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ABSTRACT

This study investigated bacteriological, hydrocarbons and heavy metal pollution status on Lake
Tanganyika in Mpulungu area in the period of October 1999 to March 2060. The purpose of this
study was to identify the origin and sources of bacteriological, hydrocarbon and heavy metal
pollution on the lake. The objectives were to (i) identify the sources and causes of bacteriological,
oil and heavy metal pollution; (i) determine the magnitude of bacteriological, oil and heavy
metal pollution in the lake water; and (iii) assess the epidemiological pattern of water-borne
diseases in Mpulungu area.

The responses from interviews with the people generally revealed that there are waste materials
being introduced on the lake by local people as well as fishing companies. Since many people
depend on the lake water for domestic use, chances are that there is a relationship between the
quality of water and the spread of water related diseases in the area.

In order to determine the status of the water in Mpulungu in terms of bacteriological pollution,
samples of lake and river water were analysed for coliform bacteria because this type of bacteria
is used as an indicator organism for bacteriological pollution. To determine the amount of oil and
heavy metals in the lake water, sediments were analysed using acetone/chloroform and Flame

Atomic Absorption respectively.

Analysis of data revealed that none of the five sampling stations, on the lake, namely, Mbete Bay,
Musende Bay, Ngwenya/Harbour, and Lunzua River road bridge and one township tap, had
coliform bacteria below the WHO Permissible Standard for Drinking Water of 0 colonies/100
mis.



Musende Bay where all fishing companies and the harbour are situated, recorded the highest
percentage of oil/g in sediments of 0.4 %/g, which was above zero Maximum Permissible levels
of oil for WHO Guidelines for Drinking Water. During the study, it was found that there was 2
strong relationship between the percentage of oil in sediment and the perc@age of fine grains in
sediments.

The study found that there were minute or close to zero concentrations of copper and aluminum
in Mpulungu Bays. Chituta Bay was found to contain lead at the level of (0.04mg/l) above the
Maximum Permissible levels according to WHO Guidelines for Drinking Water of 0.01mg/l.

It is concluded that though at slow rate and in small concentrations, Lake Tanganyika is actually
receiving substances, which might degrade and destroy the lake permanently. Lake Tanganyika
being in a rift valley and located in the tropics has very high temperatures throughout the year.
This high temperature favour the growth of some dangerous péthogcns and also favours the

decomposition of material.

It is recommended that Mpulungs Township Council should improve the water purification
system, and set up good wastewater and solid waste control strategies. Finally there is need for
more research on lead pollution, the relationship between water-borne diseases and coliform

bacteria in the water and the assessment of the effect of pollution on biodiversity in the area.

xiv



CHAPTER 1: INTRODUCTION

1.1 Background

The theme for World Water Day Celebrations in 1996 was “Water for thirst cities”.
According to Lopi (1996), for many people in Zambia, there was no cause for celebration
because safe and clean water for drinking is still a rare commodity. In many Zambian
towns during drought years, people are usually stressed, due to non-availability of water.
In some cases, people walk long distances in search of water and this water if found, is
sometimes not of good quality. In instances where water is available in a water body,
concern about the quality is very uncommon. As Muchelenganga (1998) puts it, the local
authorities do not have the capacity to carry out any meamngful monitoring on the quality

of water that they distribute to the townships and cities.

Lake Tanganyika is a vast water body but this gigantic and valuable water body cannot
always provide clean and safe water for drinking. Cholera, dysentery and diarrhoea have
become endemic in Mpulungu area, implying that Lake Tanganyika waters are polluted to
some extent with disease causing bacteria. Availability of water is not enough, what is
needed is that the water should cater fof the needs of the population and not to be the source
of misery as has often been the case in Zambia. This research has focused on what is at stake
with regard to pollution of Lake Tanganyika. It has looked at the various factors influencing
the quality of water on the lake and the consequences of water becoming depleted. Water
quality monitoring is related to monitoring the quality of human health. This study
investigated the quality of drinking water derived from Lake Tanganyika in Mpulungu,
northern Zambia. It focused on bacteriological, oil, and heavy nletal pollution from October



1999 to March 2000, Water samples were analysed for bacteriological pollution, while lake
bed sediments were analysed for oil and heavy metal content. Since people utilise water for
domestic purposes, waterborne di;ease distribution was also assessed so as to determine
whether there was a relationship between pollution of water and the health of the general

public in the area.

1.2 Location

Lake Tanganyika is found in the extreme northern part of Zambia. Three other riparian
countries share it, namely: Congo D.R., Tanzania and Burundi. Zambia harbours the
southem basin of Lake Tanganyika accounting for only 6% of this Great Rift Valley Lake.
The Zambian portion of the lake lies between Longitudes 29°0’ E and 31°0' E and between
Latitudes 3°0’ S and 9°0’ S (Figure 1). This implies that Mpulungu though in the tropical
region, lies not very far from the equator. Mpulungu lies at south end of the lakeshore,
with Mbete Bay being the extreme southern point of the entire Lake Tanganyika.

1.3 Statement of the problem

Lake Tanganyika attracts many people due to its richness in fish species. The availability of
fish has brought many traders who have settled in Mpulungu leading to unplanned
settlements and crowding of people. The influx of people and unplanned settlements has
in tumn brought about problems of waste disposal which have been aggravated by the
physical aspect of  Lake Tanganyika basin: Since most settlements are along the lake,
whose basin is a rock outcrop it cannot be dug or cultivated eqsﬂy. This has caused

problems for people as regards the provision of adequate sanitation facilities.
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southern Lake Tanganyika basin.



Mpulungu has experienced un;ontrolled disposal of waste, which is unprocessed, and
raw sewage being discharged directly into the lake. The local community, having no
sanitation facilities carelessly leaves waste on the land, which is carried into the lake
by runoff. Many people get drinking water directly from the lake, which is definitely
unsafe for human consumption. As a result, outbreaks of water-bome diseases like

gastrointestinal diseases are a common phenomenon in Mpulungu (Musonda, 1998).

Careless disposal of used petroleum from vessels, ship wreckages left in the lake and
poor handling of cargo at the ill-equipped Mpulungu harbour are a source of concern
as far as environmental safety of Lake Tanganyika is concerned. Acgording to
Chikwama (1998), increased cargo and inappropriate handling of hazardous
substances (cargo) at the harbour have led to increased pollution from toxic
substances. Metal pieces and batteries are casually thrown into the lake but little do
people realise what damage these do to the lake, animal, plant and human life.
Deelstra (1976) cited by Hakan (1995) detected significant quantities of copper,
manganese, zinc and iron in fish ﬁom Lake Tanganyika in Kigoma, Tanzania. If Lake
Tanganyika fish have accumulated metals, a human disaster could easily occur at any

time. Hence the need for a detailed study of the problem.

The Environmental Council of Zambia (ECZ) (1993) clearly states that, “ No person
may discharge or apply any poisonous, toxic, obnoxious matter, radiation or any

other pollutant into the environment in contravention of Water Pollution Standards”.



The problem is that despite this very sound regulation, water on Lake Tanganyika in
Mpulungu is a recipient of industrial and domestic waste and as a result water related
diseases continue claiming liv;s. These problems call for research and quick action in

order to reverse the trend.

1.4 Objectives
The objectives of the study were to:
1. Identify the sources and causes of bacteriological and heavy metal pollution on
Lake Tanganyika in Mpulungu area,

2. Determine the magnitude of bacteriological, oil and heavy metal pollution in the
lake water and sediments and

3. Assess the epidemiological pattemn of some water-bome diseases in Mpulungu
area.

1.5 Hypotheses

Three study hypotheses derived from the above objectives were constructed namely:
that:

1 Bacteriological, oil and heavy metal pollution is a function of anthropogenic
activities and physical factors in Mpulungu area.

2 There are elevated levels of bacteriological, heavy metal and oil pollution because
of the amount of biological, oil and chemical waste, discharged into the lake.

3 There is a significant relationship between levels of pollution on the lake and

patterns of water-borne diseases in Mpulungu area.



1.6 Rationale

The purpose of this study was to identify sources of bacteriological, hydrocarbons
and heavy metal pollution in the Lake Tanganyika catchment around Mpulungu.
Although there have been many water quality studies done on the Kafue and
Zambezi River basins, very little has been done on Lake Tanganyika despite its
unique and special world resource, with its rare biodiversity (Michel, 1999). As
such, Lake Tanganyika, which is a vast source of food, posses a health hazard whose
magnitude is still unknown. The justification for this study is the need for finding

ways of preserving this vast source of food and economic development for Zambia.

The few studies, which have been done on the Zambian side of Lake Tanganyika,
have concentrated mainly on of fisheries (Huckabay, 1979; Aro and Manmm, 1995,
Coulter, 1981, Farukawa-Tanaka, et al., 1995; Kinoshita, 1997 and Pearce, 1985).
Sichingabula (1996), in his review of available data for sediment study in the
Southern Lake Tanganyika, asserts that studies on sedimentary architecture of the
lake sediments are few if any. Patterson (1996) also observes that, the current level
of knowledge on the effects of sediment discharge on the fish community of Lake
Tanganyika may be considered as. close to nil. This implies that not even sediment
pollution studies have been conducted before 1996. Obrdlik (1984), reported that,
nothing has been published on coliform and pychrophilic bacteria of Zambian waters, but
Garbrecht (1971) reports of faecal contamination in the southem end of Lake
Tanganyika.



Therefore, there is need to assess the extent of pollution on Lake Tanganyika because,
being an inland lake, it has no means of self-renewal in case of a major pollution. The
residence time of water on Lake Tanganyika is as long as a 1 000 years (Fryre, 1972). This
means that if the lake gets polluted it would remain dead for many centuries hence the need

to know the current status of pollution and invigorate laws pertaining to its protection.

1.7 Limitation of the study

Since the study is concerned about sources, causes and status of pollution on the lake in
terms of bacteriological, heavy metal and oil pollution and the consequence of this
pollution, the study has some limitations. These limitations are that the study did not
quantify fully the amount of pollution going into the lake. For instance, the study did not
determine how much oil, heavy metal and human waste was being discharged into the
lake. Its focus was mainly on the status of the lake in relation to the three types of pollutant
sources. As such, no linkage was made between the pollutanfs going in the lake and the
amount of pollutants found on the lake. In other words, ascertaining the source of some

pollutants could not be fully established.

The next chapter reviews the literature concerning bacteriological, oil and heavy metal

pollution of water bodies in Zambia and elsewhere in the world.



CHAPTER 2: LITERATURE REVIEW

2.1 Defining Pollution and C;ntamination

Pollution is defined as the introduction of foreign material in an environment and
hence altering its natural state. Pollution degrades and even kills natural water systems
through introduction of detrimental or toxic substances such as sewage waste, heavy
metals, pesticides and detergents. Any impurity that makes water unfit to drink or less
fit for any other use is said to contaminate the water (Deming, 1975). Water pollution
according to Ciacco (1971) is the addition to a natural water body, any material,
which diminishes the optimal economic use of the water body by the population,
which it serves. Pollution can some times be defined as the appearance of some
environmental quality for which the exposed community has inadequate ix_lformation
and is thus incapable of an appropriate response (Ralph, 1972). One can conclude that
if through human activity water changes from its natural state and becomes unsuitable
for the purpose of which it was intended, the water is then regarded as polluted or

contaminated.

2.2 Water Quality and Water Resource Degradation

According to U.S. Environmental Protection Agency (1976), Water-quality standards
are regulations that set specific limitations on the quality of water that may be applied
to a specific use. American Public Health Association (1985) contends that, water
quality is related to the suitability of water for specific beneficial uses. It is water that
is free from visible suspended matter, colour, taste and odour; objectible dissolved

matter and other aggressive constituents. Mann and William (1979), also assert that,



potable water is one that can be used for drinking purposes with safety and
satisfaction. Drinking water must be free of pathogenic bacteria, colour, turbidity,
odours and it must have a ;elatively low temperature and be relatively free of

hardness. This is the most ideal situation as far as water purity and safety is concerned.

Water quality is mainly affected by five groups of substances, that is,
e toxic substances like chemicals,
¢ high concentration of dissolved salts,
¢ suspended matter,
o acid and alkaline substances like pH,

e and organic matter derived from faecal pollution.

Generally, water quality criteria are denoted by values of dissolved substances in water
and what these substances stand for in terms of toxicity and how they can be
interpreted in terms of effect on humanity or the ecosystem as & whole. If a water
body contained dissolved substances beyond a certain stipulated limit, then that water
is not suitable for whatever purpose it was earlier intended for, be it drinking,

recreation or for animal or plant life.

Development brings about quality kind of life among the population as it provides
necessary amenities for improved human life. At the same time development has
many side effects as it brings about degradation of resources. Wilber (1969) points
out that, the extent and degree of water pollution are increasing at a rapid rate when

more industries are dumping poisons and complex toxic mixtures into natural bodies



of water. Even radioactive materials are appearing as contaminants in rivers and
streams. Added to this is the ever-increasing use of arsenic-containing compounds
and other poisons by agricul?me. There are strong cancer-causing (carcinogenic)
chemicals used in the building of roads and highways. These materials are slowly

washed out and enter natural bodies of water (Green, 1998).

The ‘Green Revolution’ has brought about a lot of deadly problems as far as pollution
is concerned. In order to ensure massive production of food, humanity has brought
about pesticides and insecticides on the world market most of, which are poisonous.
Ciacco (1971) asserts that, various pesticides and herbicides widely used in
agriculture degrade slowly or not at all when broadcast into any environment. It may

be impossible to find a DDT-free area anywhere on the planet.

As population increases, there is a lot of demand for fresh water; unfortunately this
fresh water is not readily available because there are many people who need it. This
large population in turn depletes pure water resulting in the use of impure available
water. According to Maitland (1982), as more water is used, so are more impure
waters being utilised for supply to beople. Most of the people especially in developing
countries do not have access to clean and safe water. Urbanisation and
industrialisation have created new pollution problems, untreated or partially treated
sewage from urban communities and sewage overflows from over-loaded treatment

plants, are discharged into rivers (Kamona, 1990).
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2.3 Bacteriological pollution and health implications

There is a lot of biological contamination of water in Mpulungu; most of the faeces
and urine from the local popt‘flation'is discharged into the water either directly or
through runoff or filtering into the ground from pit latrines. Problems of colour, taste
and smell of water in Mpulungu may be associated with organic content of water,
which could be due to faecal matter. Too much sewage matter decomposing in the
water leads to depletion of oxygen. According to Dietrich (1975), low oxygen
concentrations are the most important indicators of loading with easily decomposed

organic material or with excess biomass. It is this decomposition, which leads to bad

taste, smell and colour of water.

The population of Mpulungu is growing at an alarming rate because ﬁshmg from the
lake attracts people from all over the country. Population and economic growth often
has adverse effects on the environment and this effect is usually pollution. Most of the
people found in Mpulungu are too busy for personal gain to be concerned about
pollution problems of the lake and as a result diseases spread so fast because people
are usually not aware of the presence of disease causing micro-organisms in the
water, This lack of awareness and concemn for environmental issues is what had

caused more damage to the same environment and at the same time brought about

death to many.
The Local Authorities in Mpulungu do not have the capacity to provide clean water

for the growing population. With so much sewage matter being introduced in the

water, use of chlorine (Which is not even usually available in Mpulungu) is not
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enough to get rid of impurities and to kill all types of bacteria. Some pathogens
multiply even after chlorinating (Cairncross and Feachem, 1983). In some cases, tap
water is just slightly pure thanvwater directly from the lake, stream or well. Generally
speaking, water from all the sources could be unsafe, because wasfe material disposal
is very poor in the area and so most of time high volumes of waste enter the water

system directly.

In Mpulungu, there are many ways in which faecal matter enters the drinking water
systems. Raw sewage may enter the pipe system at places of leakage as confirmed by
measurements of the Central Fisheries Research Institute in May 1969, October 1969
and May 1970, (Garbrecht, 1971). Water infiltration from paved surfaces carry
pollutants associated with cars, chemical and bacteria. Although this water would
generally be of good quality, where sewer systems are also leaking, the recharge
water may be of poor chemical and bacteriological quality (UNEP, 1992). Mwilwa
(1998) reveals that currently, Mpulungu Township has no sewage treatment facility
and the sewage ponds empty their effluent in the lake. Another form of transportation
of human waste into the surface water systems is through runoff and erosion because

of the moderate to steep slopes and rocky terrain of the environment.

The rubble nature of the ground makes the soil to become easily saturated during
infiltration, such that runoff occurs very rapidly. Since runoff is usually accompanied
by erosion (White, 1987), a lot of carelessly damped rubbish is carried and finds its
Way into the surface water. The water running across the surface picks up many

substances as it flows back to the lake or ocean (McKinney, 1962). This includes
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topsoil, which finally reaches the waters as sediments. Linsley (1982) further assets
that, as water moves across the land surface during or after a storm, it transports
dissolved and suspended mate;lals which have been picked up along the path of flow.
In many cases, the pollutants carried to streams and lakes by surface runoff are the

major contribution to water pollution.

In Mpulungu, runoff has been aggravated by the clearing of forests within the
catchment including the Forest reserves (Lukama, 1998), leaving land completely
bare and in turn increasing erosion, Erosion has been associated with loading water
systems with sediments and these sediments carry with them all sorts of waste
material. It must also be recognised that freshwater quality is impacted directly by
natural and human activities outside the water sphere, such as land-use. practices,

erosion, and deforestation.

In a rocky environment, as water percolates through the soil, it takes dissolved waste
material down into the water table. In this way, underground water gets contaminated
with faecal matter. Soakaways, septic tanks and pit latrines are the main sources of
groundwater pollution as water inﬁltratw into the soil. Frank and Siever (1994)
contend that, the widespread use of septic tanks is rapidly growing in urban and
suburban areas, this lack of sewer networks has multiplied the sources of
contamination. In soils, which are porous, waste loaded water from sewer systems

reaches the underground water systems very fast.
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Having looked at waste management conditions in Mpulungu, one cannot doubt that
the environment is not very safe as far as health standards are concerned. Community
health is very much allied to “environmental quality; the pollution of natural waters
alone illustrates the relationship between cause and effect, when we consider the
epidemiology of diseases such as cholera, typhoid and enteric fevers, hepatitis due to
viruses, (Brock, 1979). Bryan (1994) contends that, the most important requirements
related to human water consumption are those of microbiological content and
hygienic acceptability. It is the poor quality of water with respect to these factors that
cause the majority of water-related illnesses in developing world. Every year many

people die in Zambia in places like Mpulungu due to water-related illnesses.

In 1999, the Provincial Planning Unit in Kasama carried out a survey in Mpulmgu
Township and all surrounding villages. One of the variables they looked at was the
commonest disease, which caused death in the area. The area was divided into 9
wards and these wards comprised about 170 villages. Not a single ward failed to
mention the three water bomne diseases namely cholera, dysentery and diarrhoea as

the common cause of death (Appendix I).

According to Mpulungi; Ministry of health records, 1997 and 1998 alone reported 4
727 and 3 791 cases of diarrhoea respectively (Musonda, 1999). This trend of disease
does not seem to be getting any better because the first half of 1999 had 2 563 cases
of diarthoea with 139 cases of cholera which claimed 17 lives. The figures do not

include other intestinal diseases like dysentery (Appendix II).
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Water in Mpulungu may not be good enough for laundry, bathing and so forth but the
worst part of it is that water there transmits various kinds of water-related diseases,
which from time to time has hit headlines in the Zambian media. Turk (1972) rightly
points out that, the most harmful effect of polluted water on man has been that of
disease transmission. Strong links have been established between contaminated water
contact and the occurrence of illness such as gastrointestinal infections. O’Riordan
(1995) gives an example of cholera epidemics between 1830 and 1870, which were

believed to result from contaminated water supplies from the River Thames in

London.

There are so many disease outbreaks associated with the use of microbial
contaminated water, be it for drinking or swimming. Fair (1958), Benton aqd Wenner
(1958), McKinney (1962), Brock (1979) and Wilber (1969), Ralph (1972), cite some
diseases like, cholera, typhoid, hepatitis A, tuberculosis, dysentery, inflammation of
body organs, gastro-enteritis and many other diarrhoeal diseases to mention but a few
as being typical of water related illnesses. Bollenbach (1975) confirms that, the degree
of pollution of water depends on the number and kind of disease-producing bacteria
that have been deposited in the sbil. Water seeping through an area used as a city
dump picks up more bacteria of varied types than does the water that soaks into the

soil of an open field from any remote place.
Apart from diseases being spread by direct contact with contaminated water, eating

fish, which has been in contact with faecal contaminated water, can equally be
dangerous to health. Among cold-blooded animals, freshwater fish harbour human
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pathogens after exposure to contaminated water and can carry these organisms to
clear recreational areas (Ralph, 1972). Although fish do not suffer from any human
bacterial pathogens, if faecaz bacteria are very numerous in water, they may
accunilate on the surfaces or in the intestines of the fish (Caimcross 1983). It is well
established that fish living in water containing organic and inorganic pollutants will
concentrate these substances in their tissues. People who eat such fish may be, and
have been subject to poisoning (Bryan, 1994). Cases of cholera in Kasama have been
reported in the Zambian media, which had allegedly resulted from eating improperly

cooked fish from Lake Tanganyika in Mpulungu (Zambia Information Service, 1998).

2.4 Heavy Metal pollution and its impact on biodiversity and human population

Heavy metal pollution should be a source of worry and serious concern because even
small quantities if introduced in the water body and depending on the type of metal
and prevailing conditions, can prove catastrophic. According to Solomons and
Fouster (1984), particulate trace metals may permanently accumulate in lakes or river
systems and sediments act as a reservoir and changing environmental conditions may
cause a remobilisation of the accmmlated metals. The conditions of Lake Tanganyika
are very conducive to metal pollution being a tropical lake with temperatures, which

favour chemical and even biological reactions hence making metals to become toxic.

The physical condition of Lake Tanganyika makes it susceptible to serious pollution;
it is in the tropics with high temperatures favouring decomposition of matter leading
to depletion of oxygen. Huckabay (1979) quoting Fryre (1972) points out that, about

~ three -quarters of the total volume of water in the lake is devoid of oxygen and
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aerobic life. It has been maintained that, with respect to fish, the most critical result of
water pollution by sewage is a reduction in the amount of oxygen; this reduction is
harmful and lethal to fish. V‘Vilber (1969) asserts that, collections made over a
relatively long period of time clearly show that virtually no fishes afe found in an area

where the mean dissolved oxygen is less than 1 or 2 ppm.

Fryre (1972) shows that, at 25° C, the oxygen content of water is only 8.3mg/1. He
further asserts that, because the speed of chemical reaction is at least doubled by a
rise in temperature of 10° C, the deep regions of tropical lakes act as an incubator,
promoting decomposition. Green (1998), in his study on Lake Tanganyika in Kigoma
also points out that, seasonal and sometimes daily changes in bacteria occur as
physical, chemical and biotic conditions change in water. The change in temperature
does not only affect chemical reaction but also affect bacteria growth. Under such a
situation, introducing metals and other dangerous wastes in Lake Tanganyika would

have very serious repercussions.

Some metals, in themselves are very harmless even if they can be present in the lake
but can prove to be toxic if they nnx and react with other metals (Solomons, 1984).
Salvato (1958), in his experiment on the Great Lakes found that a mixture of metals
proved to be very toxic to fresh water algae in lake water. He sighted the presence of
copper and silver in water to be quite deadly to marine organisms. Copper is very
abundant in Zambia and so it is possible for it to occur in the same water environment

with other metals with which it can react.
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Heavy metals are quite dangerous to human health if they accumulate in the body.
Heavy metals for instance, cadmium and lead are known to produce serious diseases
of the nervous system even w}:en they accumulate in the body in low concentrations.
This aspect is also important when fish and mussels contaminated with heavy metals
are used for human nutrition (Dietrich, 1975). Metals like copper, zinc, lead, mercury,
arsenic and other industrial products are also toxic to animals and may cause death or
sublethal pathology of liver, kidneys, reproductive, respiratory and nervous systems of
aquatic animals (Southwick, 1976). This is the reason why metals, which accumulate,
need not be allowed in water in high concentrations and this can be done through

constant check of concentration levels of metals in Zambian waters.

2.5 Hydrocarbon pollution

Oil, though can be seen to be less toxic as could be certain chemicals, can prove to
have adverse effects on human as well as aquatic life. Oil gets into water bodies
through a variety of ways, which according to Wilber (1969) include: discharge from
barges and ships and accidental or careless handling of cruse oil in transportation. Oil
can cause mortality and even extinction of certain animal species, as some animals are
restricted from normal mobility onc? they get coated with oil. For example birds fail to
fly when their feathers get coated with oil. If a bird fails to fly, starvation is inevitable,
as it has no access to food. Breeding also becomes impossible for the birds resulting in
the reduction in population. This is a disturbance in the ecosystem and leads to

distraction of biodiversity.
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Apart from the effect oil can have on biodiversity, water polluted with oil is equally
dangerous to human beings, the only difference is that oil contaminated water is
unpalatable to human beings ‘&ue to the smell, as a result poisoning through oil in

water is not very easy (Giles and Living ston, 1960).

2.6 Economic implication as regards degradation of Lake Tanganyika

Lake Tanganyika, the world’s second largest (volumetrically), deepest and oldest lake
(Bannister, 1998), Zambia shares only 6% of this precious lake. This lake is likely to
be degraded if no proper measures are taken to prevent careless introduction of toxic
and dangerous substances init. It would be most unfortunate if this nation had to wait
for a series of epidemics, poisoning and illness from polluted water before taking
vigorous action at all levels of government to clean up our natural waters and to

control rigidly any further attempt to pollute these waters.

Lake Tanganyika is a very valuable lake as far as the economy of the country is concerned
but very little is done to conserve it and improve on its economic sustainability for the
people of Zambia, Apart from Lake Tanganyika being a source of livelihood for many
Zambian, it is also a tourist attraction but tourists would not be interested in visiting
unhygienic resorts. Reduction in tourists will definitely make Zambia lose out
economically. The very people the lake is sustaining are destroying xt while at the same
time endangering their lives. Societies pay a much higher cost for the consequences of
environmental neglect (UNEP, 1995).

Besides the lake being a source of economic development for the country, what is to be
realised by the stakeholders is that quality of water has a lot of impact on the health and
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quality of the population. Kings (1996) points out that the quality of water that we ingest
as well as the quality of water in our lakes, streams, rivers and oceans is a critical

parameter in determining the overall quality of our lives.

In this study, the interest was in bacteriological, mineralogical and hydrocarbon pollution
on Lake Tanganyika, the levels of these parameters in the lake reveal the quality of water
on Lake Tanganyika and its suitability for domestic consumption. The literature review
has shown generally the relationship between human health and quality of water. Water,
which contains abnormal quantity of any substance, be it biological, chemical or physical
more than the natural content of water can have a detrimental effect on human health. This
study sought to quantify the actual pollutants present in the water on Lake Tanganyika and
to see the relationship so far in lives of the people in Mpulungu. The study wanted to
reveal whether the quantity of any particular pollutant actually corresponded to numbers of
people affected. |

The next chapter describes the location, climate, relief, water motion, bathymetry,
geomorphology, soils, vegetation, land use as well as socio-economic conditions of local

people in south Lake Tanganyika basin,
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CHAPTER 3: DESCRIPTION OF THE STUDY AREA
-
3.1 Climate of Mpulungu
Mpulungu is located on the lakeshore of Lake Tanganyika and this lake being a rift valley
lake, Mpulungu Township is situated in a rift valley it self. As characteristic of tropical
lakes, Lake Tanganyika water has constant high temperatures and very often above 25°C.
These high temperatures and humid conditions are aggravated by the fact that Lake

Tanganyika is in a rift valley and not very far from the equator.

Mpulungu area, like the rest of Zambia, experiences 3 typical seasons namely: the cold
and dry season from May to August, the hot and dry season from September to
November and also the warm and wet season from November to April Mpulungu

experiences warm/hot weather conditions throughout the year, with very mild winters.

3.2 Special identity of Lake Tanganyika

Lake Tanganyika is the second largest of the African lakes, the second deepest (1 470m)
and the longest lake (north-south extension of 670 km) of the world and since it dates back
to the Miocene period, it is also one of the oldest lakes in the world. According to Lezzar
(1999), the oldest parts of the lake are the central and northern which are 17.5 million
years and 12.4 million years respectively, with the southern end being the youngest at 38
million years. The lake is divided into a series of interconnected half-graben basins, which
are the northern, central and southern basins, Lake Tanganyika is said to contain about
18% of the world’s fresh surface water (Michel, 1999).
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3.3 Annual Limnological Events of Lake Tanganyika in Mpulungu

One of the physical characteristics of Lake Tanganyika according to Plisneir (1999),
quoting Johnson and Odada (1996), is that the rift valley circulation being unidirectional
affects the circulation pattern and mixing of water. According to Beadle (1981), it is this
unusual characteristic of mixing of water from which the lake derived its name. |
Tanganyika, which means ‘Ku tanganganya’ in Swahili, (“to mix”). Due to movement of
winds, water from below (deep waves) comes to the surface and surface water goes down.
Plisnier (1996), points out that, the trade wind that originates from the Indian Ocean has a
significant effect on the southern part of the lake and is responsible for launching the
upwelling (Figure 2), which is necessary for the seasonal primary production. It is this
upwelling that makes nutrients to circulate to different trophic levels and hence making
Lake Tanganyika one of the richest ecosystems on earth. A summary of the main annual

limnological events on Lake Tanganyika is illustrated in Figure 3.

3.4 Bathymetry and Drainage Patterns
Lake Tanganyika is an inland fresh water lake, with very few big rivers draining into it.
The three big rivers draining into the lake are Lufubu River in Zambia, Malagarasi River
in Tanzania and Rusizi River in Burundi. The Lake has only one outlet, which is the
Lukuga River in the D.R.Congo, which starts from the middle part of the western coast
and flows westwards to join the Congo River draining into the Atlantic Ocean (Plisnier,
1999). This is the only river into which the lake discharges its waters. According to Hecky
and Degens (1993), the Lukuga River outlet serves primarily to maintain a relatively

constant lake water level.
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Figure 2. Limnological cycle of Lake Tanganyika.

Source: (Plisnier and Coenen in print as at July 1999)
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. Though Lake Tanganyika is an open basin lake, its cycle of renewal is mainly through
evaporation because not much water leaves the lake. Lake Tangyika being a rift valley
lake is generally deep but its d;epest point is the Alexander Delcommune Deep with a
depth of 1,470 m (Lezzar, 1999) (Figure 4). The lake is divided into three zones, which
are the Littoral, the Benthic and Pelagic zones. The lake being 8 rift valley one is generally
deep, but its deepest point is the Alexander Delcommune Deep with a depth of 1,470 m
(Lezzar, 1999) (Figure 4). The lake is divided into three zones, which are the Littoral, the
Benthic and Pelagic zones.

3.5 Geomorphology of Southern Lake Tanganyika Trough

Rocky and hilly features border Lake Tanganyika since it is in a rift valley. The
surrounding areas of the lake are mainly mountainous with poorly developed coastal plains.
The few areas of Mpulungu, which are fairly flat, the soil/grounds are predominanﬂy
rubble, coarse, spacious and porous. Tanganyika basically is véry steep-sided. Mpulungu
sub-basin is a continuation of the Great East African Rift System, which extends up to the
Lake Mweru Wantipa and Lake Mweru making up the South Tanganyika Troughs
Complex. The extension of faulting further south has been prevented by the presence of the
Mbala Block (Lezzar, 1999). The lake margin is characterised by low slopes with elevation
between 610 m and 1220 m. Most of the area surrounding Mpulungu lies between 1220
and 1830 m sbove sea level. The highest mountain ranges of about 1820-m are found in
the Mbala Highlands the source of Kalambo River which drains into the lake.

Along the shoreline are also v-shaped valleys due to faulting. Ichingabula (1999) states that
subsequent erosional processes have modified the fault lines and blocks. Most of the
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settlements in Mpulungu area are just on the slope of the mountain ranges surrounding
the lake (Plate 1). These settlements are often found near perennial and ephemeral

streams, which cut across the e;carpments to drain their waters into the lake.

3.6 Soils and vegetation

The south Lake Tanganyika basin has four dominant soil types with leached sandveldt
covering about 90% of the total area. Around Mpulungu there is rocky and rubble
type of soil, which is just as a result of weathering, processes acting on the rock
material. The leached red clays are most prominent in Mbala area where the red colour
cannot be missed at all and often cause roads and cleared places to be very slippery

and muddy. Flood plain soils occur along the river courses such as the Lufubu River.

3.7 Land use

Most of the flat land in Mpulungu area is utilised for either settlement or crop
production. Most of the people are peasant farmers relying mainly on crops such as
groundnuts, beans etc., which do not require use of fertilisers. Since most of the soils
are leached, people practice slash and bum type of agriculture (Chitemene system)
and utilise potash from burnt trées as fertiliser (Plate 2). Crops grown under this
system include cassava, millet, groundnuts, sorghum and maize. Beans is the most

widely grown crops, which are the main source of income.
According to Northern Province Statistical Office Report (1999), 71.4% of the

villagers keep goats while about 32.1% keep pigs and 22.0% keep sheep. Cattle raring

are unpopular as only about 8.4% of the people in Mpulungu area keep them. In the
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Plate 1. Physical characteristics of Mpulungu area surrounding Lake

Tanganyika, (a) steep slopes and v-shaped valleys.

Picture by Sr. Christine Kabumbu, March 2000.
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Plate 2. Slash and bumn cultivation (Chitemene) system in the vicinity of Lake

Tanganyika in Mpulungu.

Photograph by Dr. Henry Sichingabula, September 1997.
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few cases where cattle are reared, Lukama (1999) has pointed out that they have
caused uncontrolled grazing leading to encroachment into the protected forest area.

Other forms of land use in Mpulungu area include wildlife conservation in the Nsumbu
National Park located on the northwestern side of Mpulungu. About 13% of the south
Lake Tanganyika basin is a National Park, which includes part of the lake (Zuly,
1998). A big portion of land in Mpulungu area is not populated since it is a Forest
Reserve. However, according to Lukama, (1998), people are encroaching in the
Forest Reserve in search of virgin land and more trees for slash and burn cultivation
and timber. As the population increases, more and more land is required for

Chitemene agriculture, which causes further encroachment on Forest Reserves.
The different methods employed in data collection and analysis of factors influencing

water quality on Lake Tanganyika in Mpulungu area are discussed in the next
chapter.
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CHAPTER 4: METHODOLOGY

4.1 Types and sources of data

In this section, the different types of data and methods used to collect and analyse
samples are discussed. Two types of data were collected, primary and secondary data.
The primary data, which was collected through fieldwork, included water and
sediment samples, interviews, and questionnaires that were administered to collect
data on people’s views on pollution on the lake in Mpulungu area. An interview guide
was used in some cases considering that the literacy level in the area is very low. The
reason for the use of interviews and questionnaires was to obtain qualitative
information on the study just as the laboratory analysis of water and sediments for

various pollutants gave quantitative information.

During field observations, photographs of certain strategic sites were taken to
illustrate what cannot be seen from the map. The sites included the harbour, the water
intake and outlet, village settings and settlement patterns along the lake and scenes
depicting human activities along the lakeshore. Secondary data was collected from
various stakeholders who had material relating to Lake Tanganyika and its water in
general, health, geology, relief, settlements, and land use pattems of the south Lake
Tanganyika basin. Some errors inherent in the different methods of sample collection
and analysis are also discussed. The details of data collection are given in the

following sections.
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42  Primary Data Collection

4.2.1 Water Sample Collection v

In order to assess the quality of water in Mpulungu, water samples were collected during
the dry and wet scasons from October 1999 to March 2000. Samples were collected from
5 stations within'Mpulungu area, namely: - Musende Bay which has the Council’s sewer
inlet and large settlement on the bank (Plate 3); Mbete Bay which also has a large
settlement along the lake; and Ngwenya which encompasses the harbour as well as the
Council’s water intake (Plate 4). Other samples were collected from a tap at the convent of
the Sisters of the Child Jesus, situated few metres from the Township’s water tank, The
other samples were collected from Lunzua River Road Bridge along the main road from
Mbala to Mpulungu. The choice of the site was that it was the closest place to the road and

was easily accessible.

The total number of water samples collected per month was nineteen. Fifteen water
samples were collected from the lake from 3 bay stations and two water samples each
collected from the tap and the Lunzua River Bridge. From each bay station, 5 samples
were collected at different points, which varied in depth and distance from the shore
(Figure 5). The locations compared were the 100 metres from the shore (5 metres below
the surface) and 230 metres from the shore (10 metres below the surface). Location one
(1) (100 m offshore) consisted of 2 points namely: surface and § m bottom, point two (2)
(232 m offshare) consisted of three points namely: surface, S m (mid point) and 10 metres

bottom.
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