.G. 2004. A comparative ecological risk assessment for 

herbicides used on spring wheat: The effect of glyphosate when used within a glyphosate­

tolerant wheat system. Weed science, 52(5):834-844. 

PINNEY, S.M., FREYBERG, R.W., LEVINE, G.H., BRANNEN, D.E., MARK, L.S., 

NASUTA, J.M., TEBBE, C.D., BUCKHOLZ, J.M. & WONES, R. 2003. Health effects in 

community residents near a uranium plant at Fernald, Ohio, USA. International journal of 

occupational medicine and environmental health, 16(2): 139-153. 

PINTO, M., SILVA, M. & NEIV A, A. 2004. Pollution of water and stream sediments 

associated with the vale de Abrutiga uranium mine, central Portugal. Mine water and the 

environment, 23(2):66-75 . 

PULLES, W., BANISTER, S. & VAN BILJON, M. 2005. The development of appropriate 
procedures towards and after closure of underground gold mines from a water management 

perspective: Report to the water research commission. Water Research Commission ( WRC ) 
report no 1215/1/05 

PRETORIUS, E. & DE VILLIERS, G.D.U.T. 2002. The impact of informal living 

conditions on water quality in the Bloemfontein municipality. South African Geographical 
journal, 84(2): 199-207. 

RAABE, O.G. 201 0.Concerning the health effects of internally deposited radionuclides. 
Health physics, 98(3):515. 

RAJAPPA, B., MANJAPPA, S. & PUTTAIAH, E. 2010. Monitoring of heavy metal 

concentration in groundwater of Hakinakataluk, India. Contemporary engineering sciences, 

3(4):183-190. 

RANA, S. 2006. Environmental pollution: Health and toxicology. Oxford: Alpha Science 
International Limited. 

RITCEY, G.M. 2005. Tailings management in gold plants. Hydrometallurgy, 78(1):3-20. 

Pag~ 105 



ROBB, L., ROBB, V. & WILSON, M. 1998a. Gold in the Witwatersrand basin. In: Wilson, 

M.G.C and Anhaeusser, C.R. eds. 1998.The mineral resources of South Africa. Handbook, 

Council for Geoscience, 16: 14-16. 

ROBB, V., ROBB, L., WILSON, M. & ANHAUSSER, C. 1998b. Environmental impact of 

Witwatersrand gold mining. Gold in the Witwatersrand basin. In: Wilson, M.G.C and 

Anhaeusser, C.R. eds. 1998.The mineral resources of South Africa. Handbook, Council for 

Geoscience, 16: 16-18. 

ROBINSON, W. 1995. Groundwater contamination at uranium mill sites in the united states 

reclaimed by the department of energy (DoE) Uranium Mill Tailings Remedial Action 

Project (UMTRAP): A rev iew of seven selected sites. (In Anon. Uranium-mining and 

hydrology. proc. int. conf. workshop in Freiberg. Germany. 1995 . 

ROSNER, T. 2001. A preliminary assessment of pollution contained in the unsaturated and 

saturated zone beneath reclaimed gold-mine residue deposits. Water Research Commission. 

ROSNER, T. & VAN SCHALKWYK, A. 2000. The environmental impact of gold mine 

tailings footprints in the Johannesburg region, South Africa. Bulletin of engineering geology 
and the environment, 59(2) :137-148. 

RYAN, I.A., PAHREN, H.R. & LUCAS, J.B . 1982.Controlling cadmium in the human food 

chain: A review and rationale based on health effects. Environmental research, 28(2):25 1-

302. 

SALETH, R.M. & DINAR, A. 2000. Institutional changes in global water sector: Trends, 

patterns, and implications. Water policy, 2(3): 175-199. 

SOUTH AFRICAN NATIONAL STANDARDS (SANS) 241. 2011. South African National 

Standards: Drinking water. 6.1 edn, Standards South Africa, Pretoria. SANS241-1 : 201 1, 
24 1-2: 20 11 Drinking Water 

SCHEMEL, L.E., KIMBALL, B.A. & BENCALA, K.E. 2000. Colloid formation and metal 

transport through two mixing zones affected by acid mine drainage near Silve11on, Colorado. 

Applied geochemistry, 15(7): 1003-1018. 

SCHMIDT, G. 2005. Ecology & anthropology: A field without future? Ecological and 
Environmental Anthropology 1(1):13-15. 

SCHREINER, B. & VAN KOPPEN, B. 2002. Catchment management agencies for poverty 
eradication in south africa. Physics and chemistry of the earth, parts AIBIC, 27(11) :969-976. 

SCHRIKS, M., HERINGA, M.B., VAN DER KOOIJ, M., DE VOOGT, P. & VAN WEZEL, 

A.P. 2010. Toxicological relevance of emerging contaminants fo r drinking water 
quality.Water research, 44(2) :461-476. 

Page 106 



SCHROEDER, H., HEIMERS, A., FRENTZEL-BEYME, R., SCHOTT, A. & HOFFMANN, 

W. 2003. Chromosome aberration analysis in peripheral lymphocytes of gu lf war and 

Balkans war veterans. Radiation protection dosimetry, l 03(3):211-220. 

SEGAL, N. 2009. DOES SOUTH AFRICA FACE A WATER CRISIS? A report to business­

leadership South Africa. Available at; http:l/99.198.119.130/- infrastr/wp­

content/uploads/Does-South-Africa-face-a-water-crisis. pdf.(Accessed on23 September 2011 ). 

SLOTNICK, M.2002. Spatial and temporal variation of arsenic concentrations in Oakland 

county, Michigan groundwater. Project summary. Available at; 

http ://www-personal.umich.edu/-danbrown/nre543/slotnick.htm1. (Accessed on 24 May 

2012) 

STEPHEN, R. 2009. Nuclear accidents and food contamination part II.radionuclides and 

health effects. In Stephen, R., 2009.Disaster Response, Food, and Public Health. Avai lable 

at; http://e lements.healthspace.com/?p=540(Accessed on 17 February 2012) 

STOCH E. J. 2008 . Personal communication, 2 March 2008. In Winde, F. 2010. Uranium 

pollution of the Wonderfonteinspruit, 1997-2008 part 1: Uranium toxicity, regional 

background and mining-related sources of uranium po llution. Water SA, 36(3):239-256 

SULTAN, K. & DOWLING, K. 2006. Arsenic and major cation hydrogeochemistry of the 

central Victorian (Australia) surface waters. Journal of environmental sciences, 18(1 ): 184-

192. 

TAYLOR, D.M. AND TAYLOR, S.K. 1997.Environmental uranmm and human health 

Reviews of Environmental Health, 12 (1997):147-157. 

TEMPELHOFF, E.2007a."Mynmonopolie se gru-moeras".Die Beeld (2 Feb 2007). 

TEMPELHOFF, E.2007B."Besoedelde Meer Verkoop ".Die Beeld (30 January 2007). 

THUY NGUYEN, L. 2008. Mobi lization of metals from mining wastes and the resuspension 

of contaminated sed iments. Linkoping Studies in Arts and Science, ISSN 0282-9800; 430 

Available at: 

http ://www.diva-portal.org/smash/get/diva2: 16744/FULLTEXT0 18.(Accessed 14 June 

2012) . 

TOENS, D., STADLER, W. & WULLSCHLEGER, N. 1998. The association of groundwater 

chemistry and geology with atypical lymphocytes (as a biological indicator) in the Pofadder 

area, North Western Cape, South Africa. WRC Report No. 839/1 /98. Water Research 

Commission, Pretoria, South Africa. pp 144. 

TSENG, C.H., TAI, T.Y., CHONG, C.K., TSENG, C.P., LAI, M.S ., LIN, B.J., CHIOU, 

H.Y., HSUEH, Y.M., HSU, K.H. & CHEN, C.J. 2000. Long-term arsenic exposure and 

Page 107 



incidence of non-insulin-dependent diabetes mellitus: A cohort study in Arseniasis­

hyperendemic villages in Taiwan. Environmental health perspectives, 847-851. 

TSUJI, L. & KARAGATZIDES, J. 2001. Chronic lead exposure, body condition, and testis 

mass in wild mallard ducks. Bulletin of environmental contamination and toxicology, 

67(4):489-495 . 

TURTON, A.R. 2003 . The hydropolitical dynamics of cooperation in Southern Africa: A 

strategic perspective on institutional development in international river basins. 

Transboundary Rivers, sovereignty and development: Hydropolitical drivers in the Okavango 
river basin, 83-103. 

TURTON , A.R. ,HATTINGH, G.A., MAREE, D.J.,ROUX, ROUX, M., CLASSEN AND 
STRYDOM W.F,(eds) 2007 .Governance as a Trialogue: Government-Society-Science in 

Transition. Berlin : Springer-Verlag. 

TUTU, H., MCCARTHY, T. & CUKROWSKA, E. 2008. The chemical characteristics of 

acid mine drainage with particular reference to sources, distribution and remediation: The 

Witwatersrand basin, South Africa as a case study. Applied geochemistry, 23(12):3666-3684. 

UDEH, P.J. 2004. A guide to healthy drinking water: All you need to know about the water 

you drink. America: iUniverse. 

UNITED NATIONS ENVIRONMENT PROGRAMME (UNEP) 2002.Vital water graphics. 

Available at; http://www.unep.org/vitalwater/summary.htm (Accessed onl 1 November 2011) 

UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION 

(UNESCO) 2000. Water Use in the World: Present Situation/Future Needs Available at 

http://www.unesco.org/science/waterday2000/water _ use _in _the_ world.htm.(Accessed 23 

July 2010). 

UNITED.STATES.ENVIRONMENTAL PROTECTION AGENCY (US EPA) 2005 

Guidelines for Carcinogen Risk Assessment. Risk Assessment Forum, US.Environmental 

Protection Agency, Washington D.C. EPA/630/P-03/00lB 

VAN EEDEN, E.S., LIEFFERINK, M. & TEMPELHOFF, E. 2005. Env ironmental ethics 

and crime in the water affairs of the Wonderfonteinspruit catchment Gauteng.S.A 

VAN HOOK, R. 1979. Potential health and environmental effects of trace elements and 
rad ionuclides from increased coal utili zation .Environmental health perspectives, 33227. 

VIAENE, M., ROELS, H., LEENDERS, J. , DE GROOF, M., SWERTS, L., USON, D. & 

MASSCHELEIN, R. 1999. Cadmium: A possible etiological factor in peripheral 
polyneuropathy. Neurotoxicology, 20(1) :7-16. 

Page 108 



VILLA-LOJO, M., ALONSO-RODRIGUEZ, E., LOPEZ-MAHiA, P., MUNIATEGUI­

LORENZO, S. & PRADA-RODRIGUEZ, D. 2002.Coupled high performance liquid 

chromatography- microwave digestion- hydride generation- atomic absorption spectrometry 

for inorganic and organic arsenic speciation in fish tissue.Talanta, 57(4):741-750. 

WADE, P., WOODBOURNE, S., MORRIS, W., VOS, P. & JARVIS, N. 2002. Tier 1 risk 

assessment of radionuclides in selected sediments of the Mooi River. Water research 
commission, WRC report, 1095(1):02. 

WALMSLEY, J., CARDEN, M., REVEN GA, C., SAGONA, F. & SMITH, M. 2004. 

Indicators of sustainable development for catchment management in South Africa-review of 

indicators from around the world.Water SA, 27(4):539-550. 

WARHURST, A . & NORONHA, M.L. 1999. Environmental policy in mining: Corporate 
strategy and planning/or Closure. London: Lewis Publishers. 

WHO (WORLD HEALTH ORGANIZATION). 1998. Guidelines for Drinking Water 
Quality, Recommendations-Addendum, Vol. I . WHO, Geneva, 1998. 

WHO .2000. Global Water Supply and Sanitation Assessment 2000 Report. WorldHealth 
Organization and United Nations Children's Fund. 

WHO. 2004. Guidelines for Drinking-water Quality .3 rd ed Volume 1. Geneva: World Health 

Organization. 

WHO. 2011. Guidelines for Drinking-water Quality. 4th ed. Geneva: World Health 

Organization. Available at: 

http ://www. who. int/water_ sanitation_ health/publications/2011/dwq_ chapters/en/ index.html 

(Accessed 23 August 2012) 

WHO & UNICEF .2004. Meeting the Millennium Development Goals (MDG) Drinking 

Water and Sanitation target - A mid-term Assessment of Progress. WHO/UNICEF. Geneva, 

pp 1-4 7 

WINDE, F. 2000. Ge losterstofftransfer und fluviale Prozef3dynamik in vorflutern des 

ostthtiringischenuranbergbaugebiets. Jenaer geographische schriften, 9 (2000) : 111-127. 

WINDE, F. 2001. Pluvial processes and uranium transport- pitfalls from the Wismut region 

(Germany) and the Klerksdorp gold field (South Africa). In: Anon. Proc. 4th int. conf. 

Society for South African Geographers. 2001. pp. 3-6.7. 

WINDE, F. 2006. Challenges for sustainable water use in dolomitic mining regions of South 

Africa- A case study of uranium pollution part II: Spatial patterns, mechanisms, and 

dynamics. Physical geography, 27(5):379-395. 

Page 109 



WINDE, F. 2010. Uranium pollution of the Wonderfonteinspruit, 1997-2008 part 1: Uranium 

toxicity, regional background and mining-related sources of uranium pollution. Water SA, 
36(3):239-256. 

WINDE, F. 2012. Challenges in assessing uranium-related health risks: Two case studies for 

the aquatic exposure pathway from South Africa-Part I: Guideline and toxicity issues and the 

Pofadder case study. The new uranium mining boom, 529-538. 

WINDE, F. & DE VILLIERS, A. 2002. Uranium contamination of streams by tailings dams­

Case studies in the Witwatersrand gold mining area (South Africa). Uranium in the aquatic 

environment, 803-812. 

WINDE, F. & JACOBUS VAN DER WALT, I. 2004. The significance ofgroundwater­

stream interactions and fluctuating stream chemistry on waterborne uranium contamination of 

streams- a case study from a gold mining site in South Africa. Journal of hydrology, 
287( I) : 178-196. 

WITMAN, G.T.W.& FORSTNER,U.1976.Heavy metal enrichment in mine drainage 

II:Witwatersrand Goldfields, South African Journal of Science, 72:365-370. 

WRENN, M., DURBIN, P.W., HOWARD, B., LIPSZTEIN, J., RUNDO, J., STILL, E.T. & 

WILLIS, D.L. 1985 .Metabolism of ingested U and Ra.Health physics, 48(5) :601. 

WRIGHT, J., GUNDRY, S. & CONROY, R. 2004. Household drinking water in developing 

countries: A systematic review of microbiological contamination between source and 

point-of-use. Tropical medicine & international health, 9(1):106-117. 

WYMER, D. 200 l. The impact of gold mining on radioactivity in water and foodstuffs. (In 

Anon. Proc., chamber of mines of South Africa (2001) : Conference on environmental ly 

responsible mining in southern Africa. 200 I. 

XIA, Y. & LIU, J. 2004.An overview on chronic arsenism via drinking water in PR china. 

Toxicology, 198(1):25-29. 

TRAN, C.D., 2008.Human zinc requirements. In: Yoshida, T., ed. 2008. Micronutrients and 

health research. New York: Nova Biomedical.pp45-48. 

YOUNG, P. 1997. The longevity of mine water pollution: A basis for decision-making. 

Science of the total environment, 194 :( 1997)457-466. 

ZAIRE, R., NOTTER, M., RIEDEL, W. & THIEL, E. 1997. Unexpected rates of 

chromosomal instabilities and alterations of hormone levels in Namibian uranium miners. 

Radiation research, 147(5) :579-584. 

I NWU 'I LIBBIRY 



ZAMORA, M.L.L., ZIELINSKI, J.M., MOODIE, G.B., FALCOMER, R.A.F., HUNT, W.C. 

& CAPELLO, K. 2009. Uranium in drinking water: Renal effects oflong-term ingestion by 

an aboriginal community. Archives of environmental & occupational health, 64( 4):228-241. 

ZELIKOFF, J.T. , BOWSER, D., SQUIBB, K. & FRENKEL, K. 1995.lmmunotoxicity of low 

level cadmium exposure in fish: An alternative animal model for immunotoxicological 
studies. Journal of toxicology and environmental health, part A current issues, 45(3):235-
248. 

Page 111 



HOUSEHOLD WATER SUPPLY AND QUALITY SURVEY Appendix 1 

This questionnaire is administered in fulfilment of the Master of Science degree in Environmental 

science at the North West Un iversity, Mafikeng Campus, in a research on 'Radionuclide and 

heavy metal contamination of drinking water sources in Wonderfonteinspruit catchment, 

South Africa'. The research is guided by the ethical principles of accountability, academic and 

scientific professionalism, transparency and respect and protection therefore all the information 

shall be treated as strictly confidential and will be used for the purpose of this research only. 

Please tick where appropriate 

SECTION ONE: PERSONAL DETAILS 

l.lGENDER OF RESPONDENT 
Male Female 

2 

1.2 MARITAL STATUS 
Single Married Widowed Divorced Other 

1 2 3 4 5 

1.3 AGE 

I : 6-25 I ~6-35 I ~6-45 

l.4POSITION OF RESPONDENT 
Head of household Wife Child Other(specify) 

1 2 3 4 

l.5LIVELIHOOD STRATEGY 
Employed Unemployed Self -employed Other 

1 2 3 4 

l.6HIGHEST EDUCATIONAL LEVEL ATTAINED 
None Grdl-7 Grd 8-12 Diploma Degree 

l 2 3 4 5 

1.7 RESIDENTIAL PERIOD 
<!Year l-3years 4-1 0years l l-20years 

1 2 3 4 

SECTION TWO: WATER SOURCES AND USES 
2.1 What are your main water sources and uses? 

Postgrad 

6 

21-30years 

5 

Other(specify) 

7 

+30years 

6 
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Water sources Water uses 

Drinking Cooking Bathing Laundry Other 

2.1.1 Tap 1 2 3 4 5 

2.1.2 Borehole 1 2 3 4 5 

2. l .3River/stream I 2 3 4 5 

2. l .4Other(specify) 1 2 3 4 5 

2.2 Do you experience water shortages? 

I 1 Yes I ~o I 
2.3 How frequently do you experience water shortages? 

Never Daily Weekly Monthly Yearly Other (specify) 

1 2 3 4 5 6 

2.4 What are the alternative water sources during water shortages? 

Alternative water Water uses 

sources Drinking Cooking Bathing Laundry Olher(Specify) 

l .Bowsers 1 2 3 4 5 

2.Wells 1 2 3 4 5 

3.Stream /river 1 2 3 4 5 

4.Boreholes 1 2 3 4 5 

5.Bottled Mineral I 2 3 4 5 

6.None 1 2 3 4 5 

7.Other 1 2 3 4 5 

SECTION THREE:WATER QUALITY AND COMMUNITY PERCEPTIONS 
3.1 Do you have any problems related to water quality? 

I 1 Yes I ~o I 

3.2 Do you think water from all the water sources in the area is suitable for? 

Yes No 

Drinking l 2 

Cooking 1 2 

Laundry 1 2 

Bathing 1 2 

Other (specify) I 2 

3.3 Give reasons for your response in question 3.2 above 
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3 .4 What steps do you take to pre treat water before use for? 

Water use Pretreatment method 

Boil Filter Use a cloth Settling Other (specify) 

Drinking 1 2 3 4 5 

Cooking 1 2 3 4 5 

Other 1 2 3 4 5 

3.5What is the municipality doing to provide you with adequate potable water? 

Nothing Boreholes Protected wells Bowsers Other(spec ify) 

1 2 3 4 5 

3.6Do you think that the Municipality's efforts to provide adequate potable water are; 

i) Effective? 

I 
1
Yes I ~o 

ii)Sufficient? 

I 
1
Yes I ~o 

3.7Explain ... ... .. ................ .. ........... . ........ ... ... . . . ... .. ............... ..... . . .......... . .. .. . . 

3.8What have you done as a community to ensure that there is provision of adequate potable 

water? 

Nothing 1 

Reported to the chief 2 

Formed a water committee 3 

Reported to the municipality 4 

Other (specify) 5 

SECTION FOUR: HEALTH AND AWARENESS 
4. lDo you think that water quality is important? 

I ;•s I ~o I 
4.2 Poor water quality causes ..... 

I Cholera I ' 
Diarrhoea 2 
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Skin cancer 3 

Kidney damage 4 

Lung cancer 5 

Bladder problems 6 

Other (specify) 7 

Don't know 8 

4.3Which of the following are the three most serious diseases in your area? 

Cholera 1 

Diarrhoea 2 

Skin cancer 3 

Kidney damage 4 

Lung cancer 5 

Bladder problems 6 

Other (specify) 7 

Don ' t know 8 

4.4 Which of the fo llowing diseases/conditions listed below have you ever suffered from? 

Pigmentation changes 1 

Skin cancer/Rushes 2 

Kidney problems 3 

Lung problems 4 

Bladder problems 5 

Other (specify) 6 

None of the above 7 

4.5Do you receive any health education related to water quality? 

I 1 Yes I ~o I 

4.6 How often do you receive health education? 

Daily Month ly Weekly Yearly Other (specify) Never 

1 2 3 4 5 6 

4.7What sort of messages do you get? 

Boil Unclean Addjik Water from WFS is Other None 
water causes dirty (Specify) 

1 2 3 4 5 6 
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MUNICIPALITY WATER SUPPLY AND QUALITY SURVEY APPENDIX 2 

This questionnaire is administered in fulfilment of the Master of Science degree in 

Env ironmental science at the North West University, Mafikeng Campus, in a research on 

'Radionuclide and heavy metal contamination of drinking water sources in 

Wonderfonteinspruit catchment, South Africa'. The research is gu ided by the ethical 

principles of accountabi lity, academic and scientific professionalism, transparency and 

respect and protection therefore all the information shall be treated as strictly confidential 

and will be used for the purpose of this research only. 

Please tick where appropriate 

Section one water sources and uses 

1. Which of the fo llowin are the main sources of water su 
Rivers Dams Boreholes Wells 
1 2 3 4 

2. S "fy ti ty f t fi pec1 on 1e pes o wa er use or every source. 
Water sources Water uses 

Drinking Cooking Bathing 

River 1 2 3 

Dams 1 2 3 

Borehole 1 2 3 

We lls 1 2 3 

Other 1 2 3 
,~ -~ 

3. WI . h 1at IS t h Id e average consumpt10n per 1ouse o per d ? ay. 
<25L 25-S0L 51-75L 76-I00L 

T 

1 2 3 4 

4. Do you expenence water shortages? 
Yes No 

1 2 

5. D oes ti J" ty augment with alternative supplies? 1e mu111c1pa 1 
Yes No 

1 2 

--t If No go to question 8 
6. Wh t It t" d th a a erna 1ves oes e mU111CI pa I y prov1 e .. n "d t "d t ? o res1 ens . 

None Bowsers Boreholes Wells 

1 2 3 4 

Laundry Other (Specify 
' 

4 5 

4 5 

4 5 

4 5 

4 5 

> 100 

5 

Other (specify) 

5 
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7. Specify on the types of water use for the alternative sources? 

Alternative Water uses 
water 

Drinking Cooking Bath ing Laundry Other(specify) 
sources 
Bowsers 1 2 3 4 5 

Wells 1 2 3 4 5 

Boreholes 1 2 3 4 5 

Other 1 2 3 4 5 

8. It is every municipality's mandate to provide adequate potable water to a ll its res idents 

,what mechanisms have been put in place to achieve this? 

Drilling of boreholes 1 

Provision of water kiosks 2 

Protected wells 3 

Bowsers 4 

Nothing 5 

Other (Specify) 6 

9. How far has the municipali ty gone in ensuring potab le water supply to the informal 
settlements? 

Drilling of boreholes 1 

Provision of water kiosks 2 

Protected wells 3 

Bowsers 4 

Nothing 5 

Other (Specify) 6 

SECTION TWO : WATER INSTITUTION AND COMPLIANCE 
10. What are the measures in place to ensure water quality for all the water sources in the 

municipality? 

Monitoring of water 1 

Polluter pays princ iple 2 

Discharge permits 3 

Other(specify) 4 

11. Is there monitoring of effluent discharges into public water ways and rivers ? 

I ~es I ~o I 
12. What is the status quo of water quality in the rivers in this area? 

Poor Below average Average Good Excell ent 

1 2 3 4 5 
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13. Does the municipality have bye-laws regulating effluent discharges into water 

sources? 

-+IF No go to question 16 
14. How do you rate compliance in general by Mining companies? 

Non compliance Average Excellent 

1 2 3 

14. lExplain 

15. Has the Municipality implemented an IWRM (Intergrated Water Resources 

Management)? 

16. If yes in question 15, what steps has the municipality taken in involving stakeholders' 

participation in water resources management? 

17. Which stakeholders are involved? 

Mines 1 

Industries 2 

Health 3 

NGOs 4 

Other (specify) 5 

18. Has the municipality implemented a Water Demand Management (WDM) 

I ;es I ~o I 

THANK YOU 
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MINING WATER SUPPLY AND QUALITY SURVEY APPENDIX3 

This questi onnaire is administered in fulfilment of the Master of Science degree 111 

Environmental sc ience at the North West University, Mafikeng Campus, in a research on 

'Radionuclide and heavy metal contamination of drinking water sources in 

Wonderfonteinspruit catchment, South Africa'. The research is guided by the ethical 

principles of accountability, academic and scientific profess ionalism, transparency and 

respect and protection therefore all the information shall be treated as strictly confide~tial 

and will be used fo r the purpose of this research only. 

Please tick where appropriate 
1. Which of the following categories of mining does your activities fall under? 

Mineral extraction Mineral processing Other (s ecify) 
1 2 3 

2. What minerals are 
3 Wh. 1 f h fi II !Cl 0 t e o owmg are extracte d i d? processe . 

Uranium Gold Platinum Other(Specify) 

1 2 3 4 

4 th e ma1or pro d t uc s an db ,ye- d t fi pro uc s rom th rocess? ep 
Element Product Bye product 

Uranium 1 2 

Go ld 1 2 

Cyanide 1 2 

Mercury l 2 

Radium 1 2 

SO2 1 2 

None 1 2 

Other (Spec ify) 1 2 

5. Wh h at are t e maJor env1ronmenta · · g from the mining activities? impacts ansm 
Air pollution 1 

Land degradation 2 

Acidic mine drainage 3 

Water pollution 4 

Loss of biodiversity 5 

Other (specify) 6 

6. Do you discharge off any effluent? 
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I ~es I ~o I 
--t If No go to question 7 

7. If No in 5 how do you deal with the effluent? 
' 

Recover Recycle Reuse Other (specify) 

1 2 3 4 

8. h d Were o you d" h 1sc arge t he effluent? 

River 1 

Dam 2 

Pond 3 

Other 4 

9. D o you h ave a p ermit to discharge? 
Yes No 

1 2 

10 If · yes, w 1a 1s · 1e co our co e on your perm, . 1 t . tl d 
Blue Green Yellow Orange Red 

1 2 3 4 5 

11 . Are there any measures to ensure that the effluent does not come into contact with 
fresh water resources? 

I ~es I ~o I 

~xplain~our ~".s~~,~~~~~ . J~1.!~~xl 
12. Do you monitor the water sources which are in close proximity to the mines 

s limes dams ? 

I ;es I ~o I 

I __ ----------~ --tlfyes go to Question 12 

If No, give a reason, then, --tgo to Question 15 

13 w·t1 . I. I d. f1 I 11n W11C1 ra !US rom th e pom o !SC . t f d" h arge d t th o you mom or rt ? e wa er qua I y . 
5km 10km 15km + 15km Other specify 

1 2 3 4 5 
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14. How many monitoring points are there? 

:-JO I~ 1-20 I ~1-30 I :30 I ~on't know 

15. How frequently do you monitor and record the data? 

Daily Weekly Monthly Annually Other 
fQ---·C..,\ 

1 2 3 4 5 

16. Which of the following guidelines do you use? 

DWAF 1 

WHO 2 

Municipal Bye Laws 3 

Other (specify) 4 

17. Compared against the following guidelines which one are you compliant? 

Guideline Compliant Non-compliant Don't know 

DWAF 1 

WHO 2 

Municipal Bye Laws 3 

Other (specify) 4 

you have a mine closure plan? 

I ~o I 

lfNo, why? -go to question 19 

19. If Yes, how do you intend to deal with AMD when you close? 

Neutralization of AMD 1 

Leaching of tailings 2 

Removal of Uranium 3 

Use of fly Ash 4 

Constructed Wetlands 5 

Other (Specify) 6 

20. Are there any programs in place to monitor and conserve water resources for the 

safety of the communities surrounding? 

I ;es I ~o I 

21. If yes, is the Community involved? 

I ;es I ~o I 
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22. Explain the programs and community invo lvement? 

23. Are you ISO 14001 accredited? 

I ;es I ~o I 

THANK YOU FOR YOUR TIME 
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Tile Munic ipal Manager, 
Westonaria Loca l ~. un lctpa lity, 
PO. Box 19, 
Weslonarla , 
1780 

Dear Sir/lvl~uarn 

~ OIHH-W'EST UillVER51T( 
YUNIBE51TI YA BOKCJt~E BO 'flifllMA 
t 00llDW£5,UI.JiVERSITEIT 
MAFIKENG CAMPUS 

Pri·,,ate E;!.ag )(20-IC,, Mrnn JaHlo 
South Nrlca . 7.73S 

lei : (0 16) :369-2:i 11 
Fax : (018) 392•5775 
Wob: htlp:1/vrt.w.mw .ac za 

Re : NOTfFIC:A'ffO tETTER TO ORT It DATA FOR Rifi:SEARCfJ 

TafouZ\ "B forn:rn is a 1faslern student, under the supervish.111 of Dr.LG. Palamuleni an<.l J>rn f. F. 

Ehensu, ut the North We t University (Mllfikcng cam pus) in the School of Env ironmen1al :111d 

I lea Ith Si.;i(;:nec&. Taladzwn i · u,rrcii lly working on "Radionuclide and heavy metal c:)11U1 mi1rntion 

of drinking. wafer sou rces in \: -'on(lerC nteinsprui l catchrncnl, Soulh Africa.'' 

Critkal lo lhis resc:nrch "vork is the primary and seco11Lfary dala from your otlicc and some 

interviews wilh resiuenls i11 1.:kkker.sdale Township 10 identify ddnkl11g V>'a(er sources and etennim: 

the presem:e of radi(.Jtmclides and heavy metal concenlralion in th sourc:ci;. \Ve arc a\v;:ire of the 

, en: itiviry of the prnjccl she is doing a11tl as such all meMurcs perlaining to lhe confidenti,d ity of 

l lniversily . Be kinuly informed that tli e research Urnl Tafad,.wa i~ conducting is snl ··ly lcir academic 

r'\ny 3si::istam:e rendered lu her wilt be greatly appreciated. 

Yours Si m;crely, 

Pror. T. A. Knbaml.a 

l fend of Department 
Geography and E1w ironrnenLal Scic1Kes 

o~rrCIAL 

2010 ~10~ 2 0 
11h t l -17~ 

SCltOOl OF EHVIRO+llil9£JAL J fflliTH SO~ , 
D4FIECTO'R'S OFF1CE 

- ---..-'·1 . ~ - --



"'WW !lhi .P ii Y'l 1W"II'fl.l..,... 

ocal Municipality 
c,,. S.atuw & N ptvne F.1,~e-l. We1;10,n.ana r7J) i.i 
, J Hl , We~·onmia 1750 
W (ll 11) 278-3020. •Ji {01 ll H'.l -2!i ll\ 
E-maiL mlettiel~@!@wru;cH,r@ria .lJO\! .za 
M W/ Wll$IOO, rla gov.,a 

ll!iiQl!illi!i!l!lll!!WWW-l!lll!&.--.1Cllli. ·•■1!111:i!Nllllll!PU*llllifflllll!lilll!llllllli ____ it!IIMl'llil .. llll!lfjjllifflllliifi!lll!li"'--ll'lOl!IIIA ____ lilliiii.i!iilliiiiT.!illlll~lliiiiliY!'mW--t21'1t!#WPi~ 

9 November 2010 

ProfTA Kabanda 
Head of Department 
Geography and Environmental Science 
North West University 
Private Bag X2046 
MMABATHO 
2735 

Sir/Mad.am 

Our l'l:ef/On~ Verw ✓lriW'l'lba Y&tllil 

'r<.Jlll ,~ei/U Ve1w / ln;m1b.;i akltu 

Enquri-eslNavtMl/Jrlllbuw G Vi!joen 

NOTlFICATION l:ETT'E R TO OBTAIN D.ATA FOR RESEAIRCH: MS. TA!FADZWA MA'RARA 

Your letter dat d 20 October 2010 regarding the above matter, fe fer5. 

Westonaria Local Municipality has no objection to the proposed cademic research work to !;~ 

done by your student, Ms. T. Marnra in pursu it of her studies as ind icated in t he atlad1f~d leller . 

It would be appreciated if she cou ld furnish the Council with a written programme (peri ods and 
areas. to be \fiSited for cfarta collect,lon) In order for Council t o inform the rel vant Ward Councillors 
of her research. 

We certai·nly hope tha t Ms. Marara '.s resea rch will also be to the· be nefit of all comrnunities in 
Westonaria and we wish her success in her studies, 

Regards, 

l ~s Momlo/tetters/lOJO/Notirfita1ior1 ie lter to obl:ain data for resiHm;hf 
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