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ABSTRACT

Water, a fundamental and irreplaceable resource, is an all-pervasive issue that underpins
the social fabric of every society. Rapid population growth and expansion of human
activities increases the amount of waste and pollution generated and many local
authorities are encountering serious water pollution problems, often concentrated in the
lower reaches of catchments and adjacent coastal areas. This problem is predominantly
acute in urbanized catchment areas, where waste is concentrated into localized areas, and
the authorities are constantly under pressure to provide adequate management and
mitigation measures. The Palmiet River system, located in the northern fringe of the city
of Durban and draining the highly industrialized Pinetown region in KwaZulu-Natal,
South Africa, illustrates a system that has been altered due to human impacts, particularly
in its headwaters where the industrial sites are located and, in the lower catchment where

a densely populated informal settlement occurs.

A range of chemical and biotic indicators were monitored seasonally and these confirm
the influence of the aforementioned human impacts on the quality of the Palmiet River
system. Results from the present study were compared with studies conducted over a
period of two decades and clearly demonstrate a pattern of increasing pollution loads for
the upper and lower parts of the catchment. This study confirms that the Palmiet River is
severely degraded in its lower reaches whilst the middle reaches of the catchment where a
nature reserve is located is still in a fairly pristine condition. Additionally, the Palmiet
River issues discussed in this thesis have direct impacts on the estuarine and adjacent

marine ecosystems.
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CHAPTER ONE
INTRODUCTION AND CONTEXTUALISATION OF PROBLEM

1.1 Preamble

Water is all around us - in the oceans, the clouds, the rivers, the plants, and us. Earth is
known as the blue planet - the water planet. The first life on earth - plants and animals -
developed in water, oceans of water. Water is a source of harmony and healing. Few
would argue with the fact that water is the lifeblood of the Earth. Without it there would
certainly be no human life. It is the key to sustainable development. Without adequate
water supply, food production declines, human health fails, the natural environment
suffers and economic development is choked. And yet, all over the world water is being

mismanaged, polluted and wasted (Asmal, 2002).

This chapter gives the background of water as a social and environmental concern. It
serves as a problem description, explaining the validity of the research being conducted.
It is the general perception of many developing countries that there are enough water
resources to meet prevailing demands and this is highlighted by the fact that economic
development outweighs environmental concerns. A water course that is polluted can
cause a serious threat to the natural environment, endangering human life and aquatic
flora and fauna. Therefore, to achieve and maintain an acceptable standard of living,
access to a safe and reliable resource of clean drinking water is essential. This will
become a viable objective only by keeping our valuable water resources as pollution-free
as possible. Water pollution control and water resource management is vital for the
protection of water resources. Not only does these require vast amounts of money but

must be conducted in a socially acceptable and sustainable manner (Howards, 1995).

Until recently, water pollution was viewed primarily as a threat to human health because
of the transmission of bacterial and viral waterborne diseases. In less developed
countries, and in almost any country in time of war, waterborne diseases remain a major

public health threat. We now recognize that water pollution constitutes a much broader



threat and continues to pose serious health risks to the public as well as aquatic life

(Weiner & Matthews, 2003).

Water pollution as a consequence of human-intervention has been in existence as long as
humans have been on this planet. The magnitude and subsequent impacts have, in the
past two centuries, reached levels unprecedented in history. The generation of large
quantities of waste materials most of which are toxic, carcinogenic or mutagenic can,
according to Haslam (1990) and Miller (1996) be attributed to rapid industrialization,

urbanization and population growth”.

As industrialization, urbanization and population grows, so does the demand for
freshwater. The availability of freshwater limits the number of people that an area can
support. In turn, population growth and density typically affect the availability and
quality of resources in an area, as people attempt to assure their water supply by digging
wells, constructing reservoirs and dams, and diverting the flow of rivers (Kiernan, 1996;

Kraemer, 1998).

1.1.1 Water as a Resource

Water is a finite resource and is probably the most important commodity at the disposal
of humans. Contamination of this life-sustaining resource through improper utilization

can render it unavailable: being of poor or unacceptable quality (Chan, 1996).

Lack of water management is both an environmental and a social problem, faced in many
communities, all over the world. Water is a powerful symbol throughout the world,
carrying with it ideas of baptism and new life, cleansing and healing and the promise of

growth and prosperity (White Paper on National Water Policy, S.A. 1997).

Water is the most important resource essential for sustaining all life forms. This resource
is so vitally important that without it, all human activities would cease and hence all life

forms would come to an end. In addition, wholesome water is a basic and an essential



ingredient for life. Therefore, everyone should have convenient access to an adequate and

reliable source of wholesome drinking water (Mogane, 1997).

The concern of sufficient availability of freshwater is directly interconnecting the destiny
of people worldwide. Even if the problem is the most obvious, in countries with a less
preferable, dry climate or with poor water service infrastructure, it is an important issue
for the whole world. As the fluid of life, water is a resource of considerable complexity
with many parallel functions. From the biological perspective, water serves as a habitat
for numerous organisms and as a health function for others. The socio-economic function
of water relates to the production of food and biomass and acts as a supporting medium
for engineering and the development of infrastructure. At the same time, natural
freshwater functions in the biosphere, carrying pollutants or other forms of pollution from
the previous mentioned activities, to the ecosystems. All these parallel functions make

water into a particularly unmanageable resource (Falkemark, 1996).

Only a tiny proportion of the planet’s abundant water is available to us as fresh water.
About 97% is found in the oceans and is too salty for drinking, irrigation or industry. The
remaining 3% is fresh water. About 2.997% of it is locked up in ice caps or glaciers or is
buried so deep that it costs too much to extract. Only about 0.003% of the earth’s total
volume of water is easily available to us as soil moisture, exploitable groundwater, water
vapour, and in lakes and streams. If the world’s water supply were only 100 litres our

usable supply of fresh water would be only about 0.003 litres (Miller, 1996).

The accessible freshwater reserve of the earth is estimated to be 28.8 million km? or 2.1
% of the total volume of water. This reserve should be utilized and distributed in a
manner that provide all individuals of the world’s population of 7 billion people with
water, sufficient for living. The distribution and utilization of this vital resource should be
executed sustainably so that future generations as well as the environment are not
impacted negatively”. Even if the amount of freshwater seems fairly sufficient to provide

the world’s population with water, there are several regions in the world that face water



scarcity. As a consequence, these regions have to use the available resources in an

unsustainable and environmentally harmful manner (Falkemark, 1996).

Increasing concern is being expressed on the rate of degradation of this important
resource which, to a large extent, is due to the advent of industrialization and
urbanization. The major causes for this concern is that the progress towards urbanization
is often made without due regard to the consequences. Furthermore, the effect of man’s
social and industrial activities can be seen in the extent to which river quality changes as
a river flows from its source to the sea. Water which is returned to the river as affluent is
rarely the same quality and is normally contaminated with some form of pollution (Keller

and Wilson, 1992).

In the last decade of the 20th century, there was a shift in the rural/urban balance with an
increasing proportion of the world’s population living in urban areas. In 2001, 47% of the
world’s population was urban dwellers. In areas where the accelerated urbanisation is
combined with a low level of water services such as water supply and sanitation, the risk
of suffering from water-related diseases, is high. The total amount of people in the world
that is underserved with water is 1.2 billion and for sanitation, the figure is 2.4 billion

people (World Health Organisation, 2001).

Considering the largest cities on each continent, the inhabitants in African cities live in
the poorest conditions with regards to water service provision. More than a third of the
population in the cities is under serviced with water and half the population has access to
either no sanitation at all or only to a simple pit latrine. One reason for this remarkable
difference in access to water services between Africa and the other continents could be
that nearly 27% of all people in African cities live in informal settlements, often under
poor circumstances. Due to its nature of lack of formal land tenure, the informal

settlements often lack basic water services (World Health Organisation, 2001).



1.1.2 Water in South Africa

South Africa is a semi-arid country, with annual rainfall below the world average, and
high evaporation rates. Seasonal rainfall often occurs as high-intensity storms of short
duration; the resulting runoff washes silt, and organic and inorganic material accumulated
in the catchment, into water bodies. There are marked climatic gradients across the
country and these have resulted in a wide variety of different types of aquatic ecosystems
with biotas adapted to different water quality regimes and flow patterns (South African

Water Quality Guidelines for Fresh water and Marine Coastal Water, 2001).

We do not have a lot of water in South Africa. Our rain is irregular and untrustworthy -
one year we have floods, the next few years we may have droughts. We do not have
many big rivers compared to other countries. An important measurement of the water
status of a country is what proportion of the available freshwater is already being used.
Even though Namibia and Botswana are generally considered to be more arid countries
compared to South Africa, we are already using in the region of 60% of our available
water resources, while they are using less than 10%. How we manage the water will
determine our quality of life, the strength of our economy, and our ability to create jobs.

[f we continue with present practices, there will not be enough water to go around

(Asmal, 2002).

In addition, South Africa is experiencing phenomenal urbanization, much of which is in
the form of informal settlements. These constitute overcrowded shacks with no running
water and sanitation facilities resulting in the production of many third world type

catchments such as Khayelitsha urban catchment in the Southern Western Cape (Sanker,
1996).

The current unsustainable practice will impact severely on availability of water for the
future. The International Water Management Institute (IWMI) has projected that in the
year 2025, South Africa, like the Northern African countries, will face natural water
scarcity due to the climatic conditions. Also, when the economy is growing the demand

for water is increasing, causing demographic water scarcity. It is recognised, by the South



African government that water scarcity will become a major problem of the future. In
close relation to demographic water scarcity, exists the poor provision of other water
services as sewage disposal and sanitation, together forming water service scarcity

(Department of Environmental Affairs and Tourism, 2000).

The demographic water service scarcity is caused by rapid urbanization, which at the
same time is considered to be one of South Africa’s greatest environmental problems.
The cities are growing and more and more people are moving from the rural areas to the
bigger cities such as Durban, Cape Town and Johannesburg. Big townships such as
Alexandra in Johannesburg and Cato Manor in Durban are created in the peri-urban
areas. The townships consist of formal as well as informal communities. A major
problem in these low-income, urban areas is the provision of basic services, which both
contribute to the downward poverty spiral and to environmental degradation (Department

of Environmental Affairs and Tourism, 2000).

In all countries, rich people consume more than poor people do. Thus the impact of a
more affluent section of the population on resources and the environment, even if their
numbers are few, may be greater than that of the poorer sections of the population. South
Africa is an extreme example of this: while some South Africans, and the industrial
sector, use up a lot of South Africa’s limited water supply most South Africans use very
little. The government’s decision to charge a higher price for water to those who use most
of it indicates recognition of the importance of challenging consumption patterns in a

context of the need to conserve the resource (Green paper on Population Policy, 1995).

The way that we use our water at the moment is far from ideal: we are not getting the
social, economic or environmental benefits from our water use that we could, or should

be getting, indeed, that we need to get.



1.2 Contextualization of the Problem

The continuing increase in global population is increasing the demand for fresh water.
One important factor affecting freshwater availability is associated with socio-economic
development, and another factor is the general lack of sanitation and waste treatment
facilities in densely populated areas of developing countries. A principal cause of water
scarcity is water quality degradation, which can critically reduce the amount of fresh
water available for potable, agricultural, and industrial use, particularly in semi-arid and
arid regions. Thus, the quantity of available freshwater is closely linked to the quality of

the water, which may limit its use (Peters and Meybeck, 2000).

The major water quality issues resulting in degradation include water-borne pathogens
and noxious and toxic pollutants. Despite efforts of United Nations organizations,
international banks, and some national governments over the past several decades, human
health is still at substantial risk due to water quality problems in many areas of the world
(World Resources Institute, 1996). In 1990, 1.2 billion people, or 20 % of the world
population, did not have access to a safe supply of water, and about 50 % of the world
population had inadequate sanitation services (United Nations Commission for
Sustainable Development, 1997). The continued and rapid degradation of water resources

may result in hydrocide for future populations (Lundqvist, 1998).

Hydro-geological and biophysical environments are directly affected by changes in land
use and socio-economic processes, which are largely controlled by human activities and
resource management. A land management decision is a water resource decision, a
fundamental concept for addressing and implementing integrated land and water

resources management (Falkenmark et al., 1999).

Land alteration and associated changes in vegetation have not only changed the water
balance, but typically have altered processes that control water quality. One of the most
important issues for effective resource management is the recognition of cyclical and

cascading effects of human activities on the water quality and quantity along hydrologic



pathways, particularly in a watershed context. Hydrologic pathways are routes along
which water moves from the time it is received as precipitation (e.g., rain and snow) until
it is delivered to the most downstream point in a watershed, the drainage area defined by
the downstream point to which flow converges. The degradation of water quality in
upstream parts of a watershed can have negative effects on downstream users, and
because there generally is a continuum of users throughout a watershed, the degradation

effects cascade through the watershed (Peters and Meybeck, 2000).

The effects of watershed changes on water quality are real and frequently of serious
consequence. Such changes may be of great variety, ranging from construction of
impoundments to urban development and industrial expansion. Urbanization usually has
a detrimental effect on water quality and the aquatic environment which necessitates a

policy of adequate treatment, conservation and water quality management (Moore, 1969).

South Africa’s rivers are representative of its most vital fresh water resource and are also
the most easily contaminated systems. An understanding of the effects of pollution and of
control measures that are available is of considerable importance to the management of
water resources. One of the major sources of water pollution in KwaZulu-Natal is large
discharge of partially treated raw sewage and industrial waste effluent into river systems.
Urbanization, legislation, globalization and land reform have opened doors to
Un-coordinated development. This development, in the form of informal settlements,
located proximal to river courses have led to serious contamination of the water courses.
There is a serious impact to the natural environment in South Africa, as a result of water
pollution, despite government policies and legislation. This could be attributed to lack of
capacity of government to enforce such policies. Thus, the probability that commercial

and industrial companies may not be complying with these standards, does exist.

It is assumed that rapid urbanization and industrialization have affected the water quality
of the Palmiet River over the past two decades. Industrial development in Pinetown, in
the upper part of the catchment increased considerably during this period, thereby

implying potential deterioration in the water quality of the catchment. Also, an informal



community located on the shallow banks of the Palmiet River, close to the Palmiet
Bridge is known to use the river for domestic as well as sanitational purposes. The
location of the Palmiet Informal Community (PIC) makes it vulnerable to flooding even
during minor flood events of the Palmiet River. There is a serious danger to life and

property as a consequence.

1.3  Aims, Objectives and Hypothesis of Study

1.3.1 Aim of Study
The aim of the study is to quantify changes in the water quality of the Palmiet River over
the past two decades as a consequence of the rapid urbanization and industrialization in

the Durban-Pinetown region.

1.3.2 Objectives
The objectives of the study are:

e To quantify the present day water quality of the Palmiet River as well as the
elements that affects this quality;

e To determine the changes that has occurred in the water quality of the Palmiet
River over the past two decades.

e To assess the role that pollution from the industrialization of Pinetown has played
in influencing these changes;

e To identify the impacts that residential (including formal and informal)
settiements have on the water quality of the Palmiet River and, in turn, how this
water quality affects their quality of life. Also, to assess the vulnerability that this
residential settlements have to flooding hazards;

e To determine how increased human occupation and utilization of the catchment
has influenced morphological changes and degradation to the riverine
environment;

e To develop explanations for the cause(s) of the improvements (or deterioration) of

water quality of the Palmiet River.



1.3.3 Hypothesis of Study
The increase in urbanization and industrialization over the past twenty years has impacted

negatively on the water quality of the Palmiet River.

1.4  Chapter sequence

This study comprises of five chapters. Chapter two, the literature review, forms an
extensive part of this report and provides a conceptual framework by discussing the
approaches to the study and a detailed review of literature concerning water quality.
Chapter three focuses on providing an in-depth description of the study area as well as a
description and analysis of the techniques and methodologies employed during the study.
Chapter four addresses the issue of data analysis and evaluation while chapter five, the
final chapter, provides a detailed discussion of results, recommendations and an overall

conclusion of the study.

1.5 Conclusion

All life on earth depends on water, from microbes to plants to the larger land and marine
animals including humans. Water is important to individuals, society, and natural
ecosystems, for life cannot exist without a dependable supply of water of suitable quality.
The quality of water can be negatively influenced by natural phenomena, but the common
reason for impaired water quality is contamination caused by human activities. Pollution

of the hydrosphere by anthropogenic activities is of great concern to society (Boyd,
2000).

The demand for water is increasing exponentially and, depending on ‘worst-case’ or
‘best-case’ scenarios, it is estimated that much of South Africa will experience the
equivalent or permanent drought somewhere between 2020 and 2040. Water rationing is
likely to become a fact of life. Water conservation measures must be implemented across

all facets of life as a matter of urgency (Yeld, 1993).

10



CHAPTER TWO
WATER QUALITY: A THEORETICAL REVIEW

2.1 Introduction

Clean, plentiful water is infinitely precious for without this resource we could not
survive. Yet humans use waterways as a dumping ground for waste, loading billions of
tonnes of chemicals, metals, and organic pollutants into rivers, lakes, and oceans every
year. Even today, individuals continue to ignore the vital importance of water, and so

continue to over utilize it (Staufter, 1998).

Rivers are important to humans because they supply fresh drinking water, serve as a
habitat for aquatic organisms, provide transportation routes, and are the source for
irrigation water and hydroelectric power. Humans have used rivers since the beginning of
civilization. Other important aspects of rivers are the ecological characteristics of river
channels and floodplains. However, the various processes controlling river water quality
may be in a delicate balance and that a slight modification to the catchment could

generate significant changes in water quality (Boyd, 2000).

Humans must use water for many purposes, and water quality deteriorates as a result. The
demand for water is increasing because of the rapid increase in the human population
(Boyd, 2000). Water pollution stems from a myriad of sources and causes. Humans have
a long history of introducing pollutants into aquatic environments, and have had only
partial success at repairing the destruction already inflicted, and curbing the activities that
result in environmental degradation. Non-point source pollution continues to be a serious
threat to receiving waters, as does the continued release of sewage and industrial effluents

into rivers and streams (Weiner and Matthews, 2003).

The process that contributes to water quality can best be understood if examined in the
context of a catchment ecosystem. Recognition of a catchment as an inter-related system
is particularly instructive as it contains many of the factors that are relevant to the control

and management of water quality. Humans modify water quality not only directly

11



through discharges but also indirectly through such activities as adjusting flow regimes
and impounding and abstracting. Clearly, man is a major biotic influence but, it is also
important to realize that his activities in a catchment modify a system which is already

dynamic and varying (Gower, 1980).

2.2 The Importance of Water

Fresh water is arguably the most important of all resources. It is integral to all
environmental and societal processes and a critical component of ecological cycles. For
centuries, water has been hamessed to provide drinking water, sewage systems and to
irrigate cultivated lands. As the twentieth century drew to a close, it was evident that

efforts to harness water have been inadequate and misdirected (Clarke, 1993).

Water is important physiologically. It plays an essential role in temperature control of
organisms. It is a solvent for minerals, organic nutrients, and metabolic wastes. Water 1s
important ecologically as it is the medium in which many organisms inhabit. The
distribution of vegetation is controlled undeniably by the availability of water as can be
seen when well-watered regions are compared to arid regions. Water shapes the earth’s
surface through dissolution, erosion, and deposition and, besides its requirement in
maintaining bodily functions, humans utilize water for domestic needs, including
sanitation, bathing, washing clothing, food preparation. Water is a key ingredient of
industry for power generation through the use of flowing waters to turn turbines, steam

generation, cooling, and processing — used as ingredient, solvent, or reagent (Boyd,
2000).

23 Importance of Rivers

Rivers are of immense importance geologically, biologically, historically and culturally.
Although they contain only about 0.0001% of the total amount of water in the world at
any given time, rivers are vital carriers of water and nutrients to areas all around the
earth. They are critical components of the hydrological cycle, acting as drainage channels
for surface water - the world's rivers drain nearly 75% of the earth's land surface. They

provide habitat, nourishment and means of transport to countless organisms; their
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powerful forces create majestic scenery; they provide travel routes for exploration,
commerce and recreation; they leave valuable deposits of sediments, such as sand and
gravel; they form vast floodplains where many of our cities are built; and their power
provides much of the electrical energy we use in our everyday lives. Rivers are central to
many of the environmental issues that concern society, and they are studied by a wide
range of specialists including hydrologists, engineers, ecologists and geomorphologists

(Huffman, 1991).

Rivers in general embody many values. For example, rivers symbolize connections, since
they touch everyone, and everybody in principle lives downstream. Rivers also symbolize
human health, since fresh water from rivers is essential to our communities and
ourselves. Another value embodied by habitat, is protecting freshwater ecosystems for
fish and wildlife. Rivers are also major destinations for recreation by communities.
Fishermen fish in rivers, and other recreative activities such as boating, wildlife-watchers,
sports and other leisure activities also take place along rivers (Department of Water

Affairs and Forestry, 2001).

What we fail to see sometimes is that throughout a river's course, human activities have a
significant impact on rivers. For example, pollution is increasingly becoming a major

problem, where the economy and traditions are affected by polluted water.
2.3.1 Environmental Problems of Rivers

Rivers are indeed facing a number of environmental problems. This is despite the fact
that more than half of potable water comes from rivers. This is so bad that in some cases,

rivers, lakes and estuaries are unsuitable for such basic uses as fishing and swimming.

Communities living along rivers are most affected by these negative trends. Pollution of
drinking water and rivers and lakes are two top environmental concerns. Communities
realize that protecting and conserving rivers - the major source of drinking water - is
critical for their future survival, but don't know how to take action. Many communities
don't know how their everyday actions create water pollution, even though most are

willing to change simple behaviours once they are informed (Dallas and Day, 1993).
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Many river-side communities still believe industrial output is the main source of pollution
in our rivers. But the experts know the story is more complex. One of the most
overlooked causes is non-point sources of pollution. This is the leading cause of water
pollution in rivers today, and is expected to increase. The main sources of non-point
pollution are from farm fields and lawns, roads and parking lots, storms and flooding, etc.

(Tripathi and Pandey, 1995).

24 Water Quality

Water quality is a term used to describe the chemical, physical, and biological
characteristics of water, usually in respect to its suitability for a particular purpose.
Although scientific measurements are used to define a water’s quality, it's not a simple
thing to say that "this water is good," or "this water is bad." After all, water that is
perfectly good to wash a car may not be good enough to serve as drinking water for
human consumption. When the average person asks about water quality, they probably
want to know if the water is good enough to use at home, to play in, to serve in a
restaurant, etc., or if the qualities of our natural waters are suitable for aquatic plants and

animals (Asmal, 2002).

Presently the frequency of situations where water has been rendered unsuitable for
normal use has increased significantly. Bacteria and micro-organisms have contaminated
drinking-water supplies, sometimes causing severe illness to townfolk; chemical
pollutants have been detected in streams, endangering plant and animal life; sewage spills
have occurred, forcing people to pre-treat their drinking water; pesticides and other
chemicals have seeped into the ground and have harmed the water in aquifers; and, runoff

containing pollutants from roads and parking lots have affected the water quality of urban
streams (Boyd, 2000).

Water quality has become a very big issue today, partly because of the tremendous
growth of the nation's population and urban expansion and development. Rural areas can
also contribute to water quality problems. Medium- to large-scale agricultural operations
can generate in animal feed, purchased fertilizer, and manure, more nitrogen and

phosphorus than can be used by crops or animals. These excess nutrients have the
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potential to degrade water quality if incorporated into runoff from farms into streams and
lakes. All this growth puts great stress on the natural water resources, and, if we are not

diligent, the quality of our waters will decline significantly (Helmer, 1989).

2.4.1 Decline in Water Quality: A Natural Process

The quality of surface water or groundwater at any point in a watershed reflects the
combined effect of many physical, chemical, and biological processes that affect water as
it moves along hydrologic pathways over, under, and through the land. The chemical
composition of water varies depending on the nature of the solids, liquids, and gases that
are either generated internally or with which the water interacts. Furthermore, the
chemical composition depends on the type of interaction. At the mostly pristine part of
the hydrologic cycle, precipitation quality is derived from interactions with gases,
aerosols, and particles in the atmosphere. Evaporation purifies water as vapor but
concentrates the chemical content of the water from which it evaporated. Condensation
begins the process of imparting chemical quality to atmospheric moisture by inclusion of
chemical substances through the dissolution of condensation nuclei. The complexity of

the water-material interaction increases as precipitation falls on the land (Lundqvist,
1998).

The physical characteristics and mineralogical composition of soil and bedrock,
topography, and biology substantially affect water quality. Most freshwater is a mixture
of water derived from several hydrologic pathways. For example, stream water may be
composed of varying mixtures of shallow and deep groundwater, precipitation, snowmelt,
through-fall, overland flow, interflow, or through flow in the soil. Furthermore, the
stream water composition may change in situ due to biological reactions or due to the
interactions with the streambed and adjacent riparian zone. Living organisms, particularly
micro-organisms such as phytoplankton and bacteria, affect water quality genesis through
several mechanisms. For example, the biota can use and release nutrients and other
elements that are commonly specific to particular plants and geographic regions or

generate other products, including gases (Hem, 1985).

15



Natural water quality varies markedly and is affected by the geology, biology, and
hydroclimatic characteristics of an area. Even under natural conditions, water may be
toxic or otherwise unfit for human consumption. The occurrence of high and toxic metal
concentrations is not uncommon and can be attributed to weathering of naturally
occurring ore deposits. Although generally non-toxic, the solute concentrations of “pure”
bottled spring water can vary by several orders of magnitude worldwide. However, the
concept of pollution is relative, in that it reflects a change from some reference value to a
value that causes problems for human use. A worldwide reference value is difficult to
establish because of insufficient monitoring prior to changes in water quality due to
human activities. Furthermore, there is no universal reference of natural water quality

because of the high variability in the chemical quality of natural waters (Meybeck, 1996).

Natural water quality variations occur over a wide range of time scales. Long-term
changes in water quality can occur over geologic time due to factors such as soil
evolution, glaciation, mountain building, and mass wasting (downslope gravitational
movement of soil and rock). Intermediate changes can occur due to successional changes
in vegetation, forest fires, floods, and droughts. Seasonal and shorter-term variations in
stream and river water quality are partly explained by variations in the mixture of
contributing waters (water partitioning), each of which has different compositions due to
transit time and contact with materials and the growth cycle of vegetation. Rapid changes

in water quality can occur over relatively short spatial distances (Meybeck, 1996).

2.4.2 Human Impacts on Water Quality and Quantity

Human influences have had a direct effect on the hydrologic cycle by altering the land in
ways that change its physical, chemical, and biological characteristics (Lundqvist, 1998;
Hem, 1985). Physical alterations such as urbanization, transportation, farming
(irrigation), deforestation and forestation, land drainage, channelization and damming,
and mining alter hydrologic pathways and may change the water quality characteristics
by modifying the materials with which the water interacts. For example, the impervious
surfaces created by urbanization produce overland flow and high amounts of runoff even

at moderate rainfall intensities (Arnold and Gibbons, 1996). In addition, these human
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activities alter water quality not only by changing hydrologic pathways, but by the

addition of substances and wastes to the landscape.

The chemical alteration associated with human activity is, in part, related to the physical
alteration, but occurs mainly through the addition of wastes (gases, liquids, and solids)
and other substances to the land. These additions include waste disposal on the land or in
water ways and the application of substances to control the environment, such as
fertilizers for crop production, herbicides for weed control, and pesticides for disease -

control.

Human requirements for water also directly affect hydrologic pathways by providing
water of a specified quality for different activities to sustain human existence (e.g.,
agriculture, potable supplies, power generation, power plant cooling, and industry). The
quality of water from urban areas is complex due to the myriad of sources and pathways
(Driver and Troutman, 1989). In these areas, not only are there multiple sources of
individual substances, but the natural hydrologic pathways are replaced with artificial
drainage channels, wet and dry storage basins, sewers, and water distribution systems, all
of which affect the spatial and temporal quantity and quality of urban runoff. The
management of the delivery of untreated waste (point source) directly to surface water
has received considerable attention in developed countries, and recently, more emphasis

has been placed on controlling diffuse sources (Line ef al., 1999).

Human activity is now one of the most important factors affecting hydrology and water
quality. Humans use large amounts of resources to sustain various standards of living,
although measures of sustainability are highly variable depending on how sustainability
is defined (Moldan et al., 1997). Nevertheless, the land must be altered to produce these
resources. [rrigated agriculture alone is responsible for about 75 percent of the total water
withdrawn from “surface water and groundwater sources,” and more than 90 percent of
this water is consumed and delivered to the atmosphere by evaporation (United Nations

Commission for Sustainable Development, 1997).
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Figure 2.1 Various anthropogenic sources of pollution that impact on surface and
subsurface waters.

(http://ga.water.usgs.gov...).

2.4.3 Water Quality in an Ecological Reserve Assessment

Methods for quantifying environmental water quality still focus on only magnitude
(concentration) and, frequency and duration are only taken into account via flow-
concentration modeling (Malan and Day, 2002; Malan and Day, 2003; Malan ef al.,
2003). The task of the flow component of an Ecological Reserve Assessment is to
provide both quantified and descriptive information about the pattern and reliability of
environmental flows, with information on frequency, magnitude and duration, so that an

entire modified flow regime can be provided (King et al., 2000).

During an Ecological Reserve Assessment, the Ecological Reserve for water quality is
provided as class boundary-value concentrations for each variable From the many
possible water quality variables, the initial suite to be considered in South Africa

includes: inorganic salts (sodium chloride, sodium sulphate, magnesium chloride,
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magnesium sulphate, calcium chloride, calcium sulphate); nutrients (phosphate and total
inorganic nitrogen); physical variables (turbidity, pH, oxygen, and temperature); and
those toxic substances (herbicides, pesticides and industrial compounds) listed in the

South African Water Quality for Aquatic Ecosystems (DWAF, 2001).

2.5 Complex Systems

Aquatic ecosystems include numerous species, habitats and processes, all of which are
interlinked and interdependent, and which require protection if healthy ecosystem
structure and functioning are to be maintained. As a consequence of the complex and
interlinked nature of aquatic ecosystems, the effects of changes in water quality on
specific components of ecosystems are often indirect. A simple example of such indirect
effects might be that a certain species of fish might disappear as a result of a change in
water quality, not because the fish species itself cannot tolerate the change in water
quality, but because the organisms that are its primary food source might be eliminated
by that particular change in water quality (South African Water Quality Guidelines for
Aquatic Ecosystems, 1996).

The wide variation in mineral content and silt load can be attributed to the influence of
types of rocks and soil over which the river flows. The Orange River, for example,
naturally carried a heavy silt load before man increased it through agricultural
malpractices. [ronically, the name of the “Orange”, first coined by Colonel Robert
Gordon in 1779, was chosen in honour of the then Prince of Orange rather than because
of the orange colour resulting from the river’s striking silt load. Many of the waters of the
southern and south-western Cape are also very different from most of that elsewhere, for
they are exceptionally acid. The reasons for their acidity are not entirely understood, but
the entire area overlies old, nutrient-poor, well-leached rocks. The natural fynbos
vegetation is highly adapted to these nutrient-poor conditions and contains unusually
large quantities of plant chemicals known as humic substances. These are very dark in
colour, very acidic and decompose very slowly, producing the so-called “black waters”
typical of the region. Many of the aquatic species of these streams are highly adapted to

these unusual conditions and seem to occur nowhere else. By studying the aquatic life, a
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river biologist can tell whether a river is functioning normally or whether unnatural

physical or chemical changes are taking place (Hughes, 2001).

Pollution is a catchword commonly used by the general public, and is certainly the most
obvious problem associated with rivers. The term covers all manner of evils and refers to
any substance that adversely affects the natural environment. Even naturally occurring
mineral ions can be pollutants in certain circumstances. Common pollutants include
industrial and domestic wastes (sewage, toxic metals, oils, washing, spillages, acids,
alkalis, solvents and so on), litter, particulate waste, agricultural fertilizers, hot water and
herbicides and pesticides. Pollutants entering rivers from “point sources” may be
discharged legally under controlled or semi-controlled conditions, while others are
discharged deliberately and illegally and yet others are discharged accidentally. Diffuse
(or non-point) pollution occurs when pollutants enter the river, either from the
atmosphere or in water draining the land anywhere in the catchment, and thus is

extremely difficult to identify and control (Line et al., 1999).

Farmers enrich their lands with fertilizers (nutrients) in order to increase crop yields. A
large proportion of these nutrients is either washed off the soil into the rivers or leaches
through the soil into the groundwater and hence into a river. On reaching the river these
nutrients are as effective in increasing plant production in the water as they are on land.
When present in excess, they stimulate the unbridled development of algal blooms,
floating pest plants or expanding stands of rooted plants, any of which may reach pest
proportions. The sight of a river with water that looks like pea-soup or one clogged from

bank to bank with aquatic plants, often alien, is a familiar one throughout the country
(Roux, 2004).

Sewage is rich in both organic matter and nutrients. The activities of the micro-organisms
of decay cause deoxygenating of the water, resulting in the death of many normal riverine
species. Sewage farms (or water treatment plants, as they are now more elegantly termed)
take advantage of the propensity of micro-organisms to break down organic materials and

even to turn some nitrogenous compounds into atmospheric nitrogen that will be removed
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from the system. Thus far, however, the technology for the removal of other major
nutrient, phosphorus, is still in its infancy, so that the effluent from a well-run, up-to-date
sewage works is usually very low in organic nitrogen but invariably high in phosphates,
leading to the possibility of eutrophication of the receiving stream. When sewage is
treated inadequately, before it reaches a river, the decay process will take place within the
river itself. Fortunately, polluted water below a sewage outfall will become increasingly
clean as it moves downstream, due to the activities of the aquatic plants and animals.
Zones of increasing recovery occur along the river and this is reflected in the change in
communities of plants and animals further and further away from the source of pollution.
Such cleansing processes are impossible where toxic substances and pesticides change
the physical and chemical nature of the water, killing those organisms that are hardy
enough to withstand gross organic pollution and thus initiate the cleaning process (Jooste

and Rossouw, 2002).

Solid wastes, such as soil particles from erosion, mining effluents such as coal dust, and
iron oxides, agricultural washings and building debris also play a role in polluting rivers.
Their effects may be devastating. Silt smothers animals and their eggs, blocks gills,
deprives riverine animals of a firm substratum to cling to, and blankets their food. If the
silt is continuously present in the water, the fauna will be numerically improved, but will
resemble in character that of a lower river, as described above; if siltation occurs as an
isolated incident, it will break the cycle of aquatic communities by killing the animals
and their eggs, and then washed on its way, leaving no other trace of its presence. The
affected stretch of river may nonetheless be barren for months or even a year until
recruitments from other areas is successful. Litter in the form, is not damaging although

in large quantities it can physically choke small streams (Jooste and Rossouw, 2002).

It is often possible to abstract and treat water of poor quality before it is used off stream,
but in the case of aquatic ecosystems it is seldom possible to mitigate the effects of poor
water quality to the same degree. Hence, for the purpose of protecting and maintaining
aquatic ecosystems, prevention, rather than mitigation, of the effects of poor water

quality has to be given even greater emphasis than would be the case for other water uses.
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For this reason, the criteria for aquatic ecosystems provide different levels of protection.
This is in contrast to the criteria for other water uses, which show the effects of changes

in water quality for a particular water use sector (DWAF, 1996).

2.6  Water Pollution

One of the most important properties of water is its ability to dissolve chemical
substances and transport them between different points in the environment. These
dissolved chemical substances in the aquatic environment can, at times be beneficial but

in most instances are very detrimental (Ellis, 1988).

A pollutant can have a wide range of definitions depending upon the terms of reference
used. Ellis (1988) quotes various definitions including that of Dr Arthur Key who says:
“A river is polluted when the water in it is altered in composition or condition, directly or
indirectly as a result of the activities of man, so that it becomes less suitable for any or all

of the users which it would be suitable for in its natural state.”

Ellis (1988) claims more succinctly that: “There is no such thing as pollution. It is merely
a problem of having valuable chemicals in the wrong place at the wrong time.” Wisdom
(1956) quotes the legal definition of pollution as: “The addition of something to water
which changes its natural qualities so that the riparian owner does not get the natural

water to the stream transmitted to him.”

Pollution in general is derived from humans and their activities and can be classified
under three main categories with a fourth for other miscellaneous forms. These are:
Industrial — These include products either used or produced in industries namely:
Engineering: hydrocarbons and trichlorinated solvents used in degreasing;
Insulation installer: Formaldehyde;

Printing: inks, dyes, bleaching agents;

Electroplaters: heavy metal and arsenic salts;

Woolen mills: dyes, bleaching agents, and pesticides;

Glass manufacturers: heavy metal and arsenic salts.
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Agricultural — pesticides and fertilizers stored in barns or outbuildings which if spilled
into a water course where drinking water is abstracted, could cause serious damage. The
leakage of fodder with its high liquor content creates an extremely high biological
oxygen demand on the water course and may reduce the available oxygen level that is

necessary for the survival of the fish population.

Sewage Related — a diverse mixture of waste produced mainly by human activity. The
mixture will contain human effluent; industrial effluent; run-off from roads; domestic
waste water and a myriad of other minor sources. The mixture contains not only
biodegradable materials but also insoluble substances, toxic and non-toxic materials as

well as ineffective and non-infective agents.

Other Than the Above - these include the fire-fighting activities and services which are
normally called in to deal with chemical spillages during a road accident. Methods of
disposal of spilled materials include covering up with an absorbent material then

sweeping up and flushing down the nearest drain with large amounts of water.

[n addition, natural pollution that is arising without the assistance of man and which
creates an added demand for oxygen can arise from the presence in water bodies of dead
animals, decaying vegetation either from river plants or from vegetation falling into the

water and, animal wastes.

Natural pollution may increase the particulate content of the water, increase the acidity,
add coloured material or give the water an unacceptable flavour. [t may also reduce the
oxygen content of the water to such an extent that the loss of aquatic life may occur
(Iwugo, 1995).

During the 1950s and 1960s, the major sources of pollution, within UK rivers were those

of organic pollution arising from sewage, detergents and other foam producing agents

and heavy metal salts. Point-source pollution, from sewage and effluent outfalls were
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major problems between 1960 and 1970. Regrettably, in the 1990s and presently, the
problem with these sources still exist despite attempts by legislators and an
unprecedented amount of public and media pressure (Tchobanglous and Schroeder,

1985).

Pollution incidents arising in a water course usually derive from one or two types of
sources namely Diffuse sources and Point sources.
Diffuse sources are those which continuously add extraneous material into a water course
from a widely spread area. The following are examples:
a) Nitrates and pesticides used in agriculture which are washed into the rivers by
precipitation run-off;
b) Hydrocarbons and lead contained in the run-off from roads and highways

(Keller and Wilson, 1992).

Certain diffuse sources are either very difficult to control or are beyond practicable
control when considering pollution prevention. The amount of nitrate or phosphate
contained in the run-off from an agricultural field is such an example. The main reasons
for this are the limiting factors which govern modern farming practice and over which the
farmer has little or no control. For maximum benefit from the fertilizer or pesticide
treatment has to be done when the condition of the sand and weather are appropriate —

factors which are beyond the control of the farmer (Keller and Wilson, 1992).

Unfortunately, not all of the controllable sources are subject to legislation or are able to
be controlled by legislation. When the source is detected, it is seldom economical or
practical to contain it. Disturbance of a site and clean-up operations can take several
years to accomplish, in which time a large proportion of the pollutant may have been
released into the aquatic environment (Keller and Wilson, 1992).

Point — source pollution, as opposed to diffuse pollution can be defined as a pollutant
entering the environment from a fixed source and generally over a very limited period of
time. Examples include the accidental releases of chemicals from industrial sites; leakage

of silage liquor and yard washings from agricultural premises; discharge effluent outside
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the consent limits from sewage treatment works; industrial effluents; storm overflow
from sewage works; illegal tipping of industrial and other wastes; run-off from fire-
fighting activities; transportation accidents; agricultural and industrial treatment systems
failures; release of sheep dip material after use and the discharge of excess pesticides

from farms (Tripathi and Pandey, 1995).

Industries are of great concern and industrialization contributing to water pollution has
reached an alarming situation. Less than 5% of the industries have provided adequate
measures for the treatment of effluents. Factory wastes include:
a) Oil: in forming a thin, widely dispersed film on the surface, it reduces the
intake of oxygen by the water;
b) Detergents: they reduce the oxygen absorption capacity of fresh water;
c) Suspended particles and Poisonous chemicals: (such as sulphides and
sulphites) acting as reducing substances, these lower the oxygen concentration

in the water (Tripathi and Pandey, 1995).

Polluted and unpotable water due to poor environmental sanitation has been the major
cause of diseases such as diarrhea, dysentery, typhoid fever, intestinal heleminths,
jaundice, cholera, etc. Sources of water pollution are countless and the most detrimental
and of great concern are those induced by human activities. Even today, open defaecation
in the fields and along the drains and water resources are common in India (Tripathi and
Pandey, 1995). Whilst pollution of river water is not a modern-day phenomenon, it is

evident that the nature and quantity of pollutants has changed dramatically for the worst.

2.6.1 Water-Borne Diseases

Water-borne diseases are “dirty-water” disease — those caused by water that has been
contaminated by human, animal, or chemical wastes. Worldwide, the lack of sanitary
waste disposal and of clean water for drinking, cooking, and washing has resulted in over

12 million deaths a year (Davidson et al., 1992).

25



Water-borne diseases include cholera, typhoid, shigella, polio, meningitis and, hepatitis A
and E. Human beings and animals can act as hosts to the bacterial, viral, or protozoal
organisms that cause these diseases. Globally, millions of people have little access to
sanitary waste disposal or to clean water for personal hygiene. An estimated 3 billion
people lack a sanitary toilet and some 1.2 billion people are at risk because they lack

access to safe freshwater (Khan, 1997).

Where proper sanitation facilities are lacking, water-borne diseases can spread readily.
Untreated excreta carrying disease organisms wash or leach into and contaminate
freshwater sources. The extent to which disease organisms occur in specific freshwater
sources depends on the amount of human and animal excreta that they contain (Bowman,

1994).

Diarrohea, the major water-borne disease, is prevalent in many countries where sewage
treatment is inadequate. Instead, human wastes are disposed of in open latrines, ditches,
canals, and water courses or they are spread on cropland. Worldwide an estimated 4
billion cases of diarroheal disease occur every year, causing 3 million to 4 million deaths,

mostly among children (Olshansky et al., 1997).

Using contaminated sewage for fertilizer can result in epidemics of such diseases as
cholera. These diseases can even become chronic where clean water supplies are lacking.
In the early 1990s, for example, raw sewage water that was used to fertilise fields caused
outbreaks of cholera in Chile and Peru (United Nations Commission on Sustainable
Development, 1997). In Buenos Aires, Argentina, a slum neighbourhood faced continual
outbreaks of cholera, hepatitis, and meningitis because only 4% of homes had either
water mains or proper toilets, while poor diets and little access to medical services

aggravated the health problems (Ainstein, 1996).
Toxic substances that find their way into freshwater are another cause of water-borne

diseases. Increasingly, agricultural chemicals, fertilizers, pesticides, and industrial wastes

are being found in freshwater supplies. Such chemicals, even in low concentrations, can
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build up over time and eventually can cause chronic diseases such as cancer among

people who use the water (Silfverberg, 1994).

Health problems from nitrates in water sources are becoming a serious problem almost
everywhere. In over 150 countries nitrates from fertilizers have seeped into water wells,
fouling the drinking water (Maywald e al., 1998). Excessive concentrations of nitrates
cause blood disorders. Also, high levels of nitrates and phosphates in water encourage
growth of blue-green algae, leading to deoxygenation (eutrophication). Oxygen is
required for metabolism by the organisms that serve as purifiers, breaking down organic
matter, such as human wastes, that pollute the water. Therefore the amount of oxygen

contained in water is a key indicator of water quality (Bowman, 1994).

The seepage of toxic pollutants into ground and surface water reservoirs used for
drinking and household use causes health problems in industrialized regions as well. In
Europe and Russia the health of some 500 million people is at risk from water pollution.
For example, in Northern Russia half a million people on the Kola Peninsula drink water
contaminated with heavy metals, a practice that helps explain high infant mortality rate

and endemic diarrhoeal and intestinal diseases (Edwards et al., 1997).

2.7  Solid Waste

Solid waste is defined as waste that cannot be disposed of as a liquid by a sewage system
(Cummningham and Saigo, 1990). Solid waste pollution includes such items as
household refuse, semi-solids, liquids (in containers) and gases (in solid container) that
result from various activities. The solid waste stream includes the services in place to
remove household refuse or street litter. This could be house to house collection, or skip
systems or in some places where no services exist. A waste stream can be seen as a
visual passage of waste that arise from industrial, commercial and domestic activities

(Cunningham and Saigo, 1990).
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According to Armitage ef al., (1998), a simple classification of solid waste is as follows:
Plastics (Shopping bags, wrappings, containers, efc); Paper (Wrappers, newspaper,
cardboard, cigarette boxes, bus tickets, efc); Metals (Foil, cans, number plates, vehicle
engine parts, efc); Vegetation (Branches, rotten fruit and vegetables, uprooted trees);
Animals (carcasses); Construction materials (Planks, broken bricks, lumps of concrete,

etc) and miscellaneous (old clothing, shoes, tires, etc).

2.7.1  Solid waste pollution

When solid waste is dumped into rivers or streams it can alter aquatic habitats and harm
native plants and animals. The high nutrient content in organic wastes can deplete
dissolved oxygen in water bodies, denying oxygen to fish and other aquatic life forms.
Solids can cause sedimentation and change stream flow and bottom habitats. Siting
dumps or landfills in sensitive ecosystems may destroy or significantly damage these
valuable natural resources and the services they provide. As a country becomes more
developed and thus more commercialised, the solid waste problem becomes increasingly
evident. Solid waste is a more apparent phenomenon in the much more developed
countries, where the technology exists and certain industries, namely the plastic
industries, facilitates the production of material that is often discarded by the consumers.
However, in most of these countries allowances are made to reduce this problem where
possible, i.e. brown paper bags are often used instead of plastic shopping bags due to its
biodegradability; beverages are supplied in returnable glass bottles, instead of disposable
plastic sachets or cans and more often than not, food is bought fresh rather than pre-
packed. There is ultimately less waste to dispose of in these developed countries due to

the nature of their economy (Botkin and Keller, 1995).

2.7.2 Solid waste in South Africa

Pollution from densely populated informal settiements is perhaps one of South Africa’s
most important but also most complex pollution problems. South Africans generate
approximately 40 million tones of solid waste per annum. A large amount of this is
packaging material mostly found in urban areas. In South Africa, the first and third world

interface lies within the borders of the same country. The duality of the two sectors
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resulted in a complex situation with regard to the problem of solid waste, as the patrolling
of it has not developed sufficiently to cope with the demands of both these interfaces
simultaneously. Furthermore, nearly all the solid waste that is found in the country’s
water ways are said to be derived from urban areas, although these urban areas comprise
of only 5.6% of the t