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ABSTRACT

The Kebena River traverses Addis Ababa from north to south, The river starts upstream

from a scarcely populated area and goes to the south through the densely populated areas.
The difference in ionic compositions as one goes from upstream to down stream is then an

indication of human impact on the quality of water. The geogenic ions, which are

introduced from the natural environment through which the water passes, and the

anthropogenic ions, which mainly enter into the water by the action of man, have been

determined. The pH, conductivity, alkalinity, the chemical oxygen demand (COD),

ammonium, nitrite, nitrate, phosphate, sulfate, chloride, fluoride, sodium, potassium,

magnesium, calcium ions and silica have been determined from three different sampling

sites, which represent upstream, midstream and downstream using standard methods of

analysis.

Time and space dependence of ionic composition has been studied starting from the end of

the rain season (September, 2000) to the beginning of the small rain (April, 2001). The diy

season dominates in between. The increase in concentration of the anthropogenic ions as

nitrate, nitrite, ammonium, phosphate, COD, and chloride, as one goes from upstream to

downstream through the highly populated areas and the increase in these ions as the rain

ceased and the surface runoff decreased were very good indications of the deterioration of

water quality by human activities; by direct disposal of liquid and solid wastes to the river.

x



The Addis Ababa city solid waste disposal site is the landfill at Kore (Jimma Road). Two

samples were taken to determine the ionic composition of the runoff from this landfill.

Emphasis was given for trace elements, especially cadmium, lead, copper, and zinc,

differential pulse stripping voltammetry (DPSV) was used for their determination. The trace

elements (Cu, Pb, Cd and Zn) were not detected using DPSV, which has a detection limit of

1O'7-1O'8 M.
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1. INTRODUCTION
:

Water and air are the fundamental media in which life exists [1], Water is the most widely

occurring substance in the world. Over 72% of the earth's surface is covered by water. This

means that, if the body of the water were evenly distributed, it would cover the globe to an

average depth of over four kilometers [2], Therefore, total abundance of water on earth is

not a problem; the problem is its availability where and when it is needed in the appropriate

form (Table 1) [3].

Table 1. The world’s water supply

Location 2Surface area (km ) Water volume
(x 1000 m3)

% Total water

Oceans 361,000,000 1,230,000,000 97.2

Atmosphere 510,000,000 12,700 0.001

Rivers & Streams 1,200 0.0001

Ground water: Shallow
to depth of 0.8 km.

130,000,000 4,000,000 0.31

Lakes (fresh water) 855,000 123,000 0.009

Ice caps and glaciers 28,200,000 28,600,000 2.15

Throughout history, the quality and quantity of water available to humans have been vital

factors in determining their well being [4]. All life on earth depends on water. Water is the

most important substance for human existence. The form in which the chemical compound

1



Table 2. Some important properties of water, effects and significance

Property Magnitude Effects & significance

Heat of Fusion (kJ/g) 0.334 Strong cushion against both rising and
falling of temperature.

Heat of Vaporization (kJ/g) 2.3 Determines transfer of heat and water
molecules between the atmosphere
and bodies of water.

Specific Heat (J/g) at 0UC 4 Keeps the temperature constant,
Stabilization of temperatures of
organisms and geographical regions.

Dielectric Constant (at 25°C) 78 Makes water a powerful solvent for
Dipole Moment (D) 1.834 both polar and ionic compounds.
Surface Tension (N/m) 7.2 x 10-6 Gives ability to water droplet

formation and wetting a surface.
UV cut-off (rnn) 180-195 Allows solar radiation to reach the

earth and restricts rapid heat loss,
allows light required for
photosynthesis to reach considerable
depths in bodies of water.

Density 1 (max. at 4°C) Ice floats, makes life possible even at
colder conditions.

Chemical compounds constantly enter the water by leaching from sediments, runoff from

land, dissolution from atmosphere, and other sources. Equally constantly, they depart
i
l

through volatilization, sequestration, adsorption on to sediments, and so on. These factors

should cause the concentration of any dissolved environmental chemical to reach a steady

3



different solubility equilibria of the constituents of the geological formation the water is

seeping through. Ions entering the water from these sources are refereed to as geogenic. On

the other hand ions introduced from different human activities are termed as anthropogenic.
A society’s ever expanding utilization of materials, energy, and space is accompanied by an

increasing flux of anthropogenic impurities to the environment [13-15]. |

l

Regardless of the purpose for which water is required, other substances dissolved or

suspended in it can affect its suitability for that purpose. Substances that appear in the

natural environment as a result of weathering phenomena and human activity play a critical

role in determining water borne pollutants [16]. Natural waters are afflicted with a wide

variety of inorganic, organic, and biological pollutants, a significant fraction of which come

from the improper disposal of wastes [17]. Man’s physiological, domestic, and industrial

use of water degrades its quality [18], Industries, municipalities, and storm water runoff

contribute to the pollution of natural water systems. Most industrial and municipal wastes

end up in rivers, lakes and the sea [19-20],

The root cause of pollution of waters is man's tendency to dilute and disperse wastes than to

remove them at the source, Pollution occurs when too much of unwanted substances enter a

body of water. There are two main ways to contaminate water:

a) A steady flow, e.g., from sewage plants

b) A sudden discharge of several dangerous chemicals [21-22],

5



Pollution of water doesn't appear to have been a serious problem until relatively recently.

With high-density settlement in towns and cities came the question of sewage disposal,

which had not troubled more dispersed communities. Excrement had undoubtedly entered

rivers and streams. With the growth of industry rivers and oceans provide a means of

dispersing waste products from industrial processes [23].

It has been shown that rivers undergo self-purification by dilution effects and by the action

of different microorganisms, which depend on organic pollutants and nutrients [12,24]. At

present, the problem of biological self-cleaning of polluted waters is of great importance

because the anthropogenic pollution of waters often exceeds permissible limits [25].

Chemically pure water would not support life, but its ability to dissolve more substances

than any other liquid in nature ensures that natural waters usually contain those substances

needed by living organisms [26]. When one adds organic pollutants, such as sewage, it

increases the amount of allochthonous organic matter, which enhances the amount of

animal production that thrives on dissolved organic matter [27]. It has been shown that

organic pollution is responsible for the increment of nitrate and phosphate contents of a

stream and river, which are plant nutrients [28-29].

Nutrients are those environmental substances necessary for the growth and development of

the nutrition of green plants, which in turn provide the organic nutrients for non- green

plants and animals. The characteristic pathways in which these substances circulate from

the environment to the organisms and back again are known as biochemical cycles.

Oxygen, carbon, and nitrogen are the principal elements involved, while more than forty

6



minerals, such as phosphorus and potassium, come from the crust of the earth. The

synthesis of protoplasm by living organisms from their decomposition after death forms the

energy basis for these cycles and provides for a classification of organisms into producers,

consumers, and reducers [1,30]

The producers take energy from the sun and nutrients such as nitrogen and phosphorus from

the water and soil and through the process of photosynthesis produce high-energy

chemicals. The energy from the sun is thus stored in the chemical structure of their organic

molecules. These organisms are often referred to as autotrophs (e.g. algae). A second group

of organisms are the consumers who use some of this energy by ingesting the high -energy

molecule. The third group of consumers, the decomposers (reducers), use the energy in

animal wastes and dead plants and animals (e.g. bacteria), and in so doing convert the

organic molecules to stable inorganic compounds. The residual inorganics then become the

building blocks for new life, using the sun as the source of energy. Such organisms have

great impact on the quality of water. Many aquatic chemical processes are influenced by the

action of algae and bacteria [19,31],

The other point of interest, which endangers river water quality, is contamination from the

disposal of solid wastes. Deposition of solid waste on dumping ground (landfill) is a widely

used and inexpensive method, but it has a number of disadvantages, the most important one

is the possibilities for contaminating water bodies [32-34].

7






































































