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Executive Summary

The growing population dongthe coasta regon as aresult of natura population growth and
in-migration is exerting increasing pressure on coasta resources. It is redised that the
development of facilities and public services has faled to kegp pace with the gowing
population and demand. This state of affairs prevails in the M ombasa District in general, and
the Kisauni areaiin particular. The Kisauni area experiences inadequacies in the infrastructure
and public services, notably water supply and waste management infrastructure. The largdy
unplanned high-density sdtlements and slums in Kisauni are among the most poorly served
aress. Thisis manifested in the shortage of clean drinkingwater, |eaving the inhabitants with
groundwater to supplement their supply, or in most cases as the sole option.

An assessment of the intrinsic aquifer vulnerability using the DRASTIC modd employing
GlSandyticd tools (ESRI’s ArcView 3.2 and Spatia Andyst 2.0) indicated that the northern
and south-eastern parts of Kisauni and the south-wesern part of the M ombasa Island are the
most vulnerable to pollution. The groundwater stream flow in the Kisauni ares, assessed
using the modellingtool M odflow with Pmpath (Chiang & Kinzelbach, 1993), indicated that
the dominant groundwater flow direction is towards the Mtwagpa creek dong the northern
boundary and Tudor creek dong the southern boundary of the study site and relatively less

intense flow towardsthe Indian Ocean.

M onitoring data on physico-chemical characteristics showed that water obtained from
abstraction facilities located in the limestone geolog cal zone is brackish and unsuitable for
drinking. Whereas, within the sand geologcd zone, goundwater of acceptable patable
standard is obtainable. It was, however, redlised that groundwater in particularly the high
population density Kisauni areas has raised concentrations of nitrates, which was atributed to
contamination from on-site waste disposa sy sems, dominated by pit latrines and septic tank /
soak pit sydems as the mode of sewage disposd. Other sources of groundwater
contamination in the area are uncollected municipa refuse. Generdly, nitratenitrite
concentrations were eevated with concentrations of NO3 '/NO, =N varying from 0.4 to 44.4
mg I Relatively higher concentrations of nitrate/nitrite were recorded during the long rain
season in June/July . T he nitrate concentration levels, however, have not exceeded the 50 mg I™
level set by WHO for patable water.



TheKisauni areais indicated as experiencing ahigh degree of groundwater contamination by
microbid contaminants, especialy in the high-density housing settlements, attributed to on-
site sewage disposa methods dominated by pit latrines and septic tank / soak pit sysems. The
contamination levels are more severe during the rain season when aquifer recharge is
enhanced. Direct intervention by the M ombasa City loca authority in conjunction with the
Minigry of Water & Irrigation to dleviate the situation has consisted of supplying
chlorinating agents free of charge which helps to control outbresks of wéaer borne diseases

such as cholera and typhoid.



INTRODUCTION

The rapid growth in pgoulation and urbanization in M ombasa City has exerted relentless
pressure on resources and services such as, housing, water supply and sanitation, education
and hedth facilities. The ddivery of essentia services in the city has faled to keep pace with
the increased demand. The increased demand in housing has resulted in the mushrooming of
unplanned settlements and slums most often in marginal areas of the district, with inadequate
or lack of supply of waer and sanitary services. Consequently, the inhabitants have had to
increasingly rely on groundwater to supplement or as ther sole source of potable water
supply in most pats of Mombasa. However, groundwater in the area is under threat of
pollution due to the utilization of on-site sewage management practices, dominated by pit
latrines and septic tank-soak pit systems. The presence of mounds of uncollected domestic
refuse is testimony to inadequate solid waste collection and disposa services, which pose a
patentid source of groundwater contamination through aquifer recharge during precipitation.
Theincressing abstraction of groundwater exacerbates thethreat of deterioration of the water

quality through sainewater intrusion.

Waste management practices in M ombasa have been attributed with adverse impacts on
public hedth. Incidences of water-borne diseases, especially cholera, dysentery, typhoid,
diarrhoes, intestinal worms and skin and ey e infections, have been associated with the use of
groundwater contaminated as aresult of inadequate sewage treatment and/or utilization of on-
site sewage disposa methods. Thus, Mwaguni (2002) correated the morbidity of waer borne
diseases with inadegquate sewage treatment and disposd. This raises the need to address the
problem of groundwater contamination with a view of monitoring the situation and
formulaing possible mitigation measures.

The Study Area

M ombasaDidrict lies between latitudes 3° 80" and 4° 10" S and longtudes 39° 60" and 39°
80' E, with a tota land mass of 229.6 km® and inshore waters covering 65 km’. The
administrative boundari es 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 rurad. The thrug of
this gudy wasthe Kisauni areaor M ombasa north mainland (Fig 1).
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Figure 1. M ap of Mombasa District showingthe study area
Climate

Climatic condition variations in the district are attributed to SE M onsoon winds (blowing
between April and September) and the NE M onsoons (Odober to March) and oceanic
influence. The rains occur during the inter-monsoona period, with the long rains starting
from M arch to June, while the short rains occur from October to November/December. The
mean annud rainfdl within the period was 956 mm, pesking in May and October. The
monthly mean rainfa | and temperatures in the M ombasa district for the period 1999 — 2004
arepresented in Fig. 2.
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Figure 2: Average Rainfall, M aximum and M inimum Temperatures (1999 - 2004)

Topography and Geol ogy

The M ombasa District is situated in coasta lowland with extensive flat areas rising gently
from 8 meters above sea level to 100 meters above sealevd inthewest. It can be divided into
three main physiographic bets, namely, theflat coasta plain, which is 6 kilometres wide, and
includes the Island division, Kisauni on the north mainland and M tongwe to the south. Next,
are found the broken, severely dissected and eroded bet that consists of Jurassic shae
overlain in places by residua sandy plateau found in Changamwe division. Findly, thereis
the undulating plateau of sandstonethat is divided from the Jurassic belt by ascarp fault.

Nearer the seq, the land is composed of cora reef of Pleistocene A ge that offers excelent
drainage. The cord limestone and lagoond deposit reach a thickness of 100 meters. Along
the coastline are to be found beautiful beaches, which together with a variety of coastd
resources and arich biodiversity, has atracted tourigs making M ombasa a favourite tourist

destination.

M ombasa district has no permanent rivers, but duetothe 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 thereticulated supply (Fig 1).



Sal and Agroecol ogy

The soil types are broadly associated with the geologicd formations dong the physiographic
zones in the district, as ddaled by GOK Minigry of Agiculture (1988). Along the coastd
lowlands, four soil typespredominate.

1. Ontheraised reefs dong the shore well-drained, shallow (< 10 cm) to moderately deep,
loamy to sandy soilspredominate.

2. On unconsolidated deposits in the quaternary sands zone (aso 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, variabl e consistency, texture and salinity .

4. Alsofound 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 coastd 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 M agarini formation, composed
of sandy to loamy soils. These are well drained, very deep, sandy clay loamto sandy clay,
with atopsoil of fine sand to sandy loam.

2. Soils deveoped on shaes composed of heavy textured soils constitute the relaively high
agicultura potentid area in the district. The soils are dominated by well drained to
imperfectly drained, shalow to moderately deep, firm to very firm clay, and imperfectly

drained deep, very firm clay, with ahumic topsoil and asodic deeper subsoil.

Most of the agriculturd 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 Minigry of Agriculture 1988). M og of the M ombasa island area
and parts of Kisauni and Likoni fal 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 fal under the cashewnut-cassava zone, which is



characterised by medium cropping season, followed by intermediate rains. M og of the raised
Changamwe area falls under the cashewnut-cassava zone. The raised areas in Kisauni and
parts of Changamwe, that mainly include the shae areas, fall under the lowland livestock-
millet zone (zone L5). Thiszoneis characterised by ashort to medium cropping season and a
second season with intermediate cropping.

Demography

According to the 1999 Pgpulation and Housing Census (GOK, 1999) the population of
M ombasaDidrict ¢ood at 665,000 persons digributed in thefour divisions of the Didrict as
indicated in Table 1.

Table 1: Population distribution in theM ombasa Didrict

Administrative Sze Population ' %PopL_JIetion Pop'ulzstion2
Division Ak:ne? 1979 | 1989 | 1999 '”Creaéeaféﬁge'as‘ de”?gégkm
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 545 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 (1999, 1989 & 1979).

M ombasadistrict experienced a44% increase in population between the census y ears of 1989
and 1999. The Kisauni areapopulation grew by 63% in the same period. The high increase in
population was atributedto 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 chalenge in the
provision of housing and essentia 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 tatd land area in M ombasa district was under residentid settlements (Fig 3). The
direction of growth in human settlements is northwards, concentrated in Kisauni Division.
This has entalled the crowding of many people in smal aeas with serious socid
implications. These unplanned crowded human settlements have the poorest sanitation and

generdly poor infragructurd facilities, resulting in a myriad of environmenta problems



(Gatabaki-Kamau et d., 2000). In the period between 1978 and 1998, the land area for
residential purposes increased by amost two and half times. Wheress, |and area clamed for
tourism activities increased threefold, land for commercid purposes doubled in the same
period (UNEP/FAO/PAP/CDA, 1999).

The Kisauni Division has other significant socio-economic activities that occupy large
parcels of land. For example, large beef and dairy farms, tourist hatels, Shimo La Tewa
School and Prison and Bamburi Cement Factory, occupy large tracts of land. On the ground,
this entails the crowding of many people in smdl land areas. This is manifested in the
sprawlinglow cost, high density settlements of Kisauni Estate, M laleo, Barsheba, M wandoni,
Bakarani, M agogoni, Mishomoroni, Mtopanga, Shanzu and the squatter areas of Ziwa la
Ngombe, Kisimani and the Bombolulu slums. Other informa settlements and slum areas
include Maopeni (Kengdeni), Mnazi Mmoja, Kisumu Ndogo (Kongowea), M aweni
(Kongowesa), VOK, M &fisini, Kilimanjaro, M akobeni (Mtopanga), M wembe Legeza, Utange
Giriama, and M gaoni (Fig. 3).
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Figure 3: Distribution of informa settlements in M ombasa District in 1997
(Source: M waguni 2002)



Industrial and Commercia Activities

The Bamburi Cement remains the singe largest industry inthe area and continues with its
programs of rehabilitation of the abandoned cord limestone quarries. The rehabilitated areas
have since been converted into nature parks doing businesses in eco-tourism and fish

farming.

Another landmark feature for the economy of the area remains the Kongowea wholesale
market, trading in al types of foodsuffs. Presently, the sale of second-hand shoes and clothes
in the market peripheries has emerged to be alarge business attracting a large population into
the area. Despite the diversification of the businesses and therefore increase in human traffic,
sewage management sy sems have not been upgraded to cope with the rising demand since
the market was built. Presently, unpleasant odours at the market area are quite common due
to uncollected putrefying garbage and poor sanitation. Therefore, sanitation remains a maor
issue of concern at the market.

Water Supply and Waste Management Practices

The M ombasa District heavily depends on water sources from outside the didrict for its
patable needs. Its main sources of water supply are the M zima Spring located about 200 km
west, Baricho Water works located about 150 km north and M arere boreholes found about 40
km south of M ombasa mainly supplying the Likoni area. Generdly, the whole M ombasa
district has a dally water demand of 200,000 cubic meters of water against the avalable
130,000 cubic meters. There is therefore a water shortfdl 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 digrict are amost permanently dependant on
goundwater. These are distributed as follows: - wdls- 6,245 households, boreholes- 6,941
households (GOK, 1999). Thus, a significant proportion of the population relies on
goundwater for their potable water needs.

The shortage of water in the M ombasa district and lack of funds to undertake capitd
investment projects has delay ed extensions of water borne sewerage, forcing the residents to
rely on on-site sygems for sewage management. About 17% of the households in M ombasa,
as well as hotels and most public buildings, have septic tank and soakage pit sysems. Of the



13,000 septic tanks tha are in use in M ombasa, most of them are found in high-income
residential aress. A great mgority of households in M ombasa, (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 areaiis 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. One housing estate in Kisauni
dischar ges sewage and wastewater into an open area which has evolved into a wetland with
poor capacity to treat the wade (Fig 4). The lack of adequate services for solid waste
collection and disposa has resulted in the buildingup of mounds of refuse in the high density
housing settlements of Kisauni, posing a threat to public hedth (Fig 5). On-site disposa of
both solid and liquid waste and the lack of gppraopriate sewage trestment are mgjor sources of

pollution of groundwater due to human waste through aguifer recharge (Fig. 6).

Figure 5: Uncoll ected refuse in ahi gh-density unplanned housing settlement in Kisauni



Figure 6: A case of on-site waste management and groundwater abstraction in Kisauni —

contamination of groundwater

Aims and Objectives

The am of this study was to esablish the pollution satus of the waer supply aguifer in

M ombasaDidrict, focusing on the Kisauni area, north mainland, with the following specific

objectives.

e Andysis of the hydrogeological set-up of the area and preparaion of a pollution
vulnerability map.

e Preparaion of ahydrographic mode of the aquifer.

e Assessment of thepollution status of groundwater in Kisauni.

METHODOLOGY

Aquifer Vulnerability and Groundwater Flow

The intrinsic vulnerability to pollution of the water supply aguifer in, particularly, Kisauni

was assessed using the DRASTIC mode employing GIS andytica tools (ESRI's ArcView

3.2 and Spatia Andyst 2.0). The groundwater stream flow in the Kisauni area was assessed

using the modellingtool M odflow with Pnpath (Chiang & Kinzelbach 1993).

Water Quality



The study area covers Kisauni from the northern boundary of M ombasa District dong
Mtwaga Creek to the Tudor creek in the south (Fig 7). The predominant geological
formations in the area comprise the pleistocene cords and limestone zone aong the
shorefront, the quaternary sands and cretaceous shaes further west. Population sdtlements
and housing developments are mostly concentrated in the cord and sand zones which form

the primary water supply aquifer.

M ost groundwater abstraction facilities in the area are wdls, with some of the older facilities
found in the cord zone being partidly protected. Three transects were construaed arbitrarily,
with Transects 1 and 2 agpproximately pempendicular to the shordine and Transect 3 pardlel
to the shordine (Fig. 7). Eventudly, atota of 24 sampling points were identified composed
of 4 boreholes and 20 welIs as indicted in thefigure.

Water samples were collected on 16 and 29 June, 13 July 2004 and 9-10 and 17 November
2004. The samples were stored in a cool-box with ice before analysis within 24 hours of
sampling. Samples were anaysed for physicad and chemical parameters, namely pH,
electrica conductivity (EC), sdinity, tatd dissolved solids (TDS), tota akainity, sodium
(Na"), potassium (K*), magnesium (M ), chloride (CI'), totd hardness, ammonia, nitrates
and phosphates. Using the colorimetric methods described by Parsons et al (1984), the
samples were analy sed for Nitrite + Nitrate { (NO, + NO3)-N} and orthaphosphae (PO, -P).
All chemicals used in these andy ses were of anadyticd grade and d assware acid-washed.

Asindicaorsof microbia contaminaion of water, faeca coliforms and E. coli were enumeraed
in samples by the multiple tube method of the most probable number (M PN). The 5-tube 3-
dilution technique was used for water samples (FAO 1979, UNEP/WHO/IAEA 1985).
M acConkey brath was used to enumerate tota coliforms at 37 °C incubation. Tubes found
positive for tota coliforms were used for inoculation of fresh tubes of M acConkey brath and
incubated at 44 - 45°C for faeca coliforms estimation. E. coli was biochemically determined
by indole production using K ovacs reagent.

10
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AQUIFER VULNERABILITY AND GROUNDWATER FLOW

The scheme for the anaytica procedureis presented in the flow diagram (Fig. 8).

Aquifer Data- Rating Grid Rating
Shapefiles files
( Depth \ ( Depth_rtg ) ( Depth g )
Recharge Recharge rtg Recharge ¢
Adquifer M edia AQUITE_MG | pacterize wih respect| AT
Soil Type Rating Soil_rtg to Rating Soil_g
Topography Topo_rtg Topo_g
Impact of Impact_rtg Impact_g
vadose zone Conduct_rtg Conduct_g
Hydraulic
\ Conductivity / Wei ghting and
M g Cdculation
Depth_ gtW, +
Recharge gt W, +
Aquifer Output Aquifer_g-Ws+
Vulner ability Soil_gFW, +
M & Topo_g*Ws +
Impact_g*We +
Conduct_g-W,

Figure 8: Schematic presentation of the analytica procedure

Depth to the Water Table

The piezometric data covered Kisauni and the M ombasa island area (Njue et d., 1994). The
depth to the groundwater level ranged from 11.0 to 27.0 m. The interpolated depth to the
aquifer indicates that the water tableis shalowest in the south-eastern and towards the north
of Kisauni and the south-wesern side of the island. This is reflected in the rating of the
relative vulnerability of the aguifer dueto depth (Table 2). These shalow areas are indicated

12



as the most vulnerable to pollution orignating from the surface and sub-surface with respect
to the dgpthtothe aquifer (Fig. 9).
Table 2: Rating of depth tothe water table to aquifer vulner ability

Depth range Rating
(m)
11-15
15-19
19-23
23-27

NWhO

Figure 9: Rating of depth tothe water table to aquifer vulner ability

Recharge of the Aquifer

The aguifer recharge was assessed by consideringthe mean annua rainfall distribution in the

district and the relative permeability of the underlying geological formations. The following

rechar gerates were adopted for the 5 geologcad formations in the region (T able 3).

Table 3: Water rechargerates and geolog ca formations in M ombasa

Geological Formations Recharge
Name Formation Rate (%)
Baratumu M iocene Sandstone with subordinate limestone and shales 3
M agarini sands | Pleistocene sands 8
Mtomkuu Cretaceous shdes with subordinate sandstones and limestone 2
Quaternary sands | Recent dluvium beach sands, dune sands and superficial
sands 10
Undifferentiated | Pleistocenereef complex, limestone and sandstone 6

coras
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It is redised that the highest aguifer rechar ge occurs in the permesbl e quaternary sands zone,
followed by the M agarini sands and cord / limestone zones (Fig. 4). The least recharge is
experienced in the relaively impermeable M tomkuu shaes formation zone. The higher the
rechar ge rate the more vulnerable the underlying aquifer. The intrinsic aquifer vulnerability
due to recharge is indicated by the relaive ratings as presented in Table 4 and displayed in
Fig 10.

Table 4: Rating of rechargeto aquifer vulnerability

Rechargerange | Rating
(mm)
0-50 1
50-75 2
75-100 3

Figure 10: Ratingfor recharge to aquifer vulnerability in M ombasa

Aquifer Media

The aguifer media determines the atenuation capacity of the aguifer to introduced
contaminants. This is influenced by among other factors, the grain and pore sizes of rock
materia. In the saturated zone contaminant attenuation is largely determined by dilution and
natural die-off (in the case of microbial contamination). In the M ombasa Didrict the aquifer
media is broadly determined by the geological formations. In particular, in the coastd
lowlands, the geologca formations are reported to extend to depths of 100 m whereas the
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depthtothewater leve is as shdlow as 11 m in Kisauni. The dominant aquifer media in the
district include limestone, sandstone and shae. The ratings of the aquifer media to pollution
vulnerability in the district is presented in Table 5 and Fig. 11. The results indicate that the

unconfined aguifer on the island and in the low-lying areas in Kisauni are the most

vulnerable.
Table 5: Rating of aquif er mediato aquifer vulnerability
Aquifer media Rating
Sde 2
Bedded sandstone, limestone and shel | 6
M assive sandstone 6
M assive limestone 6
Sand and gave 8
Karst limestone 10
. ol 2 i Kiameles
Figure 11: Ratings of aquifer mediato aquifer vulnerability
Sal Media

The soil is the most biologcaly active layer and the first line of defence against
contamination of goundwater, and contributes significantly to the attenuation of
contaminants introduced on the surface. Such contaminants include nitrates and microbial
organisms. The sail type, grain size and thickness play alimitingrolein attenuation processes

of contaminants, namdly filtration, biodegradation, sorption and volatilisation. The rating of

15



the soil mediaon aguifer vulnerability is presented in Table 6 and Fig. 12. It is evident that
the limestone zones with thin soils are the most vulnerable to pollution of the aguifer.

Table 6: Rating of soil mediato aquif er vulner ability

Soil media Rating
Thin or absent 10
Sand 9
Sandy loam 6
Loam 5
Clay loam 3
Non-shrinking or non-agr egated clay 1

Figure 12: Rating of soil mediato aquif er vulnerability in M ombasa

Topography

The low-lying coasta zone is characterised by an even terrain, with cliffs sloping to the
shoreline a certain places. Seep slopes are found in the raised areas towards the western part
of Kisauni, especialy aong the Nguu Tatu ridge with pesks rising over 120 m. The slope
influences run-off. The steeper the slope the faster the runoff and reduced potertid for
contamination of groundwater. The rating of the slope to vulnerability of the aguifer is
presented in Table 7 and Fig. 13.
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Table 7: Rating of thetopography to aquifer vulnerability

Topogaphy range (%) Rating
<2 10
2-6 9
6-12 5
12-18 3
18-90 1

Figure 13: Rating of slopeto aquifer vulnerability in M ombasa

Impact of the Vadose Zone

The unsaturated lay er or vadose zone has an impact onthe atenuation of the contaminants in
the aguifer. The material in the vadose zone in the unconfined aquifer in the district is closdy
related to the geological formations. Thus the vadose zone is dominated by the limestone,
sandstone, sand and shae. The ratings adopted for the vadose zone materid to vulnerability
of the aquifer is presented in Table8 and Fig. 14.

Table 8: Ratingfor theimpact of the vadose zone on aquifer vulner abil ity

Vadose zone media Rating
Shde 3
Limestone 6
Sandstone 6
Bedded limestone, sandstone, shae 6
Karst limestone 10
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Figure 14: Rating of impact of the vadose zoneto aguifer vulnerability
Hydraulic Conductivity

The hydraulic conductivity determines therate at which acontaminant moves, which depends
on the inter-connectivity of voids within the aquifer. The higher the conductivity, the higher
the vulnerability of the aguifer to pollution. The hydraulic conductivity of the aquifer in the
district was edimated with reference to literature, because of the paucity of daa from

pumpingtests. Theratings for hy draulic conductivity are presented in Table 10 and a spatid
display in Fig 15.

Table9: Rating of the hydraulic conductivity to aquifer vulnerability

Range (m day ) Rating
<4 1
4-12 2
12-29 4
29—-41 6
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Figure 15: Rating of hydraulic conduct|V|ty on aquifer vulnerability inM ombasa

Aquifer Vulnerability

The DRASTIC modd factors namely depth, recharge, aquifer media, soil media, topography,
impact of the vadose zone and hydraulic conductivity, were weighted (Table 10) and added.
The resultant agquifer vulnerability map primarily for Kisauni and the M ombasa Island is
presented in Fig 16.

Table 10: Weights for DRASTIC factors

Factor Wel ght
Depth towater table
Aquifer Recharge
Aquifer media
Soil media
Topogaphy
Impact of vadose zone
Hydraulic Conductivity

WO, NWRAO
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Figure 16: Vulnerability topollution of water supply
aquifer

The results of the assessment of the vulnerability of the water supply aquifers indicate that
the northern and south-eastern pats of Kisauni and the south-wesern part of the M ombasa

Island are the most vulnerabl e to pollution.

Groundwater Flow

The groundwater stream flow in the Kisauni area was assessed using the modelling tool
M odflow with Pmpath (Chiang & Kinzebach, 1993). The mode boundaries were determined
by considering physiologcal and hydrogeologcad features in the area. The model was
bounded in the east by the Indian Ocean, in the north and south by the Mtwgpa creek and
Tudor Creek, respectively, and in the west by thetopographic features composed of aridge
gpproximately running north-south and weswards with three pesaks rising to about 120 m
being prominent, localy known as Nguu Tatu. Beyond the ridge the land drops landscaping
into undulating hills and valleys rising gently westwards. Thus, the ridge was considered to
form anatura boundary in thewest of the low-lying coasta areatowards the ocean (Fig 17).
It is the coasta lowland which holds the water supply aguifers in the quaternary sands and
Pleistocene coral reefs where housing settlements are concentrated in and massive abstraction

of groundwater being carried out.
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Figure 17: M ap of the Kisauni study site

The modd was developed under steady stae conditions withthe rdevant parameters inputted

into the model consisting of thefollowing

Initia hydraulic head — actua heads for specific welIs under dy namic conditions were

inputted withtherest of the arearemaining at zero.

e Aquifer topography —thetop of the aguifer was kept a 30 m and bottom topography
kept & -100 m.

e Horizonta hydraulic conductivity was kept at 2.31E-5ms™ (Fig 15)

e Porosity was kept a 0.25

e Aquifer recharge flux — there were two recharge zones in the area with quaternary

sand zone bearing the highest recharge rate a 6.7E-09 m s and the cord reefs and

shale areas in the west with 7.93E-10 m s™(Fig 10).

The output of theM odflow with Pmpath is aspresented in Fig. 18.
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Figure 18: Groundwater flow modd in Kisauni by M odflow

The modd indicates that in the Kisauni area the dominant groundwater flow direction is
towardstheM twapa creek dong the northern boundary and Tudor creek dong the southern
boundary of the gudy site and rdlatively less intense flow towards the Indian Ocean (Fig. 10)
It is noted that the sources of freshwater to the Mtwgpa and Tudor mangrove fringed creeks
consist of smal rivers or seasonad streams dischargng a the top of the creeks. Thus
groundwater flow contributes significantly in maintaining the mangrove habitats especidly

duringthe dry season when surface dischar ges are low.
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GROUNDWATER QUALITY

Physical and Chemical Parameters

Presented in Fig 19 are the variations of EC, sdinity, TDS totd dkalinity and pH in
goundwater aong the 3 transects. The results generdly show an incresse in EC and
corresponding salinity and TDSaong Transects 1 and 2 as the sampling points goproach the
sea. Thus the highest value of EC was indicated in samples from the eastern most sampling
point aong Transect 1 in the cord and limestone geological zone. Along Transect 3 an
elevation of EC, salinity and TDS was indicated in sampling points gpproaching the Tudor
creek in the southern and M twapa creek in the northern boundary of the study area.

Variations of the mgor ions Na, K, Mg, Ca and chloride and totd hardness in groundwater
are shown in Fig. 20. Chloride content showed an increase towards the sea as indicated in
Transects 1 and 2. This is reflected by the general increasse of Naions as sampling points
gpproach the sea. Along Transect 1, relaively high concentrations of Mg and Ca ions
(compared to Na) result in raised levels of water hardness. Along Transect 3 arise in chloride
ions is indicated in the northern most sampling point (towards Mtwapa creek). A pesk in
hardnessisindicated a point 8, which isin thevicinity of point 2 dong Transect 1.
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Figure 19: Variations of physiochemica parametersin groundwater in Kisauni M ombasa
in June 2004 aong (@) Transect 1 (b) Transect 2 (¢) Transect 3
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Figure 20: Variations of K, Na, Ca, M g, chloride and hardness in groundwater in Kisauni
M ombasa (@) Transect 1 (b) Transect 2 (c) Transect 3

Concentrationsin pgl™ _
| Ne dIStrIbUtion OF NItraleS+NItrites In groundwater In the Kisauni area during the Iong-rains

season in June/July and the short-rains in November are presented by simple surface models
in Fig. 21 and 22. Generally, nitrate/nitrite concentrations were elevated in groundwater from
al the sampling points. Concentrations of NO3/NO, N varied from 0.4 to 44.4 mg I
Relatively higher concentrations of nitrate/nitrite were recorded in June/July rangngfrom 2.1

to 44.4 mgl™ (Fig 21). The concentrations of the nutrients were lower in November ranging
from 0.4t0 19.6 mg 1 (Fig 22).
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Figure 21: Nitrate concentrations in Kisauni in June/July 2004
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Figure 22: Groundwater nitrate concentrations in Kisauni in November 2004
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Theresults indicated relatively higher nitrate/nitrite concentrations occurring in the southern
parts of Kisauni towards the Tudor creek and along the Indian Ocean. The area towards the
Tudor creek is occupied by high density housing settlements, mostly unplanned, where the
magority of the inhabitants usepit latrines for sewage management and disposa. Towards the
Indian Ocean shores tourist beach hotels and low density housing estates dominate which
mostly use septic tanks and soakage pits for sewage management. On the other hand the
northern pats with reaively low nitrate/nitrite concentrations have less dense housing
settlements. However, a hot oot exists adjacent to the Mtwaga creek in the north
representing the Shimo la Tewa Prison. The distribution of the nutrients is gpproximatey
reflected by the groundwater flow mode (Fig 17). Thus the contamination tends to move and
concentrate towards the Tudor and Mtwapa creeks and the Indian Ocean. However, the
concentrations of nitrate/nitrite encountered were generdly within the WHO recommended
patability limit of 50 mg It (Lawrence et d. 2001).

Microbial Contamination

An indication of the contamination of groundwater with paentidly harmful microbid
organismsis given in Fig. 23. Out of 12 facilities sampled (5 boreholes and 7 wells) only 2
wells and 1 borehol e produced water of acceptable potable qudity in June 2004. Anaysis of
thewater quality in July gave an indication of an improved situation. Thus al 3 wells and 2
boreholes sampled produced water of acceptable potability. It is nated that June was a
reatively wet period, whereas July was essentidly dry. Thus, the dry conditions in July
probably lowered the extent of contamination of the groundwater through recharge. In
addition, it was noted tha in somewells, chlorine ba s had been suspended into the water to
effect disinfection, which could have contributed to the drastic reduction in patentialy
harmful microorganisms. The water qudity situation was worse in November, as dl 25
boreholes and wdl ls sampled were contaminated with unacceptable levels of Faecal coliform
and E. coli (Fig 24). The presence of E. coli indicated that the primary source of
contamination is human waste as aresult of-site disposa of domestic sewage. These findings
are comparabl e to data obtained from the Government of KenyaM inistry of Water Resources
Deveopment and M anagement (M WRDM ) including measurements carried out in July 2003
in the present study which indicated that most of the wells and boreholes examined produced
poor quality water with levels of microbiad contamination exceedingthe acceptable standards.

Thus only one out of 16 wells sampled gave water of acceptable quaity, and none of the 5
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boreholes samples met the standards. In comparison M waguni (2002) found less than 10 % of
the groundwater facilities examined produced water of acceptable standard.
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Figure 23: Microbia contamination in Kisauni groundwater — June 2004
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CONCLUSION

The output of the DRASTIC modd indicates that the water supply aquifer in the northern and
south-eastern parts of Kisauni and the south-westernpart of theM ombasa I sland are the most
vulnerableto pollution. Application of the M odflow and Pmpah models indicate that in the
Kisauni areathe dominant groundwater flow direction is towards theMtwapa creek dong the
northern boundary and Tudor creek dong the southern boundary of the sudy site and
reatively lessintense flow towards the Indian Ocean (Fig. 18). The groundwater flow gves
an indication of the most probable direction of flow of contamination which is useful

information for strateges at groundwater protection.

Thestudy hasprovided information on the genera water quality in Kisauni with reference to
the physico-chemicd characteristics. It is generally the case that water obtained from
abstraction facilities located in the limestone geolog cal zone is brackish and unsuitable for
drinking Wheresas, within the sand geologca zone, goundwater of acceptable paable
standard is obtainable. The study does not reved sufficient evidence of sdine water intrusion
into the aquifer. It is, however, redised that groundwater in particularly the high population
density Kisauni areas has raised concentrations of nitrates, which is an indication of
contamination from on-site waste disposa sy gems, dominated by pit latrines and septic tank /
soak pit sydems as the mode of sewage disposd. Other sources of groundwater
contamination in the area are uncollected municipa refuse. The nitrate concentration levels,
however, have not exceeded the 50 mg|™* level set by WHO for potable water.

TheKisauni areais indicated as experiencing ahigh degree of groundwater contamination by
microbia contaminants, especidly in the high-density housing settlements. This is primarily
atributedto the sewage disposa method dominated by pit latrines and septic tank / soak pit
systems. The contamination levels are more severe during the rain season when aguifer
recharge is enhanced. The M ombasa City loca authority in conjunction with the M WRDM
have put in place measures to ensure the availability of contamination-free water to the
inhabitants by providing chlorinating agents free of charge especialy during the wet season.
This direct intervention by the concerned authorities helps to control outbresks of water

borne diseases such as chol eraand ty phoid.
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