
Pollution effects on a tropical stream: the Nairobi River.

Item Type Journal Contribution

Authors Njuguna, Stephen Gichuki

Download date 19/05/2023 14:43:23

Link to Item http://hdl.handle.net/1834/6794

http://hdl.handle.net/1834/6794


POLLUTION EFFECTS ON A TROPICAL STREAM: THE NAIROBI
RIVER

Stephen Gichuki Njuguna,
Department of Bota'!), Uiliversiry ofNairobi

Introduction

Warren in 1971 concisely defined water pollution
as "any impairment of the suitability of water for any
of its beneficial uses, actual or potential, by man
caused changes in the quality of water". The term
pollution is an adaptation of the Latin pol/utionem
meaning defilement, and originates from the Latin
word pol/uere, to soil or to defile. Nairobi River flowing
through Kenya's capital city provides an excellent
example of a heavily polluted river.

River pollution problems are common in developed
countries with highly industrialised societies. A number
of aquatic biologists refer to the African rivers and
lakes as being in a natural or "pure" state. Indeed, it
has been sugg~sted that they be studied as uncontami
nated "controls" for comparison with rivers and lakes
in industrialised societies. In Kenya, where industry
is beginning to establish itself, river pollution is now
a reality. Even though Kenyan rivers and streams are
pleasant and attractive their days are numbered.

It is worth noting that the earliest settlements of
man developed in three major river basins, the Nile,
the Tigris-Euphrates and the Indus. These rivers were
ess~ntial for water supply and disposal of refuse. Rivers
and streams are the more usual'victims ofpollution than
lakes and are more suitable repositories for effluents
than lakes because they carry the offending matter
away.

The river

Rising 20 kilometres west of Nairobi city in the
southern extremity of the Aberdares (elevation 2074 m),
Nairobi River passes through the city receiving sewage,
industrial effluent and urban runoff. It is fed by a number
of tributaries which include 1'lJgong, Getathuru, Rua
raka, Kamiti, Ruiru and Thiririka before joining with
the Athi River, 76 kilometres from its source (figure 1).
The combined river now known as the Athi then flows
over the Fourteen Falls, rounds the extinct volcano, the
01 Doinyo Sapuk and continues southeastwards enter
ing the Indian Ocean 11 kilometres north of Malindi.

Nairobi city owes its location in part to the Nairobi
River. It was originally chosen in 1896 as a suitable
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place for railway yards during the construction of the
Kenya-Uganda Railway. Choice of the site was based on
the flat country and the availability of drinking water.
Since the establishment of the railway settlement,
Nairobi has been one of the most rapidly growing cities
in Africa.

On 30 May 1899, the railway from Mombasa
reached mile 327, a place known to the Maasai as
Nakusontelon (the beginning of all beauty). Preston,
the railhead engineer described it as a bleak, swampy
stretch of landscape, devoid of human habitation of
any sort and the resort of thousands of animals of every
species. This area was bisected by a small river called
the Uaso Nairobi (cold water). Until the railway's
arrival it was virtually unpolluted. Within five years,
Nairobi had grown substantially and by 1910 it was a
city of 14,000 and since then it has grown rapidly (1979,
area 689 km2 , population 850,000).

Pollution

Pollution of the Nairobi River has gone :on
unabated for 75 years. But prior to the Second World
War the pollution most likely would have been organic
material and railroad oil waste. After the Second WorId
War pollution become a complex mixture of urban
sewage, industrial effluents and surface runoff contain
ing large amounts of silt.

Complaints of the deterioration of the water
quality have frequently been voiced in the local news
papers over the last decade. It is, however, surprising
that during the same period that the river has been
polluted some people have continued to use its water _
to brew chang'aa or "Nubian gin", a highly intoxicating
illegally brewed alcoholic drink.

A tremendous change in the water characteristics
occurs as the stream flows through the urban centre.
Numerous ditches carry city effluent of industrial and
urban origin into the stream. Until October 1977, this
area was inhabited by squatters who lived in paper
shanties, and while they were in place, they discarded
raw sewage and food wastes into the river. Open-air
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garages formerly found in the same area discharged oil
and acids into the stream.

The present major sources of the river pollution
in the section through the city are the two city sewage
treatment plants, the Nairobi Railway yards and various
factories and oil companies in the industrial area. The
water in the river is black, extremely odourous with
bubbles ofmethane and hydrogen sulphide, and contains
large amounts of dark suspended material. Unsightly
oil slicks float on the surface completely coating and
killing any emergent aquatic vegetation.

In a limnological study of the stream undertaken
by the writer during the period October 1976 to March
1978, the chemical constituents in the river showed
their concentrations to be highest during low flow and
to decrease during high flow. Pollution of the river
was found to be caused mainly by domestic sewage,
industrial effluents, urban and rural runoff. Physico
chemical parameters defining a 50 kilometre stretch
of the stream describe a river unable to cope with the
heavy pollution load from the city. Declining dis
solved oxygen, excessive dissolved oxygen deficits,
increased biochemical oxygen demand, carbon dioxide,
conductivity, nitrogen, phosphorus,- oil and detergent
values were the most prominent symptoms.

Mter the discharge of pollutants into a river, a
complex chain of physical, chemical and biological
events are set in motion, the net result of which is
"self-purification" or "self-cleaning". Self-purification
is the partial or complete restoration, by natural pro
cesses, of a river's pristine condition following the
introduction (usually through the agency of man)
of foreign matter sufficient in quality and quantity to
cause measurable changes in physical, chemical and/or
biological characteristics of the river. The two major
processes of self-purification are biodegradation and
reaeration.

Comparison of the detailed chemical analyses up
and downstream of the city demonstrated that
with the exception of Ngong, the tributaries contri
buted little or no pollution but enhanced self-purifica
tion processes resulting in a fast recovery of the river
system. The speed of the recovery was felt to be related
to increasing temperatures downstream, aeration at
two waterfalls, microbial life and some dilution by the
tributaries. The tributaries, however, contributed vast
amounts of suspended solids (silt) which had extensive
effects on the ecology of the middle and lower portions
of the Athi River. Silt destroys stream habitats, changes
the environment and kills aquatic organisms.

11

Flora and Fauna
The river originates at Kikuyu Springs in an area

of swamp vegetation (Ondire Swamp) predominantly
composed of rooted sedges Cypertls laevigatus and
Cyperus maculatus and the grass Leersia hexandria. Close
to the springs is a dam (0.03 km2 ) which was the original
water supply for Nairobi and still contributes a small
fraction of this. The dam is shallow, clear and supports
a large population of pennate diatoms while the bottom
is covered by submerged vegetation. The Sasumua and
Ruiru reservoirs and the recently established Chania
Water Scheme form the present main water supply for
Nairobi.

Downstream from the swamp, the river flows
through an area of intensive subsistence cultivation
before entering the city (figure 2). Dense growths of Pen
nisetum purpureum (Napier grass) dominate the riverine
flora and most likely·were planted for use as fodder. In
the section of the stream near University of Nairobi,
Chiromo Campus, a forest of bamboo (ArtllJdinaria
alpina) virtually obliterates the course of the river.
Further along, P. purpureum dominates the bank vege
tation up to the Globe Cinema at the edge of the city

. proper.
A massive and prolific development of the grey,

filamentous bacteria (Sphaerotilus natans) generally
referred to as the "sewage fungus" together with a
luxuriant growth ot PotygolJtlJlJ senegalense characterise
the polluted section of the river within the city. Be
yond the city, a gallery forest composed of Acacia spp.,
Lantana camara, and Ficus spp. marks the course of the
river through the semi-arid region up to the con
fluence with the Athi. Profuse algal growths occur on
rocky surfaces at Nairobi Falls and Fourteen Falls dur
ing low water.

Immediately after the confluence, floating aquatic
vegetation dominated by water lettuce (Pistia
stratiotes) covers the surface of the l;ombined river for
eight kilometres, up to Fourteen Falls. P. stratiotes is
also commonly found on other Kenyan rivers such
as the lower Nzoia River in western Kenya.

Fourteen Falls, 24 kilometres east of Thika, is a
tourist attraction, but here huge amounts of foam are
churned up by the falls, flung about by the winds and
piled in drifts in the backwater (figure 3). An over
powering odour rises from the river during periods of
minimum flow.

There is a general absence of submerged plant
communities in the main Nairobi River and its tribu
taries which has been ascribed to high turbidities, the
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Figure 3. Massive detergent foam in the foreground at Fourteen Falls

physical action of the sediment, periodic spates and the
instability of the river bed. All this has been attributed
to erosional products from the catchment areas due to
increased pressure on land as a result of a rapidly in
creasing human population and a decline in soil con
servation measures, a common situation in many areas
of the world today. The river channel has also under
gone various manipulations in the past to speed runoff
as a measure of flood control.

In a preliminary examination of the lotic fauna of
the Nairobi River, a general scarcity of macrofauna was
also evident. In the unpolluted section a few species
were found typical of local relatively clean rivers. But
within the city, a total absence of invertebrates occurred
during both high and low water. Numerous rat-tailed
maggots (Erista/is spp.), tubificid and chironomid
worms were, however, observed. The rat-tailed
maggots are larvae of the beefly and are air breathers
receiving air through tubes at their tails. Their presence
in large numbers indicate highly deoxygenated water.

12

Coliform bacteria numbers were found to be high
in the polluted zone early in 1978 due to the high influx
of faecal matter and raw sewage in this area. The pres
ence of coliform organisms indicates pollution of
faecal origin and possible presence of pathogens such
as typhoid, cholera, infectious hepatitis and gastro
enteritis, all of which are water-borne. Contamination
of water by sewage has been terme<;l the principal cause
of water-borne diseases. The cause-and-effect relation
became evident gradually in the course of a series of
major epidemics of cholera and typhoid fever in
England, Germany and United States between 1850 and
1900. Kenya has also experienced serious cholera epi
demics in the recent past.

Recommendations

In Nairobi, strict control and regular monitoring
of the effluents discharged into the river is required,
otherwise the pollution effects will be felt further and
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further downstream. Use of detergents containing non
biodegradable compounds should be discouraged.
Already, persistent foams and odours are common
during low water at Fourteen Falls. Beyond the falls,
the main river does not receive significant flow
additions to dilute pollutant concentrations. Growth
of aquatic weeds especially for nutrient removal should
also be seriously considered.

The proposal to extend Nairobi's sewage treat
ment works into the open country beyond the city.and
to make use of algal stabilisation ponds (natural systems
of purification) is welcome and its implementation
should take top priority. The design criteria are expected
to produce an effluent that can be used for fish culture
and/or irrigation. This will probably extend crop land
into the marginal areas as well as providing a new source
of fish locally.

Kenya Canners, the pineapple company at Thika,
recently initiated the timely and commendable project

13

to recycle its waste water. The company in conjunction
with the Ministry of Water Development has embarked
on building water recycling lagoons occupying a total
of 25 acres which are to be stocked with fish, mainly
tilapia and black bass. The fish are expected to control
the mosquito larvae and provide a source of recreation
and protein for the firm's employees. This positive
move toward water pollution abatement should be
adopted by all major factories.

The case for soil conservation measures in the
catchment areas is urgent if further deterioration of the
aquatic systems in Kenya is to be checked. The rapidily
increasing population will place more pressure
on land, the end result of which will be heavier
silt loads.

Finally, continuous monitoring of the changes
occurring in Nairobi River should be undertaken
in an effort to find· ways of conserving this worthy
and perishing water resource.
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