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INTRODUCTION

Location

Mombasa District lies between latitudes 3° 80’ and 4° 10’ S and longitudes 39° 60’ and 39°
80’ E, with a total land mass of 229.6 km2 and inshore waters covering 65 km2. The
administrative boundaries comprise the Island Division, Changamwe in the west, Kisauni in
the north and Likoni Division in the south. The Island Division is the smallest and the most
developed, while the three other sub-urban divisions are predominantly rural.

Climate

Climatic condition variations in the district are attributed to SE Monsoon winds (blowing
between April and September) and the NE Monsoons (October to March) and oceanic
influence. The mean rainfall in the coast region ranges from 1,397 mm in the south
decreasing to 889 mm in the north and occurs in two periods. The rains occur during the
inter-monsoonal period, with the long rains starting from March to June, while the short rains
occur from October to December. The mean rainfall distribution in the district is presented in
Fig. 1.

Fig. 1. Average rainfall distribution in Mombasa District

(Source: GOK Ministry of Agriculture, 1988).
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Topography and Geology

The district is situated in coastal lowland with extensive flat areas rising gently from 8 meters
above sea level to 100 meters above sea level in the west. It can be divided into three main
physiographic belts, namely, the flat coastal plain, which is 6 kilometres wide, and includes
the Island division, Kisauni on the north mainland and Mtongwe to the south. Next, are found
the broken, severely dissected and eroded belt that consists of Jurassic shale overlain in
places by residual sandy plateau found in Changamwe division. Finally, there is the
undulating plateau of sandstone that is divided from the Jurassic belt by a scarp fault.

Nearer the sea, the land is composed of coral reef of Pleistocene Age that offers excellent
drainage. The coral limestone and lagoonal deposit reach a thickness of 100 meters. Along
the coastline are to be found beautiful beaches, which together with a variety of coastal
resources and a rich biodiversity, has attracted tourists making Mombasa a favourite tourist
destination.

Mombasa district has no permanent rivers, but due to the favourable geology of some parts
of the district, the water table is high and the sinking of boreholes and wells has led to the
increased supply of water to supplement the reticulated supply (Fig. 2).

Fig. 2. Map of Mombasa District showing geological formations and distribution of boreholes

and wells.
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Soil and Agroecology

The soil types are broadly associated with the geological formations along the physiographic
zones in the district, as detailed by GOK Ministry of Agriculture (1988).

Along the coastal lowlands four soil types predominate.
1. On the raised reefs along the shore well-drained, shallow (< 10 cm) to moderately deep,

loamy to sandy soils predominate.
2. On unconsolidated deposits in the quaternary sands zone (also referred to as Kilindini

sands) are well drained moderately deep to deep, sandy clay loam to sandy clay,
underlying 20 to 40 cm loamy medium sand.

3. On the Kilindini sands are also found areas with very deep soils of varying drainage
conditions and colour, variable consistency, texture and salinity.

4. Also found on the Kilindini sands are well-drained very deep, dark red to strong brown,
firm, sandy clay loam to sandy clay, underlying 30 to 60 cm medium sand to loamy sand
soils.

On the coastal uplands, composed of the raised areas in Changamwe and western parts of
Kisauni, 2 soil types are dominant
1. Soils developed on unconsolidated sandy deposits in the Magarini formation, composed

of sandy to loamy soils. These are well drained, very deep, sandy clay loam to sandy
clay, with a topsoil of fine sand to sandy loam.

2. Soils developed on shales composed of heavy textured soils constitute the relatively high
agricultural potential area in the district. The soils are dominated by well drained to
imperfectly drained, shallow to moderately deep, firm to very firm clay, and imperfectly
drained deep, very firm clay, with a humic topsoil and a sodic deeper subsoil.

Most of the agricultural activities in the district occur in the mainland areas, i.e. Kisauni (north
mainland), Likoni (south mainland) and Changamwe (west mainland). The low lying areas
are dominated by the coconut-cassava (zone L3) and cashewnut-cassava (zone L4)
agroecological zones (GOK Ministry of Agriculture 1988). Most of the Mombasa island area
and parts of Kisauni and Likoni fall under the coconut-cassava zone. This zone is
characterised by a medium to long cropping season and intermediate rains. The rest of the
low lying areas in Kisauni and Likoni fall under the cashewnut-cassava zone, which is
characterised by medium cropping season, followed by intermediate rains. Most of the
raised Changamwe area falls under the cashewnut-cassava zone. The raised areas in
Kisauni and parts of Changamwe, that mainly include the shale areas, fall under the lowland
livestock-millet zone (zone L5). This zone is characterised by a short to medium cropping
season and a second season with intermediate cropping.

Demography

According to the 1999 Population and Housing Census (GOK, 1999) the population of
Mombasa District stood at 665,000 persons distributed in the four divisions of the District as
indicated in Table 1.
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Table 1. Population distribution in the Mombasa District

Population
Administrative

Division

Size:
Area
km2 1979 1989 1999

% Population
increase
since last
Census

Population
density/ km2

1999

Island 14.1 136,140 127,720 146,334 14.57 10,379
Kisauni 109.7 79,995 153,324 249,861 63.00 2,278
Likoni 51.3 39,665 67,240 94,883 41.11 1,850
Changamwe 54.5 81,348 113,469 173,930 53.28 3,191
TOTAL 229.6 336,148 461,753 665,018 44.02 2,896

Source: GOK (999, 1989 & 1979).

Mombasa district experienced a 44% increase in population between the census years of
1989 and 1999. The high increase in population was attributed to natural growth and in-
migration, mostly of the labour force from other parts of the country. The high population has
proved to be a serious challenge in the provision of housing and essential services such as
water, sanitation and health care.

Land use

A land use classification study (UNEP/FAO/PAP/CDA, 1999) indicated that only 31.2% of
the total land area in Mombasa district was under residential settlements (Fig. 3). The
direction of growth in human settlements is northwards, concentrated in Kisauni Division.
This has entailed the crowding of many people in small areas with serious social
implications. These unplanned crowded human settlements have the poorest sanitation and
generally poor infrastructure facilities, resulting in a myriad of environmental problems
(Gatabaki-Kamau et al., 2000). The land area for residential purposes has increased by
almost two and half times. Whereas, land area claimed for tourism activities has increased
threefold, land for commercial purposes has doubled in the period (UNEP/FAO/PAP/CDA,
1999).

Water from the reticulated supplies that used to meet less than 50 % of the demand, is in
much lower and inadequate quantity. Groundwater, which still remains an alternative to the
reticulated supply, is threatened by pollution due to pit latrines and septic tanks / soakage pit
systems as most of the area is not served by any centralized sewer system to manage
human waste. Potable water supplies are therefore under a relentless threat of
contamination from domestic sewage.

Recently, there have been a large number of land sub-divisions, particularly in Kisauni, for
squatter settlement schemes on land that was once agricultural. Once these settlement
schemes are developed, there will be an increased demand for further infrastructure and
public services. If even half of the plots are developed for the various social uses, the
demand for infrastructure will more than double from the current demand.

The main commercial centre is located in the island. An industrial area and the Kilindini
harbour are situated on the north-western side of the island with an extension of the former
in Changamwe. The Kilindini harbour is the largest seaport in Kenya with a hinterland
extending to Uganda and parts of Rwanda, Burundi and Congo. Major industrial
establishments include the petroleum refinery, steel manufacturing and food processing in
Changamwe and the Bamburi Portland cement factory in Kisauni.
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Fig. 3. Distribution of informal settlements in Mombasa District in 1997
(Source: Mwaguni 2002)
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Water Supply Infrastructure

The Mombasa District heavily depends on water sources from outside the district for its
potable needs. Its main sources of water supply are the Mzima Spring, Baricho Water works
and Marere boreholes mainly supplying the Likoni area. Generally, the whole Mombasa
district has a daily water demand of 200,000 cubic meters of water against the available
130,000 cubic meters. There is therefore a water shortfall of 70, 000 cubic meters, about 35
% of the demand, which is met by tapping the groundwater sources (NWCPC, 2000). In fact,
13,286 out of the 183,540 households in the district are almost permanently dependant on
groundwater. These are distributed as follows: - wells- 6,245 households, boreholes- 6,941
households (GOK, 1999). Thus, a significant proportion of the population relies on
groundwater for their potable water needs and it must be protected from sewage pollution.

Waste Management Practices

The shortage of water in the Mombasa district and lack of funds to undertake capital
investment projects has delayed extensions of water borne sewerage, forcing the residents
to rely on on-site systems for sewage management. About 17% of the households in
Mombasa, as well as hotels and most public buildings, have septic tank and soakage pit
systems. Of the 13,000 septic tanks that are in use in Mombasa, most of them are found in
high-income residential areas. A great majority of households in Mombasa, (about 70%) use
pits latrines. Of the 34,000 latrines found in the district, 55% of them are found in Kisauni
division where the study area is located. It is an officially sanctioned practice to dig pit
latrines to reach the water table so that they do not fill-up in a short time. This practice,
combined with the lack of appropriate sewage treatment has enormous impact on the
contamination of groundwater due to human waste.

The status of the sewage management systems in the district can be described as follows.
In the low-cost high-density housing and informal settlement areas, the use of communal
septic tanks and soakage pits is common. The systems are not adequately managed; they
are prone to blockages and leakages, and both the septic tanks and soakage pits are usually
left to fill up to overflow sometimes before being attended to, and usually after complaints by
the residents.

For the local Swahili housing residences, sewage management is either by the use of pit
latrines or septic tank / soakage pit systems. The Swahili settlements are either planned or
unplanned and comprise of permanent or semi-permanent houses with thatched or
corrugated galvanised-iron sheet roofs. The planned ones are those built according to an
approved village layout plan prepared for the owner by the local authority. In this housing
category, the use of septic tank / soakage pit systems predominate. The unplanned houses
use pit latrines almost exclusively. In both cases, the sewage systems are properly built and
well managed. Like the soakage pits that serve the septic tanks, most of the pit latrines are
sunk to the water table to prevent them from filling up fast.  This results in the direct
contamination of groundwater resources with sewage. A common feature found in the
Swahili houses that use pit latrines is the observation that almost all of them have shower
rooms next to the toilet and all washings are directed to the toilet pit. This method of draining
bathroom wastewater into the pit latrines leaves them in an almost permanent wet state, a
condition that facilitates accelerated contamination of groundwater.

In the case of slum dwellings, pit latrines are the only mode of human waste disposal. In this
case, most of the toilets are very shallow and prone to flooding during the rainy season. The
flooded toilets thus constitute a major threat of pollution to both ground and surface water
sources. For the homeless and some of those who live in slums, they tend to help
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themselves in plastic bags and then throw the bags away, resulting in the coined terminology
“flying toilets.”

In the medium-cost, high-density settlements, sewage is managed by the use of septic
tanks-soakage pit systems only. These systems are either communal, where a whole estate
shares one large septic tank and soakage pit, or private, where each dwelling has its own
system. The latter is the most common, and where this is the case, the systems are well
maintained. In the case where the system is communal, frequent blockages have been
reported. In particular, in the estates owned by the local city authority, the situation has been
found to be worse. It has also been observed that for some estates, particularly Kiembeni in
Kisauni, the sewage system in operation collects all the waste and directs it to discharge into
a seasonal stream that drains into the Indian Ocean. During the dry season, the stream dries
up or its flow does not reach the ocean for discharge, the resultant stagnant wastewater
being a potential contaminant to groundwater.

The high cost, low-density settlement sewage management is effected by the use of
individual soakage pit / septic tank systems. In these housing schemes, sewage is very well
managed.

A few of the tourist hotels have shown innovativeness in waste management by installing
their own sewage treatment facilities. In Kisauni, Severin Sea Lodge for example has
installed a mechanised biological sewage treatment plant, while both Bamburi and Travellers
beach hotels are making use of waste stabilisation ponds for treating their sewage. These
hotels also use the treated wastewater for watering their flower gardens. However, almost all
the hotel establishments use the septic tank-soakage pit system for managing sewage. For
those hotels that use septic tanks, emptying of the same is carried out either by the
Mombasa City Council or by private contractors. Usually, suction trucks are used in the
emptying process, but it is not uncommon for private contractors to use manual labour to
take out the sludge from the septic tanks and transfer into bigger containers that are
eventually transported away for subsequent disposal. It is not known where the private
contractors dispose off the sludge.

From the foregone discussion, both ground and surface water systems are threatened by the
existing inadequate sewage disposal practices. Illegal wastewater discharges are not
uncommon and these pose a potential threat to both surface and groundwater.

Status of Groundwater Quality in Mombasa District

Groundwater supply and quality in the district are directly determined by the geohydrological
setting.  The limestone and sandy zones are important for water supply, due to their
generally high permeability and hydrologic conductance. These areas form the main
recharge areas to the unconfined aquifer, which is characterised by a high water table. The
relatively high permeability and hydraulic conductivity, and high water table make the aquifer
vulnerable to contamination. When contaminants or pollutants are released on or below the
surface, such as from soak pits and pit latrines, they quite rapidly enter the groundwater
system.

Previous analyses of the groundwater quality by the Government Chemist yielded the
following results (Mwaguni, 2000):

• Groundwater sources developed along the beach hotels and the low-density high
cost residential areas of Nyali, the coral limestone zone, yield brackish water with
total dissolved solid (TDS) values above 1,500 mg/l.  This indicated saltwater
intrusion into water aquifer and renders these sources unsuitable to supplement
potable supplies.
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• In the shale formation areas of Mwakirunge and Nguu Tatu in Kisauni division, the
groundwater contains sufficiently high mineral content such that it is not suitable for
drinking purposes.

• Along the Triassic and Jurassic formations of the flat coastal plain, the groundwater
from the aquifer is generally fresh containing TDS between 400-1000 mg/l.
Unfortunately, these sources are vulnerable to pollution. Increasing human
settlement combined with insufficient and/or completely lacking wastewater treatment
infrastructure pose a constant threat of groundwater contamination by sewage.  In
addition the use of septic tank/soak pit systems and pit latrines for sewage disposal
almost inevitably results in groundwater contamination. Specifically, these areas
include the low and medium cost, high-density settlement areas of Kisauni and
Likoni.

There are indications that groundwater quality in the district has been declining, This is
primarily attributed to the sewage disposal method of using septic tank/soakage pit systems
and pit latrines most often sunk all the way to the water table, which result in direct
contamination of groundwater. The arbitrary or haphazard sinking of boreholes and wells
and the virtually unregulated abstraction of groundwater has exacerbated the declining water
quality situation as a result of saline water intrusion.

Impact of Waste Management Practices on Public Health

Sewage has been associated with the introduction of pathogens in water that lead to water
borne diseases like cholera, dysentery, typhoid, diarrhoea, intestinal worms, diseases of the
skin and eye infections among others. Mwaguni (2002) correlated the morbidity for water
borne diseases with inadequate sewage treatment and disposal (Tables 2a,b,c).

Tables 2: Out-patient morbidity in Mombasa District, 1998-2000
     (Source: Mwaguni, 2002).

Table a: Out-patient morbidity 1998
Disease Island Kisauni Changamwe Likoni Total %

Diarrhoea

Malaria

Worms

Eye Inf.

Skin Inf.

Others

    2, 401

  13, 895

        943

        692

    4, 444

   17, 392

     1, 998

   15, 727

     1, 006

         637

     5, 647

   17, 314

    2, 359

  15, 164

     1,103

        587

    5, 308

  20, 938

       107

   1, 730

         82

         72

       613

   1, 840

     6, 865

   46, 516

     3, 134

     1, 988

   16, 012

   57, 484

       5.2

     35.2

       2.4

       1.5

     12.1

     43.5

Table b: Out-patient morbidity 1999

Disease Island Kisauni Changamwe Likoni Total %

Diarrhoea

Malaria

Worms

Eye Inf.

Skin Inf.

Others

     1, 627

   10, 933

     1, 255

        784

    2, 970

  19, 360

     2, 251

   16, 933

     1, 284

         496

     4, 725

   17, 197

      1, 381

    10, 354

          523

          268

      3, 534

    12, 661

       145

   1, 459

         97

         44

       493

   1, 610

     5, 404

   39, 679

     3, 159

     1, 592

   11, 722

   50, 828

        4.8

      35.3

        2.8

        1.4

      10.4

      45.2
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Table c: Out-patient morbidity 2000

Disease Island Kisauni Changamwe Likoni Total %

Diarrhoea

Malaria

Worms

Eye Inf.

Skin Inf.

Others

   1, 509

11, 444

  1, 047

     991

3, 177

16, 963

 1, 809

12, 133

      976

     419

 3, 555

 13, 911

1, 401

8, 621

   512

  246

2, 149

8, 615

   220

1, 180

      36

      37

    413

    921

     4, 939

   33, 378

     2, 571

     1, 693

     9, 294

   40, 410

        5.4

      36.2

        2.8

        1.8

      10.1

      43.8

Source: Municipal Health Department, Mombasa (Mwaguni, 2002).

It was noted that over 50% of all reported diseases are related to water quality, and are
associated with inadequate wastewater management. Water-borne and wastewater related
diseases: diarrhoea, malaria, worms, eye and skin infections were consistently observed
over the three years. The high number of skin diseases reported, however, attributed to the
high incidence of HIV / AIDS infection. Contact with contaminated water is considered to be
one of the contributors to skin infections, but the combination of contaminated water and
high HIV infection rates is thought to be exacerbating the problem.

Malaria contributes over 30% of all the diseases.  It is the disease with the single highest
occurrence.  Grey water discharges to the ground in most of the informal houses combined
with leaky, broken water and wastewater pipes contribute significantly to mosquito breeding
environments - resulting in the significant malaria problem.  This is more a problem of dirty
and wet conditions than sewage.  It is, nevertheless, a wastewater management problem
that cannot be divorced from sewage management.

Aims and Objectives

The general aim of this study is to establish the pollution status of the water supply aquifer in
Mombasa District with the following specific objectives.

• Analysis of the hydrogeological set-up of the area and preparation of a preliminary
pollution vulnerability map.

• Preliminary assessment of the pollution status of groundwater in Mombasa District.

• Preparation of the first early warning bulletin on groundwater quality in Mombasa City.

AQUIFER VULNERABILITY TO POLLUTION

In assessing the intrinsic vulnerability of the water supply aquifer to pollution the DRASTIC
model was applied using GIS analytical tools (ESRI’s ArcView 3.2 and Spatial Analyst 1.0).

Depth to the Water Table

The piezometric data obtained covered only the Mombasa island area (Njue et al., 1994).
Thus the resultant vulnerability assessment is applicable primarily to the island division. The
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depth to the groundwater level ranged from 13.7 to 21.3 m. The interpolated depth to the
aquifer indicates that the water table is shallowest in the southeastern side of the island. This
is reflected in the rating of the relative vulnerability of the aquifer due to depth (Table 3).
Thus, the south-eastern side of the island is the most vulnerable to pollution originating from
the surface and sub-surface with respect to the depth to the aquifer (Fig. 4).

Table 3. Rating of depth to the water table
to aquifer vulnerability

Depth range
(m)

Rating

13.7 – 15.6
15.6 – 17.5
17.7 – 19.4
19.4 – 21.3

6
5
4
3

Fig. 4: Rating of depth to the water table to aquifer vulnerability in the Mombasa island



11

Recharge of the Aquifer

The aquifer recharge was assessed by considering the mean annual rainfall distribution in
the district (Fig. 1) and the relative permeability of the underlying geological formations. The
following recharge rates were adopted for the 5 geological formations in the region (Table 4).

Table 4: Water recharge rates and geological formations in Mombasa District

Geological Formation
Name Formation

Recharge
Rate  (%)

Baratumu

Magarini sands

Mtomkuu

Quaternary sands

Undifferentiated
corals

Miocene Sandstone with subordinate limestone and
shales

Pleistocene sands

Cretaceous shales with subordinate sandstones and
limestone

 Recent alluvium beach sands, dune sands and
superficial sands

Pleistocene reef complex, limestone and sandstone

3

18

2

20

15

It is realised that the highest aquifer recharge occurs in the permeable quaternary sands
zone, followed by the Magarini sands and coral / limestone zones (Fig. 5). The least
recharge is experienced in the relatively impermeable Mtomkuu shales formation zone. The
higher the recharge rate the more vulnerable the underlying aquifer. The intrinsic aquifer
vulnerability due to recharge is indicated by the relative ratings as presented in Table 5 and
displayed in Fig. 6.

Table 5. Ratings of recharge to aquifer vulnerability

Recharge range
(mm)

Rating

0 – 50
50 – 100

100 – 175
175 – 250

1
3
6
8
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Fig. 5. Aquifer recharge in Mombasa District
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Fig. 6. Rating for recharge to aquifer vulnerability in Mombasa District

Aquifer Media

The aquifer media determines the attenuation capacity of the aquifer to introduced
contaminants. This is influenced by among other factors, the grain and pore sizes of rock
material. In the saturated zone contaminant attenuation is largely determined by dilution and
natural die-off (in the case of microbial contamination). In the Mombasa District the aquifer
media is broadly determined by the geological formations. In particular, in the coastal
lowlands, the geological formations are reported to extend to depths of 100 m whereas the
depth to the water level is as shallow as 13 m in the island. The dominant aquifer media in
the district include limestone, sandstone and shale. The ratings of the aquifer media to
pollution vulnerability in the district is presented in Table 6 and Fig. 7. The results indicate
that the unconfined aquifer on the island and in the low-lying areas in Kisauni and Likoni and
including the raised plateau area in Changamwe are the most vulnerable.
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Table 6. Ratings of aquifer media to aquifer vulnerability

Aquifer media Rating

Shale
Bedded sandstone, limestone and shell
Massive sandstone
Massive limestone
Sand and gravel
Karst limestone

2
6
6
6
8

10

Fig. 7. Rating of aquifer media to aquifer vulnerability in Mombasa District

Soil Media

The soil is the most biologically active layer and the first line of defence against
contamination of groundwater, and contributes significantly to the attenuation of
contaminants introduced on the surface. Such contaminants include nitrates and microbial
organisms. The soil type, grain size and thickness play a limiting role in attenuation
processes of contaminants, namely filtration, biodegradation, sorption and volatilisation. The
rating of the soil media on aquifer vulnerability in the district is presented in Table 7 and Fig.
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8. It is evident that the limestone zones with thin soils are the most vulnerable to pollution of
the aquifer.

Table 7. Ratings of soil media to aquifer vulnerability

Soil media Rating

Thin or absent
Sand
Sandy loam
Loam
Clay loam
Non-shrinking or non-agregated clay

10
9
6
5
3
1

Fig. 8. Rating of soil media to aquifer vulnerability in Mombasa District

Topography

The low-lying coastal zone is characterised by an even terrain, with cliffs sloping to the
shoreline at certain places. Steep slopes are also found in the raised areas towards
Changamwe and Kisauni. The slope influences run-off. The steeper the slope the faster the
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runoff and reduced potential for contamination of groundwater. The rating of the slope to
vulnerability of the aquifer is presented in Table 8 and Fig. 9.

Table 8. Ratings of the topography to aquifer vulnerability

Topography range (%) Rating

< 2
2 – 6

6 – 12
12 – 18
18 – 90

10
9
5
3
1

Fig. 9. Rating of slope to aquifer vulnerability in Mombasa District

Impact of the Vadose Zone

The unsaturated layer or vadose zone has an impact on the attenuation of the contaminants
in the aquifer. The material in the vadose zone in the unconfined aquifer in the district is
closely related to the geological formations. Thus the vadose zone is dominated by the
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limestone, sandstone, sand and shale. The ratings adopted for the vadose zone material to
vulnerability of the aquifer is presented in Table 9 and Fig. 10.

Table 9. Ratings for the impact of the vadose zone on aquifer vulnerability

Vadose zone media Rating

Shale
Limestone
Sandstone
Bedded limestone, sandstone, shale
Karst limestone

3
6
6
6

10

Fig. 10. Rating of impact of the vadose zone to aquifer vulnerability in Mombasa District

Hydraulic Conductivity

The hydraulic conductivity determines the rate at which a contaminant moves, which
depends on the inter-connectivity of voids within the aquifer. The higher the conductivity, the
higher the vulnerability of the aquifer to pollution. The hydraulic conductivity of the aquifer in
the district was estimated with reference to literature, because of the lack of data from
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pumping tests. The ratings for hydraulic conductivity are presented in Table 10 and a spatial
display in Fig. 11.

Table 10. Ratings of the hydraulic conductivity to aquifer vulnerability

Range (m day-1) Rating

< 4
4 – 12

12 – 29
29 – 41

1
2
4
6

Fig. 11. Rating of hydraulic conductivity on aquifer vulnerability in Mombasa District

Aquifer Vulnerability for Mombasa Island

To assess the intrinsic aquifer vulnerability, the depth, recharge, aquifer media, soil media,
topography, impact of the vadose zone and hydraulic conductivity factors were weighted
(Table 11) and added. The resultant preliminary aquifer vulnerability map primarily for the
Mombasa Island is presented in Fig. 12.
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Table 11. Weights for DRASTIC factors

Factor Weight

Depth to water table
Aquifer Recharge
Aquifer media
Soil media
Topography
Impact of vadose zone
Hydraulic Conductivity

5
4
3
2
1
5
3

Fig. 12. Vulnerability to pollution of water supply aquifer for Mombasa Island

The results of the assessment of the vulnerability of the Mombasa Island water supply
aquifer indicate that the south-western part is the most vulnerable to pollution. The area is
characterised by a relatively shallow unconfined aquifer underlying permeable quaternary
sands.
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GROUNDWATER QUALITY

Generally, there has been a lack of a sustained systematic monitoring program of the
groundwater quality in Mombasa District. The Ministry of Water Resources Development and
Management used to carry out examination of water quality for registered boreholes and
wells. However, they lack long term monitoring data, and the activities are at best sporadic
primarily due to shortage of resources. The Government Chemist’s Laboratories also used to
routinely undertake bacteriological examination of freshwater supplies, but the activities were
curtailed due to lack of funding to facilitate the exercise. However, in the course of the
present project, some data was obtained from the two Government institutions consisting of
mostly one-off measurements between 1994 and 2003. Mwaguni (2002) reported the results
of measurements of bacteriological contamination of groundwater in randomly selected
boreholes and wells in the District. During the present study, in July 2003, nutrient
concentrations and microbial contamination were measured in a selection of boreholes and
wells.

Physico-chemical Characteristics

The data obtained lacked information on nutrient concentration levels in the sampled
groundwater abstraction facilities. In the Island division, there was no indication of
generalised saline water intrusion into groundwater. However, one borehole located in the
limestone zone (sampled in 1995) showed raised salinity, conductivity and total dissolved
solids (TDS) (Table 12a) considered characteristic of groundwater quality in the zone. A
neighbouring borehole in the same zone (sampled in 2002), however showed no indication
of increasing salinity.

In Kisauni brackish water was located in wells (3) located within the limestone zone (Table
12b). However, wells from the sand zone gave low salinity freshwater that was of potable
standard. More recent data showed raised nutrient levels, especially nitrates, in water
samples obtained from wells located in mainly the sand geological zone (Table 12c). This
coincides with the high-density population centres in Kisauni. The high nitrate concentrations
are attributed to contamination due to on-site sewage disposal methods, dominated by pit
latrines and septic tanks / soakage pit systems. However, the nitrate concentration levels
encountered were below the WHO standard of 50 mg l-1 limit for potable water.

In Likoni, a borehole constructed at a beach hotel in the limestone zone (Shelly Beach) gave
saline water, as indicated by the high salinity, conductivity and TDS, which was not potable
(Table 12d). The quality of water from other wells sampled was generally acceptable for
potable use.

 The few wells sampled in Changamwe produced water of acceptable salinity for potable
needs (Table 12e).
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Table 12a: Groundwater quality for Mombasa Island

Salinity EC* TDS* Total TAL*Location / Name Type Date as NaCl pH (µS/cm) (mg/l) Hardness (mg/l)

Bondeni B 7-Jun-94 234 7.4 1550 780 490 288
Guraya B 7-Jun-94 186 7.2 1580 790 460 400
Mwembe Kuku B 7-Jun-94 170 7.0 1550 755 488 248
Mwembe Tayari B 7-Jun-94 327 7.2 2160 1080 660 208
Mini Bakeries-Majengo B 1-Aug-01 266 7.3 1000 500 392 474
KPA Makupa B 15-Oct-02 167 7.2 920 460 374 470
Provincial Commissioner's B 16-Nov-95 1073 7.2 5396 2698 540 370
Coast Girls High School B 18-Jul-94 87.5 7.0 1562 1015 332 320
KPA Kizingo B 21-Jun-02 546 7.4 1300 650 370 422
Bawazir Maize Millers Ltd. B 21-Jul-94 200 7.6 1079 699 352 400
Post Bank Moi Avenue B 23-Aug-99 165 7.2 860 430 314 380
KBC B 24-Jan-03 142 7.2 820 410 364 530

* EC = Conductivity, TDS = Total dissolved solids, TAL = Total alkalinity.

Table 12b: Groundwater quality for Kisauni, Mombasa North Mainland

Salinity EC TDS Total TALLocation / Name Type Date as NaCl pH (µS/cm) (mg/l) Hardness (mg/l)

Bombolulu Estate B 30-Jun-94 2393 8.1 6550 3270 722 230
Nyali B 30-Jun-94 1172 7.6 2780 1390 458 396
English Point Mkomani B 12-Oct-99 346 7.6 1000 500 296 244
Sollatech Bamburi W 28-Mar-00 3110 7.4 3600 778 246
Nyali W 9-Jun-01 167 7 710 355 212 466
V.O.K B 9-Apr-02 235 7.2 880 440 332 460
Bombolulu estate B 8-Oct-02 299 7.2 860 430 380 402
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Table 12c: Nutrient concentrations in groundwater for selected wells in Kisauni,
Mombasa North Mainland

Ammonia - N Nitrate - N Phosphate - PName Type Date pH (µg/l) (mg/l) (µg/l)

Mkomani W 12-Jul-03 5.6 0.0 30.9 23.9
Jetta Ramji W 11-Jul-03 10.7 0.0 53.9 55.2
Green Wood Lane W 11-Jul-03 2.8 0.0 18.2 40.0
Nyali Beach W 11-Jul-03 8.8 0.0 45.5 90.2
Mkomani - Nyali W 11-Jul-03 - 0.0 10.8 26.4
Ya Waarabu W 11-Jul-03 6.3 0.0 34.0 67.0
School for Handicapped W 11-Jul-03 - 0.0 7.3 33.8
Kizzy W/B 11-Jul-03 - 63.0 8.3 57.0
Umoja Residence W 11-Jul-03 - 126.0 10.6 119.7
Masjid ul-Khairat W 12-Jul-03 5.6 89.6 30.8 51.5
Swairatwi W 12-Jul-03 9.6 0.0 49.1 76.6
Papyrise W 12-Jul-03 5.6 0.0 30.7 63.9
Snake Valley B 12-Jul-03 6.5 11.2 34.9 82.8
Mlaleo W 12-Jul-03 8.6 0.0 44.4 99.2
Anonymous W 12-Jul-03 9.6 33.6 49.0 204.0
Bakarat W 12-Jul-03 10.5 29.4 52.9 103.9
As-swafaa W 12-Jul-03 5.7 704.2 31.4 0.0
Islam Ali B 12-Jul-03 9.6 0.0 49.0 75.6
TSS B 12-Jul-03 11.2 0.0 56.3 106.0
Abdalla Adam B 12-Jul-03 - 0.0 15.0 142.3
Bidalla W 12-Jul-03 6.9 457.8 36.5 83.1

Table 12d: Groundwater quality for Likoni, Mombasa South Mainland

Salinity EC TDS Total TALLocation / Name Type Date as NaCl pH (µS/cm) (mg/l) Hardness (mg/l)

Sick Bay B 14-Jun-99 58 7.1 766 383 328 372
Bofu-Likoni W 28-Dec-99 863 7.3 2080 1040 344 200
Mtongwe NYS B 19-Jan-00 599 7.2 1440 720 390 174
Shelly Beach B 10-Mar-00 4755 8.2 5400 2700 982 224
Shika Adabu W 4-Apr-01 74 7.2 390 195 240 258
Likoni Corner Mtongwe W 3-Jun-01 170 7.2 600 300 230 300
Likoni Ujamaa W 3-Jul-01 248 7.5 620 310 270 294
Likoni W 15-Oct-01 162 7.4 740 370 400 280
Naval base (Mtongwe) B 3-Dec-02 206 7.2 760 380 522 500
White Elephant Navy B 3-Dec-02 950 7.2 1900 731 430 440
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Table 12e: Groundwater quality for Changamwe, Mombasa West Mainland

Salinity EC TDS Total TALLocation / Name Type Date as NaCl pH (µS/cm) (mg/l) Hardness (mg/l)

Port Reitz W 7-Nov-94 7.4 1720 860 272 426
Mazrui (Magongo
Dolphine) W 10-Jan-01 222.8 7 1100 550 298 606
KAG Changamwe B 15-Feb-01 630 7.1 1300 650 560 444

Microbial Contamination

In the Island division, the data obtained for groundwater quality covered facilities located in
industrial establishments, some within the industrial area, and some educational centres
(schools), government offices and a few private residences (Table 13a). Out of 21
boreholes, 13 (about 62 %) produced water of acceptable potability as indicated by low
coliform counts. It was noted that more that 40 % of the groundwater abstraction facilities (4
out of 9) in the industrial areas yielded potable freshwater. A few of the industrial
establishment provided measurements made in 1998, 2002 and 2003, which showed no
significant changes in the water quality. On the other hand, there was an indication of
pollution of the majority of the wells tested (> 80 %) with microbial contaminants. The water
was generally contaminated with levels of coliform exceeding the acceptable limits. The
acceptable water quality for potable use is total coliform ≤ 10 / 100 ml, and nil faecal coliform
and E. coli. Overall, slightly over 40 % of the groundwater tested from boreholes and wells
met potable standards.

Data presented by Mwaguni (2002) is some of the most recent information on groundwater
quality. Of the 29 borehole water samples tested, less that 25 % produced water of
acceptable quality, whereas none of the well water samples met the potability standards. It
was noted that generally groundwater abstraction facilities located in the parts of the island
that are served by a sewer system showed a relatively low level of microbial contamination.
This observation gives a strong indication that the sewage disposal methods are a significant
source of groundwater contamination in the island.

In Kisauni, according the data available, the groundwater quality situation is not any better
compared to the island (Table 13b). Data obtained from the Ministry of Water Resources
Development and Management (MWRDM), including measurements carried out in July 2003
in the present study, indicate that most of the wells and boreholes examined produced poor
quality water with levels of microbial contamination exceeding the acceptable standards.
Thus only one out of 16 wells sampled gave water of acceptable quality, and none of the 5
boreholes samples met the standards. In comparison Mwaguni (2002) found less than 10 %
of the groundwater facilities examined produced water of acceptable standard.

In Likoni, the small amount of data accessed gave an indication of a degree of pollution of
groundwater with microbial contaminants attributed to faecal matter (Table 13c). Thus, less
than 40 % (4 out of 11) of the wells sampled yielded water of acceptable potable standard,
whereas none of the borehole water samples met the required standards. It is noted that the
impacted area is characterised by high density housing settlements, with pit latrines and
septic tank / soak pit systems as the dominant methods of sewage disposal. In comparison,
out of 6 boreholes and 6 wells sampled by Mwaguni (2002), the 2 wells found to yield water
of acceptable potable standard had been subjected to treatment by chlorination.
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In Changamwe, the substantially smaller data set gave an indication of some contamination
of the groundwater with faecal matter (Table 13d). As is the case in other parts of the district,
groundwater contamination was more apparent for boreholes located within the high-density
population areas. These observations are comparative to results reported by Mwaguni
(2002).
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Table 13a: Microbial contamination levels for selected boreholes and wells in Mombasa
Island

Total coliform Faecal coliformLocation / name Type Date (no./100ml) (no./100ml)

Coast Amusement Park B 8-Jan-95 12 12
Mustafa Abidhurani W 21-May-97 14 4
Africatch Ltd W 24-Jun-97 170 80
Jamil Ebrahim Hussein W 3-Jul-97 1800+ 1800+
Mary Walker W 4-Jul-97 1800+ 350
Mr. Khan Afzal W 6-Sep-97 1800+ 1800+
Director, Marianist Dev. Project W 30-Jul-98 1800 4
Prof. Hydari B 24-Dec-98 50 0
Jahazi Marine W 22-Mar-99 350 130
Blue Room B 14-Feb-00 4 2
Goldstar W 4-Mar-00 1800 1800
Ndungu And Anungo B 4-Mar-00 5 5
Jeffrey Academy B 17-Aug-00 350 50
C.B.K B 10-Sep-00 5 5
Mr. Abdulrahman Cherioyot B 13-Oct-00 350 50
CMB B 23-Oct-00 550 0
Hassan H. Yussuf B 25-Oct-00 2 0
Makadara B 10-Feb-01 7 4
Tritex B 14-Feb-01 0 0
Mombasa Municipal Council B 20-Feb-01 <3 0
Majengo Primary School W 8-Jun-01 4 0
Mini Bakeries-Majengo B 1-Oct-01 0 0
Mbaraki Primary School W 20-Feb-02 4 4
Hafiz Talab W 26-Feb-02 2400 75
Fayaz Bakers & Confectioners W 14-Mar-02 140 0
Mr. Geofrey H.A.A.S W 30-Apr-02 23 4
KPA-Kizingo 1 B 15-Jul-02 6 0
Arif Esmail W 18-Sep-02 2 0
Lotus Hotel W 17-Oct-02 1800 350
Shimoni Enterprises B 1-Nov-02 4 0
Khadija Atwas W 3-Dec-02 2400 43
East African Mollases B 13-Feb-03 43 9
Elite Plumbers Ltd B 11-Jul-01 130 27
Elite Plumbers Ltd B 2-Apr-02 5 5
Kitui Flour Mills W 30-Sep-02 70 0
Kitui Flour Mills W 14-Oct-02 0 0
Mbaraki Port Warehouse B 27-Aug-98 20 13
Mbaraki Port Warehouse B 15-Oct-02 11 5
Trans African Fisheries Ltd B 25-Mar-98 0 0
Trans African Fisheries Ltd B 9-Jul-98 0 0
Trans African Fisheries Ltd B 29-Jan-02 0 0
Trans African Fisheries Ltd B 15-Feb-02 0 0
Trans African Fisheries Ltd B 17-Jun-02 0 0
Trans African Fisheries Ltd B 7-Aug-02 0 0
Trans African Fisheries Ltd B 11-Dec-02 0 0
Trans African Fisheries Ltd B 19-Feb-03 15 0
Trans African Fisheries Ltd B 3-Nov-03 0 0
Van Leer B 21-Mar-00 <3 0
Van Leer E.A Ltd B 22-Jul-98 8 8
Van Leer E.A Ltd B 30-Sep-98 0 0
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Table 13b: Microbial contamination levels for selected boreholes and wells in Kisauni,
Mombasa North Mainland

Location / Name Type Date
Total

Coliform
(no./100ml)

Faecal
Coliform

(no./100ml)

E. coli
(no./100ml)

Mombasa Parents Club - Nyali W 21-Aug-95 240 11
English Point Mkomani B 12-Aug-99 150 150
Frere Town W 04-Dec-00 15 3
Hashim Abu Well-Nyali W 19-Feb-01 3 0
Kongowea (Maweni) W 29-Mar-01 460 43
Kongowea (Maweni) W 11-Jun-01 26 26
Nyali W 09-Oct-01 20 15
Fatuma Kongowea- Maweni B 26-Aug-02 1100 1100
Green Wood Lane W 11-Jul-03 20 20 20
Mkomani - Nyali W 11-Jul-03 1700 800 40
Ya Waarabu W 11-Jul-03 210 20 20
School for Handicapped W 11-Jul-03 2200 40 90
Kizzy W/B 11-Jul-03 20 20 20
Umoja Residence W 11-Jul-03 800 90 20
Mkomani W 12-Jul-03 700 170 90
Masjid ul-Khairat W 12-Jul-03 20 0 0
Swairatwi W 12-Jul-03 170 40 20
Snake Valley B 12-Jul-03 1400 300 40
Bakarat W 12-Jul-03 80 23 2
As-swafaa W 12-Jul-03 20 0 0
Islam Ali B 12-Jul-03 170 40 80

Table 13c: Microbial contamination levels for selected boreholes and wells in Likoni,
Mombasa South Mainland

Total Coliform Faecal coliformLocation / name Type Date (no./100ml) (no./100ml)

Likoni W/S B 07-Oct-95 25 11
Mwinyi Babu Road Likoni W 08-Jul-00 93 93
Mr. Mwavumo's Well-Likoni Bomani W 06-May-02 9 9
Ibrahim's House -Likoni W 13-May-02 28 20
Shelly Beach Road Likoni B 17-Jul-95 15 15
Mtongwe W 19-Jan-00 93 21
Liwatoni Primary School W 19-Jul-95 11 0
Shika Adabu W 21-Aug-01 43 43
Likoni W 22-Oct-01 460 460
Mohamed - Likoni Police W 18-Jun-00 4 0
Bofu - Likoni W 28-Dec-99 9 0
Kibuyuni - Likoni W 28-Dec-99 210 23
Starehe W 28-Dec-99 43 4
Shika Adabu W 28-Dec-99 3 0
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Table 13d: Microbial contamination levels for selected boreholes and wells in Changamwe,
Mombasa West Mainland

Total Coliform Faecal coliformLocation / name Type Date (no./100ml) (no./100ml)

Changamwe KAG Church B 2-Mar-01 4 0
Pwani School for The Handicapped W 11-Jun-01 1100 31
Bomu - Magongo B 18-Oct-95 1100 15

Preliminary Assessment of Groundwater Quality

The limited data obtained gives a general indication of the water quality in the district with
reference to the physico-chemical characteristics. It is generally the case that water obtained
from abstraction facilities located in the limestone geological zone is brackish and unsuitable
for drinking.  Whereas, within the sand geological zones, both in the coastal lowland areas in
Kisauni and Likoni and the upland areas in Changamwe, groundwater of acceptable potable
standard is obtainable. The data does not provide sufficient evidence of saline water
intrusion into the water aquifer. It is noted however, that groundwater in the high population
density Kisauni areas has raised concentrations of nitrates, which is an indication of
contamination from pit latrines and septic tank / soak pit systems, that are the dominant
mode of sewage disposal. The nitrate levels however, have not exceeded the 50 mg l-1 level
set by WHO for potable water.

In the island, areas served by a sewer system, composed of the Old Town and parts of the
central business district show least contamination of groundwater by microbial contaminants.
The industrial area is experiencing microbial contamination of groundwater, which can be
attributed to the use of septic tank / soak pit systems for sewage disposal. About 40 % of the
boreholes and wells examined in the island produced water of acceptable potable standards.
There is an indication of groundwater contamination with microbial organisms in Likoni,
particularly in high population density areas. The Kisauni division is indicated as
experiencing a relatively higher degree of groundwater contamination by microbial
contaminants, especially in the high-density housing settlements. This is primarily attributed
to the sewage disposal method dominated by pit latrines and septic tank / soak pit systems.
Indications of microbial contamination of groundwater are also apparent in the Changamwe
area.
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CONCLUDING REMARKS

The available information on groundwater quality in the Mombasa District suggests that the
aquifer is experiencing contamination primarily due to the use of on-site sewage disposal
systems, in particular pit latrines and septic tank / soak pit systems. The degree and extent
of aquifer contamination in the island is variable, with sewered areas showing least
groundwater pollution. It is apparent that areas of Kisauni are experiencing serious
groundwater contamination attributed to sewage disposal practices. The situation in Kisauni
is expected to worsen with the increasing population pressure, inadequate waste
management practices and over-dependence on groundwater for potable needs. The
situation in Likoni is expected to assume a similar trend.

While the information accessed clearly demonstrates a credible threat to the groundwater
quality, it is by no means conclusive. There is need to address the data and information gaps
with due attention on detail in order to develop a clearer picture of the situation. This entails
putting in place a systematic monitoring programme, focussing on, among other factors, the
following

• Physico-chemical indicators of water quality, in particular salinity, conductivity, pH,
ammonia, nitrates, phosphates and selected heavy metals.

• Microbial indicators of groundwater contamination, namely total coliform, faecal coliform
and E. coli.

• Piezometric data and related geohydrologic parameters to extend and refine the intrinsic
aquifer vulnerability model

• Saline water intrusion as a result of over-abstraction of groundwater
• Land use to identify sources of contamination of groundwater
• Elucidate the influence of seasonal weather activities, especially seasonal rains, on

aquifer recharge and groundwater quality.
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