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ABSTRACT 

The world‘s human population is increasing at an unprecedented rate with much of this growth 

taking place in towns and cities of developing countries. Dar es Salaam in United Republic of 

Tanzania is one of the fastest growing cities in Africa with a population of more than 4.5 million 

people. The study was carried in the populous district Temeke, one of the three districts within 

Dar es Salaam City. The district is accommodating 30% of total population of Dar es Salaam 

(estimated to reach 1.4 million people). Approximately, less than 15% of Temeke residents 

supplied with surface water from DAWASCO water supply system. The rest 90% rely on 

groundwater as their main source of potable water supplied through public and private deep 

boreholes or shallow wells. The illegal and improper dumping of solid waste, leakage of effluent 

from industries, poor management of sewage from domestic and commercial activities are major 

common pollution sources identified in the area. The main objective of this study was to assess 

the impact of rapid expansion of the urban settlements on groundwater vulnerability in Temeke 

District. The study assessed the spatial and temporal changes of land use and land cover changes 

in the area, identified and assessed the groundwater quality status. The study further investigated 

and mapped groundwater vulnerability areas to pollution using the DRASTIC Model. Land use 

and land cover analysis of the study area through GIS and Remote Sensing application using 

Landsat imagery TM and ETM of 1989, 1998, 2009 and 2014 under supervised classification was 

applied. Results showed large expansion of built up area by 62% due to urbanization from 1989 to 

2014. Population increase caused expansion of built up area and reduction of the open land from 

47% to 13% and woodland cover from 33% to 18%. The high expansion of built-up area with 

rapid emerging of informal settlements and urban slums and use of onsite sanitation threatened the 

water quality in the area. In assessing the groundwater quality status of Temeke District, the area 

was divided into four categories namely; industrial areas (Keko, Changómbe and Kurasini), 

residential areas (Mbagala Kuu, Mtoni and Kurasini), agricultural areas (Changómbe) and 

commercial areas (Tandika). Groundwater samples from boreholes and shallow wells in the 

selected sampling sites in the study area were analysed for physico-chemical and microbiological 

parameters. The parameters were analysed using standard methods. Faecal coliforms increased in 

concentration from 0 CFU/100 ml at Keko, Mbagalla Kuu and Tandika in the dry season to 170 

CFU/100 ml at Changómbe during wet season. The mean value measured was 26 ±37 CFU/100ml 

in the dry season and 56 ± 64 CFU/100ml during the wet season. The total coliform count 

measured in the dry season ranged from 5 CFU/100ml to 257 CFU/100ml while in the wet season 

it ranged from 10 CFU/100ml to 310 CFU/100ml). The mean total coliform count ranged from 67 
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± 95 CFU/100ml in the dry season to 115 ± 110 CFU/100ml in the wet season. Statistical results 

from ANOVA indicated significant difference of faecal coliforms among sampling sites and 

between seasons at significant level p = 0.05 (f = 10.036, p = 0.001). A Tukey Post-hoc Test 

confirmed the significant differences between Tandika and Changómbe (p = 0.001), Mtoni and 

Changómbe (p = 0.003) Kurasini and Changómbe (p = 0.021), Keko and Changómbe (p = 0.001) 

and Mbagalla Kuu and Changómbe (p = 0.005). Analysis of variance showed statistical significant 

differences of total coliforms count among sites and between season at significant level p < 

0.05(f=20.447, p < 0.000. The Tukey Post hoc Test discovered the statistical significant 

differences of the total coliforms means between Tandika and Changómbe (p = 0.000), Mtoni and 

Changómbe (p = 0.000) Kurasini and Changómbe (p = 0.001), Keko and Changómbe (p = 0.000) 

and Mbagalla Kuu and Changómbe (p = 0.000) at significant level p < 0.05. Results revealed also 

high concentration in turbidity, total dissolved solids, nitrate, iron, manganese, faecal coliforms 

and total coliforms exceeded the Tanzanian Standards and World Health Organization (WHO) 

permissible limits for drinking water. The rapid population increase in the area coupled with high 

usage of on-site sanitary facilities (pit latrines and septic tanks) and poor waste management all 

contribute to elevated levels of some of the groundwater quality parameters. The DRASTIC 

method for mapping intrinsic aquifer vulnerability was applied to identify and delineate the 

groundwater vulnerable area to pollution based on hydrogeological parameters of the study area. 

Results from DRASTIC Model revealed that, about 49.39% of the total area in Temeke District 

found to lie between moderate to extreme high vulnerable of groundwater pollution. These were 

all areas characterized with high population density with high use of onsite sanitary facilities 

mostly pit latrines, septic tanks, improper dumping of solid waste and sewage from industries, 

commercial and residential areas. Also, hydrogeological parameters of the area like  high porosity 

and permeability (influencing hydraulic conductivity) of the existing  alluvial sandy aquifer, high 

recharge from surface pollution sources lowered the capacity of this aquifer to attenuate all the 

contaminants. The study recommends the need to have regular monitoring of groundwater in 

Temeke District and that intrinsic vulnerability maps should be incorporated into urban landuse 

planning and decision making to minimise the risk of groundwater contamination from pollution 

load. 

Keywords: contaminants, DRASTIC, groundwater, landuse, microbiological, physico-chemical, 

urbanization, Temeke, vulnerability.  
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CHAPTER ONE 

INTRODUCTION 

1.1. Study Background 

Globally, groundwater storage constitutes 95% of all earth‘s unfrozen fresh water (Vrba and 

van de Gun, 2004; Owen et al., 2010). Around 1.5 billion people on earth are supplied with 

groundwater (Himmelsbach et al., 1998; BGR and UNESCO, 2004). According to BGR and 

UNESCO (2004) the yearly consumption estimation of groundwater worldwide is assumed to 

be 1,000 km
3
 per year, and the global groundwater recharge is 12,700 km

3
 per year. Based on 

recent estimates at country level (Margat et al., 2005; Siebert et al., 2010; Wada et al., 2010) 

the world‘s aggregated groundwater abstraction in 2010 was to reach approximately 1,000 

km
3
 per year, of which about 67% is used for irrigation, 22% for domestic purposes and 11% 

for industries (Margat and Van der Gun, 2013). In many nations, more than half of the 

groundwater withdrawn is for domestic water supplies and globally it provides 25% to 40% 

of the world‘s drinking water (Margat and Van der Gun, 2013). Groundwater abstractions are 

unevenly distributed across the world, it differ not only from country to country, but also 

shows pronounced spatial variation within countries. The global groundwater abstraction rate 

has at least tripled over the last 50 years and is still increasing at an annual rate of 1% to 2% 

(van der Gun, 2012).  

Global world population is expected to increase by 2.3 billion from 6.8 to 9.1 billion between 

2009 and 2050 (WWDR3, 2009). At the same time, urban populations are projected to 

increase by 2.9 billion, from 3.4 billion in 2009 to 6.3 billion total in 2050 (World Water 

Development Report, 2013; UN-Water, 2014). The high density of  population growth will be 

expected in the cities and towns of less developed regions (WWDR3, 2009). By 2030, it is 

anticipated that the urban population in developing countries will amount to 3.9 billion 

(World Water Development Report, 2013). It has been projected that the number of slum 

dwellers will continue to rise to 828 million with the expected rate of 6 million slum dwellers 

increases each year (UN-Water, 2014). Slums generally present a set of unique problems, 

which include poor housing conditions, inadequate access to safe water and sanitation, 

overcrowding and insecure tenure (UN-Water, 2014). The lack of services in such informal 

settlements poses serious threats to  groundwater where dumping of solid waste, effluent 

leakages of chemicals and sewage from uncontrolled industrial, domestic and commercial 
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activities are susceptible to spread on, stored and percolates through to water table (Mato, 

2002a). It has become increasingly evident that uncontrolled disposal of wastes on the ground 

widely result in significant deterioration of groundwater quality (Foster et al., 1997). Many of 

these settlements rely on groundwater as their main source of potable water, such pollution 

poses major health risks to a large proportion of population (UNEP/DEWA, 2005). This 

deterioration has contributed largely to escalating water supply cost, increase in water 

resource scarcity and growing health hazards, especially in urban areas (Morris et al., 1997). 

In many fast-growing cities (small and medium-sized cities with populations of less than 

500,000), wastewater infrastructure is non-existent, inadequate or out-dated (World Water 

Development Report, 2013).  

Sub Saharan Africa is regarded as the least urbanized in the world however the report from 

UN HABITAT and UNEP (2000) revealed that the rate of urbanization is increasing faster 

than any other region. Between 1990 and 2025, the total urban population in the region is 

expected to grow from 300 to 700 million and over 50% of the  population resides in urban 

areas (Kariuki et al., 2003). Africa has progressed from 56% of water supply coverage in 

1990 to 65% in 2013, and has therefore reduced the percentage of the population without 

access to water  supply by 21% compared to the target of 50% for the MDGs by 2015 

(AMCOW, 2015). Groundwater resources have been increasingly used to rectify the supply 

backlogs and many urban areas rely on groundwater as a fundamental part of the drinking 

water supply (Xu and Usher, 2006). According to study by Biswas (2006) , the provision of 

clean and safe drinking water, sanitation facilities and storm-water disposal has become a 

major challenge in most towns and cities in many developing countries.  

 

In Tanzania, groundwater is a vital source of water in the semi-arid areas to supplement 

surface water usage. According to NBS (2010), only 56.2% households in Tanzania have 

access to improved surface water sources for domestic water supply while the rest depend on 

groundwater sources. The Water Resources Management Act was introduced in 2009 as an 

instrument to implement the National Water Policy including the development and 

management of groundwater resources. Groundwater monitoring in Tanzania started in 1955 

with the Makutopora Well Field, because of its vital role as the only water source for 

Dodoma Region in Central Tanzania (Döll and Fiedler, 2007). Temeke is among three 

districts within Dar es Salaam Region and it estimated that about 90% of its residents are 

supplied with water from public and private deep boreholes or shallow wells where by only 
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10%  are connected to main supply system of Dar es Salaam Water Supply Company 

(MLHHSD, 2013a). The study done by Napacho and Manyele (2010b) revealed that many 

residents of Temeke District drink water of poor quality from several shallow and deep wells.  

1.2. Problem statement 

Dar es Salaam City has a  population of more than 4.5 million people (UN-HABITAT, 2008; 

National Bureau of Statistics, 2012). Population density reaches 3,133 people per km
2 

and 

about 70 - 80 % of the population lives in the informal settlements (Chaggu and John, 2002; 

UN-HABITAT, 2008; Ndezi, 2009; National Bureau of Statistics, 2012; Villholth, 2006 ). 

Temeke District has a population of approximately 1.4 million people (NBS, 2012). During 

the study, Dar es Salaam has only three out of nine Waste Stabilization Ponds (WSP) which 

were in good working condition (Kayombo et al., 2000). About 90 % of population in 

Temeke District depend on groundwater for domestic and other economic uses (Hossein, 

2014). The district has serious sanitation problems were the use of onsite sanitation 

dominates the area (Mato, 2002a; Hossein, 2014). The outbreak of waterborne diseases such 

as  diarrhoea and cholera a few years ago was caused by poor water quality (Hossein, 2014). 

According to the study by Thomas et al. (2013), more than 75% of residents in Temeke are 

using on-site sanitation facilities. The solid waste produced in Temeke District is about 1,035 

tons per day, only 280 tons (27%) of the total solid waste produced per day are collected 

(TMC, 2014). The highlighted problem of pollution in Temeke District shows clearly that the 

study on the groundwater vulnerability to pollution has not yet full established. The limited 

knowledge on groundwater quality monitoring in relation to growth of urbanization  and little 

groundwater information available Mato ( 2002b) makes the assessment of groundwater 

quality difficult. Therefore this study was looking at assessing the spatial trend of urban 

expansion, to identify the groundwater pollution sources and finally establishing the 

groundwater vulnerability areas due to pollution load in Temeke District.  

 

Justification  

Population growth in urban areas is a major challenge in major cities in Sub-Saharan Africa 

which in turn affect water security and urban environmental conservation for next 

generations. Dar es Salaam City is noted to be a highly populated and fastest growing city 

(Magigi, 2013).The impact of human population on groundwater quality is not yet properly 

understood hence the need for assessing the groundwater vulnerability to pollution in Temeke 

District. Assessing the spatial and temporal urban processes in terms of landuse change will 
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help to identify the extent of impact of unplanned landuse especially informal settlements to 

the groundwater quality. The deterioration of water quality in Temeke District resulted to 

progressively more costly of water treatment that inevitable resulting in current adhoc 

development. Mapping the groundwater vulnerability and risk areas to pollution would help 

the rational decisions on groundwater resources protection amendment of policies and urban 

landuse planning thus minimising the risk of groundwater contamination.  

1.3. Research Objectives 

1.3.1. Main Objective 

The main objective of this study was to assess the groundwater vulnerability from pollution 

due to increase in urban settlements in Temeke District in Dar es Salaam City. 

1.3.2. Specific objectives 

The specific objectives of the study are: 

i. To assess the spatial and temporal changes of landuse and landcover changes in 

Temeke District. 

ii. To investigate sources of pollution and examine groundwater quality status in  

Temeke District 

iii. To assess and map the groundwater vulnerability areas in Temeke District using the 

DRASTIC Model 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1.Groundwater  

2.1.1. Groundwater Occurrences 

The occurrence of groundwater within the Earth‘s crust and the emergence of springs at the 

ground surface are determined by the lithology of geological materials, regional geological 

structure, geomorphology of landforms and the availability of recharge sources (Hiscock and 

Tanaka, 2006). Groundwater resource is considered to be any aquifer or portion of an aquifer 

(including a well or wells) regardless of whether it is presently used as source of public water 

supply (Focazio et al., 2002). The infiltration of rainfall to the water table and the flow of 

groundwater in an aquifer towards a discharge area are governed by physical laws that 

describe changes in energy of the groundwater (Hiscock, 2005; Kevin, 2005; Hiscock, 2009). 

Groundwater can be defined as subsurface water that occurs in voids and permeable 

geological formations (Mato, 2002a; Kulabako et al., 2004; Kulabako, 2005). It accounts for 

about 95% (excluding permanently frozen water) of the Earth‘s useable freshwater resource 

(Leopold, 1974; Canter et al., 1992; Canter and Sabatini, 1994). It plays an important role in 

maintaining soil moisture, stream flow and wetlands. Groundwater occurrence depends 

primarily on geology, geomorphology/weathering and rainfall both current and historic. The 

interplay of these three factors gives rise to complex hydrogeological environments with 

countless variations in the quantity, quality, and ease access and renewability of groundwater 

resources (Adelana et al., 2008). 

 

Africa has huge diversity in geology, climate and hydrology which is probably the most 

variable and challenging of all populated continents (Walling, 1996). Geological and 

hydrological variability have a profound influence on groundwater conditions. Roughly 34% 

of the land surface is underlain by heterogeneous Precambrian basement; 37% by 

consolidated sedimentary rocks; 25% by unconsolidated sediments; and 4% by volcanic 

rocks (Macdonald et al., 2008). Some rocks form highly productive aquifers, for example the 

large sedimentary basins of northern Africa where porosity can exceed 20%, and 

permeability is sufficient to allow development of high yielding boreholes. However, many 
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other rock types, such as the less weathered Precambrian basement, or mudstones, are poorly 

yielding and groundwater may be difficult to find, or non-existent (Adelana et al., 2008) .  

 

According to McMahon et al.(1992), the great variability in rainfall and in particular the long 

dry season increases reliance on groundwater storage for water supply, providing security 

against dry season scarcity and long-term drought. Groundwater in Africa is  most precious 

natural resource, providing reliable water supplies for more than 100 million people and, 

potentially, millions more (Adelana et al., 2008).  Groundwater has many advantages as a 

source of water supply, particularly where population is still largely rural and demand is 

dispersed over large areas. In particular, natural groundwater storage provides a buffer 

against climatic variability; quality is often good, and infrastructure is affordable to poor 

communities (Adelana et al., 2008). The hydrologic community has recognized that natural 

groundwater recharge can be inhibited in urban areas as impervious cover enhances runoff 

and limits infiltration (Leopold, 1968; Coldewey and Messer, 1997; Howard, 2007). However 

urban development introduces new sources of recharge: leakage from water and wastewater 

distribution and collection systems, leaks from storm sewers and irrigation return flow from 

lawns, parks, and golf courses (Lerner, 1986).  Quantifying groundwater recharge in urban 

areas is challenging because the urban environment is complex, not only due to the 

heterogeneity of the shallow underground, but also because a large variety of land use coexist 

and overlap (Howard, 2007). 

2.1.2. Influence of groundwater flow system to contaminant behaviour 

According to Focazio et al.(2002), the ground-water-flow system constitutes effects of 

geologic deposits, interactions with surface water, pumping, and other stresses on movement 

of water controlling advective transport of contaminants. Understanding the ground-water-

flow system in Figure 1 enables scientists to determine the potentially important factors 

controlling the intrinsic susceptibility of a ground-water resource (Focazio et al., 2002). The 

geochemical system refers to all physical and chemical factors controlling the source, 

transport, and fate of natural and anthropogenic contaminants in a ground-water resource 

(Focazio et al., 2002). Under natural conditions, ground water moves in three dimensions 

along flow paths from areas of recharge to areas of discharge. The study of groundwater 

vulnerability in Kampala by Kulalabo (2005) highlighted that the physical hydrologic 

processes of precipitation, infiltration, surface runoff, subsurface flow, and stream flow play 

an important role in the propagation of contaminants generated by human activities in a 
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particular watershed. The areal extent of ground-water-flow systems varies from a few square 

miles or less to tens of thousands of square miles, while the length of ground-water-flow 

paths ranges from a few feet to tens, and sometimes hundreds of miles (Focazio et al., 2002). 

A shallower and younger (recent) groundwater tends to be more susceptible to current 

sources of contamination from land surface by human activities, unlike deeper and older 

ground water tends to be in contact with naturally occurring contaminants for long periods of 

time (Focazio et al., 2002). 

 

 

 

Figure 1: Source of natural discharge and recharge to the well/boreholes due to pumping. 

(Modified from Heath, 1983 and Winter, 1999)  
 

Darcy‘s Law, which describes the flow of ground water within a porous media, defines the 

volumetric flow of ground water to be directly proportional to the hydraulic gradient and the 

hydraulic conductivity given in Equation 1. The hydraulic conductivity is a property of the 

porous media and the fluid that represents the ability of the geologic framework to transmit 

water. The higher the hydraulic conductivity of a porous media, the easier it is for water to 

flow through it (Hiscock, 2005). The groundwater flow in saturated material computed from 

Darcy‘s equation by Hiscock (2005) as; 

 

    
       

 
…………………………………………………………Equation (1) 

 

Where Q = volumetric discharge rate (L
3
/T), K = proportionality constant = hydraulic 

conductivity (L/T), A = cross sectional area through which flow occurs (L
2
), h1-h2= difference 

in hydraulic head over the flow distance (L) and L = distance through which flow occurs (L). 

Generally the Darcy‘s equation written as: 

     
  

  
………………………………………………………………………Equation (2) 

Where;  
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dh/dl represents the hydraulic gradient, with the negative sign indicating flow in the direction 

of decreasing hydraulic head. K is called the hydraulic conductivity of the porous material, 

and A is the cross sectional of the aquifer media. 

 

The average linear velocity is defined as the average velocity of ground water flowing 

through the pore spaces of a groundwater flow system (Hiscock, 2005). Darcy‘s Law and 

considerations of the effective porosity are used to calculate the average linear velocity: 

  
  

  
……………………………………………………………………………Equation (3) 

 

Where: 

V is the average linear velocity (L/T), K is the hydraulic conductivity (L/T), i is the hydraulic 

gradient (difference in hydraulic head / distance) (dimensionless), and ne is the effective 

porosity (dimensionless). 

 

The porosity (sometimes called the ‗primary porosity‘) is a function only of the rocks or 

sediment of the aquifer, which may or may not be available for flow of groundwater 

(Hiscock, 2005). 

 

  
  

  
………………………………………………………………………….Equation (4) 

 

Where; 

n is the porosity, Vv is the volume of voids (L3), Vt is the total volume of voids and aquifer 

material (L3). 

 

2.1.3. Contaminant flow  

Most potential groundwater contaminants are released at or slightly above the water table as a 

result of various industrial, domestic, agricultural and other human activities (Aller et al., 

1987a). The attenuation of contaminants as they travel through the unsaturated zone and 

ground-water system is affected by a variety of naturally occurring physical processes and 

chemical reactions that often cause the contaminant to change its physical state or chemical 

form (Aller et al., 1987b). The extent of these reactions is dependent on hydro geochemical 

conditions present in the ground water such as pH, redox-potential and solid surface area 

(Cherry et al,. 1984; Aller et al,. 1987). However, the chemical processes within dynamic 
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ground-water systems are complex, and are highly dependent on site-specific aquifer and soil 

characteristics as well as the effects of individual contaminants in the system (Cherry et al., 

1984; Aller et al., 1987b). Although the importance of these chemical reactions in attenuation 

of contaminants is widely recognized, prediction of the amount of attenuation of a 

contaminant in any environment is still very difficult (Aller et al., 1987b). The components 

which affect attenuation are the physical and chemical processes and properties including 

density, solubility, sorption, biodegradation, oxidation-reduction, dilution, hydrolysis, 

dispersion, viscosity, mechanical filtration, ion exchange, volatilization and buffering or 

neutralization (Matthes and Harvey, 1982a; Aller et al., 1987b).  

 

The degree of attenuation that occur  depends on: (i) the time that the contaminant is in 

contact with the material through which it passes, (ii) the grain size, and physical and 

chemical characteristics of the material through which it passes, and (iii) the distance which 

the contaminant has travelled (Meinardi et al., 1995). For most materials the longer the time, 

the greater the surface area and the greater the distance of travel the greater the degree of 

attenuation (Meinardi et al., 1995; Matthes and Harvey, 1982b). Additionally, flow velocity 

decreases with lower gradients and increasing depth; subsequently ground water is in 

prolonged contact with rock materials (Matthes and Harvey, 1982a). According to (Kulabako, 

2005) , the geographical characteristics of  an area usually determines how easily 

groundwater becomes contaminated if inadequate waste management or improper landuse 

occur. The potential for groundwater contamination is determined by landuse practices in an 

area and it comes from seepages from water mains, wastewater and storm sewers, and on-site 

sanitation systems (Garcia-Fresca, 2007; Howard, 2007). 

 

2.1.4. Contaminant fate and transport 

The study done by Kulalabo (2005) pointed out that, the extent to which a contaminant is 

transported in the groundwater depends on its behaviour in relation to various processes that 

encourage transport or serve to retard its movement. The rates at which contaminants applied 

at the ground surface migrate through the vadose zone and the amounts that are delivered to 

the saturated zone (shape and speed of contaminant plumes) are therefore determined by 

these processes and by factors relating to the aquifer materials and contaminant 

characteristics (Boulding, 1995; Domenico and Schwartz, 1998). This brought a crucial 

significance in present modelling efforts, which seek to address the migration of 
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contamination, predict possible fate and migration of contaminants for risk evaluation, 

evaluate the impact of a remedial action on the groundwater quality. 

 

Dilution 

The dilution of ground-water contaminants occurs through the addition of water by 

precipitation or other sources, introduced into the ground-water system. Dilution is an 

integral mechanism of dispersion occurring on a macroscopic scale (Todd, 1980). These 

mixing mechanisms produce longitudinal and transverse dispersion of the contaminant such 

that the concentration decreases with the distance from the point of introduction. According 

to Todd (1980) added that the dilution may be the most important mechanism for attenuation 

after the pollutant passes into the groundwater system. 

 

Retardation 

This principally refers to chemical mechanisms that occur during advection which tend to 

slow down the rate of contaminant migration. This applies to non-conservative solutes 

(oxidizable organic matter, nutrients such as nitrates and phosphates). Of great importance is 

the sorption process in which the contaminant is adsorbed onto the subsurface media (soil) 

and biodegradation during which organic contaminants undergo degradation because of 

microbial activity under aerobic or  anaerobic conditions(Azadpour‐Keeley and Keeley, 

1999).  

 

Diffusion 

This refers to movement of the contaminant from areas of high contaminant concentration to 

areas of low contaminant concentration (Schnoor, 1996). Spreading of solutes occur both in 

the direction of groundwater flow (longitudinal dispersion) and perpendicular to the direction 

of flow (transverse dispersion). 

 

Dispersion 

This is a result of non-uniformity of groundwater flow paths as well as variations in 

groundwater velocities within the flow paths. Dispersion influences the evolution of 

contaminants in two ways:  a) it dilutes the pollutant and reduces the concentration peaks., b) 

it accelerates the arrival of the contaminant in relation to the arrival of the same contaminant 

assumed immiscible (Robins, 1998). 
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Advection 

Advection is defined as the transport of a non-reactive, conservative tracer at an average 

ground-water velocity (Palmer and Johnson, 1989). The average linear velocity is dependent 

on (1) the hydraulic conductivity of the subsurface geologic formation in the direction of 

groundwater flow, (2) the porosity of the formation and (3) the hydraulic gradient in the 

direction of groundwater flow (Taylor et al,. 2004). For waste contaminants that react 

through precipitation (dissolution), adsorption, and partitioning reactions within the 

subsurface formation, the velocity can be different from the average ground-water velocity 

(Powell et al., 2003; Taylor et al., 2003; Taylor et al., 2004). 

 

Solubility 

The contaminant introduced into an aquifer partially dissolves in water, forming either 

miscible or immiscible solutions. A potential contaminant may also remain insoluble, 

depending on the chemical characteristics of the contaminant (Freeze and Cherry, 1974). The 

solubility of a substance is defined as the mass of a substance that will dissolve in unit 

volume of solute under specified chemical conditions (Freeze and Cherry, 1979; Freeze, 

1987). The solubility of a constituent in water is dependent on variations in temperature, 

pressure, pH, redox potential (Eh) and the relative concentrations of other substances in 

solution. The interaction of these chemical parameters makes it difficult to predict the 

solubility of many substances in ground water (Snoeyink and Jenkins, 1980). 

 

Density 

The movement of a contaminant in an aquifer is directly affected by the density of the fluid 

with respect to the density of the ground water. Low density contaminants float on top of the 

water table whilst high density contaminants sink to the bottom of the aquifer. Once a 

contaminant has entered an aquifer, it will be transported as a function of density in the 

direction of groundwater flow. Under the ideal condition of a homogeneous aquifer media, 

the contaminant will begin to disperse forming an elliptical plume (Todd, 1980; Pye and 

Kelley, 1984). 

2.1.5. Sources of groundwater contaminants 

The understanding of the spatial and temporal interactions of landuse, the associated potential 

sources of contamination, and the intrinsic susceptibility of a groundwater resource as shown 
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in Figure 2 are the key to determining the geochemical system, and ultimately, the 

vulnerability of ground water to contamination (Focazio, 2002). The potential sources of 

anthropogenic contamination usually exist along the boundary of the groundwater system 

with contaminants entering the ground-water system with recharge water. Sources of 

contamination such as poor well construction and underground point sources such as septic 

and storage tanks can become significant issues on a local scale (Focazio, 2002). The source 

of contamination is also classified in time as either a continuous source (over a long period) 

or an instantaneous (one-time) source. The type of contamination source in space and time 

(that is, point source, non-point source, continuous source, instantaneous source) is important 

in determining the resulting spatial and temporal distribution of concentrations within a 

groundwater system (Focazio et al., 2000)  

 

Indirect recharge 

Indirect recharge is the sum of the recharge coming from seepage out of surface water bodies, 

leakage from water mains, wastewater and storm sewers, and on-site sanitation systems 

(Howard, 2007). Recharge from losing streams in urban areas changes as stream flows are 

altered by urbanisation (Howard, 2007). Decline in aquifer heads caused by pumping can 

alter the hydraulic gradients between the surface and the aquifer and between adjacent 

formations. 

 

Leakage from water mains 

Water mains are pressurized to avoid infiltration of contaminants and to ensure distribution to 

the far reaches of the water system (Garcia and Fresca, 2007). Pressure is the main cause of 

leakages in water distribution systems. The most efficient cities report losses around 10%, 

and values of 30 to 60% are common in the less developed countries (Foster et al., 1998; 

Garcia-Fresca, 2007; Howard, 2007).  
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Figure 2: Groundwater contaminant sources and its propagation; modified from (Foster, 

2001). 

 

Leakage from wastewater sewers 

When the sewer lines are located below the water table, they may infiltrate to the 

groundwater because flows in these pipes are not under pressure, and when located above the 

water table they may leak less than water mains (Howard, 2007). Many cities lack sewerage 

networks and rely on septic tanks or similar systems to dispose of grey water. In these cases, 

most of the supplied water is recharged to the subsurface (Foster et al., 1994a; Howard, 

2007).  

 

Leakage from storm sewers 

Recharge from stormwater occurs under transient high-flow conditions, making it very 

difficult to measure and model. The work by  Lerner, (2002) proposes to use an empirical 

approach, or to assume some proportion of the surface of the city is not impermeable, to 

account for this water. 

 

Septic tank infiltration 

On-site wastewater treatment systems can be assumed to recharge all the water they receive, 

except for some small losses to evapotranspiration, and perhaps stream base flow. Thus, 

about 90% of the water supplied in unsewered cities can recharge the groundwater (Howard, 

2007; Foster et al., 1994b). 
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2.1.6. Urbanization and threat on groundwater quality 

World population has grown exponentially since 20
th

 century from around 1.6 billion in 1900 

to around 6.1 billion 2006, where the vast majority of this growth has occurred in the 

developing world (Cohen, 2006). According to current statistics of human population by 

United Nations report released on 2014, about 827.6 million people live in slums, often 

lacking adequate water and sanitation services (UN-Water, 2014). The number of urban 

residents living in slum conditions is now estimated to be 828 million and is projected to 

reach 888 million by 2020 with growth of 6 million slum dwellers each year (UN-Water, 

2014). The report by World Water Development issued in 2009 indicated that urban 

settlements are the main source of point-source pollution where by more than 80% of sewage 

in developing countries is discharged untreated, polluting rivers, lakes and coastal areas. 

Many large cities still have no treatment plants or plants quickly become under sized as urban 

population growth outpaces investments (WWDR3, 2009). Approximately 90% of the entire 

global population ( with growth rate  of 1.7 billion people between the year 2000 and 2025) is 

expected to take place in the urban areas of LDCs (Brockerhoff, 2000). The problem is 

further compounded by unplanned settlements mainly in the form of slums where it is 

believed that up to 75% of the city‘s population lives (Kjellén and McGranahan, 2006). 

 

The study done by Magigi (2013) pointed out that cities in most of Sub-Saharan countries 

shown in    Table 1 are most affected by uncontrolled urbanisation processes and the poor 

enforcement of land development policies and legislations. The industrialisation, urbanisation 

and increase in population have led to fast degradation of the ground water quality (Agrawal, 

2009). Since water is the most important component of eco-system, any imbalance created 

either in terms of amount that is, presence of impurities added to it can upset the whole eco-

system (Agrawal, 2009). The urbanization process in Tanzania has almost similar rapid 

growth trends to the rest of the African continent as shown in Table 1 and Table 2 (Kironde, 

2000; Ngware and Kironde, 2000). The average urban population is growing at 6.8% per 

annum dictated by the rural-urban migration and this does not match with provision of basic 

infrastructure like water supply, sanitation and waste management (Mato, 2002a). Before 

independence in 1961 the city growth rate was 2.6 per annum but after independence the rate 

increased to 7% growth per annum without strict controls of because of inadequate 

institutional capacity, resources and the use of conventional approaches in urban management 

(Lerise and Kyessi, 2002; Kyessi, 2005). For example, the number of informal settlements 
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increased from 25 in 1979 to 40 in 1990 (Lupala, 2002a). By 2000, this number had increased 

to over 56 and over 100 in 2008 and by using compounding method  it projected  that in 2020  

reach 225 (Kyessi, 2008; Magigi, 2013).  

 

Table 1: Informal settlements population projection, 1990-2020 in Sub-Saharan Africa region 
 

Informal settlement population Projection target (‘000’) 

Country 
 

1990 

 

2001 

 

2005 

 

2010 

 

2015 

 

2020 

Reduced % by 

half 1990-2020 

Angola 2193 3918 4745 6077 7814 10075 5412 

Congo 1050 1852 2231 2840 3629 4650 2499 

Kenya 3985 7605 9432 12460 16522 21972 11771 

Lesotho 168 337 426 576 781 1062 568 

South Africa 8207 8376 8254 8147 8039 7930 4398 

Uganda 1804 3241 3931 5047 6503 8403 4513 

Tanzania 5601 11031 13840 18551 24962 33,685 18024 

Zimbabwe 116 157 172 194 219 247 135 

Source: UN-Habitat, State of the World Cities 2006/7.  

 

Based on the study done in Dar es Salaam over 10 years ago by (Mato, 2002b), he reported 

that more than 30% of the Tanzania inhabitants depend on groundwater either directly or 

indirectly. About 45.8% of the urban population, without access to piped water supplies uses 

groundwater as alternative source. The study by Mato, (2002) added that, the analysis done in 

the 10 designated cities and municipalities in Tanzania have shown that 17.8% of the demand 

is being abstracted from groundwater through public works. The study estimated that 43% of 

the actual water consumed by inhabitants in these towns is from groundwater sources. It was 

also revealed that 50% of the deficit of demand-supply in the major urban towns is abstracted 

from groundwater (Mato, 2002b). Despite its importance, groundwater said to be threatened 

by the rapid urbanization experienced in the many towns and cities (Sawio, 2008). The main 

sources of groundwater pollution are indiscriminate disposal of domestic and industrial 

waste, which are principal components of urbanization process. For example, over 90% of the 

urban population uses traditional latrines, without lining to contain the waste mass in the 

ground (Lupala, 2002b; Mato, 2002b). 
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Table 2: Tanzania Population Trend in Millions: 1967 – 2012 Censuses: URT (2012) 

 

 

Source: URT-NBS, 2012 

 

2.1.7. Groundwater vulnerability 

According to US National Research Council (1993) define groundwater vulnerability as ―the 

tendency or likelihood for contaminants to reach a specified position in the ground-water 

system after introduction at some location above the uppermost aquifer‖. Ground-water 

vulnerability is a function not only of the properties of the ground-water-flow system 

(intrinsic susceptibility) but also of the proximity of contaminant sources, characteristics of 

the contaminant, and other factors that could potentially increase loads of specified 

contaminants to the aquifer and their eventual delivery to a ground-water resource (Focazio et 

al., 2002). The vulnerability of a ground-water resource to contamination depends on 

intrinsic susceptibility as well as the locations and types of sources of naturally occurring and 

anthropogenic contamination, relative locations of wells, and the fate and transport of the 

contaminant(s) (Focazio et al., 2002).  

 

2.1.8.  Groundwater vulnerability assessment 

Vulnerability assessment is based on likely travel time from the ground surface to the water 

table; the greater the travel time the more potential there is for pollutant attenuation (Robins 

1994). The definition by Robins and Smedley (1994) groundwater vulnerability has become a 

central concept in assessing the risk of groundwater pollution by indexing and weighting of 
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relevant properties in GIS format overlays of relevant properties. The concept assumes that 

the physical environment may provide some degree of protection of groundwater against 

human impacts, especially with regard to pollutants entering the subsurface (Robins et al., 

2006). Aquifer vulnerability thus combines the hydraulic inaccessibility of the saturated zone 

to the penetration of pollutants, with the attenuation capacity of the strata overlying the 

saturated zone (Foster, 1998; Robins et al., 2006). Attenuation because of physico- chemical 

retention or reaction of pollutants includes the processes of biochemical degradation, 

sorption, filtration and precipitation. The properties of the soils and rocks which determine 

how easily and quickly water and pollutants move, and the attenuation capacity vary from 

place to place. 

 

2.1.9. Modelling of Groundwater vulnerability  

In a hydrogeological context, vulnerability, which can be intrinsic or specific vulnerability, 

describes the sensitivity of groundwater resource to contamination (Wolter et al., 2001). 

Intrinsic vulnerability only considers the inherent geological, hydrological and 

hydrogeological characteristics and is valid for every type of contaminant, whereas specific 

vulnerability takes into account varying transport processes of different contaminants 

(Sinreich et al., 2009). Suitability for intrinsic vulnerability assessment is Index models, also 

referred to as Parametric or Overlay models (Sinrech et al., 2009; Liggett and Talwar, 2009). 

Basically, scores are subjectively assigned to different hydrogeological parameters, whose 

magnitudes depend on the parameters‘ effects to facilitate groundwater contamination 

(Wolter et al., 2001). They are easy to use and operate with mostly readily available data 

(Liggett and Talwar, 2009). Since the late 1980‘s numerous index models have been 

developed for vulnerability assessment namely, GLA, AVI, DRASTIC, SINTACS, GOD, 

ISIS, EPIK, PI (Neukum et al., 2008). DRASTIC method by Aller et al.,(1987b) is one of the 

most frequently and widely used method for groundwater vulnerability assessment among the 

many methods available owing to the fact that it is very easy to apply in the data insufficient 

area, where monitoring has been scarce, and also allows systematic evaluation of the 

parameters under study (Wolter, 2001; Sinrech et al., 2009; Liggett and Talwar, 2009). 
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2.1.10. DRASTIC Model 

The DRASTIC model  is a method developed in United States by (Aller et al., 1987b) under 

United States Environmental Protection Agency (US-EPA) to assess the groundwater 

vulnerability from pollution. DRASTIC Method account the groundwater vulnerability using 

overlay index method and can be applied on the regional scale and intrinsic vulnerability of 

the aquifer under study (Aller et al,. 1987; Saidi et al,. 2011). The most popular indexing 

system is DRASTIC Model (Aller et al., 1987b) which incorporates seven hydrogeological 

parameters given in Table 3 and Table 4. The acronym DRASTIC stands for the seven 

parameters used to calculate the index number. These parameters describe the 

hydrogeological setting, which affects the groundwater movement into, through and out of 

the area (Saidi et al., 2011). The factors are: Depth of water, net Recharge, Aquifer media, 

Soil media, Topography, Impact of the vadose zone, and the hydraulic Conductivity of the 

aquifer (Saidi et al., 2011). The most important feature of the DRASTIC model is its 

numerical relative rating and weighting system (Aller et al,. 1987). Each rating range has 

been evaluated with respect to the others and to their potential pollution. The numerical 

relative rating varies from 1 to 10. The weighting which varies from 1 to 5 represents an 

attempt to define the relative importance of each factor in its ability to affect pollution 

transport to and within the aquifer (Saidi et al., 2011). This type vulnerability assessment 

gives preliminary results for identifying vulnerable area and later on focus on management 

plans, policy planning and decision-making (Gupta, 2014b). 

 

2.1.11. The use of DRASTIC Model 

DRASTIC Method is one of the most widely used method among the many available owing 

to the fact that it is very easy to apply in the data insufficient area, where monitoring has been 

scarce, and also allows systematic evaluation of the parameters under study (Ducci, 1999; 

Thirumalaivasan et al., 2003; Anane et al., 2013; Musekiwa and Majola, 2013). Also (Allert 

et al., 1987; Rahman, 2008; Musekiwa and Majola, 2013) point out that DRASTIC Method 

act as proactive and management tool to illustrate the protection guide of groundwater against 

contamination. It acts as screening tool to identify the groundwater pollution potential 

relative to the surrounding while faced with landuse activities. It help to identify a preventive 

or protective strategy highly vulnerable places are needed to be examined by monitoring and 

site investigations (Gupta, 2014a). Places that need monitoring activities are selected from the 
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vulnerability map. The placements of the monitoring and sampling equipment are arranged 

according to the high pollution potential areas. 

 

Table 3: DRASTIC Model Parameters Description (Aller et al., 1987b) 
Parameters Description Relative weight 

Depth to 

Water 

Represents the depth from the ground surface to the water table, deeper 

water table levels imply lesser chance for contamination to occur. 

5 

Net Recharge Represents the amount of water that penetrates the ground surface and 

reaches the water table, recharge water represents the vehicle for 

transporting pollutants. 

4 

Aquifer media Refers to the saturated zone material properties, it controls the pollutant 

attenuation processes. 

3 

Soil media Represents the uppermost weathered portion of the unsaturated zone and 

controls the amount of recharge that can infiltrate downward. 

2 

Topography Refers to the slope of the land surface, it dictates whether the runoff will 

remain on the surface to allow contaminant percolation to the saturated 

zone. 

1 

Impact of 

vadose zone 

Is defined as the unsaturated zone material, it controls the passage and 

attenuation of the contaminated material to the saturated zone. 

5 

Hydraulic 

conductivity 

Indicates the ability of the aquifer to transmit water, hence determines 

the rate of flow of contaminant material within the groundwater system. 

3 

 

 

Table 4: Description of weights of DRASTIC parameters (Musekiwa and Majola, 2013) 
Weight Significance Description 

1 Least  Negligible contribution to factors that have an impact on an aquifer  

2 Less Little effect in enhancement or reduction of vulnerability due to the feature  

properties 

3 Moderate Medium effect.  

4 More Consideration in the assessment process is crucial due to its properties in 

relation to aquifer vulnerability  

5 Most Has the most important properties that could affect aquifer vulnerability  

 

2.1.12. Assumption of DRASTIC Method (Allert et al., 1987; Al-Zabet, 2002)  

i. The pollution is introduced at the ground surface; 

ii. The pollution is flushed into the groundwater by influence of rainfall 

iii. The pollution has the velocity/mobility of water; 
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iv. The area evaluated using DRASTIC is 0.4 km
2
 or 40 hectares or larger (Aller et al., 

1987b; Kim and Hamm, 1999) 

 

Table 5: Suitability of African rock types to vulnerability assessment (Robins et al., 2007) 

 

Recent studies done in ACSAD member countries of Nile Delta prepared  by  Egyptian 

Groundwater Research Institute; Haouz area in Morocco by Lyakhloufi et al,.(1999); Al Ain 

in United Arab Emirates by Al Zabet, (2002); Mond Miyani, Iran by Masoudi, (2009); South 

Africa by Musekiwa and Majola, (2013) claim the need to modify DRASTIC method to  

better fit the local conditions (Nobre et al., 2007; Rahman, 2008). For the case of  

groundwater vulnerability of Temeke Distict the risk map was developed by  introducing the 

Land use as an additional factor in the study, however, Soil Media (SM) + Landuse and 

Landcover (LULC) gain importance, considering the level of imperviousness for different 

types of land surfaces (Wolter et al., 2001). But some studies highlight some  problems in 

assigning appropriate weights which is overestimating the importance of recharge and  

weakening the importance of soil media and the aquifer ability to dilute the pollutants (Bai et 

al., 2012). Groundwater vulnerability assessment for Dar es Salaam City using the DRASTIC 

Rock type Suitable for vulnerability 

assessment 

Suitable for land 

zonation 

Crystalline basement 

Granitic plutons No No 

Greenstone/mobile belt (Limpopo, 

Mozambique belt) 

 

Not easy  

 

No 

Late Proterozoic sediments (Transvaal, 

Waterberg etc) 

 

Not easy 

 

Not easy 

Consolidated sedimentary 

Non-marine sediments (Karoo, Continental 

Terminal and Nubian Sandstones) 

 

Yes, with care  

 

Yes, with care 

Marine sediments (Jurassic and Cretaceous, 

Benui Rift, west and east coast of southern 

Africa) 

 

 

Yes, with care 

 

 

Yes 

Unconsolidated sediments 

Alluvial in river deltas, windblown sediments 

and internal drainage (Kalahari)  

 

Yes  

 

Yes 

Volcanics 

e.g. Ethiopian and Lesotho highlands; Karoo  

No  

 

Not easy 
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model was also recommended by Mato (2002) to identify the areas affected by pollution 

sources. The study further suggests that the assessment should be  done in at least every two 

years (Mato, 2002b).  

 

Table 6: Hydro-geological environments and potential groundwater pollution vulnerability 

(Morris et al., 2003) 

Hydrogeological 

environment 

 Typical travel 

times towater 

table 

Attenuation 

potential of 

aquifer 

Pollution 

vulnerability 

Alluvial and coastal 

plain sediments 

Unconfined 

Semiconfined 

Months-Years 

Years –decades 

High – moderate 

High 

Moderate 

Low 

Intermountain 

valley fill 

Unconfined 

Semiconfined 

Months – Years 

Years – decades 

Moderate – high 

Moderate 

Moderate 

Moderate - -low 

Consolidated 

sedimentary 

aquifers 

Porous sandstones 

Karstic limestones 

Weeks – Years 

Days – weeks 

High 

Low – moderate 

Moderate – high 

Extreme 

Coastal limestones Unconfined Days – weeks Low  - moderate High – extreme 

Glaciers deposits Unconfined Weeks – years Moderate High – moderate 

Weathered 

basement 

Unconfined 

Semiconfined 

Days – weeks 

Weeks -  Years 

Low 

Moderate 

High – extreme 

Moderate 

Loessic plateaux Unconfined Days - Months Low – moderate Moderate - high 

 

2.1.13. Limitations of DRASTIC Model (Liggett et al., 2011) 

i. The maps apply to the uppermost aquifer only, and do not show areas of vulnerability 

for deeper or stacked confined aquifers which are assumed to be less vulnerable than 

unconfined aquifers. 

ii. The classified map show five categories of vulnerability and is limited in showing 

variation in vulnerability within a category,  

iii. Precaution should be taken in areas close to the boundaries between categories. For 

example, an area may have vulnerability ranging from 80.0 to 100.0 which does not 

represent a large variation in vulnerability. However, part would be classified as either 

low or moderate vulnerability or the other part as high vulnerability or extreme 

because the category break is at 84 to 85. 

iv. The maps do not show specific recharge areas for specific aquifers. 

v. The DRASTIC method assumes only downwards/vertical movement of the 

contaminant, with the mobility of water (i.e. specific contaminant transport properties 

are not considered) and does not account for horizontal contaminant movement. 
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CHAPTER THREE 

STUDY AREA 

3.1.Description of the study area 

3.1.1.  Location 

Dar es Salaam City in the United Republic of Tanzania is made up of three districts namely; 

Temeke, Ilala and Kinondoni as shown in Figure 3 below. Temeke District is located between 

latitudes 6˚ to 7˚S and 39˚ to 43˚E, bounded by the Indian Ocean on the east and by the Coast 

Region on the other sides. It covers an area of about 656 km
2
 (Mtoni et al., 2012). 

  

     

 

Figure 3: Map of Dar es Salaam City showing Temeke District 

Temeke District 
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Figure 4: The high-density population in Temeke District. (Google Earth; 13/06/2015) 

 

3.1.2. Climate 

The climate condition of Temeke District is tropical, typified by hot and humid weather 

throughout the year (Mtoni et al,.2012). Long and heavy rains occurring in March to May, while 

short and light rains occur in October to December. Dry seasons occur between these two periods, 

and are characterized by little rainfall. The long-term average annual precipitation ranges from  

1114 mm to 1200 mm, with maximum rainfall in April (Mtoni et al., 2012). The long rains have 

a monthly average peak of 253 mm whereas the short rains give an average peak of 117 mm. The 

hottest season is from October to February during which temperatures can raise up to 35ºC. It 

is generally hot and humid throughout the year with an average temperature of 29ºC and 

relatively cools between May and August, with temperature around 25ºC. The average annual 

maximum temperature is around 32°C, whereas the average annual minimum is 20ºC (Mtoni et 

al., 2012).  

 

3.1.3. Soils  

Soil types map of Tanzania was used for the identification of soils that occur in the study area 

(using scale of 1: 5,000,000, Soil Map of the World the latest version presented in 1988) 

where the soils are distinguished into two taxonomic levels established by this classification 

(PROCESL and COWI, 2014). The first soil group is Arenosols (AR), which is conditioned 
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by the particular properties of their parent material, usually quartz-rich soil material or rock, 

and soils developed in recently deposited sands. Arenosols occur in vastly different 

environments and possibilities to use them for agriculture vary accordingly. All Arenosols 

have a coarse texture, high permeability and low water retention and nutrient storage capacity 

defining a very low fertility. Second soil group is Acrisols (AC) which is typical red and 

yellow found in wet tropical and subtropical regions. They are characterized by accumulation 

of low activity clays in an argic subsurface horizon and by a low base saturation level. 

Acrisols are acid soils rich in kaolinite, poor in nutrient, of low fertility and accumulate clay 

in the subsoil (PROCESL and COWI, 2014). 

 

3.1.4. Topography and hydrological drainage 

Topographically the city lies near flood plains and thus flooding is one of its characteristics 

particularly when there are heavy rains. The beach and shoreline comprise sand dunes and 

tidal swamps. Coastal plains composed of limestone extend 10 km to the west of the city, 2-8 

km to the north, and 5-8 km to the south. The inland, alluvial plains comprise a series of 

steep-sided U-shaped valleys Figure 6 and Table 5 (Van Camp et al., 2013). 

 

 

Figure 5: Digital Terrain Model showing topography of  Dar es Salaam (Van Camp et al., 

2013) 
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Table 7: Local topographical conditions of Dar es Salaam (PROCESL & COWI, 2014) 

 
Features Elevation Condition (s) 

Lowland 

 

< 5 m 

 

Areas at the bay, river mouths and hinter-land along the coast. Marsh and 

swampy areas widely spread; soft soil, thick and drains poorly 

Plain/Terrace 

 

5-20 m 

 

Flat plains/terraces, extend along the coast and are generally a few kilometres 

wide. Geologically it belongs to the coastal plain. 

Terrace/Hill 

 

20-60 m 

 

This makes up the dominant part of the residential terrain of Dar es Salaam, 

and are gently sloped areas, consisting of residual weathered limestone 

(Murram-earth material); many of these terraced areas of 500 m to 1 000 m 

are observed around the banks of Dar es Salaam, and have been known to act 

as flood plains 

Hill 

 

60-150 m 

 

This zone extends to the Southwest of the study area, the geological origin of 

which is raised coral reefs, the undulation of which is dependent on the degree 

of weathering 

Mountain > 150 m 

 

In the Western region of Dar es Salaam, 30 km inland, composed of 

limestone. 

 

3.1.5. Hydrogeological characteristics 

According to the Quarter Degree Sheet 186 of the Geological Survey of Tanganyika (1963) 

the study area has two major geological units: (i) the underlying substratum of semi-

consolidated formations and outcropping rocks that consist of Neogene clay-bound sands to 

hard sandstone, (ii) the superficial mainly loose sediments of the Quaternary System which 

are more extensive in the central and southern parts of Dar es Salaam region and consisting of 

less consolidated terrace sands and sandstones and recent alluvium (Mtoni et al., 2013).  

 

Hydraulic Conductivity 

The overall ranges of hydraulic conductivity for soil of Quaternary Aquifer type of whole Dar 

es Salaam vary from 6.92 x 10
1
 to 1.80x10

-5 
m/day, (MoW and JICA, 2013). 

 

Aquifer potential 

This considers the availability of groundwater potential in a consideration of characteristics 

of aquifers, recharge amount to the groundwater, storage capacity of aquifers and 

groundwater consumption. As part of aquifers of WamiRuvu Basin, Temeke‘s aquifer are 

part of Quaternary aquifers of Dar es Salaam which yields around 88 litres/min after a depth 

of 45 to 50 (MoW and JICA, 2013). 
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Recharge from other sources 

In the distribution area of Quaternary Dar es Salaam aquifer (Q-DSM), the area is expected to 

receive the recharge from an effluent and leakage of a water supply network. Therefore, the 

amount of return flow from the wastewater is 17.16 ML/year and leaking of water supply 

pipes or networks is 36.84 ML/year (DAWASA, 2012; MoW and JICA, 2013). The  

construction of the model of Kimbiji aquifer, the simulation of  recharge amounting to 388.82 

ML/year calculated using water balance analysis (MoW and JICA, 2013). 

3.1.6. Socio-Economic Activities 

Population 

Dar es Salaam is Tanzania‘s largest city accommodating over 4.5 million inhabitants and has 

a population growth rate of 4.6% (DCC 2004). According to Kalugendo (2008) the 

population of Dar es Salaam is projected to be 6 million by 2020. This is a disturbing 

prospect for a city already under pressure and unable to meet its water demands (DCC, 2004). 

In addition, the vast majority of the city‘s inhabitants, seven out of ten live in unplanned 

settlements that cause major challenges to urban infrastructure (Kalugendo, 2008). Temeke 

District characterized by urban sprawl, expansion of unplanned and informal settlements, 

poor and inadequate water and wastewater infrastructure resulting from increasing population 

pressure as presented in Figure 4.  

 

 
 

Figure 6: Trend of population growth in Dar es Salaam from 1867-2012 (NBS, 2012) 
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Agriculture 

Although Temeke Municipality is characterized by urban locality, 4% of its household 

depend on agricultural activities. Agriculture is still an important economic activity especially 

in the peri-urban area of the municipality. Out of 656 000 ha of land, about 40 000 ha is 

potential arable land. However, only 28 000 ha (70%) is used for crop production especially 

vegetables. For the past 10 years, agricultural lands in the fringes of urban settlements have 

been an important reserve for city expansion, especially in areas like Charambe, Mbagala, 

Mjimwema, Pemba Mnazi, Kimbiji, Somangila, and Kisarawe II (COWI/PROCESL, 2014).  

 

Industry 

About one half of Tanzania‘s manufacturing employment is located in the Dar es Salaam City 

despite the fact that the City holds only 10 % of Tanzania‘s population. The Majority of the 

industrial establishments (64%) are located in Temeke District and nearly 40 major 

manufacturing industries clustered along Chang‘ombe industrial area which is situated in the 

northern part of the district (COWI/PROCESL, 2014). Over 158 medium scale industries are 

located in Mbagala, Kurasini and Vijibweni. Manufacturing and processing industries are 

dominant in Chang‘ombe, Mbagala and Vijibweni. Service industries which include garages 

and warehouses are situated in Kurasini, along Nelson Mandela highway and part of Kilwa 

road. Wood products industries such as furniture making and manufacturing industries are 

concentrated in Keko-Magurumbasi and Temeke Yombo (COWI/PROCESL, 2014).  

 

3.1.7. Water supply situation 

Dar es Salaam obtains its water from three major sources, namely, Lower Ruvu near 

Bagamoyo, Upper Ruvu near Mlandizi and from groundwater boreholes. From the three 

sources, the water is fed to different parts of the City through a system of storage tanks and 

supply pipes. DAWASCO reported an annual water demand for Dar es Salaam city of 188.2 

ML, which decreased from 189.8 ML as reported in the previously (EWURA, 2012). Regular 

water supply is often not provided to unplanned settlements. From the Table 8 it 

approximately that water demand required for Temeke District is 88,365 m
3
/day while the 

current supply level is only 68,430 m
3
/day which is equivalent to 77.4% of total demand 

(COWI and PROCESL, 2014). Dar es Salaam Water and Sewerage Company (DAWASCO) 

partially serves 12 wards out of 24 wards namely Mbagala, Kizuiani, Charambe, Mianzini, 

Keko, Kurasini, Tandika, Azimio, Temeke, Mtoni, Chang‘ombe and Miburani. The other 
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sources of water are boreholes and wells, which are owned by public institutions, water user 

association (water committees), and private sector.  The existing boreholes in the district are 

estimated to be 1000 units both public and privately owned which extract water from the 

Quaternary coastal aquifer (Mtoni et al., 2013).  

 

Table 8: Water demand for Dar es Salaam City from 1995 to 2015 
 

Use category and wastage 
Water demand (m

3
/day 

1995 2000 2015 

Domestic 113,641 144,654 271,367 

Industry 15,133 18,786 32,126 

Institutional 9,735 13,928 26,470 

Commercial 9,570 11,070 17,770 

Subtotal 148,079 188,438 347,733 

Leakage/wastage (%) 53% 45% 20% 

Total leakage amount 78,482 84,797.1 69,547 

Total Average Demand 226,561 273,235 417,280 

Source: Modified from Elmcrest (2000) 
 

3.1.8. Problems in water quality  

Industrial water use is more pronounced in Dar es Salaam City where about 80% of 

Tanzanian industries are located (Mato, 2002b). Due to inadequate water supplies, many 

industries have opted for constructing private wells to augment surface water supply (Mato, 

2002a; Kashaigili, 2010). These urbanization processes and erratic waste disposal practices 

threatens the groundwater quality (Mato, 2002a). High rates of urban growth in the absence 

of effective urban planning have resulted in spiralling urban poverty, the proliferation of 

urban slums and informal settlements, inadequate urban water and power supply, and 

degrading urban environmental conditions (Lupala, 2002b). 

 

In Temeke District, anthropogenic activities such as industrial activities, waste storage 

ponds/pool and treatment facilities, agriculture and household wastes threaten and interfere 

with groundwater quality (Hossein, 2014). Waterborne diseases such as diarrhoea, cholera 

and other chronic diseases caused by heavy metal contamination are common in these 

communities. Some areas had collapsed pit latrines, no sewage system, and no tap water 

supply, very shallow wells are located nearly 3m from pit latrine and this increases 

groundwater contamination risks (Hossein, 2014). Improper construction without 
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consideration of proposed distances to water sources and poor or lack of maintenance of these 

sanitation facilities cause contamination to the ground water (Mkude, 2015). Deterioration of 

water quality has contributed to escalating water supply cost, increase in water resource 

scarcity and growing health hazards, especially in urban areas with higher instances of 

cholera as has been reported from (Penrose et al., 2010). Most of the area in Temeke District 

is  dominated by unplanned settlements  with no access to piped water from municipal or city 

council which leaves residents with no option but to resort to groundwater (Mkude, 2015). 

This population get water from boreholes and wells as alternative source, since it is cheap and 

easily available compared to municipal water supplied by DAWASCO which is so erratic in 

terms of supply. 

 

3.1.9. Groundwater replenishment and use 

The study done by Mato and Mjwahuzi (2010) showed that the Dar es Salaam water demand 

is about 424,000m
3
/day for its estimated population of more than 4.5 million residents which 

is also the total number of population of DAWASCO operating areas. Currently,  

DAWASCO serves a population of about 2,645,341 people which is only 50.1% of the total 

population in Dar es Salaam City as whole (EWURA, 2012). The groundwater replenishment 

under natural infiltration is estimated to be 186 mm (72.17 x 10
6
 m

3
year

–1
) indicating that 

only 16.7% of the long term average annual precipitation of 1114 mm ends up as 

groundwater recharge (Mtoni et al., 2011). Estimated total groundwater abstraction was 

approximated to be 69.3 x 10
6
 m

3
/ year. The water balance suggests an average sustainable 

yield of 28.67 x 10
6
 m

3
/year

–1
 calculated as 40% of natural groundwater recharge (Mtoni et 

al., 2011).  

 

3.1.10. Sources of groundwater pollution  

Dar es Salaam City is the most industrialized city in Tanzania, accounting for 80% of the 

country‘s industries that exert pressure on surroundings and overall environmental quality. 

Many industries in Temeke District for instance chemical factories, agro-industries, 

breweries, soap and steel manufacturing establishments discharge untreated or partial treated 

effluents directly through storm water drainage, river creeks and streams or estuary drainage 

into the sea (PROCESL and COWI, 2014). The past study recorded high electrical 

conductivity in Dar es Salaam and its adjacent areas of about 1220 µS/cm which resulted 
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from anthropogenic activities and infiltration from the non-treated effluent from domestic and 

industries (MoW and JICA, 2013).  

 

3.1.11. Wastewater and storm water drainage system 

Dar es Salaam sewerage system comprises of the following major infrastructures: nine 

sewage treatment works, eight of which use stabilization ponds to treat waste water before 

discharging to nearby stream and rivers. About 170 kilometres length of sewers with pipe 

diameter ranging between 100 millimetres for arterials to 1000 millimetres for trunk 

sewers,15 pumping stations, and 1 sewerage sea outfall of 1km length into the sea . The 

system was developed and owned by the DAWSCO (MLHHSD, 2013b). The drainage 

system for Temeke District showed on the Table 9 below, 

 

Table 9: The storm water drainage in Temeke Distict (MLHHSD, 2013b)  

 

Type of system 

Condition/Status 

Good (km) Fair (km) Poor (km) Total (km) 

Lined 104 -- 28 128 

Unlined -- -- 87 87 

Underground -- -- 10 10 

Total 104 -- 121 225 

 

3.1.12. Solid wastes generation and disposal 

It has been estimated by the Dar es Salaam City and its local authorities that approximately 

4,200 tonnes per day of solid waste were generated in Dar es Salaam in 2011 (Breeze and 

World Bank, 2012). This represents a generation rate of 0.93 kg/cap/day based on a 

population of 4.5 million. Using a population growth rate of 4.3% and a generation rate of 

0.815 kg/cap/day, Environmental Resources Consultancy (ERC) and World Bank, has 

estimated that Dar es Salaam could be generating over 12,000 tonnes per day by 2025  

(Breeze and World Bank, 2012). This represents a tripling of the waste generated in just 14 

years. The growth rate is of particular concern considering the small increases anticipated in 

the Dar es Salaam local authority capital, resources and operating budgets. The local 

authorities have also estimated that less than 40% of the total wastes generated in the city are 

collected and disposed of in the Pugu dumpsite or otherwise recovered. The remaining wastes 

(approximately 60%) are either dumped by the road side or into drainage canals contributing 
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to health problems for local residents, annual flooding events and methane generation 

(Breeze and World Bank, 2012). Much of the waste quantities that are not collected are from 

unplanned settlements areas of the city include Temeke Municipality. Introducing collection 

to these unplanned areas is a challenge given the lack of local awareness, institutional 

capacity, funds and the condition of area roads for collection vehicles. According to the 

report from Temeke municipality, the amount of waste produced in Temeke District is 1,035 

tons/day containing domestic and non-domestic waste such as plastics, paper, metals, glass 

and other organic materials as illustrated in Table 10. Due to lack of resources, funds and 

equipment, the council is able to collect only 280 tons/day (27%), thus the municipal‘s 

capacity to collect and manage solid waste within Temeke Municipality lags far behind the 

actual production (PROCESL and COWI, 2014). 

 

Table 10: Waste Production (Solid & Liquid waste) in Temeke District 
 

 

Source 
Quantity (tons/day) Percentage (%) 

Domestic 
743 71.78 

Street sweepings & Drainage cleanings 51 4.92 

Hotels and Restaurants 
15 1.5 

Market 
29 2.8 

Commercial establishments 
147 14.20 

Hospitals and Dispensaries 
14 1.35 

Industries 
36 3.37 

TOTAL 
1035 100 

Source: COWI & PROCESL, 2014 
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CHAPTER FOUR 

MATERIALS AND METHODS 

4.1.Study Design 

4.1.1. Selection of study site  

The selection of the study area and its suitability for groundwater vulnerability assessment 

was based on five major criteria which show the urban informal settlements of Temeke 

District described consequently as follows;  

 The area preferably be one of the most predominance urban informal settlements with 

low-income population (DCC and Kimbisa, 2010).  

 Have a self-contained aquifer, where it would be possible to study source(s) of 

contamination (Hossein, 2014). 

 Have a predominance use of on-site sanitation for the disposal of its excreta, where 

flooding of pit-latrines especially during rainy season is often a common 

phenomenon, especially in situations of high water table causing a health jeopardy to 

residents (Chaggu, 2004).  

 Be in a location where contamination was identified to be a problem (area lying 

directly over the aquifer) and quality of the aquifer water could be correlated with 

health status (Katherine et al., 2010).  

4.1.2. Selection of Satellite imagery 

Cloud-free imagery from Landsat 8, ETM, TM and MSS with a spatial resolution of 30 meter 

captured on 1989, 1998, 2009 and 2014 were downloaded. Landsat images were used to 

determine LULC changes in the study area. The different time interval of image acquisition 

period was due to unavailability of cloud-free images in some of the years. Landsat images 

were used because of their relatively high spatial resolution (30m) and their highly 

applicability in land cover classification (Lilles and Kiefer, 2000; Kibena et al., 2013). The 

assumptions of using remote sensing data to classify the landuse and land cover change in 

Temeke District are as follows:  

i. Residential areas have significant variation in spectral reflectance.  

ii. The spectral characteristics of grass/coastal woodland areas and agricultural fields 

are not significantly different.  



Assessment of groundwater vulnerability due to urban settlements. A case study of Temeke District in Dar es 

Salaam City, Tanzania. 

 

Zakaria S.Chaki MSc IWRM 2014/2015 33 

iii. Large industrial areas, parking lots, and commercial areas have relatively low 

variation in spectral reflectance.  

iv. Most newly developed areas and open land have relatively high spectral 

reflectance.  

These characteristics become the key guidelines for separating the different urban land-use 

classes selected in the study area. 

4.1.3. Satellite data acquisition  

Land-use and land-cover satellite data was acquired from National Aeronautics and Space 

Administration (NASA) and United States Geological Survey (www.glovis.usgs.org) for the 

Landsat-8, Enhanced Thematic Mapper (ETM), Thematic Mapper (TM), and Multi Spectral 

Scanner (MSS) sensors. Elevation data using Digital Elevation Model (DEM) was acquired 

from the website (https://asterweb.jpl.nasa.gov/gdem.asp) of Advanced Space-borne Thermal 

Emission and Reflection Radiometer (ASTER) with a spatial resolution of 30m. The 

acquisition dates, sensor, path/row, resolution and the producers of the satellite images used 

in this study are summarized in Table 11 below. 

 

Table 11: Sources of Satellite data acquired for Temeke District. 
 

 

4.1.4. Image Processing  

Landsat imagery (Landsat TM and ETM) were used to assess changes in landuse and land 

cover distribution in Temeke District over 25 years period from 1989 to 2014. To avoid a 

seasonal variation in vegetation pattern and distribution throughout a year, the selection of 

months of the acquired data were made as much as possible in the same season of the 

Producer Site Sensor Resolution 

(m) 

Path/Row Period 

USGS www.glovis.usgs.org MSS 30 166/065 December 1989 

USGS www.glovis.usgs.org TM 30 166/065 May 1998 

USGS www.glovis.usgs.org ETM+ 30 166/065 July 2009 

USGS www.glovis.usgs.org Landsat 8 30 166/065 June 2014 

http://www.glovis.usgs.org/
http://www.glovis.usgs.org/
http://www.glovis.usgs.org/
http://www.glovis.usgs.org/
http://www.glovis.usgs.org/
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acquired years (Geremew, 2013b). The image data files were downloaded in zipped files 

from USGS website and extracted using Tiff format. Landsat images were imported in Geo-

Tiff format into the Integrated Land and Water Information System (ILWIS version 3.3) 

interface via geo-gateway, an in-built ILWIS System) 84 zone 37S. In order to view and  

 

Table 12: The appropriate bands combination for Landsat imagery ( as modified from Shan-

long et al., (2006) and Hossein et al., (2008 ) 

Landsat 8 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) 

Band (s) Wavelength Useful for mapping 

Band 3 - green 0.53 - 0.59 
Emphasizes peak vegetation, which is useful for assessing plant 

vigour 

Band 4 - red 0.64 - 0.67 Discriminates vegetation slopes 

Band 5 - Near 

Infrared (NIR) 
0.88 - 0.85 Emphasizes biomass content and shorelines 

 

Landsat 4-5 Thematic Mapper (TM) and Landsat 7 Enhanced Thematic Mapper Plus (ETM+) 

Band (s) Wavelength Useful for mapping 

Band 3 - red 0.63 - 0.69 Discriminates vegetation slopes 

Band 4 - Near 

Infrared 
0.77 - 0.90 Emphasizes biomass content and shorelines 

Band 5 - Short-

wave Infrared 
1.55 - 1.75 

Discriminates moisture content of soil and vegetation; penetrates 

thin clouds 

 

Landsat Multi Spectral Scanner (MSS) 

1,2,3  Bands 4,5 Bands Wavelength Useful for mapping 

Band 4 - green Band 1 - green 0.5 - 0.6 
Sediment-laden water, delineates areas of 

shallow water 

Band 5 - red Band 2 - red 0.6 - 0.7 Cultural features 

Band 6 - Near 

Infrared 

Band 3 - Near 

Infrared 
0.7 - 0.8 

Vegetation boundary between land and 

water, and landforms 

Band 7 - Near 

Infrared 

Band 4 - Near 

Infrared 
0.8 - 1.1 

Penetrates atmospheric haze best, 

emphasizes vegetation, boundary between 

land and water, and landforms 
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discriminate the surface features clearly, a map list of each classified image was composed 

using the RGB colour composition using three selected Landsat TM bands, 5, 4 and 3 as 

showed in Table 12 (Geremew, 2013a). The bands were then opened in pseudo colour 

composites to enhance visual interpretation of surface features. The images provide complete 

coverage of Temeke District. The five classes were chosen based on background knowledge 

of the area under study including; built-up area, agriculture, open land, woodland and water. 

Digital Elevation Model (DEM) acquired from ASTER-DEM Landsat using Shuttle Radar 

Terrain Mission (SRTM) output available with 90-meter resolution. The DEM was used to 

calculate flow direction and flow accumulation by extraction of hydrological attributes like 

elevation because this controls movement of pollutants (Gumindoga, 2008; Geremew, 

2013b). It was projected to UTM on spheroid of WGS 84 as well to fit with digitized shape-

file of the study area. 

 

4.1.5. Supervised classification method 

The process of image classification involve the assigning of pixels of continuous raster image 

to the predefined land cover classes (Geremew, 2013b). Landsat TM images were used 

because of their relatively high spatial resolution (30 m) and their wide application for land 

cover classification across the world (Lilles and Kiefer, 2000). Landsat images have the 

optimal ground resolution and spectral bands to efficiently track landuse and landcover 

changes due to climate change, urbanisation, drought, wildfire, biomass changes (carbon 

assessments), and a host of other natural and anthropogenic changes (Schock, 2000; Ogud et 

al., 2003.).  

According to this study, supervised classification was applied in which all pixels with similar 

spectral value are automatically categorized in to land cover classes or themes (Geremew, 

2013b). Supervised classification relies on the prior knowledge of pattern recognition of the 

study area using the Maximum Likelihood Classifier (Kibena et al., 2013). Maximum 

Likelihood classification assumes that the statistical computation for each class in each band 

are normally distributed and calculates the probability that a given pixel belongs to a specific 

class (Lilles and Kiefer, 2000; Kibena et al., 2013; Lucas et al., 2002). Each pixel was 

assigned to the class that has the highest probability. If the highest probability is smaller than 

a threshold specified, the pixel remains unclassified (Kibena et al., 2013; Lucas et al., 2002). 

During classification, the selection of the training sites was done which are typically 



Assessment of groundwater vulnerability due to urban settlements. A case study of Temeke District in Dar es 

Salaam City, Tanzania. 

 

Zakaria S.Chaki MSc IWRM 2014/2015 36 

representative for the land cover classes. The training sites were collected based on the personal 

experience and knowledge of the physiography of the area.  

4.1.6. Accuracy assessment  

Accuracy assessment is to quantify and determine how effectively pixels in an image were 

assigned into the correct features classes in the area under investigation (Geremew, 2013b). 

The error matrix (Confusion matrix) in ILWIS software was used to quantify the level of 

accuracy of landuse images from actual measurements on the ground control points 

(Yesserie, 2009). A total of 100 groundtruth control points made from 20 ground truth points 

of each landuse class were taken in June 2015 in order to validate the classified Landsat 

image of 2014 of Temeke District in Figure 7. These different classes consist of agricultural 

fields, built-up areas, open land, water and woodland. Thus, the validation using Google 

Earth image and field control points was meant to ensure that classes were properly assigned 

to the respective land cover feature on the ground. Based on good overall accuracy for 2014 

classified imagery, the same supervised classification technique applied to the other imagery 

of 1989, 1998, and 2009.  

 

 

Figure 7: The groundtruth control points (GTCP) of landuse map of Temeke District 
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4.2. Groundwater quality  

4.2.1. Selection of sampling site 

The selection of the sampling points for water quality are  based on long term standardised 

measurement in order to define status (Hydrology Project, 1998). To assess the groundwater 

quality status of Temeke District the area was divided into four categories namely; Industrial 

areas (Keko and Changómbe and Kurasini), Residential areas (Mbagala Kuu and Mtoni also 

Kurasini), Agricultural area (Changómbe-Usalama), Commercial areas (Tandika Sokoni) and 

around waste disposal areas (Kurasini). The characteristics of each sampling ward described 

in Table 13 below;  

 

Table 13: The physical attributes of the vicinity of sampling points in Temeke District 
No of 

sampling 

sites 

Sampling 

name (s) 
Description of the site (s) 

1 Tandika 

 Commercial and residential area, solid waste collection point 

(Mwembeyanga, Tandika Sokoni, Temeke Mwisho, 

 Population 49,491people ; Households 13,204 (URT Census, 2012) 

2 Mtoni 

 Residential area characterized with high population density,and high 

use of onsite sanitation, Solid waste collection point (Mbuyuni, 

Mtoni Sokoni, 

 Population 59,378 people ; Households 15,882 (URT Census, 2012) 

3 Kurasini 

 Characterized by industrial establishments, underground tanks of oil 

storage (BP, OILCOM, TOTAL, Camel-Oil) residential area, Waste 

stabilization pond (WSP) also located in this area 

 Population 26,193 people; Households 6,697 (URT Census, 2012) 

4 Changómbe 

 Characterized by industrial establishments, residential areas , urban 

agriculture (vegetables) and municipal grave yard located in the area 

 Population 19,302 people; Households4,767 (URT Census, 2012) 

5 Keko 

 Residential dominated by unplanned settlements and poor sanitation 

facilities mainly pit latrines 

 Industrial area in Keko B, Keko, Mwanga and Keko Machungwa 

mainly service industry (garages and warehouses) 

 Population 35,163 people ; Households 9,301 (URT Census, 2012) 

6 
Mbagalla 

Kuu 

 Residential area dominated much in this area (unplanned 

settlements) 

 Processing and manufacturing industries and heavy truck yard 

 Agriculture mainly vegetables 

 Population 74,774 people ; Households 19,417 (URT Census, 2012) 
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Figure 8: The sampling points of water quality of selected wards in Temeke District 

 

4.2.2. Selection of parameters to be analysed 

For the assessment of groundwater quality of the boreholes and wells in Temeke District the 

following selected parameters for each sample type have been split as shown in Appendix1. 

They are categorized as;  

 Physical parameters; pH, Turbidity, Total Dissolved Solids (TDS) and Electric 

Conductivity (EC) these are basic parameters, mainly measured instrumentally either 

in the field or in the laboratory.  

 Nutrients – Nitrate (NO3
-
) and Phosphorus (PO4

3-
) parameters which measure plant 

nutrients and major fertilisers and collectively reflect the impact of agricultural 

practices on groundwater composition.  

 Organic matter these are parameters capable of estimating the likely effects on water 

bodies of the discharge of organic matter. Major ions are the inorganic anions and 

cations which describe the chemical composition of the water, determine its 

classification and help to assess pollution. It includes Sodium (Na), Potassium (K), 

Chloride (Cl
-
), Sulphate (SO4

2-
), Calcium (Ca

2+
), Alkalinity, Hardness, and 

Magnesium (Mg
3+

).  
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 Trace elements which are Iron (Fe
+
) and Manganese (Mn) are miscellaneous they are 

important for certain water uses or for classification purposes. Trace elements ion 

species are highly toxic even at trace concentrations and are useful indicators of the 

presence of other ion species. They are also important due to their toxicity, effect on 

portability of water, or effect on the environment.  

 Microbiological - Faecal coliforms (FC) mainly E.Coli and Total coliforms (TC), 

these are indicator species for the presence of human and other animal excreta that 

contaminating water.  

4.2.3. Methods of sampling and frequency 

Sampling frequency is the number of samples taken per unit time at each sampling point. The 

sampling frequency was closely linked with the study objectives, the expected variability of 

the measured parameters, the capacity of the laboratories and the cost of the sampling and 

analytical effort in Appendix 6 (Hydrology Project, 1998). Three sampling campaigns for 

groundwater were conducted bimonthly from January to April 2015 in Appendix 1. The first 

two sampling campaigns were undertaken in mid of January and end of February 2015 before 

the onset of the rainy season (Appendices 2 and 3). The second sampling campaign targeted 

those points that proved qualitatively problematic during the first sampling campaign. Third 

round sampling campaign was done on April during the rainy season in Appendix 5. This 

arrangement was meant to compare the variability of pollutant loading with the varying levels 

of the water table, recharge process from surface pollutants sources to the aquifer by 

infiltration process, dilution and precipitation process of major pollutants and soil attenuation 

capacity due to influence of rainfall. During this campaign, six sites were selected in the 

study area for investigation namely Tandika, Keko, Changómbe, Mtoni, Mbagala Kuu and 

Kurasini based on the characteristics of each sites in Table 13. At each site, water samples 

were collected from boreholes and wells for quality analysis.  

4.2.4. Sampling  

Groundwater samples were collected from wells and from operating production boreholes. 

Purging of the well before sampling was done in order to ensure aquifer water was drawn for 

sampling in preference to standing water (Hydrology Project, 1998). Complete removal of 

stagnant well water was however not possible because during purging there will be an 

accelerated inflow to the well resulting in mixing of aquifer and well waters. Therefore, the 

purging efficiency is defined as the volume of aquifer water per unit sample volume 
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(Hydrology Project, 1998).Water samples were filtered and analysed for chemical and 

microbial parameters within 24 hours after sampling. Analytical description for water quality 

testing is also provided in Appendix 6. 

 

Physicochemical parameters  

At each sampling time, 1000 mL samples were collected using polyethylene plastic bottles 

thoroughly rinsed with distilled water. Upon reaching the sampling site, each bottle was 

rinsed with water from the respective borehole, thrice, before actual sample collection was 

undertaken.  

 

Microbiological parameters  

Glass sample bottles of volume 500ml for bacteriological analyses were washed thoroughly 

with soap and water and then rinsed with hot water to remove traces of washing compound 

and finally rinsed with distilled water. The bottles, pipettes and other glass-wares were 

sterilized at a temperature of 170
o
C for three (3) hours dry heat in a hot air oven (Memmer-

Germany) with an aluminium foil placed around the cover. An indicator tape was placed 

across the foil. A black strip on the indicator tape signified proper sterilization of the bottle. 

The dishes used for the culture of coliforms were sterilized in a hot air oven at 60ºC for 

30min, while the media were sterilized in a portable autoclave at 121ºC for 15min. After the 

samples were collected they were placed in an insulated cooler box together with ice or cold 

packs and transported to the laboratory for analysis. Once in the laboratory, samples were 

transferred as soon as possible to refrigerators in a cold room. However, not all water quality 

samples necessarily need to be stored in this way, but this was done for uniformity reasons. 

 

4.2.5. Water quality testing 

In-situ measurements  

The physical parameters measured in the field include Turbidity, pH and EC by probe 

method using pH meter and Turbidimeter (HI 93713) and EC measured using WTW InoLab 

C7110 as shown in Appendix 8. Water quality analyses were done according to the 

procedures of Standard Methods (APHA/AWWA/WEF, 1999  ) 

 

Turbidity  

The turbidity was determined using Nephelometric method.  



Assessment of groundwater vulnerability due to urban settlements. A case study of Temeke District in Dar es 

Salaam City, Tanzania. 

 

Zakaria S.Chaki MSc IWRM 2014/2015 41 

A turbidimeter with sample cells, HACH model: 2100P. Samples in 1000ml plastic bottles were 

analysed on the field. The meter was calibrated and the knob was adjusted to read 0.1 before use. 

The sample was shaken vigorously and poured into the cell to at least two-thirds full. The 

appropriate range was selected, when the red light came on, the knob was moved to the next 

range till it was stable, and then the turbidity value was read. 

 

pH  

The pH was measured by a pH meter and a combination electrode (a set of glass electrode 

and a reference electrode). The electrode was first calibrated against a pH buffer 7 and 9 at a 

temperature of 25
o
C to adjust to the response of the glass electrode. The electrode was then 

immersed in the sample and stirred gently and stopped, allowing for 1-2 minutes for a stable 

reading to be obtained and recorded. 

 

Electric Conductivity  

The conductivity was determined by means of a field conductivity meter. The conductivity 

cells and beaker were rinsed with a portion of the sample. Then the beaker was filled 

completely. The cell was then inserted into the beaker. The temperature control was adjusted 

to that of the sample and the probe was then inserted into the vessel and the conductance 

read.  The conductance was equilibrated to 25
o
C before the sample measurement (APHA 

1998). 

 

Laboratory Analysis  

All laboratory analyses were carried out at Water Resources Laboratory at College of 

Engineering and Technology at University of Dar es Salaam in Dar es Salaam. Laboratory 

analysis for total phosphorus, total alkalinity, sodium, potassium, calcium, magnesium, total 

hardness, nitrates, chlorides and sulphates, phosphate, manganese and iron was carried out by 

analytical procedures using Palintest-7500 Interface Photometer and Standard Methods for 

Water and Wastewater (APHA/AWWA/WEF, 1999  ) as described below. Precision and 

accuracy of the Interface photometer and the procedures for sample analysis were calibrated 

by determining the concentration of known standards. 

 

Sodium 

Flame Photometric method  
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Twenty milligrams per litre (20 mg/L) NaCl standard was prepared for standardization of the 

flame photometer. The filter selector of the photometer was used to select sodium after the 

photometer was switched on and the 20 mg/L standard was set. The machine was calibrated 

to ensure the standard concentration of 20mg/L set was obtained. Sample readings were then 

taken, ensuring that after every ten sample readings, the machine was re-calibrated to ensure 

readings within the 20 mg/L range. 

 

Chloride  

Argentometric Method  

Fifty millilitres (50 ml) of sample was taken and one millilitre (1 ml) of K2CrO4 indicator 

solution was added and titrated with standard AgNO3 titrant to a pinkish yellow end point.  

Reagent blank value was established by titrating 50ml of distilled water with 1ml of K2CrO4 

dropped in it, against standard AgNO3. The value was calculated using the following formula 

in equation 5 below:  

Sampleofmg

MBA
LmgCl

450.35)(
)/(




……………………………………………Equation (5)

 

Where A = ml titration of sample  

B = ml titration of blank  

M= Molarity of AgNO3 

 

Calcium 

EDTA Titration Method  

Two millilitres (2.0 ml) of 1M NaOH was added to 50 ml of sample. The mixture was stirred 

and 0.1g of the murexide indicator was added to it. Titration was done immediately after the 

addition of the indicator. EDTA titrant was slowly added with continuous stirring until the 

colour changed from salmon to orchid purple. The end point was checked by adding 2 drops 

of titrant in excess to make sure that no further colour change occurred. The value was 

calculated using the equation 6 below:  

)/( LmgCa =
sampleofml

BA 8.400

…………………………….……………………. Equation (6)

 

Where; 

usedtitrantEDTAofmlA   

titrantEDTAofml

solutioncalciumdardsofml
B

tan
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Total hardness  

EDTA titrimetric method  

From the equation (7) below, fifty millilitres (50 ml) of sample was pipetted into a conical 

flask and 1ml of a buffer solution was added to it to produce a pH of 10. One gram of 

Eriochrome Black T indicator was also added to it. It was then mixed constantly and titrated 

with a standard 0.01M EDTA until the last trace of purple disappeared and the colour turned 

bright blue. Total hardness was then calculated using the formula: 

 

Total hardness = 
sampleofml

BEDTAml 1000

………………………………………… Equation (7)

 

Where B = mg of CaCO3 equivalent to 1ml of EDTA titrant.  

 

Magnesium, Calcium and Total hardness  

EDTA titration method.  

Magnesium hardness was calculated from the difference between the total hardness and the 

calcium hardness which is expressed in mg/L as shown in equation (8) below. The 

magnesium concentration was obtained by multiplying magnesium hardness by 0.243.  

 

243.0)/(  hardnessmagnesiumLmgMg …………………………………...Equation (8)
 

 

 

Nitrate Concentration  

Hydrazine reduction method  

The sample was filtered in the field through a 0.45 μm membrane filter and stored at 4
o
C. 

Nitrates, from the sample aliquot were reduced to nitrites with hydrazine sulphate. The 

resulting nitrites, together with the original nitrites, were then reacted with sulphanilamide to 

form a diazo compound. This compound was then reacted with N
-
 (1-naphthyl) 

ethylenediamine dihydrochloride to form an azo dye. The azo dye colour intensity 

proportional to the nitrate + nitrite concentration was determined colourimetrically at 520 nm 

and compared to identically-prepared standard and blank solutions. The nitrate concentration 

was obtained by subtracting the original nitrite concentration, determined from a duplicate 

sample.  

 

Manganese and Iron Concentration  

Atomic Absorption Spectrometry – Direct Aspiration  
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The sample was preserved in the field with nitric acid. The sample aliquot was then digested 

with nitric acid. The solution was aspirated and the absorbance measured spectrometrically at 

279.8 nm with the aid of a UNICAM 969 SOLAAR 32 Atomic Absorption 

Spectrophotometer and compared to identically-prepared standard and blank solutions, using 

an air-acetylene oxidizing flame. 

 

Sulphate  

Turbidimetric method  

One hundred millilitres (100ml) of water sample was measured into a 250 ml Erlenmeyer 

flask. Five millilitres (5 ml) of conditioning reagent was added and mixed by stirring. One 

gram (1g) of barium chloride crystals was added while stirring and timed for 60 seconds. The 

Absorbance was then determined at 420 nm on the spectrophotometer within 5 minutes. The 

concentration was then read directly from the calibration curve on the computer screen.  

 

Phosphate  

Stannous chloride method  

One drop of phenolphthalein indicator was added to 100 ml of sample. The sample was 

discharged by adding an acid, drop wise until it turned pink. 4 ml of molybdate reagent-I and 

10 drops of stannous chloride reagent-I was added and mixed thoroughly. Absorbance was 

then read after 10 minutes at a wavelength of 690 nm on a spectrometer. 

 

Bacteriological analyses  

In bacteriological examination, the Membrane Filtration method and Pour Plate Counting 

method using Standard Method were used in the determination of two parameters namely; 

Total Coliform and Faecal Coliform. Total coliforms (28
o
C for 24 hr.) were determined on 

M-Endo Broth Membrane Filtration (MF) using M-Endo Agar base, which appeared as 

metallic sheen colour colonies. Faecal coliforms (45
o
C for 24 hr.) were determined on EC 

Medium Broth by Pour Plate Counting (PPC) technique and enumerated using M-FC Agar 

media where the average values were measured. Faecal coliforms results appeared as blue 

colour colonies. 

 

Total Coliform  

Membrane Filtration method 
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A one hundred millilitre (100ml) portion of the groundwater sample was filtered through 47 

mm membrane filters of 0.45μm pore size. The membrane filter was incubated on M- Endo 

agar (Wagtech Int.) at 37
o
C for 24 hours. Total coliform was detected as dark-red colonies 

with a metallic (golden) sheen on the M-Endo agar; and also as all bacteria colonies with 

yellow ring around them. The total number of colonies appearing was counted for each plate. 

 

Faecal Coliform  

Pour Plate Counting method 

A one hundred millilitre (100 ml) portion of the groundwater sample was filtered through 47 

mm membrane filters of 0.45μm pore size. The membrane filter was incubated on M-FC agar 

at 44
o
C for 24 hours. Faecal coliform was detected as blue colonies on the M-FC agar. The 

total number of colonies appearing was counted for each plate.  

 

4.2.6. Methods of Data Analysis and Interpretation  

Statistical analysis for water quality interpretation was applied using SPSS 17.0; descriptive 

statistical and single factor analysis of variance (one way –ANOVA, p<0.05) to determine the 

significant variations and inter-element relationships measure significant differences between 

two season and among sampling sites. The post-hoc Tukey-test was applied to determine the 

statistical significant difference among sites, season and parameters. Advanced statistical 

using Pearson‘s Correlation (r) test was performed using STATA 11.0 to identify the the 

degree of association between sites and groundwater quality parameters.  

4.3. DRASTIC Model 

DRASTIC Model was applied using seven hydrogeological parameters along with their 

respective weightings in brackets Table 13 required for its use namely; Depth to water [x5], 

Natural Recharge rates [x4], Aquifer media [x3], Soil media [x2], Topographic aspect [x1], 

Impact of vadose zone [x5] and Hydraulic Conductivity [x3] (Piscopo, 2001). The DRASTIC 

model use numerical relative rating and weighting system. As stated previous chapter and 

also in this section in Table 14, each rating range has been evaluated with respect to the 

others and to their potential pollution. The numerical relative rating varies from 1 to 10. The 

weighting which varies from 1 to 5 represents an attempt to define the relative importance of 

each factor in its ability to affect pollution transport to and within the aquifer.The index 

approaches to the creation of maps using Geographical Information Systems (GIS) 
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techniques was applied (Navulur and Engel, 1998). The DRASTIC method was used to 

highlight areas of apparent vulnerability relative to areas of expected low vulnerability and 

the classifications for each component combined to give groundwater vulnerability maps. 

Rainfall (recharge), hydrogeological data, landuse map, groundwater exploration data, 

satellite ASTER- DEM with resolution 30 m was used. Additionally, online maps and 

information from scientific journals were used. The satellite data acquired and maps was 

digitized and pre-processed in Arc GIS version 10.1 and ILWIS Academic version 3.3 which 

was also used for the interpolation of point data, reclassification, weighting and overlaying of 

the parameter maps. 

4.3.1. Applicability of using DRASTIC model in Temeke District 

i. The pollution is introduced at the ground surface;Temeke District  has been 

experiencing a fast industrial, urban and agricultural expansion where the human 

activities threaten the groundwater quality and inhabitants health; because of the 

economic development the major land-use near Linares are: agriculture and growing 

industrial zone  

ii. The pollution is flushed into the groundwater by influence of rainfall; The weather 

condition of Temeke District which  considered to be tropical, typified by hot and 

humid weather throughout much of the year long and heavy rains occurring in March 

to May. The long-term average annual precipitation of about 1114 mm to 1200 mm, 

with maximum rainfall in April (Mtoni et al., 2012).  

iii. The pollution has the velocity/mobility of water. The accumulations of pollutants 

from the illegal dumpsite through leaching, discharged effluent to the surface streams 

and rivers and application of fertilizer and manure can be transported to the 

groundwater by the irrigation, or during major flash flood events that increase the 

concentration levels water parameters on groundwater.  

iv. The area evaluated using DRASTIC is 0.4 km
2
 or 40 hectares or larger (Aller et al., 

1987b; Kim and Hamm, 1999). 
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Table 14: DRASTIC Rating and Weighting values for the various hydrogeological  

parameter settings (Aller et al., 1987b; Al-Zabet, 2002). 

 

DRASTIC 

Parameters 

Range 

 

Rating Weight Total 

Weight 

Depth to 

Water Table 

0 - 2.5 

2.5 - 4 

4 - 6.5 

6.5 - 9 

9 - >12.5 

10 

7 

5 

3 

1 

 

 

5 

 

50 

35 

25 

15 

5 

Net 

Recharge 

0 - 50 

50 - 100 

100 - 180 

180 - 250 

> 250 

1 

3 

6 

8 

9 

 

 

4 

 

4 

12 

24 

32 

36 

Aquifer 

Media 

Alluvium 

Limestone 

Conglomerate 

Volcanic 

Flysch 

10 

9 

8 

7 

3 

 

3 

30 

27 

24 

21 

9 

Soil Media Gravel 

Gravel-sand 

Sand 

Sandy Clay 

Clay Loam 

10 

9 

4 

3 

2 

 

 

2 

20 

18 

12 

6 

4 

Topography 0 to <2 

2 to <6 

6 to <12 

12 to 18 

>18 

10 

9 

5 

3 

1 

 

1 

10 

9 

5 

3 

1 

Impact of 

Vadose zone 

Limestone 

Sand-Gravel 

Gravelsandy- 

clay 

Sandy Clay 

Tuff 

Clay 

10 

8 

7 

6 

3 

1 

 

5 

50 

40 

35 

30 

15 

5 

Hydraulic 

Conductivity 

(m/day) 

0-29.005 

29.006-72.7 

72.7-116.4 

116.4-160.1 

160.1-203.79 

203.79- 

247.84 

1 

3 

5 

7 

9 

10 

 

 

3 

3 

9 

15 

21 

27 

30 

 

4.3.2. DRASTIC Vulnerability Index (DVI) 

DRASTIC Vulnerability index (DVI) was calculated as the sum of product of ratings and 

weights assigned to each of the parameter on the scale of 1 to 10 and 1 to 5 respectively. For 

overlay analysis the weights and ratings are given to each of the seven parameters, each is 

classified in to classes on the scale of 1-10, in which 1 denotes least vulnerable while 10 is 

for the most vulnerable areas. This rating was further scaled into weights based on the 
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importance of the parameter in determining aquifer characteristics, these scaled on 1 to 5 

where, 1 is least significant and 5 is most significant. These classes show the areas 

susceptible to groundwater contamination relative to others. Higher values depict greater 

vulnerability to groundwater contamination. The DRASTIC indices was calculated by 

multiplying Weight (W) and Rating (R) for each DRASTIC parameter then computed using 

linear summation of the weights and rating of each hydrogeological parameters on the 

equation 9 below to come up with DRASTIC Vulnerability Index (DVI) map (Allert et al., 

1987; Piscopo, 2001; Musekiwa and Majola, 2013).  

 

                                        ……..Equation (9) 

 

Where; 

Dr  = Rating for the depth to water table 

Dw = Weight assigned to the depth to water table 

Rr = Rating for aquifer recharge 

Rw = Weight for aquifer recharge 

Ar = Rating assigned to aquifer media 

Aw = Weight assigned to aquifer media 

Sr = Rating for the soil media 

Sw = Weight for the soil media 

Tr = Rating for topography (slope) 

Tw = Weight assigned to topography 

Ir = Rating assigned to impact of vadose zone 

Iw = Weight assigned to impact of vadose zone 

Cr = Rating for rates of hydraulic conductivity 

Cw = Weight given to hydraulic conductivity 

 

4.3.3. Groundwater Risk Map 

The data obtained to develop the groundwater risk map was in two format of numerical and 

thematic map format (Landsat imagery 2014) useful for GIS analysis. Modified DRASTIC 

Index proposed by Leal and Castillo, (2003) that incorporates anthropogenic influences on 

groundwater contamination was used in this study. This supported on the study done by 

Stigter et al., (2006) who consider the impact of agricultural diffuse pollution on groundwater 

contamination. The groundwater vulnerability map created in this study based on the 
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groundwater risk index (GRI) which it incorporates and caters for the impact of five different 

landuse types on pollution (Lynch et al., 1994). The landuse was considered to be an 

important parameter when assessing groundwater vulnerability since human activities may 

control the presence or absence of contaminants. In order to ensure that all the impacts of all 

the indicators are projected in the risk map in Figure 31, the individual map of each indicator 

was derived from the three indicators overlays in the hazard map and analysed systematically 

using several GIS software like ILWIS, ArcGIS, Arc View and Quantum-GIS (QGIS). The 

severity classes of risk in Table 26 assigned to each polygon or pixel has been assessed by 

summing all attributes of all indicators used in GIS software to develop this risk map i.e DVI 

map, landuse/population map and pollution load map (solid waste collection centres). This 

method was used to delineate the groundwater risk/hazard area to pollution and degradation 

in the study area of Temeke District. To incorporate the potential anthropogenic sources of 

contamination, an Anthropogenic Impact (AI) parameter was added to the DRASTIC 

Vulnerability Index to obtain the Groundwater Risk Map (GRM) in equation 10. The 

risk/hazard score in each polygon (in this case wards) denotes the cumulative effect of all the 

indicators for qualifying the five severity classes. This facilitated the production of the map 

that shows the different degree of risk/hazard to groundwater resources degradation in term 

of its quality. 

 

                                                       …..Equation (10) 

 

4.3.4. Validating the Groundwater Risk Map 

According to the study by Pathak et al., (2011) and Haratsuka (2011) prove that nitrate 

concentration was used to verify the accuracy of groundwater risk map. Another approach 

applied was on a study done in South Africa where they correlated groundwater vulnerability and 

poor water quality (Musekiwa and Majola, 2013). Similar approaches were followed in this study 

with the use of groundwater quality status to verify the accuracy of the groundwater vulnerability 

result. The assessment and mapping of risk/hazard of groundwater quality of Temeke District 

was started by conducting the reconnaissance survey of the study area to identifying the main 

threats (sources) and indicators of groundwater quality pollution in the area. All primary data 

was collected from field measurements like water quality data and ground truth control point 

(GTCP) used. The satellite data for landuse change from remote sensing images (Landsat 

images 1989, 1998, 2009 and 2014) for Temeke District for over 25 years were used to 

validate the vulnerability/risk area to pollution from landuse. Also secondary data from 
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literature and some previous studies of the particular area (Temeke District and Dar es 

Salaam City in general), government agencies and institution like Ministry of Water and 

JICA (Hydrogeological data), DAWASCO and Temeke Municipal Council. The 

recommendation proposed by Aller et al., (1985) on suitable parameters like natural 

indicators (hydrogeological or aquifer characteristics and properties), anthropogenic 

indicators (landuse activities in the area) and indicators describing the status of groundwater 

quality (water quality parameters test) also taken into account when fixing the thresholds of 

classes of groundwater vulnerability.  
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CHAPTER FIVE 

RESULTS AND DISCUSSION 

5.1.Landuse and landcover changes  

The results obtained from the classified satellite imagery from 1989 to 2014 shows the trend 

of landuse and land cover change in the Temeke District as shown in Figure 9, Figure 10 and 

Table 15 below. In Table 15 and Figure 9 it showed statistical percentage of the changes of 

different analysed landuse type taking place in the area since 1989 to 2014. 

 

        
(a) The classified image Landsat TM 1989  (b) The classified image of Landsat TM 1998 

 

                       
 (c) The classified image: Landsat 8 2009.   (d) The classified image: Landsat8 -June 2014 

 

Figure 9: The classified landuse and land cover image of Temeke from 1989 to 2014 
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The four comparison maps show the increase of cultivated land by 4% in 2014 from the total 

area since 1989.  This increase of cultivated land could be due to an increase in population in 

terms of built up areas by 57% of the total area from 5% in 1989 to 62% in 2014 where 

people started to invade the open land for agriculture. Population growth caused the increase 

in demand for new land for cultivation and settlement (built up area) which reduced the open 

land by 34% of the total area from 47% in 1989 to 13% in 2014. Also woodland reduced by 

15% of the total area from 33% in 1989 to 18% in 2014.  

 

Table 15: Landuse and landcover change of Temeke District from 1989 to 2014  

 

Landuse and Landcover change over  25 years (1989 to 2014) 

 

Period/Year 

 

 

 

Landuse type 

1989 

Baseline year 

1998 

 
2009 

 
2014 

 

1989 

to 

2014 

1989 

to 

2014 

Actual 

area 

covered 

(km
2
) 

% of 

area 

occupied 

Actual 

area 

covered 

(km
2
) 

% 

change 

of area 

Actual 

area 

covered 

(km
2
) 

% 

change 

of area 

Actual 

area 

covered 

(km
2
) 

% 

change 

of area 

Area 

of 

change 

(km
2
) 

% of 

change 

Agriculture 18 2% 7 1% 46 6% 27 4% 9 1% 

Built-up area 37 5% 113 15% 252 35% 451 62% 414 57% 

Open Land 343 47% 219 30% 123 17% 94 13% -248 -34% 

Water 90 12% 85 12% 76 10% 23 3% -67 -9% 

Woodland 240 33% 305 42% 232 32% 132 18% -107 -15% 

TOTAL 728 100% 728 100% 728 100% 728 100% 1 0% 

 

NB: - shows decrease, + shows increase 

 

 

Figure 10: Percentage of landuse change in Temeke District from 1989 to 2014 
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The results of landuse analysis discovered that, the expansion of built up area due to high 

population increase in Temeke District exert much pressure on demand of land for 

settlements and economic set-ups especially industries which threaten the groundwater 

quality due to pollution discharged to the rivers and  streams. 

5.1.1. Accuracy assessment of classified landuse map 

The accuracy assessment sampling design or confusion matrix in Table 16 usually has a built-

in mechanism that allows for reasonable position errors based on the input data being used 

and on the scale of the final map (Horning, 2004). Producer's accuracy is a reference-based 

accuracy that is computed by looking at the predictions produced for a class and determine 

the percentage of correct predictions (Horning, 2004). The verification of the accuracy of the 

derived maps was calculated for landuse map 2014 using a Confusion Matrix on GIS 

environment as shown in Table 16. The overall average accuracy of the classified landuse 

and landcover map for 2014 Figure 9 (d) was 78%, which is accepted as excellent (Lucas et 

al., 2002). 

Overall accuracy  = (number of pixels correctly classified) / (total number of pixels)  

= (11327+4066+6044+2932+5633) / 39698 *100 = 76% 

 

Average Accuracy: = (sum of producer class accuracies) / number of classes)  

= (74 + 96 + 71 + 78 + 72) / 5*100 = 78% 

 

 

Table 16: Contingency table for accuracy statistics of landuse classification of Temeke 

District 

 

Landuse Agriculture 
Built up 

area 

Open 

Land 
Water Woodland TOTAL ACCURACY 

Agriculture 11327 408 970 0 2693 15398 74% 

Built-up area 0 4066 151 0 14 4231 96% 

Open land 5 1816 6044 0 648 8513 71% 

Water 0 358 441 2932 42 3773 78% 

Woodland 0 1041 1109 0 5633 7783 
 

72% 

 39698 78.2% 
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5.2.Groundwater quality status  

The mean values of physicochemical parameters at different sampling sites in Temeke 

District during the period of dry and wet season from January to April 2015 are presented in 

Table 17 and Table 18 in the next section of this chapter.  

5.2.1. The pH 

The pH ranged from 6.7 (dry season) in Kurasini to 8.0 (wet season) in Mbagalla Kuu as 

shown in Figure 11. The mean ranged from.3 ±0.38 (dry) to 7.5 ± 0.3 (wet) with the highest 

values in winter and the lowest in dry at most of the study sites. The pH values at Mbagalla 

Kuu had shown a decrease in trend from wet to dry season while other sites the values were 

higher during the wet season. Statistical analysis of pH for all six measurement sites shows 

significant differences at significance level 0.037 (p<0.05), f= 3.424. The Tukey Post hoc test 

for multiple comparison shows which individual groups (sites) differ from each other. The 

results revealed that there is a significant difference of pH between Mtoni and Kurasini (p = 

0.045). However, there were no significant differences on other sites in terms of pH value 

concentration. All the sites were within the acceptable limits of 6.5-8.5 by TBS in Appendix 

10 and WHO water quality standards for the whole period of study. The elevation of pH 

during wet season in most of these sites might be attributed to the release of carbon dioxide, 

ammonia and methane during decomposition of the waste materials, which percolate through 

the aquifer to the groundwater via leachates. Also population and industries which 

characterized these areas mostly use pit latrines, septic tanks and untreated industrial wastes.  

 

 

Figure 11: The variation of pH in selected sites in Temeke District. 
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The study by Ahmed et.al.,(2004)  pointed out that, water with pH < 6.5 is acidic, soft, and 

corrosive, thus, the water could leach metal ions such as: iron, manganese, copper, lead, and 

zinc from the aquifer, plumbing fittings, and piping. The water with a low pH could include 

levels of toxic and have associated quality problems such as a metallic or sour taste (Saria et 

al., 2012). High concentration of pH cause water quality problems which includes formation 

of a "scales" or precipitates in piping and fittings causing water blockage and interior 

diameter of piping to decrease (Saria et al., 2012). 

5.2.2. Turbidity 

Turbidity mean value ranged from 18.35 ± 41.95 NTU during dry season to 7.26 ± 13.04 NTU 

in wet season as it shown in Figure 12 below. The highest value measured at Changómbe 

(104 NTU and 33.8 NTU) in both dry and wet respectively. The high turbidity value was 

highly attributed by lack of enough water settling time due to water logging dominating the 

place. Likewise, there had been vegetation coverage that could be the source of suspended 

organic matters. Turbidity concentration higher than 5 NTU according to Tanzanian 

standards given in Appendix 10 may also implicate lack of enough and real-time sanitary 

practices. Statistical analysis of turbidity results using one way ANOVA for all six sites 

shows significant differences at significance level 0.000 (p<0.05), f= 11.414. The Tukey Post 

hoc test revealed that there is a significant difference of turbidity in all sampling sites studied 

(p = .001) at p< 0.05. High value of turbidity in this area could be attributed to low lying area 

with shallow water table less than 5 metres from the surface, which is not even fenced and 

most used to irrigate the vegetables that cultivated around the well.  

 

 

Figure 12: The variation of turbidity in selected sites in Temeke District 
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5.2.3. Electric conductivity (EC) 

The mean value was 927.50 ± 254.36 u S/ cm (dry season) to 1071.83 ± 384.82µS/cm in wet 

season.  The range for EC values was 520 µS/cm to 1635 µS/cm where by the highest value 

measured at Tandika (1635 µS/cm) and Kurasini 1340 µS/cm during the wet season in April 

could be attributed to high use of domestic effluent from onsite sanitation like pit latrine in 

the vicinity of boreholes where the movement of contaminants from latrines to the boreholes 

is likely to happen. Higher values during rainy season also possibly came off from 

precipitation ionic species that brings a lot of dissolved conducting minerals into the soils. 

This problem was supported by an increase of TDS concentration during period of study. 

This indicates the presence of high amount of dissolved inorganic substances in ionized form. 

These increases often coincide with the rise in water levels due to rainfall, which is explained 

by either rapid recharge through surface run-off infiltrating (alluvial aquifer) and leaching of 

surface and soil salts. Other sites show moderate EC value as shown in Figure13.  

 

 

Figure 13: The variation of Electrical Conductivity in selected sites in Temeke District 
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(proximity of septic tanks and latrines). In the period of January and February, the drop in 

water levels corresponds to increases in the salinity of the groundwater. In April water levels 

rise, due to rapid recharge from rainfall and potential surface water influx into the alluvial 

aquifer. The water conductivity values show a large variation within the zones, mostly as a 

function of the presence of localised pollution sources.  

 

5.2.4. Total Dissolved Solids (TDS) 

TDS ranged from 270 mg/L to 880 mg/L where the lowest value was measured in wet season 

in Changómbe and the highest measured in the same season in Tandika as shown on Figure 

14. The mean ranged from 499.67 ± 124.08 mg/L (dry season) to 575.00 ± 222.77 mg/L (wet 

season) in all sampling sites as shown in Table 17 and Table18. Statistical analysis using one 

way analysis of variances confirm the existence of statistical significant differences for TDS 

on the level of significances differences at significant level p < 0.05, (f = 2.755, p = 0.070. 

The results of Tukey Post-hoc test confirm that there are no statistically significant 

differences between the values of TDS. TDS values for all sites in both dry and wet season 

were in the limit by Tanzania Bureau of Standards (TBS) of 2000 mg/L but above the WHO 

standards limit recommended of 500 mg/L for drinking water. The two sites (Changómbe and 

Keko) the concentration of TDS decrease during wet season than dry season because of 

influence and impact of dilution from rainfall, inflow of sewage, urban runoffs or ground 

water seepage particularly during the rainy season as highlighted by (Saria et al., 2012).  

 

 

Figure 14: The variation of TDS concentration in selected sites at Temeke District 
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5.2.5. Total Alkalinity 

Total alkalinity mean value measured range from 215 ± 57.85 mg/L (dry season) to 238.33 ± 

30.6 mg/L (wet season) Table 17 and Table 18. The average mean in all season and sampling 

sites were 222.77 ± 50.64 while the highest concentration was measured at Changómbe (290 

mg/L) during the dry season while other sites the values remain moderate. During the wet 

season alkalinity concentration decrease at Changómbe (210 mg/L) due to dilution factor 

while other sites the values increased slightly high as shown in Figure 15. Total alkalinity 

attributed to bicarbonate which decreased between the dry and wet season as a result of 

dilution factor. Analysis of variances shows that there is a statistical significant differences of 

total alkalinity between sites at significant level p < 0.05 (f = 3.769, p = 0.028). Turkey Post 

hoc results confirm there are no statistically significantly differences between the values of 

total alkalinity. The results of means of groups in homogenous subsets by Tukey statistical 

test shows the significant differences of p = 0.054 in all sites at significant level p < 0.05. In 

Tanzania drinking water standard in Appendix 10, total alkalinity are not mentioned but 

almost all values measured in both dry and wet season were above the prescribed value for 

total alkalinity by WHO of 120 mg/L. During the wet season the value of Alkalinity decrease 

at Changómbe due to dilution factor by direct recharge to the well by runoff and infiltration 

rate while other sites the values increased slightly higher. 

 

 
Figure 15: The variation of total alkalinity concentration in selected sites at Temeke District 
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5.2.6. Chloride (Cl 
-
) 

The mean value ranged from 103 ± 25.91 mg/L (dry season) to 107.00 ± 29.22 mg/L (wet 

season). The highest Cl
-
 measured during dry season was at Tandika (130 mg/L) while in wet 

season the same site measured the highest value. The Cl
-
 concentration decreased in wet 

season Figure 16 and Table 18 at Changómbe and Keko. This might be caused by the dilution 

factor caused by urban storms runoff and water logging due to low lying topographical 

characteristics of Changómbe while other sites the Cl
-
 values were increasing during the wet 

season. Statistical analysis shows the significant differences of Cl
-
 at significance level 

p<0.05, (f= 4.265, p = 0.018). A Tukey post hoc test revealed that there is a significant 

difference of Cl
-
 between Tandika and Mtoni (p = 0.017). However there were no significant 

differences in other sites. All the sites were within the acceptable limits of 6.5-8.5 by TBS 

and WHO water quality standards for the whole period of study. In wet season Tandika 

shows high level of Cl
-
 of 150 mg/L though it does not exceed the limit of 200 mg/L and 250 

mg/L according to TBS and WHO permissible limits in drinking water. The elevation of Cl
-
 

was because of movement of pollution (sewage) from domestic and industries leakage to the 

surface streams and pit latrines and percolates into the alluvial aquifer.  

 

 

Figure 16: The variation of chloride concentration in selected wards at Temeke District 

5.2.7. Sulphate (SO42-) 

Sulphate mean value ranged from 57.16 ± 11.05 mg/L during dry season to 65.65 ± 17.93 mg/L 

in wet season for all sampling points in Figure 17, Table 17 and Table 18. Mean concentration 
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of SO4
2-

 was obtained slightly lower at Changómbe (35.6 mg/L) during wet season than in dry 

season. The statistical analysis results of SO4
2-

 value according to one way analysis of variances for 

all sites measured showed no significant differences at significant level p < 0.05(f=2.541, p < 0.018). 

There were no statistical significant differences observed among all sites according to Tukey Post hoc 

test. All the sites measured values seem to be within the limits prescribed by TBS and WHO 

of 250 mg/L for drinking water. Low value of SO4
2-

 in Changómbe was normally occurring in wet 

season since high precipitation brought more recharge and high dilution during percolation than 

average static groundwater level. However, the two sites Tandika  and Kurasini shows a slightly 

higher values than other sites which it might be because of the  effect of dilution of domestic 

effluents due to high use of pit latrines and vicinity of Kurasini waste stabilization ponds. 

 

 

Figure 17: The variation of sulphate in Temeke District 

 

5.2.8. Nitrate (NO3
-
) 

Nitrate occurs in water as the product in the biological breakdown of organic nitrogen, being 

produced through the oxidation of ammonia. The analysis identified high levels of NO3
-
 in 

shallow well in Changómbe (agriculture area). The results in Table 17 and Table 18 showed 

the highest value of NO3
-
 measured at Changómbe (16 mg/L and 20.3 mg/L) in both dry and 

wet season was above the Tanzanian standards and WHO permissible limit for drinking water 

Figure 18. The mean value ranged from 3.36 ± 6.19 mg/L in dry season to 4.66 ± 7.69 mg/L 

in wet season. Results from analysis of variances in all season prove high significant 

differences of NO3
-
 concentration between all sites at significant level p = < 0.05 (f= 96.169, 
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p = 0.000). Post hoc test results indicated that the differences of NO3
-
 concentration were 

significant at p < 0.05 between Tandika and Changómbe (p = 0.000), Mtoni and Changómbe 

(p = 0.000), Kurasini and Changómbe (p = 0.000), Changómbe and Keko  

 

 

Figure 18: The concentration of Nitrate in selected sampling site in Temeke District. 

 

(p = 0.000) and Mbagalla Kuu and Changómbe (p = 0.000). As more land is converted into 

agricultural site, pollution from nitrate is expected to be increased. Although, concentration 

of NO3
-
 along dry season period much lower than wet period, higher concentration still 

remain at those sites in vicinity of agriculture such as Changómbe (vegetables cultivation). 

This indicates that continuously applied common NPK fertilizer or chicken dung into 

agriculture scheme practice during early stage of cultivations will increase the  potential of 

being NO3
-
 leached or surface runoff and domestic sewage disposal into the groundwater 

(Barrett et al., 1999). High NO3
-
 levels can be related to the leaking from the un-rehabilitated 

aging sewerage system, in dense informal settlements reflect the existence of high to very 

high density of pit latrines, respectively (Mjemah, 2007; Mtoni et al., 2013). The 

concentration was much higher than the TBS permissible lower limit value for nitrate of 10.0 

mg/L for safety of drinking water though it is within the WHO allowable limit of 50 mg/L.  

 

5.2.9. Total phosphorus (PO43-) 

The mean was ranged from 0.30 ± 0.18 mg/L (dry) to 0.60 ± 0.63 mg/L (wet) as shown in 

Table 17 and Table 18. Results of statistical analysis of variances indicated that there is 

significant different of PO4
3- 

between the sampling sites at significant level p < 0.05 (f = 
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3.929, p = 0.024). The analysis to identify the statistical differences between the sampling 

sites shows the significant differences of  PO4
3- 

values at significant level p < 0.05 between 

Tandika and Changómbe (p = 0.027), Mtoni and Changómbe (p = 0.046), Changómbe and 

Keko (p = 0.048). The nitrate concentration of PO4
3-

 in Changómbe was greatly elevated 

during wet season up to 1.9 mg/L, due to rise of water table with addition of fertilizer in the 

agriculture fields, domestic and industrial discharges as displayed in Figure 19. PO4
3-

concentration in groundwater depends, among others things, on the water table depth with 

greater concentration occurring for shallow water tables than for deeper water tables (Obour 

et al., 2011) and (Martin et al., 1997). The permissible limits value recommended by TBS of 

2.0 mg/L for ammonium applied also to PO4
3-

 because PO4
3- 

permissible limits not mentioned 

by Tanzania Bureau of Standards (TBS). Phosphorous is not generally considered to be an 

intrinsically harmful constituent in groundwater in normal concentrations, but its presence 

can cause significant environmental problems by decreasing available oxygen through 

accelerated algae and aquatic vegetative growth (López-Serna et al., 2013).  

 

 

Figure 19: The variation of total phosphorus in selected sampling site in Temeke District. 

 

5.2.10. Potassium (K
-
) 

A potassium mean value ranges from 26.65 ± 3.4 mg/L in dry season to 26.65 ± 3.4mg/L in wet 

season Table 17 and Table 18. The highest level of K
-
 measured at Changómbe (30.4 mg/L 

and 28 mg/L) in both dry and season. The study analysis found the existence of significant 

differences of K
-
 values between the sites studied at significant level p < 0.05 (f = 3.377, p = 
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0.039). There are no statistical significance differences found between the sites in terms of K
-
 

concentration in all season. The main reason of increasing K
-
 in Changómbe is due to 

agricultural activities taking place in this area where the cultivation of vegetables is much 

more dominant in the area Figure 20. A number of K
-
 compounds, mainly K

-
NO3-, are 

popular synthetic fertilizers. K
-
 Compounds may end up in wastewater through urine. As 

potassium release from landfills for domestic waste is usually exceptionally high, this 

compound may be applied as an indicator for other toxic compounds in groundwater.  

 

 

Figure 20: The variation of potassium in selected sampling sites in Temeke District. 

5.2.11. Sodium (Na) 

The sodium mean values ranged from 26.75 ± 6.75 mg/L and 32.53 ± 3.77 mg/L in between 

dry and wet season respectively as presented in Figure 21, Table 17 and Table 18. According 

to results from analysis of variance revealed that there is a statistically significance 

differences in Na values between sites at significant level p = < 0.05 (f= 6.513, p = 0.004). 

Analysis by post-hoc test confirm there is statistical significant differences of Na values 

between sites at significant level p < 0.05; Mtoni and Changómbe (p = 0.005), Kurasini and 

Changómbe (p = 0.027), Keko and Changómbe (p = 0.029), Mbagalla Kuu and Changómbe 

(p = 0.018) The positive correlation shown between sodium and turbidity, total alkalinity, 

total hardness, nitrate, total phosphorus, calcium, potassium, magnesium, iron faecal 

coliforms and total coliforms in Table 22. The strong correlation was sodium and calcium (r 

= +0.960) of significant at p<0.01.   
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Figure 21: The variation of sodium in selected sampling site in Temeke District. 

 

5.2.12. Total Hardness  

The mean values of total hardness in Figure 22 ranged between 228.33 ± 37.7mg/L (dry 

season) to 257.50 ± 26.41mg/L (wet) Table 17 and Table 18.The value of hardness was 

elevated slightly higher during wet season in all sites sampled. Statistical results using 

analysis of variances found the significant differences of total hardness value between the 

sites at significance level p < 0.05 (f= 4.755, p = 0.013). The relationship of total hardness 

value between the sites in Temeke District using post hoc test found the significant 

differences between two sites (Tandika and Mtoni) at significant level p = 0.032 (p <  0.05). 

Higher values of total hardness were measured at Changómbe (272.5 mg/L) in dry season 

while highest value measured at Tandika (300 mg/L) during wet season which is due to 

presence of high calcium and magnesium to an equivalent concentration of calcium carbonate 

(CaCO3) in the area. The results at Tandika was significant higher compared to which 

measured in the same area by (Napacho and Manyele, 2010a) of about 250 mg/L which he 

concluded that the level was caused by geological condition of the area. In all observed 

samples in the two seasons total hardness values were within and even below the permissible 

range of 500-600 mg/L according to TBS-standards of 2008. In Changómbe the high level of 

total hardness can also be attributed by chemical and industry effluent which dominates in the 

area and excessive application of lime to the soil from agricultural activities which is taking 

place in the area.  Previous studies show that a single substance does not cause hardness but 

by a variety of dissolved polyvalent metallic ions, predominantly calcium and magnesium 

cation.  
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Figure 22: Concentration of total hardness of selected sampling sites in Temeke. 

 

although other cations likes barium, iron, manganese, strontium and zinc also contribute 

(Gupta et al., 2009). The high concentration of total hardness in water samples may be due to 

dissolution of polyvalent metallic ions from sedimentary rocks, seepage and run off from soil 

(Gupta, 2009).  

 

5.2.13. Calcium (Ca
-
) and Magnesium (Mg

-
) 

During the sampling process, Changómbe measured highest concentration of calcium and 

magnesium about 40.15 mg/L and 30.75 mg/L (dry) and 58.2 mg/L and 35 mg/L (wet) Figure 

23 and 24, while the lowest value measured at Mtoni during the dry season. The mean value 

of Ca
-
 and Mg

-
 ranges from 30.59 ± 8.28 mg/L and 22.53 ± 5.02 mg/L to 43.93 ± 9.33 mg/L and 

29.38 ± 4.41 mg/L in both dry and wet season respectively as shown in Table 17 and Table 18. 

Analysis of variances shows the statistical significant differences of calcium and magnesium 

concentration between the sites at significant level p < 0.05 in (f 3.53, p = 0.034 and f= 3.852, 

p = 0.026). Tukey post hoc results only found statistical significant differences of magnesium 

concentration between Changómbe and Mbagalla Kuu at significant level p = 0.039 (p < 

0.05). Constantly use of Ca
-
 and Mg

-
 rich well water for drinking purposes may lead to 

kidney stones or gall bladder stones or joint pains. Ca
-
 and Mg

-
 are the dominant cations in 

the groundwater from the study area followed by existence of sodium and potassium. As Ca
-
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and Mg
-
 are directly related to hardness. The acceptable limits for Ca

-
 and Mg

-
  for domestic 

use are 75 mg/L and 30 mg/L respectively, in ground water (Gupta and Sunita  J.P, 2009).  

 

 

Figure 23: The variation of Calcium in selected sites in Temeke. 

 
 

 
Figure 24: The variation of magnesium in selected sites in Temeke. 

5.2.14. Iron (Fe+) 

Mean concentration of iron in dry season Figure 25 ranged from 0.17 ± 0.03 mg/L to 0.20 ± 

0.03 mg/L in wet season Table 17 and Table 18. There was significant difference among 

locations and seasons variation of Fe
+
 concentration at p<0.05 (f = 9.154, p= 0.001). In the 

result of the Tukey post hoc test, the differences of the iron observed means were found to be 

significant between Tandika and Mtoni  (p=0.002), Mtoni and Kurasini (p = 0.006), Mtoni 
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and Changómbe (p = 0.001) and Mtoni and Mbagalla Kuu (p = 0.009) . In conclusion, the Fe
+
 

concentration was different among the sites and also seasonally. The high concentration of 

Fe
+ 

was measured at Changómbe (0.23 mg/L) and Kurasini (0.21 mg/L) during wet season 

above the TBS permissible limit of 0.2 mg/L. In general, the concentration of Fe
+
 increased 

slightly during wet season compared to the rest of the other sites sampled Figure 25. Elevated 

metal concentrations in this area were attributed to open-air solid waste combustion, 

sawmills, wood works which is taking place around neighbouring places like at Keko, gas 

stations and auto-repair workshops and garages which dominate the area . However, all the 

sampled sites were within the TBS permissible limits of 0.3 mg/L while Kurasini and 

Changómbe were above the WHO permissible limit of 0.2 mg/L for drinking water during 

the dry season measurements in Figure 25. 

 

Figure 25: The variation of iron in selected sites in Temeke District. 

 

5.2.15. Manganese (Mn) 

The mean concentration values of manganese measured in dry season and wet season ranged 

from 0.07 ± 0.02 mg/L and 0.08 ± 0.02 mg/L respectively Table 17 and Table 18. The statistical 

significant differences of Mn between season and sampling sites interaction effects were 

significant (p=1.028).  The Tukey post-hoc test indicated that differences among the Mn 

means were significant between Changómbe and Keko (p = 0.028) The Mn value seem to 

have varying among the sampled sites as well as seasonally. Concentration values measured 

shows only Keko was within the allowable lower limit by WHO standards of 0.03 mg/L for 
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drinking water during all season of study. However, the five sites studied were within the 

allowable limit of Mn concentration of 0.1 mg/L by Tanzania Bureau of Standards except one 

site (Changómbe) which was above the limit measured values of 0.12 mg/L in Figure 26. 

During wet season on April, value for Mn elevated to more or less to 0.1 mg/L in Tandika, 

Kurasini and Mbagalla Kuu. This attributed due to high density of population in these areas 

and generation of waste (both solid and liquid waste) where leaching from landfills and other 

illegal dumpsites around  

 

 

Figure 26: The variation of manganese in selected sites in Temeke District. 

 

these areas are inadequately monitored or sealed. At Changómbe, Mn value increased in dry 

and decreased during wet season because of the chemical loading to the aquifer appears to 

behave inversely with regard to bacteriological contamination and groundwater levels. This 

can be explained as resulting from lower recharge rates (due to reduced flows in dry season) 

and thus less dilution and greater dissolution of aquifer material. The Mn serves as a typical 

indicator compound that indicates the presence of other hazardous substances. 

 

5.2.16. Faecal coliforms (FC) 

Coliform bacteria are considered as ―indicator organisms‖, their presence in water may 

indicate contamination of water by faecal waste that may contain other bacteria, viruses‘ 

parasites or disease causing organisms. The laboratory results of analysed during dry season 
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shown in Figure 27 and in Table 17 and Table 18, indicates the values of FC ranged between 

0 CFU/100 ml at Keko Mbagalla Kuu and Tandika (in dry season) to 170 CFU/100 ml at 

Changómbe (in wet season). The mean value measured ranged between 26 ±37 CFU/100ml in 

dry season to 56 ± 64 CFU/100ml in wet season. The FC measured in wet season were 

observed in four sites of Mtoni (30 CFU/100ml), Kurasini (80 CFU/100ml), Mbagalla Kuu 

(60 CFU/100ml) and Changómbe (170 CFU/100ml) much higher than allowable standard 

limit by Tanzanian Bureau of Standard (TBS) in Appendix 10 and WHO of 0 CFU/100ml for 

drinking water Figure 27. Statistical one way analysis of variances indicates significant 

difference of FC among sampling sites and between seasons at significant level, p = 0.05 (f = 

10.036, p = 0.001). A Tukey Post hoc test comfirm the significant differences between 

Tandika and Changómbe (p = 0.001), Mtoni and Changómbe (p = 0.003) Kurasini and 

Changómbe (p = 0.021), Keko and Changómbe (p = 0.001) and Mbagalla Kuu and 

Changómbe (p = 0.005).  

 

 

Figure 27: Faecal coliforms counts at different sampling points in Temeke Distict  

 

This revealed that the detection of FC changed significantly among sites and between 

seasons. The highest values of FC measured in both dry and wet season in Changómbe, 

Kurasini and Mbagalla Kuu was due to these areas been characterized by high population 

density where the use of onsite sanitation is very common in most of households. The 

influence of rainfall cause the storm water runoff and percolation process and infiltration of 

contaminants from septic tanks, cesspools, pit latrines and other onsite systems are widely 

used in the area for the storage of wastewater. The water percolating from the facilities 

contains bacteria‘s, viruses, and other pathogens parasitic in nature that may affect 
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groundwater in this area. A faecal coliforms count at different sampling points shows 

increasing contamination due to rising water table levels. This finding shows that water 

quality problems are particularly serious during the rainy season, when faecal contamination 

appears to be flushed into the groundwater system. 

 

5.2.17. Total coliforms (TC) 

The total coliforms counts measured for two consecutive months in dry season ( January and 

February) range from 5 CFU/100ml  to 257 CFU/100 ml in Figure 28 while in during wet 

season the TC counts measured it ranged from 10 CFU/100ml to 310 CFU/100ml). The mean 

TC count ranged from 67 ± 95 CFU/100ml in dry season to 115 ± 110 CFU/100ml in wet 

season Table 17 and Table 18. The highest value of TC were measured during wet season at 

Changombe (257 CFU/100 ml) while during the wet season high TC measured at 

Chang‘ombe (310 CFU/100ml), Kurasini (150 CFU/100ml), and Mbagalla Kuu (130 

CFU/100ml) Figure 28. The results from one way analysis of variances shows  statistically 

significantly differences of TC count among sites and between dry and wet season at 

significant level p < 0.05(f=20.447, p < 0.000. The Tukey Post hoc test  

 

  

Figure 28: Total coliforms counts sampling points in Temeke District  

 
indicated that the differences of the TC means were statistical significant differences 

observed between Tandika and Changómbe (p = 0.000), Mtoni and Changómbe (p = 0.000) 

Kurasini and Changómbe (p = 0.001), Keko and Changómbe (p = 0.000) and Mbagalla Kuu 

and Changómbe (p = 0.000) at significant level p < 0.05. The results from Pearson‘s 
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correlation shows that there are positive correlation between the TC and Turbidity r = +0.966, 

TC and Nitrate r = +0.969, TC and Total Phosphorus r = +0.986 and TC and manganese r 

=+0.910 and TC and FC r = +0.996 all at significant level p <0.01. All water samples 

analyzed from all sampling sites in both dry and wet season was above the recommended 

limit by TBS and WHO of 0 CFU/100ml for drinking water.The reason for elevated value of 

TC count in these sites is because of agricultural runoff to underground, effluent from septic 

systems or sewage discharges and infiltration of domestic or wild animal faecal matter. 

Drinking water contaminated with these organisms can cause stomach and intestinal illness 

including diarrhoea and nausea, and even lead to death. 

 

5.3.Relationship between landuse change and groundwater quality  

The investigative method to correlate between Temeke landuse map of 2014 and spatial 

distribution map for water quality analysed from January to April 2015 which also supported 

from the study by Pathak and Hiratsuka (2011), to use nitrate concentration values to verify 

their groundwater vulnerability map. Similar approach was followed in this study with the 

use spatial maps of electric conductivity, nitrate, and faecal coliforms to verify the accuracy 

of the groundwater vulnerability result. Overlaying spatial distribution of water quality maps 

with the classified landuse map of Temeke District shows very high relation, and similarities 

especially the ―negligible‖ and the ―high‖ vulnerability classes, in terms of population 

increase with built-up area and other economic set-ups like industries and commercial 

activities. The landuse pattern of Temeke District which has been monitored from 1989 to 

2014 using multispectral satellites imagery has changed drastically with an increase in the 

built-up area at the expense of other landuses as it shown in Figure 29. The analysis reveals a 

rapid deterioration of groundwater quality related mainly to the increase in built-up land with 

unsewered sanitation and urban agriculture. The use of NO3
-
, EC and faecal coliforms as 

pollution indicators is helpful to know the evolution and changes of groundwater quality in 

Figure 29 below. 
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(a) Landuse map 2014      (b)  Electric conductivity 

 

   
 (c) Nitrate     (d) Faecal coliforms            

 

Figure 29: Relationship between landuse change and groundwater quality in Temeke District 
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Table 17: Descriptive statistical results of water quality parameters during dry season 
 

SN Parameters Tandika Mtoni Kurasini Chang'ombe Keko Mbagala Kuu 
Maximum Minimum Mean 

1 pH 7.2 7.6 6.8 7.1 7.4 7.9 7.8 6.7 7.3 ±0.3 

2 Turbidity 0.54 1.15 1.46 104 1.4 1.57 104 0.54 18.35 ± 41.95 

3 EC 1193.5 614.5 956 1235.5 875.5 690 1235.5 614.5 927.50 ± 254.36 

4 TDS 688 360.5 502 572.5 505 370 688 360.5 499.67 ± 124.08 

5 Total Alkalinity 267.5 155 230 290 197.5 150 290 150 215 ± 57.85 

6 Total Hardness 267.5 185 242.5 272.5 207.5 195 272.5 185 228.33 ± 37.7 

7 Chloride 130 68 115 130 92.5 82.5 130 68 103 ± 25.91 

8 Sulphate 71.55 42.5 63.2 64.2 54 47.5 71.55 42.5 57.16 ± 11.05 

9 Nitrate 0.3 0.855 1.12 16 1.145 0.75 16 0.3 3.36 ± 6.19 

10 Total Phosphorus 0.16 0.235 0.27 0.68 0.225 0.25 0.68 0.16 0.30 ± 0.18 

11 Calcium 39.15 24.55 25.85 43.15 25.5 25.35 43.15 24.55 30.59 ± 8.28 

12 Potassium 24 14.5 16.1 28.1 25.4 16.6 28.1 14.5 20.78 ± 5.72 

13 Sodium 32 20 24 37.875 23.6 23 37.875 20 26.75 ± 6.75 

14 Magnesium 26.15 17.55 20.3 30.75 21.75 18.65 30.75 17.55 22.53 ± 5.02 

15 Iron 0.2 0.115 0.18 0.2 0.15 0.18 0.2 0.115 0.17 ± 0.03 

16 Manganese 0.075 0.04 0.07 0.11 0.04 0.065 0.11 0.04 0.07 ± 0.02 

17 Faecal Coliforms 0 11.5 25 100 0 20 100 0 26 ±37 

18 Total Coliforms 5 32.5 57.5 257.5 5 45 257.5 5 67±95 
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Table 18: Descriptive statistical results of water quality in Temeke District during wet season  
 

SN Parameters Tandika Mtoni Kurasini Chang'ombe Keko Mbagala Kuu 
Maximum Minimum Mean 

1 pH 7.3 7.9 7.2 7.5 8.1 7.1 8.0 7.1 7.5 ± 0.3 

2 Turbidity 2.2 2.8 0.65 33.8 3.2 0.92 33.8 0.65 7.26 ± 13.04 

3 EC 1635 1092 1340 520 894 950 1635 520 1071.83 ± 384.82 

4 TDS 880 560 780 270 450 510 880 270 575.00 ± 222.77 

5 Total_Alkalinity 280 200 260 210 230 250 280 200 238.33 ±30.6 

6 Total_Hardness 300 240 280 250 235 240 300 235 257.50 ± 26.41 

7 Chloride 150 92 130 70 90 110 150 70 107.00 ± 29.22 

8 Sulphate 86 66 82 35.6 62 62.3 86 35.6 65.65 ± 17.93 

9 Nitrate 0.52 1.05 2.65 20.3 1.86 1.55 20.3 0.52 4.66 ± 7.69 

10 Total_Phosphorus 0.24 0.32 0.38 1.9 0.36 0.4 1.9 0.24 0.60 ± 0.63 

11 Calcium 52.5 36.1 42.5 58.2 38.5 35.8 58.2 35.8 43.93 ± 9.33 

12 Potassium 30 27.5 25.3 30.4 25.4 21.3 30.4 21.3 26.65 ± 3.4 

13 Sodium 35.6 28.4 30.7 38.5 31.8 30.2 38.5 28.4 32.53 ± 3.77 

14 Magnesium 34 27.8 26.9 35 29.2 23.4 35 23.4 29.38 ± 4.41 

15 Iron 0.2 0.14 0.21 0.23 0.2 0.2 0.23 0.14 0.20 ± 0.03 

16 Manganese 0.1 0.07 0.1 0.06 0.03 0.09 0.1 0.03 0.08 ± 0.02 

17 Faecal_Coliforms 0 30 80 170 0 60 170 0 56 ± 64 

18 Total_Coliforms 10 70 150 310 20 130 310 10 115.00 ± 110 
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5.4.Groundwater Vulnerability Mapping 

5.4.1. Depth to water 

Depth of water is a crucial parameter for determining the depth of material through which a 

contaminant must travel before reaching the aquifer, and also it helps to determine the travel 

time within the surrounding media. According to water level map shown in Figure 30 of 

Temeke District, the red colour in east (Somangira) and North part (Vijibweni and Mbagala 

Kuu) the depth of water level was very high. But a greater chance for attenuation occur as the 

depth to water increases because deeper water levels imply longer travel times like in the 

other areas which has been shown by green colour in the southern and central part of the area 

where is dominated by high hills as seen in the topographical map Figure 30. In an 

unconfined aquifer that dominates the Temeke District, the water table represents the 

uppermost elevation where the openings in the soil or rock material are filled with water. The 

water table is free to rise and fall under atmospheric pressure, which become commonly 

susceptible to ground-water pollution (Aller et al., 1987b). For this data provided had 10 

sampling point, static piezometric heads had been taken as the average of the water table 

depth map from DDCA (2011-2013) boreholes log report, then digitized and converted to 

raster format in GIS software. The depth of the water table ranges from 2 to 49 meter below 

ground level. The ratings of depth to water table were 10 and weighting is 5 given in the 

Table 19. 

 

Table19: The DRASTIC rating and weighting of Depth to water table in Temeke District. 

SITE_NAME Latitude Longitude 
Depth to 

water (m) 
Range 

DRASTIC 

Rating 

DRASTIC 

Weight 
TOTAL 

Mbagalla 

Kibondemaji 

-6.898042 39.282505 32 32 1  5 

Tuangoma -6.977922 39.30846 49 49 1  5 

Kurasini -6.85124 39.287663 12 12 1 5 5 

Chamazi -6.899219 39.2354 21 21 1  5 

Mbagalla Kuu -6.871059 39.308298 2 2 10  50 

Yombo Vituka -6.855667 39.248545 28 28 1  5 

Somangila -6.991969 39.49627 5 5 5  25 

Pemba Mnazi -7.042189 39.432038 37 37 1  5 

Mtoni -6.873652 39.266119 14 14 1  5 

Keko -6.83801 39.276327 30 30 1  5 
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5.4.2. Net Recharge 

The primary source of ground water typically is precipitation, which infiltrates through the 

ground surface and percolates to the water table. Net recharge represents the amount of water 

per unit area of land, which penetrates the ground surface and reaches the water table. This 

recharge water is thus available to transport a contaminant vertically and horizontally to the 

water table within the aquifer. In addition, the quantity of water available for dispersion and 

dilution of the contaminant in the vadose zone and in the saturated zone is controlled by this 

parameter. The greater the recharge, the greater the potential for ground-water pollution 

(Aller et al., 1987b). In areas where the aquifer is unconfined, recharge to the aquifer usually 

occurs more readily and the pollution potential is generally greater than in areas with 

confined aquifers (Aller et al., 1987b). In the recharge map of Temeke District Figure 30 the 

average annual recharge computed using the evapotranspiration calculated respectively by 

Penman-Monteith (PM_PET), Hargreaves (HS_PET), Thornthwaite (TH_PET) and Hamon 

(HN_PET), gave the values of 166 mm/year, 174 mm/year, 198 mm/year and 199 mm/year 

respectively. The four methods gave a mean net recharge of 184 mm/year equivalent to 71.39 

x 10
6
 m

3
/year (Mtoni et al., 2012). The rating value lies in range of 1 and weighting is 4 in 

DRASTIC model Table 20. The data has been interpolated using the GIS interpolation 

technique, Moving Average in the ILWIS software as shown in the Figure 30 below.  

 

Table 20: The DRASTIC rating and weighting of Net Recharge in Temeke District. 
 

SITE NAME Latitude Longitude 

R = Net 

Recharge 

rate (mm/yr) 

Range 
DRASTIC 

Rating 

DRASTIC 

Weighting 
TOTAL 

Mbagalla 

Kibondemaji 

-6.898042 39.282505 184 184 1  4 

Tuangoma -6.977922 39.30846 184 184 1  4 

Kurasini -6.85124 39.287663 184 184 1  4 

Chamazi -6.899219 39.2354 184 184 1 4 4 

Mbagalla Kuu -6.871059 39.308298 184 184 1  4 

Yombo Vituka -6.855667 39.248545 184 184 1  4 

Somangila -6.991969 39.49627 184 184 1  4 

Pemba Mnazi -7.042189 39.432038 184 184 1  4 

Mtoni -6.873652 39.266119 184 184 1  4 

Keko -6.83801 39.276327 184 184 1  4 
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5.4.3. Aquifer Media 

Aquifer media refers to the consolidated or unconsolidated rock which serves as an aquifer 

(such as sand and gravel or limestone). An aquifer is defined as a subsurface rock unit which 

will yield sufficient quantities of water for use. Water is contained in aquifers within the pore 

spaces of granular and clastic rock and in the fractures and solution openings of non-clastic 

and non-granular rock (Aller et al., 1987b). The aquifer media control possible attenuation of 

the contaminant (Varol and Davraz, 2010; Varol and Davraz, 2014). As mentioned earlier, 

the movement of water horizontally and sometimes vertically in the aquifer media zone 

indicates, that the lengths of the waterway and pathway have important effects on 

contaminant time of travel. In the aquifer map of Temeke District in Figure 30 shows the 

eastern part (Somangira) and northern part (Kurasini) in blue and green dominated by coastal 

limestone rock unlike other areas represented by red colour dominated by alluvial sandy. It is 

consolidated limestone  

 

Table 21: The DRASTIC rating and weighting of Aquifer media in Temeke District. 
 

SITE 

NAME 
Latitude Longitude 

A=Aquifer 

Media 
Range 

DRASTI

C Rating 

DRASTIC 

Weighting 
TOTAL 

Mbagalla 

Kibondemaji 
-6.898042 39.282505 Alluvial sandy 

Alluvial 

sandy 
10 

 
30 

Tuangoma -6.977922 39.30846 
Alluvial sandy 

Fluvial deposits 

Alluvial 

sandy Fluvial 

deposits 

10 
 

30 

Kurasini -6.85124 39.287663 
Alluvial sandy, 

Limestone 

Alluvial 

sandy, 

Limestone 

9 
 

27 

Chamazi -6.899219 39.2354 Sandy clay Sandy clay 10 
 

30 

Mbagalla 

Kuu 
-6.871059 39.308298 Alluvial sandy 

Alluvial 

sandy 
10 3 30 

Yombo 

Vituka 
-6.855667 39.248545 Sandy clay Sandy clay 10 

 
30 

Somangila -6.991969 39.49627 Clay limestone 
Clay 

limestone 
9 

 
27 

Pemba 

Mnazi 
-7.042189 39.432038 Alluvial sandy 

Alluvial 

sandy 
10 

 
30 

Mtoni -6.873652 39.266119 Fluvial deposits 
Fluvial 

deposits 
10 

 
30 

Keko -6.83801 39.276327 Sandy clay Sandy clay 10 
 

30 

 

bedrock which has been dissolved to the point where large, open, interconnected cavities and 

fractures are present. Pollution potential is largely affected by the degree of fracturing and the 

amount of solution cavities in the limestone. Aquifer media fractures, grain size, openings 



Assessment of groundwater vulnerability due to urban settlements. A case study of Temeke District in Dar es 

Salaam City, Tanzania. 

 

Zakaria S.Chaki MSc IWRM 2014/2015 78 

decrease contaminant travel time which means less attenuation capacity. The route and path 

length, which a contaminant must follow, are governed by the flow system within the aquifer 

(Gupta, 2014b). The aquifer medium also influences the amount of effective surface area of 

materials in which the contaminant may come in contact within the aquifer. The map was 

prepared from the hydro-geological map from DDCA report and lithology of the area and the 

DRASTIC ratings were assigned based on their permeability. The rating and weighting of 

aquifer media in DRASTIC Model is 9-10 and weight of 3. The alluvial aquifers dominate 

the study area hence are the most vulnerable to contamination and hence it was assigned the 

rating of 10 as the permeability is very high as shown in Figure 30 and in Table 21. 

5.4.4. Soil Media 

Soil is the upper weathered zone of the earth, which averages a depth of six feet or less from 

the ground surface. It has significant impact on the movement of the amount of recharge 

water, which infiltrates deeper into the aquifer; hence, it also affects the downward 

movement of the contaminants into the vadose zone (Lee, 2003). The soil map of Temeke 

District represents the dominant sand soil type because of sea wave action and deposition 

processes Figure 30.  Sand is a size-based delineation of angular or rounded particles ranging 

in size from 1/16 mm to 2 mm. Sands are typically free of silts and clays and therefore have a  

 

Table 22: The DRASTIC rating and weighting of Soil media in Temeke District. 
 

SITE NAME Latitude Longitude 
S = Soil 

Type 
Range 

DRASTIC 

Rating 

DRASTIC 

Weighting 
TOTAL 

Mbagalla 

Kibondemaji 
-6.898042 39.282505 Sandy clay Sandy clay 3 

 
6 

Tuangoma -6.977922 39.30846 Sandy clay Sandy clay 3 
 

6 

Kurasini -6.85124 39.287663 Sandy clay Sandy clay 3 
 

6 

Chamazi -6.899219 39.2354 sandy sandy 3 
 

6 

Mbagalla Kuu -6.871059 39.308298 Sandy clay Sandy clay 3 2 6 

Yombo Vituka -6.855667 39.248545 Sandy clay Sandy clay 3 
 

6 

Somangila -6.991969 39.49627 clay clay 2 
 

4 

Pemba Mnazi -7.042189 39.432038 sandy sandy 3 
 

6 

Mtoni -6.873652 39.266119 sandy clay sandy clay 3 
 

6 

Keko -6.83801 39.276327 Sandy clay Sandy clay 3 
 

6 

 

higher  pollution potential. During infiltration process, contaminants are carried by recharge 

depending on the thickness and content of soil media, the process of attenuation occurs. The 
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presence of course-textured materials such as sand can increase relative soil permeability‘s 

and influence contaminant migration. Moreover, where the soil zone is fairly thick, the 

attenuation processes of filtration, biodegradation, sorption and volatilization may be quite 

significant (Aller et al., 1987b).  The DRASTIC rating was assigned to 3 (sand) with weight 

of 2 in Table 22. Soil does not vary too much in Temeke District; it is sandy soil with very 

low clay. The soil media is shown in the Figure 30. 

5.4.5. Topography  

Topography refers to slope of an area. Areas with gentle slope tend to retain water for longer 

period. This allows a greater infiltration or recharge of water and a greater potential for 

contaminant migration. In the topographical map in Figure 30, areas in western and central 

part of Temeke District dominated with hills and steep slopes, having large amounts of runoff 

and smaller amounts of infiltration thus making them less vulnerable to groundwater 

contamination. Other regions of eastern part, northern part and south- eastern part of study  

 

Table 23:¨The DRASTIC rating and weighting of Topography in Temeke District. 
 

SITE NAME Latitude Longitude 

T = 

Topography 

(m) 

Range % 
DRASTIC 

Rating 

DRASTIC 

Weighting 
TOTAL 

Mbagalla 

Kibondemaji 
-6.898042 39.282505 0-36 

0-5 

terraces/flooplain 
9 

 
9 

Tuangoma -6.977922 39.30846 80-130 45> upland 1 
 

1 

Kurasini -6.85124 39.287663 0-36 
0-5 

terraces/flooplain 
9 

 
9 

Chamazi -6.899219 39.2354 36-80 
15-45 moderate 

slopes 
1 

 
1 

Mbagalla 

Kuu 
-6.871059 39.308298 0-36 

0-5 

terraces/flooplain 
9 1 9 

Yombo 

Vituka 
-6.855667 39.248545 0-36 

0-5 

terraces/flooplain 
9 

 
9 

Somangila -6.991969 39.49627 0-36 
0-5 

terraces/flooplain 
9 

 
9 

Pemba Mnazi -7.042189 39.432038 36-80 
15-45 moderate 

slopes 
1 

 
1 

Mtoni -6.873652 39.266119 0-36 
0-5 

terraces/flooplain 
9 

 
9 

Keko -6.83801 39.276327 0-36 
0-5 

terraces/flooplain 
9 

 
9 

 

area have consistently low topography that is vulnerable as water can pool and infiltrate into 

the sub-surface in these areas. Slopes, which provide a greater opportunity for contaminants 
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to infiltrate, will be associated with higher ground-water pollution potential. For the map 

preparation SRTM data of the Temeke District was used to derive the DEM and then using 

3D analyst tool the slope of the area was derived, and the ratings as specified in the table 

were used to make the vulnerability map. In DRASTIC model, topography it has a rate of 1 

and 9 and weight of 1. The hilly terrain have steep slope and hence high runoff, therefore the 

time of contact of water is less and so is the time of infiltration (less vulnerable), however 

areas with the gentle slope withstand water for a longer period of time and hence allows more 

water to infiltrate (more vulnerable). 

5.4.6. Impact of the Vadose Zone 

The vadose zone could be explained as the unsaturated or the partially saturated zone 

between the soil layer and groundwater. This factor affects the flow rate at the surface, and 

consequently affects biodegradation and attenuation (Baalousha, 2006; Baalousha, 2011). 

Furthermore, this zone controls the path of contaminant particles to the aquifer system  

(Chitsazan and Akhtari, 2009). The media controls the attenuation process due to geological 

characteristics. Biodegradation, neutralization, mechanical filtration, chemical reaction, 

volatilization and dispersion are all processes which may occur within the vadose zone (Aller 

et al., 1987b). The aquifer of Temeke District as shown in the DRASTIC rating aquifer map 

in Figure 30 is alluvial aquifer (unconfined) hence the travel time of the contaminants directly  

 

Table 24: The DRASTIC rating and weighting of Impact of Vadose zone in Temeke District. 
 

SITE 

NAME 
Latitude Longitude 

I = Impact of 

Vadose zone 
Range 

DRASTIC 

Rating 

DRASTIC 

Weighting 
TOTAL 

Mbagalla 

Kibondemaji 
-6.898042 39.282505 sandy clay sandy clay 6 

 
30 

Tuangoma -6.977922 39.30846 sandy clay sandy clay 6 
 

30 

Kurasini -6.85124 39.287663 sandy clay sandy clay 6 
 

30 

Chamazi -6.899219 39.2354 sandy sandy 6 
 

30 

Mbagalla 

Kuu 
-6.871059 39.308298 sandy clay sandy clay 6 

 
30 

Yombo 

Vituka 
-6.855667 39.248545 sandy clay sandy clay 6 5 30 

Somangila -6.991969 39.49627 clay clay 1 
 

5 

Pemba Mnazi -7.042189 39.432038 sandy sandy 6 
 

30 

Mtoni -6.873652 39.266119 sandy clay sandy clay 6 
 

30 

Keko -6.83801 39.276327 sandy clay sandy clay 6 
 

30 
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related with permeability. The study area is characterized by sandy soil, which is highly 

permeable. Higher permeability implies the free movement of the contaminants and this 

make the region vulnerable,  geological map and the permeability which are given in Table 

24 are used for assigning the DRASTIC Index rating from 10 to 1 according to their 

properties. 

5.4.7. Hydraulic Conductivity 

Hydraulic conductivity described in terms of aquifer material and its ability to transmit water 

for a given hydraulic gradient (Ta‘any et al., 2013). Hydraulic conductivity is controlled by 

the amount and interconnection of void spaces within the aquifer that may occur as a 

consequence of inter-granular porosity, fracturing and/or bedding planes. Contamination is 

controlled by the rate at which groundwater flows. With a higher hydraulic conductivity 

values, this means a greater potential for pollution (Ta‘any et al., 2013). The rate of carried 

contaminant is directly proportional to the flow rate of groundwater. Hydraulic conductivity 

of the DSM alluvial aquifer of Temeke District varies between 1.25E+01 and 7.50E-01 m/d 

(MoW and JICA, 2013). The ratings and weight Table 13 have been given to conductivity 1 

and 3 respectively according to DRASTIC value of its influence to contaminants as it shown 

in Table 24 and Figure 30. The hydraulic conductivity values for Temeke District from 

transmissivity from pumping test were obtained from the DDCA groundwater exploration 

study, 2011-2013 and (MoW and JICA, 2013) report.  

 

Table 25: The DRASTIC rating and weighting of Hydraulic conductivity in Temeke District. 
 

SITE NAME Latitude Longitude 

C = 

Hydraulic 

Conductivity 

(m/day) 

Range 
DRASTIC 

Rating 

DRASTIC 

Weighting 
TOTAL 

Mbagalla 

Kibondemaji 
-6.898042 39.282505 2.30E-01 2.30E-01 1 

 
3 

Tuangoma -6.977922 39.30846 2.90E-01 2.90E-01 1 
 

3 

Kurasini -6.85124 39.287663 1.25E+01 1.25E+01 1 
 

3 

Chamazi -6.899219 39.2354 6.73E+00 6.73E+00 1 3 3 

Mbagalla Kuu -6.871059 39.308298 1.85E+00 1.85E+00 1 
 

3 

Yombo Vituka -6.855667 39.248545 6.60E-03 6.60E-03 1 
 

3 

Somangila -6.991969 39.49627 4.53E+01 4.53E+01 1 
 

3 

Pemba Mnazi -7.042189 39.432038 2.90E-01 2.90E-01 1 
 

3 

Mtoni -6.873652 39.266119 5.20E-01 5.20E-01 1 
 

3 

Keko -6.83801 39.276327 7.50E-01 7.50E-01 1 
 

3 
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An aquifer with high conductivity is vulnerable to substantial contamination as a plume of 

contamination can move easily through the aquifer. This is different from an aquifer media as 

an aquifer with an impermeable media can still conduct water in the presence of fractures 

(Fritch et al., 2000).  

 

    
D = Depth of water     R =    Net recharge 

 

  
A = Aquifer media       S = Soil media 

 

Figure 30(a): The map layers showing seven DRASTIC parameters of Temeke District. 
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T = Topography      I = Impact of vadose zone 

 

 

    C = Hydraulic conductivity 

Figure 31 (b): The map layers showing seven DRASTIC parameters of Temeke District. 

 

5.4.8. DRASTIC Vulnerability Index (DVI) 

The DRASTIC Vulnerability Index  map of aquifer using hydrogeological parameters which 

illustrated in Figure 30 and Table 26 shows (92.5 - 96.2 and 96.2 – 99.9) comprising about 

16% (111.89 km
2
) of the total area has high to extreme vulnerability to contamination (shades 

of red) in the northern part of Temeke District. This is due to the high permeability of the 

aquifer and the vadose zone, high recharge and high hydraulic conductivity. This results in a 

low capacity to attenuate the contaminants. Class III (88.5 – 92.5) in central part 

characterized by moderate vulnerability of about 26% (192.41 km
2
 shades of green) of the 

total area. The class II (85.1 – 88.8) southern part has a low vulnerability of 30% (220.08 

km
2
), while the remaining class I (81.4 – 85.1) which covers about 28% (204.31 km

2
) of total 

area has very low vulnerability. With respect to aquifer vulnerability to pollution, the high 
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risk situation occurs close to lowlands and area at the bays and river mouth of Msimbazi 

River along the coastal strip inland, mash and swampy areas. The low vulnerable in Southern 

part of Temeke District may be under high contamination risk due to the new encroachment 

of land where population expand in the southward direction from the city centre and also the 

threat of movement of some contaminants and level of depth to water level which is very 

high. 

 
Figure 32: Map showing the DRASTIC Vulnerability Index in Temeke District. 

 

 
Table 26: The DRASTIC Vulnerability Class Index of Temeke District 

 

Class category Description Actual area in km
2
 Area in % 

81.4-85.1 Negligible 214.31 29 

85.1-88.8 Low 320.08 44 

88.8-92.5 Moderate 92.41 13 

92.5-96.2 High 61.31 8 

96.2-99.9 Very high 40.58 6 

Total area 738 100 
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5.4.9. Groundwater Hazard/Risk map 

The DRASTIC Index estimates the vulnerability of any setting to pollution on the basis of 

determinable geologic and hydrologic parameters but it does not, however, indicate a variety 

of other parameters under the influence of cultural and physical modifications. The proximity 

to a population can expose greatly increases the risk, or impact, at the incidence of pollution 

at the prospective site or area and noted that not only the size of the population exposed, but 

also the time required for the pollutant to travel from the point of incidence to the population 

at risk (Aller et al., 1987a). In the same way, the risk to a given population depends on the 

toxicity of the pollutant being introduced and the degree of exposure of the population to the 

pollutant (Aller et al., 1987a). When the pollutant is quite toxic, it is obvious that the minimal 

exposure of the population may be very serious, even where travel time as controlled by 

gradient, distance, and hydraulic conductivity is great.The groundwater risk/hazard map 

created for Temeke District based on the DVI Figure 30 it incorporates landuse classification 

map, which caters for the impact of different pollution load as recommended by (Lynch et al., 

1994). It was created in raster format in GIS with spatial resolution of 30 x 30 metres by 

multiplying the different parameters with their weights and adding them as together. High 

vulnerability zone, means the area is vulnerable to many pollutants (except those strongly 

absorbed or readily transformed) in many pollution scenarios. Extreme high vulnerability imply the 

area vulnerable to most water pollutants with rapid impact in many pollution scenarios and material 

above the water table or aquifer provides the least natural protection from surface contamination. 

These areas are typically unconfined sand and gravel aquifers, which have a low depth to water (or 

high water table) and high permeability. 

 

The results from hazard map shown in Figure 31 indicates that the proportional area of about 

11.43% and 22.8% with total of 34.23% in the north west of Temeke District is under high to 

extreme high risk to groundwater pollution. Almost these critical lands belong to those areas 

where their indicators describing state of hazard due to high population density with high use 

of onsite sanitary facilities like pit latrines, septic tank and improper and uncontrolled 

dumping of solid waste. The remedial measures should be taken by selecting the priority 

areas. Areas under severe hazard or extreme high (indicated in the hazard map) will be the 

areas requiring immediate remedies. Low vulnerability, the area is only vulnerable to conservative 

pollutants in the long term when continuously and widely discharged or leaching from dumpsites. 

Provides the highest degree of natural protection but does not imply "no vulnerability". These areas 

simply offer the more natural protection relative to the other areas. Moderate means vulnerable to 
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some pollutants but only when continuously discharged or leached from sewer or landfills. Provide 

limited natural protection from surface contamination. Also to unconfined sand and gravel aquifers 

which may have deeper water tables or some fine grained sediment (e.g. silts and clays) above them. 

According to land use activities from land use classification map Figure 9 (d) it can be clearly 

noted that most areas under low population density with few new residential houses and less 

urban agriculture practises/ farming density in relation to this risk map Figure 31 is central  

 

Figure 33: The groundwater risk map of Temeke District  

 

Table 27: The groundwater risk areas of Temeke District showing the extent of severity to 

pollution 

Risk/hazard Class of 

severity 
No. of pixel (30m x 30m) 

Actual area in 

km
2
 

Area in % Description 

85.8 - 709.7 414441 373.54 50.58 Negligible/Low 

709.7-1333.6 124253 111.99 15.16 Moderate 

1333.6-1957.6 93664 84.42 11.43 High 
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1957.6-2581.5 186989 168.54 22.82 Extreme high 

TOTAL 819347 738.49 100 
 

 

and southern part of Temeke District have moderate to low vulnerability which account for 

about 15.16% and 50.58% of the total area of Temeke. Unlike those area which are under 

high population density, industrial areas and commercial areas, and  agriculture cultivation in 

the northern part like Changómbe, Tandika, Yombo, Makangarawe, Temeke, Mtoni, 

Mbagalla, Keko and Kurasini wards are of high to extreme vulnerability. The central parts of 

the Temeke the area have the low to moderate vulnerability as it has shown on Table 27 and 

Figures 32. Most of studies done so far in Temeke District (Napacho and Manyele, 2010b; 

Hossein, 2014; Mkude, 2015; Mato, 2002b) have based their assessment on present state of 

groundwater quality. The groundwater resources quality and  degradation maps or 

information alone based on the present state of hazard derived from trend of water table 

fluctuations in a period of years are inadequate to show those areas which are more 

vulnerable to the hazard. It requires a combination of all causes of risks like different human 

activities, natural cause like sea level rise and hydrogeological nature and characteristics of 

the area which it can now showing almost exactly current state of groundwater risk to  

 
 

Figure 34: The extent of area representing groundwater risk to pollution in Temeke District 

 

pollution. This kind of classification using different indicators which some of them have not 

been used in other literatures for such study area is the first attempt of its kind for defining 

areas with higher risk of compromising its quality. The GIS analysis not only facilitated the 
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model those development but also allowed the evaluation of spatial correlation and hazard 

map production. 

5.4.10. Validation of Groundwater Risk Map and Spatial Variation of Water Quality  

The validation of the DRASTIC Vulnerability Index and Groundwater Risk method results 

was performed using measured electric conductivity, nitrate, iron and faecal coliforms 

concentration values in groundwater. The selection of these parameters was based on the fact 

that the area is contaminated by microbiological contamination due to high population 

density with high use of onsite sanitation mainly pit latrines, nitrates, as a result of high 

application rates of nitrogenous fertilizers and untreated effluents from industries and 

commercial activities in the area. Since both DRASTIC Vulnerability Index (DVI) and 

Groundwater Risk Methods (GRM) assume that contaminants are mobile and water soluble, 

nitrate, faecal coliforms, iron and electric conductivity satisfies these assumptions. The values 

of water parameter concentrations used in the present study to validate results have been 

obtained from 6 sampling locations and analysed in onsite and others in the laboratory .The 

actual concentration of nitrates in the groundwater of the study area was provided in Table 17 

and Table 18. 

Validation of the groundwater vulnerability, spatial water quality map of  nitrate, , 

conductivity and iron concentrations measured in the same study area in the same period of 

study was interpolated to DVI and GRM indices which shows a good positive correlation 

with actual concentration values for most of the study area. Areas with very high 

vulnerability show also elevated actual nitrate, faecal and EC concentrations above the 

permissible limit of TBS and WHO standard for drinking water. This indicates that both 

method characterized by quite good accuracy. However, in order to obtain a better validation 

of the DRASTIC risk mapping, data from additional sites (e.g. monitoring wells), if available, 

need to be obtained and analysed. A general increase in the concentration of the selected 

parameters (conductivity, nitrate, iron and faecal coliforms) is observed in almost all the sites 

indicating a general increase in contaminants in the aquifer system of the study area.  

However, analysing the patterns of contamination in individual sites reveals the influence of 

proximal land use changes. This is possibly the direct effect of unsewered sanitation in the 

rapidly expanding settlement of Temeke District. The study also demonstrates the efficiency 

of GIS in assessing groundwater quality. Similar, GIS-based assessment techniques can be 

used for the characterization of groundwater contamination preferably in large catchments.  
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Figure 35: Validation of Groundwater risk/hazard due to urbanization in Temeke District  
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATION 

6.1.Conclusion 

From this study, it has concluded that; 

 

i. The landuse and land cover changes of the Temeke District for over 25 years ago 

showed significant expansion of built up area for about 62% of the total area which 

resulted in the  encroachment of open and vegetative land being reduced up to 13% 

and 18% respectively  

 

ii. Significant correlations between measured concentration of groundwater parameters 

reaching the water table (nitrate, manganese, and faecal coliforms) and landuse map, 

based on groundwater vulnerability provide real evidence that anthropogenic 

activities posed high risk on groundwater in Temeke District. 

 

iii. Most physico-chemical parameters show a significant increase in concentration in the 

wet season than dry season from pollution sources mainly due to dilution process by 

rainfall which cause flush flood from storm water and wastewater runoff.  

 

iv.  Results from DRASTIC Model revealed that about 49.39% of the total area in 

Temeke District found to lie between moderate to extreme high risk of groundwater 

pollution, where by the northern part shown to be in extreme vulnerability due to 

population concentration.  

6.2.Recommendations 

 

i. The effective pollution management and modern landuse planning in the Temeke 

District and Dar es Salaam in general is needed due to the increase and expansion of 

urban development‘s especially settlements and industries, and mixed agricultural 

practices that affect groundwater sources. This will be the basic approach for water 

resources management plan and decision especially groundwater quality control and 

protection.  
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ii. Regular groundwater quality monitoring from water supply points should be given 

high priority as it gives an early warning of any contaminant event likely to occur in 

relation to the landuse activities. 

 

iii. The DRASTIC model should be applied as an environmental management screening 

tool for any type of aquifer that is threatened by natural or anthropogenic activities 

based on various types of pollutants and their characteristics into the aquifer. 

 

iv.  Further study using a DRASTIC method can be applied to assess and redesign the 

groundwater quality monitoring and to see whether a particular area is more or less 

vulnerable to groundwater pollution. 
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APPENDICES 

Appendix 1: Groundwater quality analysis in Temeke District in dry and wet season from the period January to April 2015 
 

University of Dar es Salaam; College of Engineering and Technology; Department of Water Resources Engineering-Water Resources Laboratory 

19
th

 January 2015; 26
th

 February 2015; 31
st
 March - 01

st
 April 2015 

    
Period 

BH1 BH2 BH3 SW BH5 BH6 
Range   

  

Parameters Unit  Tandika Mtoni Kurasini Chang'ombe Keko Mbagala 

Kuu 
Maximum Minimum Mean Tanzanian 

Standards 

pH - 
Dry season 7.15 7.63 6.78 7.14 7.35 7.85 7.85 6.78 7.32 

6.5-8.5 
Wet season 7.33 7.92 7.2 7.46 8.07 7.13 8.07 7.13 7.52 

Turbidity NTU 
Dry season 0.54 1.15 1.46 104 1.4 1.57 104 0.54 18.35 

5 
Wet season 2.2 2.8 0.65 33.8 3.2 0.92 33.8 0.65 7.26 

E/Conductivi

ty 
µS/Cm 

Dry season 1193.5 614.5 956 1235.5 875.5 690 1235.5   927.50 
2000 

Wet season 1635 1092 1340 520 894 950 1635 520 1071.83 

TDS mg/L 
Dry season 688 360.5 502 572.5 505 370 688 360.5 499.67 

2000 
Wet season 880 560 780 270 450 510 880 270 575.00 

T/Alkalinity mg/L 
Dry season 267.5 155 230 290 197.5 150 290 150 215.00 

n.m 
Wet season 280 200 260 210 230 250 280 200 238.33 

Total 

Hardness 
mg/L 

Dry season 267.5 185 242.5 272.5 207.5 195 272.5 185 228.33 
600 

Wet season 300 240 280 250 235 240 300 235 257.50 

Chloride mg/L 
Dry season 130 68 115 130 92.5 82.5 130 68 103.00 

200-800 
Wet season 150 92 130 70 90 110 150 70 107.00 

Sulphate mg/L 
Dry season 71.55 42.5 63.2 64.2 54 47.5 71.55 42.5 57.16 

250-600 
Wet season 86 66 82 35.6 62 62.3 86 35.6 65.65 

Nitrate mg/L 
Dry season 0.3 0.855 1.12 16 1.145 0.75 16 0.3 3.36 

10-75 
Wet season 0.52 1.05 2.65 20.3 1.86 1.55 20.3 0.52 4.66 

T/Phosphoru

s 
mg/L 

Dry season 0.16 0.235 0.27 0.68 0.225 0.25 0.68 0.16 0.30 
n.m 

Wet season 0.24 0.32 0.38 1.9 0.36 0.4 1.9 0.24 0.60 
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Calcium mg/L 
Dry season 39.15 24.55 25.85 43.15 25.5 25.35 43.15 24.55 30.59 

200 
Wet season 52.5 36.1 42.5 58.2 38.5 35.8 58.2 35.8 43.93 

Potassium mg/L 
Dry season 24 14.5 16.1 28.1 25.4 16.6 28.1 14.5 20.78 

200 
Wet season 30 27.5 25.3 30.4 25.4 21.3 30.4 21.3 26.65 

Sodium mg/L 
Dry season 32 20 24 37.875 23.6 23 37.875 20 26.75 

250 
Wet season 35.6 28.4 30.7 38.5 31.8 30.2 38.5 28.4 32.53 

Magnesium mg/L 
Dry season 26.15 17.55 20.3 30.75 21.75 18.65 30.75 17.55 22.53 

150 
Wet season 34 27.8 26.9 35 29.2 23.4 35 23.4 29.38 

Iron mg/L 
Dry season 0.2 0.115 0.18 0.2 0.15 0.18 0.2 0.115 0.17 

0.3 
Wet season 0.2 0.14 0.21 0.23 0.2 0.2 0.23 0.14 0.20 

Manganese mg/L 
Dry season 0.075 0.04 0.07 0.11 0.04 0.065 0.11 0.04 0.07 

0.1 
Wet season 0.1 0.07 0.1 0.06 0.03 0.09 0.1 0.03 0.08 

Faecal 

Coliform 
CFU/ 

100ml 

Dry season 0 11.5 25 100 0 20 100 0 26.08 
NIL 

Wet season 0 30 80 170 0 60 170 0 56.67 

Total 

Coliform 
CFU/ 

100ml 

Dry season 5 32.5 57.5 257.5 5 45 257.5 5 67.08 
NIL 

Wet season 10 70 150 310 20 130 310 10 115.00 
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Appendix 2: Groundwater Quality Laboratory Analysis of the selected boreholes and well in January 2015 (dry season) at Temeke District, Dar es Salaam. 

University of Dar es Salaam, College of Engineering and Technology 

Department of Water Resources Engineering-Water Resources Laboratory 19
th

 January 2015 

Parameters Units BH1 BH2 BH3 SW (shallow well) BH5 BH6 Average TZ STDS 

  
Tandika Mtoni Kurasini Chang'ombe Keko Mbagala Kuu 

  
pH - 7.2 7.68 6.83 7.09 7.25 7.8 7.31 6.5-8.5 

Turbidity FTU 0.57 1.1 1.56 104 1.25 1.42 18.32 5--25 

E/Conductivity µS/Cm 1134 517 956 1273 848 660 898.00 2000 

TDS mg/L 680 310 570 640 430 350 496.67 2000 

T/Alkalinity mg/L 265 170 250 280 195 180 223.33 n.m 

T/Hardness mg/L 260 180 235 300 210 190 229.17 600 

Chloride mg/L 135 66 120 140 92 75 104.67 200-800 

Sulphate mg/L 72.6 40 64.8 69.2 52.5 48 57.85 250-600 

Nitrate mg/L 0.35 0.81 1.04 15 1.02 0.85 3.18 10-75 

T/Phosphorus mg/L 0.14 0.2 0.25 0.64 0.2 0.22 0.28 n.m 

Calcium mg/L 38.2 22.5 25.8 45.4 26.2 24.5 30.43 200 

Potassium mg/L 25 14.2 16.5 26.2 25 16 20.48 200 

Sodium mg/L 33 19.5 24 38 24.8 20.5 26.63 250 

Magnesium mg/L 25.3 16.8 20.5 30.4 21.6 19.2 22.30 150 

Iron mg/L 0.2 0.12 0.18 0.2 0.15 0.17 0.17 0.3 

Manganese mg/L 0.08 0.03 0.06 0.1 0.04 0.06 0.06 0.1 

Faecal Coliform CFU/ 100ml NIL 10 20 110 NIL NIL 46.67 NIL 

Total Coliform CFU/ 100ml NIL 35 45 260 NIL NIL 113.33 NIL 
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Appendix 3: Groundwater Quality Laboratory Analysis of the selected boreholes and well in February 2015 (dry season) at Temeke District, Dar es Salaam. 

University of Dar es Salaam, College of Engineering and Technology 

Department of Water Resources Engineering-Water Resources Laboratory 26
th

 February, 2015 

 
Units BH1 BH2 BH3 S-W BH5 BH6  

Parameters 
 

Tandika Mtoni Kurasini Cahangómbe Keko Mbagala Kuu Average Tanzanian Standards 

pH - 7.1 7.58 6.73 7.19 7.45 7.9 7.325 6.5-8.5 

Turbidity FTU 0.51 1.2 1.36 104 1.55 1.72 18.39 25-May 

E/Conductivity µS/Cm 1253 712 956 1198 903 720 957 2000 

TDS mg/L 696 411 434 505 580 390 502.667 2000 

T/Alkalinity mg/L 270 140 210 300 200 120 206.667 n.m 

T/Hardness mg/L 275 190 250 245 205 200 227.5 600 

Chloride mg/L 125 70 110 120 93 90 101.333 200-800 

Sulphate mg/L 70.5 45 61.6 59.2 55.5 47 56.4667 250-600 

Nitrate mg/L 0.25 0.9 1.2 17 1.27 0.65 3.545 10-75 

T/Phosphorus mg/L 0.18 0.27 0.29 0.72 0.25 0.28 0.33167 n.m 

Calcium mg/L 40.1 26.6 25.9 40.9 24.8 26.2 30.75 200 

Potassium mg/L 23 14.8 15.7 30 25.8 17.2 21.0833 200 

Sodium mg/L 31 20.5 24 37.75 22.4 25.5 26.8583 250 

Magnesium mg/L 27 18.3 20.1 31.1 21.9 18.1 22.75 150 

Iron mg/L 0.2 0.11 0.18 0.2 0.15 0.19 0.17167 0.3 

Manganese mg/L 0.07 0.05 0.08 0.12 0.04 0.07 0.07167 0.1 

Faecal Coliform CFU/ 100ml NIL 13 30 90 NIL 20 38.25 NIL 

Total Coliform CFU/ 100ml 5 30 70 255 5 45 68.3333 NIL 
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Appendix 4: Groundwater Quality Laboratory Analysis of the selected boreholes and well during wet season at Temeke District , Dar es Salaam. 

University of Dar es Salaam, College of Engineering and Technology 

Department of Water Resources Engineering-Water Resources Laboratory 31
st
 March and  01

st
 April 2015 

Parameters Units BH1 BH2 BH3 S-W BH5 BH6  

  
Tandika Mtoni Kurasini Changómbe Keko Mbagala Kuu Average TZ STDS 

pH - 7.33 7.92 7.2 7.46 8.07 7.13 7.52 6.5-8.5 

Turbidity FTU 2.2 2.8 0.65 33.8 3.2 0.92 7.26 30 

E/Conductivity µS/Cm 1635 1092 1340 520 894 950 1071.83 2000 

TDS mg/L 880 560 780 270 450 510 575.00 2000 

T/Alkalinity mg/L 280 200 260 210 230 250 238.33 n.m 

T/Hardness mg/L 300 240 280 250 235 240 257.50 600 

Chloride mg/L 150 92 130 70 90 110 107.00 250 

Sulphate mg/L 86 66 82 35.6 62 62.3 65.65 400 

Nitrate mg/L 0.52 1.05 2.65 20.3 1.86 1.55 4.66 30 

T/Phosphorus mg/L 0.24 0.32 0.38 1.9 0.36 0.4 0.60 n.m 

Calcium mg/L 52.5 36.1 42.5 58.2 38.5 35.8 43.93 200 

Potassium mg/L 30 27.5 25.3 30.4 25.4 21.3 26.65 200 

Sodium mg/L 35.6 28.4 30.7 38.5 31.8 30.2 32.53 250 

Magnesium mg/L 34 27.8 26.9 35 29.2 23.4 29.38 150 

Iron mg/L 0.2 0.14 0.21 0.23 0.2 0.2 0.20 0.3 

Manganese mg/L 0.1 0.07 0.1 0.06 0.03 0.09 0.08 0.1 

Faecal Coliform CFU/100ml Nil 30 80 170 Nil 60 85.00 Nil 

Total Coliform CFU/100ml 10 70 150 310 20 130 115.00 Nil 
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Appendix 5: Analytical description of physico-chemical & microbiological parameters for groundwater 

quality samples test 
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Programme Master of Science in Integrated Water Resources Management 

Institutions: 
University of Zimbabwe, Department Civil Engineering, MP 167.Mt Pleasant, 

Harare, Zimbabwe 

Research topic: 
Assessment of Groundwater Vulnerability to pollution due to increase of  

informal settlements in Temeke District, Dar es Salaam, Tanzania 

Number of Samples 

analysed 

18 samples 

 

No. Of WQ Parameters 18 parameters 

Samples frequency Three 

Sampling areas/ point. Keko, Chang‘ombe, Tandika, Mtoni, Mbagala and Kurasini 

Sampling Date: 19
th

 January 2015; 26
th

 February 2015; 31
st
 March-01

st
 April 2015 

Laboratory  : 

 

Water Resources Laboratory, College of Engineering & Technology, University 

of Dar es Salaam. 

Laboratory Supervisor: 

Co-supervisor: 

Mr. Pallangyo 

Mr. Ulomi 

 

WATER QUALITY PARAMETERS 

Physical parameters 
Chemicals & Nutrients 

parameters 

Microbiological 

Parameters 
Heavy Metal 

pH Total alkalinity Faecal coliforms (E.colli) Iron 

Electric Conductivity 

(EC) 
Total Hardness Total Coliforms Manganese 

Turbidity Chloride 

 
 

Sulphates 

Total Dissolved Solids(TDS) 

Potassium 

Calcium 

Sodium 

Nitrates 

Total Phosphorus 

Magnesium 
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Appendix 6: Guideline on Water Quality Monitoring: The required number of tests for 

physiochemical parameters (EWURA; 2009). 
 

Number of samples 

per year per 

parameter* 

Groundwater production per year Surface water production per year 

<240,000 m
3 

>240,000 m
3 

<240,000 m
3 

>240,000 m
3 

Turbidity, pH, 

Colour 

4 6 12 12+1 for each 

additional 60,000 

m
3
above 240,000 

m
3 

Others** Every 2 years***     1 2 4 

     

* The required number of tests per parameter applies to both the network and each source  

**Others refer to parameters as specified in EWURA guideline on water quality monitoring  

***More frequent sampling might be required where there is known or suspected contamination e.g. from 

industry, agriculture or human settlements.  

 

 

Appendix 7: Pictorial showing the groundwater sample collection in Temeke District 

and laboratory testing of physic-chemical and microbiological parameters 
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Appendix 8: Pictorial of sanitation status poor waste disposal in some part of  Temeke District. 

 

 
 

 

 

Appendix 9: The permissible standards for drinking water quality parameters in 

Tanzania 
Tanzania Water Quality Standards 

Tanzania Standard TZS 789:2008 

Released May 2009 

Microbiological quality standards for drinking water in Tanzania 

Class of Piped Water/ 

Type of test count 

Coliform count per 100 ml at 37 

o
C  

E. Coli (fecal coliform) 

count per 100 ml at 44 
o
C 

Excellent 0 0 

Satisfactory 1 – 3 0 

Suspicious 4 – 10 0 

Unsatisfactory More than 10 1 or more 

Chemical and Physical Limits for Drinking Water Sources in Tanzania 

No. Name of Constituent Symbol Units Limits 

 Toxic    

1 Lead Pb mg/L 0.01 

2 Arsenic As mg/L 0.05 

3 Selenium Se mg/L 0.05 

4 Chromium Cr mg/L 0.05 

5 Cyanide Cn mg/L 0.20 

6 Cadmium Cd mg/L 0.05 

7 Barium Ba mg/L 1.00 

8 Mercury Hg mg/L 0.001 

9 Silver Ag mg/L Not mentioned 
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Affecting Human Health  

1 Fluoride F mg/L 1.5 - 4.0 

2 Nitrate NO3 mg/L 10 - 75 

 Organoleptic    

1 Color  mg/L 15 - 50 

2 Turbidity  mg/L 5 - 25 

3 Taste  - Not objectionable 

4 Odor  - Not objectionable 

 Salinity and Hardness    

5 pH   6.5 – 9.2 

6 Total Filterable Residue  mg/L 500 - 2000 

7 Total Hardness CaCO3 mg/L 500 - 600 

8 Calcium Ca mg/L 75 - 300 

9 Magnesium Mg mg/L 50 - 100 

10 Magnesium + Sodium sulphate Mg-Na2 mg/L 500 - 1000 

11 Sulphate SO4 mg/L 200 - 600 

12 Chloride Cl mg/L 200 - 800 

 Less-toxic Metals    

13 Iron Fe mg/L 1.0 

14 Manganese Mn mg/L 0.5 

15 Copper Cu mg/L 3.0 

16 Zinc Zn mg/L 15.0 

 Organic Pollution of Natural 

Origin 

   

17 BODs( 5 days) O2 mg/L 6.0 

18 PV (Oxygen abs. KMnO4) O2 mg/L 20 

19 Ammonium NH3 mg/L 2.0 

20 Total Nitrogen Exclusive 

Nitrate 

 mg/L 1.0 

 Organic Pollution Introduced 

Artificially  

   

21 Surfactants ABS 

(Alkyl Benxyl Sulphonates) 

 mg/L 2.0 

22 Organic matter as carbon in 

chloroform extract) 

 mg/L 0.5 

23 Phenolic substances as phenol  mg/L 0.002 

 Radioactive Materials    

24 Gross alpha activity  Bq/l 0.1 

25 Gross beta activity  Bq/l 0.1 
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