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[bookmark: _Toc402777817]ABSTRACT
This study investigated the quality of domestic water obtained from the boreholes and water trucks used in Kimara, Mbezi and Mwananyamala wards in Kinondoni District, Dar es Salaam. Objectives were: (i) to determine levels of fecal and total coliform bacteria in domestic water supplied from private wells (boreholes) and water trucks, and compare these with the Tanzania Drinking Water Standards of 2008; (ii) to assess  the physical quality of  domestic water  using pH, turbidity, electrical conductivity (EC) and total dissolved solids (TDS) and compare these to the Tanzania Drinking Water Standards of 2008; (iii) to analyze the chemical quality of the domestic water using total hardness and Chloride   and compare these to the Tanzania Drinking Water Standards of 2008. Water samples were taken from deep boreholes (60-116m) and water trucks following procedures described in WHO (1985) Guidelines for Drinking Water Quality. Samples were taken to the laboratory and analyzed. Studied parameters were fecal coliform, total coliform, electrical conductivity, total dissolved solids, pH, turbidity, chloride and total hardness. The first two were determined by the methods described in APHA (1985) and the rest by methods described in Thermo Scientific (2008). Results indicated that most of the water samples from boreholes and water trucks were contaminated with bacteria. The mean fecal coliform was 44.58 counts per 100 ml in boreholes and 138.88 in water trucks. These values are higher than the value zero of TBS specifications for Tanzania Drinking Water Standard of 2008. The total dissolved solids in water from the boreholes were lower (128 mg/l) than the 2000 mg/l set by Tanzania Drinking Water Standard of 2008.   Seven out of 12 samples of water from boreholes were hard (640-1200 mg/l) compared to less than 600 mg of Tanzania Drinking Water Standard. Total dissolved solids, chloride and total hardness of water from trucks met the standards of Tanzania. Based on obtained results it is recommended that the water from boreholes and water truck vendors should be boiled first or treated by users in order to kill fecal bacteria before drinking.
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[bookmark: _Toc402777822]1.0   INTRODUCTION
 Dar es Salaam city is the main economic hub of Tanzania with links to landlocked states of Burundi, Democratic Republic of Congo, Malawi, Rwanda, Uganda and Zambia. The city area is 1,393 km2 and has a population of 4,364,541 (NBS, 2013). Dar es Salaam is Tanzania’s largest city with the rapid increase in population as shown in Table 1.   

[bookmark: _Toc402698475]Table 1: Population Size and Density of Dar es Salaam (1967-2012)  
	Year
	Population
	Population density (persons/km2)
	Growth rate (%)

	1967
	356,286
	255.7
	_

	1978
	843,090
	605.2
	3.25

	1988
	1,357,248
	974.3
	2.81

	2002
	2,487,288
	1,785.6
	2.92

	2012
	4,364,541
	3,133.2
	5.60










Source: National Census (1967- 2012).

Table 1 shows that the population and population density of Dar es salaam has been rapidly increasing more than twelve times from 1967 to 2012. The increase in population is due to high growth rates (e.g. between 2.81 and 5.6%) and immigration of people from other regions looking for employment. Dar es Salaam city attracts the people from other regions. Due to its excellent administrative, commercial, industrial and transportation facilities it attracts a larger portion of population than any other region in the country (Dar es Salaam City Council 2013). The Growth Domestic Products (GDP) of Dar es Salaam has been increasing steadily from 1992 to 2002 hence contributing to the GDP of the country. The GDP of the city is expected to continue growing along with the Country’s GDP which recorded an increase from 5.6% in 2003 to 6% in 2004 (Dar es Salaam City Council 2013).  

Kinondoni District is one of the three Districts of Dar es Salaam City in Tanzania and is largest in terms of population with population of 1,775,049 (N B S, 2013). Administratively, Kinondoni is divided into 34 wards.   Due to the increasing population   (Table 1) the demand for domestic water for Dar es Salaam residents has been rising each year and therefore has never been met by supply from Dar es Salaam Water and Sewerage Authority (DAWASA). Residents have continued to depend on water supplied by private vendors including truck owners.

Water is very important for peoples’ well being and overall socio economic development of the country. That is why the water sector in Tanzania remains one of the priority areas in national development efforts. The city has implemented several programs in collaboration with the Ministry of Water   together with DAWASA (URT, 2006) to overcome the water supply problem but the solution to this problem has never been met.  Water supply coverage to rural and urban areas is always low and remains a big problem. According to Tibandebage and Maro, (2009), the poor in urban areas (including    Kinondoni District) not only live in overcrowded households in congested areas,  but also have inadequate access to basic services such as safe and clean drinking  water. About 66%   of the urban populations of Tanzania are lying outside the coverage of formal water supply utilities (Samike, 2009). They do not have access to piped water connections (World Bank, 2013). Therefore they purchase water just like any other commodities in the market from informal service providers who serve majority of population in urban and peri-urban areas like those in Kinondoni District. 

Improvement of the well‐being and overall development of the people is the commitment of Tanzania government. This is reflected in all key policies and strategies including National Vision 2025 and the National Strategy for Growth and Reduction of Poverty (NSGRP). Through the National Water Policy of 2002 the water sector aims among other things, to have in place a sustainable, effective and efficient urban water supply and sewerage services.  However, the water sector is faced by critical problems of breakdowns in water production, power interruptions and decaying pipes resulting in unreliable water supply throughout Dar es Salaam city (Kjellén, 2006). Also the city of Dar es Salaam, which is constituted of three municipalities, continues to face problems of unreliable water supply as a result of unreliable water sources due to seasonal fluctuations in the availability of water and an inadequate and old water infrastructure. The poor who are primarily found in congested and unplanned settlements are the most disadvantaged in terms of access to safe and clean water (Tibandebage and Maro, 2009).

The official responsibility of provision of water and sewerage services in the city of Dar es salaam was tasked to two public sector institutions namely the Dar es Salaam Water and Sewerage Authority (DAWASA) and Dar es Salaam Water and Sewerage Cooperation (DAWASCO). The DAWASA is the owner of the city’s water supply infrastructure. Meanwhile, the operational management of supply has been delegated to a public utility, Dar es Salaam Water and Sewerage Corporation (DAWASCO).  DAWASCO is a sole provider of water supply and sewerage services in Dar es Salaam city and parts of Coast region. The corporation is responsible for the management, operation, and maintenance of water supply and waste water disposal services. (de Waal and Cooksey, 2008).

Upper Ruvu, Lower Ruvu and Mtoni distribution plants of the Ruvu and Kizinga rivers respectively are the water sources for Dar es Salaam Region residents. Others are underground sources like shallow and deep wells as well as, boreholes. Merriam Webster dictionary defines a deep well as a well in which the water level is at a depth exceeding 6.7 meters beyond which the ordinary suction pump does not operate satisfactorily.  Shallow well is a water well, generally dug up by hand or by excavating machinery, or put down by driving or boring, that taps the shallowest aquifer in the vicinity; A well whose water level is shallow enough to permit use of a suction pump, the practical lift of which is taken as 6.7 meters.  A Borehole is defined in Oxford dictionaries as a deep, narrow hole made in the ground, especially to locate water or oil. 

According to DAWASA, only a quarter of the city’s residents receive piped water (URT, 2010b). This means that three quarters (75%) of the city’s residents rely on un-piped water (groundwater) sources and private truck water vendors. Informal water vendors have become more or less permanent actors in the water sector, filling the service gap left by the deficits of the formal water supply system. Urban poor without these services are worse off because they buy water from unknown sources which could be contaminated. The contamination of tap water in piped water supply system has been detected in Mbezi ward which obtains its water through upper Ruvu treatment plant, (Saria et al, 2011). Informal water vendors obtain water from both tap water and ground water sources and distribute to the resident of the city. 

Using contaminated drinking water can transmit a variety of infectious diseases. In Tanzania diarrhea which is largely caused by unsafe water is a leading source of morbidity and mortality rates (USAID, 2005). Tanzania lacks the capacity and the resources to institute and sustain centrally managed water supply systems that are safe and free from the contamination (Quick et al, 2002). Waterborne infectious diseases are diseases caused by a number of different bacteria, viruses, or protozoa, which are spread through contaminated drinking water. Examples of these diseases which are largely found in Africa and Asia include diarrheas, dysenteries, salmonellosis, hepatitis, and giardiasis (Lukas and Gilles, 1973). 

The supply of tap water (which is said to be clean and safe) by DAWASA/DAWASCO from lower Ruvu   treatment plant seems to be satisfactory in some areas of Kinondoni municipality such as Masaki, Mikocheni and Tegeta. The supply is unsatisfactory and unreliable in Mwananyamala,   Kimara, Mbezi, Manzese and Ubungo wards that are partly supplied by Ruvu juu treatment plant and partly by private people (vendors). The supply in Kimara and Mbezi remain limited in part because of the hilly terrain. Therefore even some areas with piped water connections remains most of the time without   supply of water. However quality of the water from private people (vendors) is not known as there are no mechanisms to check it before use. Thus, people in areas without piped water supply network use water of unknown quality which needs to be assessed.  

[bookmark: _Toc369556553]1.1 Problem statement
Many residents of Kimara, Mbezi and Mwananyamala wards in Kinondoni    District use water of unknown quality for their domestic purposes thereby endangering their health and their life.  They rely on stationary and mobile water vendors and   wells for their supply of domestic water while   quality of water from most of the trucks and wells are unknown.  The study on water quality of selected wells in Dar es Salaam conducted by Saria and Thomas, (2012) in Makongo, Ubungo and Msewe wards in Kinondoni Municipality revealed that most of the shallow wells were contaminated with fecal and total coliforms bacteria.  Likewise the study conducted by Orotho and Fweja,  (2012) on the  microbiological quality of water wells in  several wards in Kinondoni (excluding Kimara, Mbezi and Mwananyamala  wards) found that most of shallow wells were  contaminated  by fecal and total coliforms bacteria. Kimara, Mbezi and Mwananyamala, wards have not been covered and inhabitants of these areas continue consuming water of unknown quality. 

[bookmark: _Toc369556554]The three wards are characterized by different topographies and different life styles of the communities in the areas. These could contribute to different environmental conditions that pose health problems to the residents. For example, Mwananyamala  ward is  a low land, low-income neighborhoods, characterized by poor settlement planning, low quality housing and inadequate social services.  Kimara and Mbezi wards are hilly, mostly middle and upper class suburbs far from the city. Therefore this research aimed at investigating the physical, chemical and bacteriological characteristics of the water used in these wards in order to establish its quality and suggest corrective measures if deemed necessary. 

[bookmark: _Toc402777823]1.2. Objectives of the study
[bookmark: _Toc402777824]1.2.1. General objective
The overall objective of the study was to investigate the current quality of domestic water from private water wells and from   trucks that are used to supply water at Kimara and Mbezi and Mwananyamala wards in Kinondoni District.  

[bookmark: _Toc369556555][bookmark: _Toc402777825] 1.2.2. Specific objectives
[bookmark: _Toc390122495]Specifically the research focused on the following:
a. To determine the levels of fecal and total coliform bacteria in domestic water supplied by water vendors from private wells (boreholes) and trucks, and compares these with the Tanzania Drinking Water Standards of 2008.
b. To assess the physical quality of domestic water using pH, turbidity, electrical conductivity (EC) and total dissolved solids (TDS) and compare data with the Tanzania Drinking Water Standards of 2008.
c. To analyze the chemical quality of the domestic water using total hardness and Chloride   and compare these with the Tanzania Drinking Water Standards of 2008.

[bookmark: _Toc402777826]1.3. Hypotheses
 Three hypotheses were tested:
a. Domestic water from water wells and trucks used in Kinondoni District is contaminated   with bacteria.
b. Domestic  water  from  water wells    and   trucks  used  in Kinondoni District contains  more than  accepted amounts  of  dissolved  solids, saline and or acidic. Domestic water from water wells and trucks used in Kinondoni District contains elevated levels of water hardness. 
c. Domestic water from water wells and trucks used in Kinondoni District contains elevated levels of water hardness. 

[bookmark: _Toc402777827]1.4. Significance (Relevance) of this study
Water quality analytical data and information are vital tools for decision making or recommendations regarding quality of water and its impacts to the humans and other organisms. The motive behind doing research in the selected topic was the consideration of the role played by the quality of water in the livelihood of the urban and peri-urban residents. The factors contributing to the rendering the water unsuitable for domestic use were looked at for the purpose of alerting the community in matters regarding water quality management and pollution control. 

The quality of domestic water distributed by     informal   private water service providers (ground water and water transported by tankers /trucks) used by residents of Kinondoni District was analyzed through testing of the physical, chemical and bacteriological parameters in water. This assessment aimed at providing a current state of water quality in Kinondoni District and compares it with standards set by the Tanzania Bureau of Standards (TBS). The contamination risks of the water sources were also assessed. It is hoped that the data has provided useful information to users of water supplied by private vendors   so that they can initiate water treatment mechanisms in order to safeguard the health of the consumers. It is also hoped that the findings has stimulated future health studies while providing sanitation remediation to the area of the study.  (Talk about the usefulness of the findings will be to the 3 wards in Kinondoni District and its implications to other stakeholders including the Ministry of Water).

[bookmark: _Toc402777828]1.5. Scope of the study
The focus of the study was directed to the objectives of the study adhering to the selected water quality parameters, drinking water standards and area of the study. However the findings and recommendations given can be applicable in Dar es Salaam city to the areas with the similar conditions and water quality status as that of the study area.   
[bookmark: _Toc402777829]CHAPTER TWO
[bookmark: _Toc402777830]2.0 LITERATURE REVIEW
[bookmark: _Toc402777831]2.1 Water supply
The Tanzanian National Water Policy (NAWAPO) recognizes that “access to clean and safe water is a basic need and right for life.  For water to be clean and safe it needs to be free from contamination and acceptable in terms of color, odor and taste  (NAWAPO, 2002). Good water supply services are a pre-requisite for public health and wellbeing. Without adequate, safe water supplies, diseases such as diarrhea, dysentery, skin and eye infections are generally more common (WHO, 1990).   Bourque (2010) reported that large part of the water infrastructure in Dar es Salaam city was established during colonial years, more than 30 years ago.  

According to DAWASA, only a quarter of the city’s residents receive piped water (URT, 2010b). Mbwette (2010) reported that only 50 – 60% of coast residents (Dar es Salaam, Kibaha and Bagamoyo) have access to tap water supply due to poor maintenance or simply overloading. In the absence of sufficient quantities of safe water, the high-lying areas and those farthest from the Ruvu River suffer most in times of shortage (Kjellén, 2006).The total requirements for water in Dar es salaam city (including industrial consumption) according to Ngana and Cress,( 2010) & UNDP, (2011) is more than 450,000 m3/day. According to Mbwette,( 2010) the total production of water in the city is around 300,000m3/day. 

[bookmark: _Toc402777832]2.2 Water pollution/contamination
The water gets polluted when inorganic, organic components along with the presence of organisms such as bacteria, fungi, viruses, algae or protozoa are present in the higher concentration. It makes the water unfit to desired   uses  (EPA, 2001). Over 2 billion people of the world’s population have suffered from diseases related to drinking polluted waters. More than 250 million new cases of waterborne diseases are reported each year, resulting in more than 10 million deaths and nearly 75% of these waterborne disease cases occur in tropical areas (EPA, 2001). Hazardous chemicals like paint, fertilizer, pesticides, fuels, and motor oil must be kept away from the well.   Any unused wells must be sealed   to protect the groundwater from contamination.

Water pollution (undesired quality of the water)   from point and non-point sources of water resources is responsible for the deterioration of the quality of water, makes water unusable and its treatment very costly (National Water Policy, 2002). Point source water pollution refers to contaminants that enter a waterway from a single, identifiable source, such as a pipe or ditch. Examples of sources in this category include discharges from a sewage treatment plant, a factory, or a city storm drain. The U.S. Clean Water Act (CWA) defines point source for regulatory enforcement purposes. The CWA definition of point source was amended in 1987 to include municipal storm sewer systems, as well as industrial storm water, such as from construction sites. Nonpoint source pollution (NPS) refers to diffuse contamination that does not originate from a single discrete source. NPS pollution is often the cumulative effect of small amounts of contaminants gathered from a large area. A common example is the leaching out of nitrogen compounds from fertilized agricultural lands. 
[bookmark: _Toc402777833]2.3. Quality of water delivered by private sector
 In many developing countries   including Tanzania the private sector is involved in the delivery of water both informally and formally-subcontracted by a public utility   (Baliss and Tukai, 2011).Therefore the quality of water being supplied should be monitored so as to decrease the effects caused by drinking contaminated water since in Tanzania intestinal diseases death rate is 30% (McFeters, 1990). Some Community- Based Organizations (CBOs) and Non-Governmental Organizations (NGOs)   are also involved in water service delivery in Tanzania (Kombe and Kyessi, 2008). These water service providers should be aware of the quality of water being delivered so as to avoid provision of polluted water to the community. These services are very important especially for the poor households. According to Cudjoe and Okonski,(2006:197) it is truly remarkable feat that informal entrepreneurs and their business activities are able to fill a gap created by public sector and sanitation systems.   

Kjellen and Mcgranahan (2006) reported that there are different categories of water vendors, most of them work independently with little capital. One category are water vendors who operate kiosks, where they sell water from shallow wells, boreholes and commercial water connection, or a household connection to the city’s piped network. Consumers may carry the water to their homes by themselves. Another category is distributing vendors who collect water from kiosks or any other source of water. They typically carry water in tanker trucks, or containers loaded on bicycles, hand- pushed carts or even animal drawn or motorized carts and bring it to household and small business. If the containers or tanker trucks used by the water vendors are contaminated the water being distributed becomes contaminated too (Baliss and Tukai, 2011).
[bookmark: _Toc402777834]2.4. Quality of tap water 
 The microbiological quality of tap water supplied to the residents of Dar es salaam city is  poor since the water is contaminated with coliforms bacteria (Kassenga,2007), therefore in urban areas of Dar es Salaam, water borne diseases are highly alarming (Mwambete and Manyanga,2006).   

Ruvu has not brought much supply increases since the 1970s; local groundwater has instead become increasingly exploited. Though some 30 million liters per day are pumped into the piped system from boreholes within the city (World Bank 2003, p. 4), most of Dar es Salaam’s water still comes from the Ruvu system.  Villages along the transmission pipelines are provided for, and treated water is also appropriated by agricultural users. Moreover, water leaks due to poor fittings and valve operations, hence potential contamination to the piped water (Elm crest group, 1999). All major waterborne diseases are spread the same way by drinking water that has become contaminated by infected human or animal fecal wastes (USAID, 2005). The same diseases are also directly transmitted "hand to mouth" when good sanitary practices, like hand washing, are not followed. A pathogenic organism does not necessarily be in a big number in order to pose a disease. It often takes only a small number of disease organisms to make someone sick. However, scientific analysis of quality of water is needed because contaminated drinking water can look, smell, and taste fine  (Ongutonke et al, 2009).

 The pipes at Mbezi Ward which receive water from The Upper Ruvu treatment plant are laid in the vicinity of pit-latrine, and stagnant pools are seen in many areas. Also they are often scarcely protected leaving them susceptible to damage by traffic in the area. This makes the system vulnerable to secondary contamination in the residential areas (Jiwa et al, 1991). The contamination at the consumer sites increases due to proliferation of bacteria during transportation in the distribution system. Contamination is also due to either released cells attached to the pipe surface in biofilm or siphoning of contaminated water because pipes are too old, some areas pipes are broken and immeasurable levels of leakages and unnecessary losses of pressure (Dahi and Wedel-Heinen, 1992).  The study of the Ruvu River Water quality by University of Dar es salaam researchers (Ngana et al, 2010)   indicated that most of the river water samples exceeded the standard quality of drinking water with respect to color, permanganate value and Iron. Also the reported information from (DAWASA, 2003) showed that the main surface water source, the Ruvu, carry high suspended sediment load and the water has low alkalinity that affect the treatment processes of the water.  Equipment failure and low levels of treatment have consequently resulted in treated water (Tap water) quality that does not comply with the drinking water standards. However, the recent water quality study conducted by the researchers of Ardhi University (Kassenga and Mbuligwe, 2009) on comparison of tap water and bottled water in Dar es salaam, including tap water from Upper Ruvu pipeline showed that both bottled water and tap water met the Tanzania Drinking Water Quality standards. 

It is evident that, many households without piped connection to the utility network across Tanzania’s capital city-Dar es Salaam are provided with water transported by private water vendors.   The informal entrepreneurs in water sector have acknowledged filling the gap of the either public utility or concessionaire in water provision and distribution. They operate as an extension of formal system in areas where services have not been extended or deteriorated (Samike, 2009). According to Kariuki, and Schwartz (2005), Mobile Distributors such as tankers, trucks and push cart street vendors they might have a transport license but in most cases they do not hold a permit to sell water. In terms of quality, users of transported water cannot be classified as having access to ‘safe’ and clean (unpolluted) water. This is true due to the fact that quality is not monitored between the source and the end use, and also some of the sources from where the water for vending is drown contains water of unknown quality hence may be contaminated (Baliss and Tukai, 2011).

[bookmark: _Toc402777835]2.5. Awareness of water vendors and clients on water quality 
According to Samike, (2009) the study done by Kjellen (2006; 2000) shows that water vendors are aware of the quality of water, the concern behind might be not health factor but rather the commercial. Clients also are sensitive to the issue of salinity which is common in the southern part of Dar es Salaam where much of the ground water have higher salinity for drinking. Water that contains a significant concentration of dissolved salts is termed as saline; some households in Dar es Salaam describe that much of the borehole water is too salty to drink, and they therefore prefer to buy water that does not qualify as safe and clean from private vendors (Baliss and Tukai, 2011). Saline water can undergo treatment especially desalination to fit for the intended use.

Surface waters are generally softer than ground waters, although, this is not always the case (Mato, 2002).Water that contains a lot of calcium and magnesium is said to be hard. Dissolved calcium and magnesium precipitate out of hard water as scales which build up on the inside of pipes, water heaters and industrial machinery. Scales can cause clogging of the pipes; Also hard water reduces soap’s ability to lather, whether in the shower, sink, dish washer or washing machine, and react with soap to form sticky scum (Gerbis, 2013). Water hardness can be classified as soft if its concentration is 0 – 50 mg/l ,moderate soft (50-100mg/l) , slightly hard (100-150mg/l),  moderate hard  (150-250 mg/l) ,hard( 250-350 mg/l) and excessively  hard  (greater than 350 mg/l), all units expressed as calcium carbonate (Mato, 2002). 

Desalination is a process used to convert salt water to water that can be used for drinking, irrigation, and other uses. It is most common in coastal areas, and other areas where the supply of fresh water cannot meet the needs of the local population. In 2001 there were more than 15,000 desalination plants worldwide. The biggest problem for widespread use of desalination is the cost, which is much greater than that for treating surface water or groundwater (TechSci Research, 2012).

[bookmark: _Toc402777836]2.6. Recognition of small scale water providers
Other small scale water providers have started being recognized as part of the solutions towards water delivery.   Water vendors and other small scale entrepreneurs have now been looked as a possible option because of the increase in number of people without connection, poor quality of water (contaminated water)  provided by the utility and insufficient public investment (Samike, 2009).  

Water vendors and other informal systems are categorized as independent providers as per The World Development Report 2004. They are playing a role in improving the access of urban poor to service delivery.  Their organization varies from household vendors of water, small network providers, and private entrepreneurs to cooperatives” (World Bank, 2003: 171).  Water Aid has recognized water vendors as part of the solutions in their various studies, notably of 2003.
[bookmark: _Toc402777837]2.7. Water quality problems
Water quality focuses on a wide range of water uses including water supply for drinking, industry, irrigation, fisheries, navigation recreation and conservation of biodiversity. However, various human activities threaten the fresh water bodies with increasing pollution and degradation (National Water Sector Development Strategy, 2006-2015).
Problems of water quality have intensified through the ages in response to the increased growth and concentration of population and industrial centers.

Excessive turbidity, or cloudiness, in drinking water is aesthetically unappealing, and may also represent a health concern. Turbidity can provide food and shelter for pathogens.   The particles of turbidity provide “shelter” for microbes by reducing their exposure to attack by disinfectants. Microbial attachment to particulate material or inert substances in water systems has been documented by several investigators and has been considered to aid in microbe survival (USEPA, 1991).

  The health effect of pH on drinking water depends upon where the pH falls within its range. U.S. Environmental protection Agency (USEPA, 2007) recommends a pH between 6.5 and 8.5. pH range is also a parameter that should be considered during water treatment processes. When selecting the pH treatment method, the levels of total dissolved solids (TDS) and carbon dioxide in the water should also be taken into consideration. For example, acid neutralizing filters are not as effective in raising pH when the water contains excessive levels of TDS or carbon dioxide   According to The World Health Organization, health effects are most pronounced in pH extremes (WHO, 2003). Most of the parameters in water including pH are affected by posing pollution to 

the water sources.

 Increased human activities including poor land use practices, as well as uncontrolled abstractions and pollution of water body’s impact on the quantity and quality of the available water resources in Tanzania (National Water Policy, 2002). 

Deterioration of water quality due to naturally occurring phenomenon and anthropogenic activities is evident in many parts of the country. Inadequate water quality management and pollution control practices, and weak enforcement due to low institutional capacity also lead to deterioration of the quality of water resources (National Water Sector Development Strategy, 2006-2015). The urban areas of Tanzania are faced by a major problem of pollution caused by mismanagement of waste especially treatment and disposal of solid and liquid wastes   (Napacho and Manyele, 2010). This problem leads to domestic water contamination, which is detrimental to human health. Preventing pollution is one of the most direct ways of reducing health risks from drinking water.  Poor inhabitant’s infrastructure, improper disposal of wastes and sewages are some of the unhygienic practices associated with increased population in the city of Dar es salaam (Orotho and Fweja, 2012). Due to most of the wastewater not being disposed off in a proper manner, ground water is polluted which leads to outbreak of water bone diseases (Saria and Thomas, 2012).

 

[bookmark: _Toc402777838]CHAPTER THREE

[bookmark: _Toc402777839]3.0 RESEARCH METHODOLOGY

[bookmark: _Toc402777840]3.1 Description of the study area
 Kinondoni District covers an area of 531 km² It is bordered by Ilala District in the south.  Its population is 1,775,049 (NBS, 2013).The original inhabitants of Kinondoni were the Zaramo and Ndengereko, but due to urbanization the District has become multi-ethnic. Kinondoni District receives mean annual rainfall of 1200mm. November to December is the short rainy season and March to May is the long rainfall season.   
[bookmark: _Toc402777841]3.2. Sampling site
The sampling sites were selected within Kimara (population of 76,577), Mbezi (population of 73,414) and Mwananyamala (population of 50,560) wards (Figure 1). Kimara and Mbezi wards represented both semi urban and peri- urban areas.  Mwananyamala ward represented the urban areas of Kinondoni District. 
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[bookmark: _Toc402698480]Figure 1: Map of Dar es Salaam showing the study area in Kinondoni District
Source: Water Resources Department , 2014
[bookmark: _Toc402777842]3.3. Sampling design
The research was designed in a way that sampling sites in Kimara and Mbezi wards represented the water quality situation of both Semi urban and peri- urban areas, while Mwananyamala ward represented the water quality situation of urban areas of Kinondoni District. 

Ward leaders and water users helped in identification of most frequent used water wells and gave the brief histories of the water sources. A total of 36 sampling sites were identified, 12 were water wells and 24 water trucks, and investigated as follows:
a) In each of the three wards (Kimara, Mbezi and Mwananyamala), 4 private boreholes and 4 private trucks which are used by large communities and which also supply domestic water to the residents by vendors respectively were identified. These were randomly selected in various streets (subtotal 24 sites).
b) Each selected borehole was visited twice (first round in April, 2014 and second round in May 2014). In each round 2 water samples (one for bacteriological analysis and one for physical and chemical analysis) were collected using 250 ml sterile glass bottles and gloved hands for bacteriological water samples, and 1000 ml pre-cleaned polyethylene bottles for physical/chemical water samples.
c) The depths of selected boreholes ranged from 60 to 116 meters.
d) Water sampling from the trucks was also done twice but in the second schedule another 12 different operating trucks in the streets were selected because the trucks were not stationary. Therefore 24 trucks were sampled.
e) Onsite sanitary inspection was done in each sampling borehole site by studying the environmental conditions surrounding the water sources, especially for water wells, and by incorporating information acquired from the water users and or owners of the source in order to observe the contamination risks. The sanitary inspection  was accomplished through answering ten questions as follows:
i) Is the water source not protected by masonry?
ii) Is the masonry protecting the source faulty?
iii) Is the area around the source unfenced?
iv) Can animals have access within 10 meters of the source?
v) Are there animal or human excreta near the source?
vi) Is there stagnant water/wastewater nearby the source?
vii) Is there any latrine about 10 meters from the source?
viii) Is there any farming or industrial activity around the source?
ix) Are there any other human activities around the source that may pose pollution to the source?
v) Is there no conventional drainage system in the area?
The answer for the above questions was either YES or NO, and the higher and low scores of YES indicated the higher and the low risks of contamination respectively. Total score of risks was …../10, and the contamination risk score were:  9-10 very high, 6-8 high, 3-5 intermediate and 0-2 low.

[bookmark: _Toc402777843] 3.4. Water Sampling procedure and sample storage
         WHO (1985) Guidelines for Drinking Water Quality was adopted to aseptically collect water samples for bacteriological analysis. Any attachments that may cause splashing were removed from the nozzle of borehole or truck pipe from which water sample was being collected and by using a cotton wool the outlet was wiped in order to remove any dirty. The tap was turned on at a maximum flow rate and the water allowed to flow for one to two minutes. The tap was turned off and sterilized for a minute by rubbing (for plastic nozzle) or with flame (for metallic nozzle) from an ignited cotton wool swab soaked in 70 %( v/v) ethyl alcohol. Carefully the tap was turned on and allowed to flow for one to two minutes at a medium flow rate. The stopper of a sterilized bottle was unscrewed. While holding the cap and protective cover facing downwards (so as to prevent entry of dust that might carry microorganisms) the bottle was immediately held under the water jet and filled. A small air space was left to facilitate shaking at the time prior to analysis. Then the stopper was placed on bottle and screwed to stopper the bottle.  
   
Conventional method was adopted to collect water samples for physical & chemical analysis.  One liter cleaned plastic sampling bottles were rinsed with the water from the sampling source twice and then filled to near full capacity then stoppered. The sample details were adequately described and the sample bottles be properly labeled to avoid errors. These were sample number, sampling date, water source, owner of the source, sampling location (name of the site and its global geographical position), and the   field measurement data of the physical water parameters.   Then the water samples were kept in a cool box at about 4ºC and transported to the Central Water laboratory of the Ministry of Water at Ubungo Dar es Salaam for analysis within 6 hours. A total of 36 water samples for bacteriological test and 36 samples for Physical and chemical test were collected from 36 different sampling sites. The same afore mentioned procedure was repeated for the second sampling round done in the next month. 

[bookmark: _Toc402777844]3.5. Water samples analysis
          The selected physical parameters (except turbidity) were tested immediately on the site to avoid further microbial and chemical activities in the sample. These were electrical conductivity, total dissolved solids and pH, which are also used to supply domestic water to the residents by vendors  They were measured by  using calibrated potable instruments (conductivity / total dissolved solids meter and pH meter) & recorded. 
[bookmark: _Toc402777845]3.5.1 Electrical conductivity & total dissolved solids measurements
                 The automatic calibration of the meter was performed by following the manufacture’s instruction manual (Thermo scientific, 2008) whereby the meter was turned on, then calibration key of the meter was pressed to begin the calibration. The probe was rinsed with distilled water and placed into the first conductivity/TDS standard (100 µS/cm or 47 ppm as NaCl). Then when the icon stopped flashing the meter displayed the temperature-corrected conductivity of the standard. The key was pressed to proceed to the next calibration point then the conductivity probe was rinsed again with distilled water and placed into the next conductivity/TDS standard (1413 µS/cm or 692 ppm as NaCl) and the temperature-corrected conductivity of the second standard was displayed. The third calibration continued in the same manner using conductivity/TDS standard (12.9 µS/cm or 7230 ppm as NaCl) and when the temperature-corrected conductivity of the last standard displayed the button was pressed to save and end the calibration, then the cell constant was displayed in the main field and the meter was automatically advanced to the measurement mode. After the calibration was completed, the conductivity measurement was done by rinsing the conductivity probe with distilled water and blot dried with tissue paper, and then the probe was placed into the sample. 

           Since the meter was in the continuous measurement mode it started reading immediately and continuously updated the display, then when the reading was stable the conductivity of the sample in µS/cm or was recorded. The arrow button of the meter was pressed to the total dissolved solids (TDS) mode and measurement for TDS of the sample in mg/l was recorded. 

[bookmark: _Toc402777846]  3.5.2 pH measurement
The pH meter was calibrated using standards at 4,7 &10. To measure the pH of the samples, the electrode was rinsed with distilled water and blot dried it with tissue paper, and then placed into the sample and the start key pressed to start reading. When the reading was stable, the pH value was recorded in and the electrode was rinsed with distilled water, blot dried and stored.
[bookmark: _Toc402777847] 3.5.3 Turbidity measurements
Turbidity is a measure of the amount of light scattered and absorbed by water because of the suspended matter in the water. Turbidity of water was determined in the laboratory by Turbidimetric method (Nephelometric Measurement Procedure) by using the calibrated 2100P Turbid meter. The calibration was performed by switching the meter on, then selecting the measurement mode by scrolling up or down until the desired mode was displayed and the calibration key was pressed. The vial containing pure water was inserted and by pressing the yes key, the vials filled with the primary calibration standards 1.00 NTU, 100 NTU and 1000 NTU were inserted and read one after another until the calibration was completed. When the calibration was completed the meter proceeded to the measure mode and the meter performance check was done by measuring the standards and a blank (turbidity-free water) values.  When the blank and standards read within the expected values the performance of the meter was good and ready for measuring the turbidity of the samples. 

A 2100P sample cell was filled to the mark with a thoroughly mixed water sample (about 15ml). Carefully the sample cell was handled by the top and caped. The cell was wiped with a soft cloth to remove water spots and fingerprints then thin film of silicon oil was applied to mask minor imperfections in the sample cell, followed by wiping with a soft cloth to obtain an even film over the entire surface. While the instrument was placed on a flat, sturdy surface the sample cell was placed in the instrument cell compartment so that the diamond orientation mark was aligned with the raised orientation mark in front of the cell compartment. A RANGE key was pressed to select automatic range, and READ key was pressed to display the turbidity of the sample in Nephlometric Turbidity Unit (NTU). The turbidity reading of the sample was recorded in the notebook after the lamp icon of the instrument turned off. 

[bookmark: _Toc402777848]3.5.4 Chemical parameters determination
 Chemical parameters were analyzed using procedures described in APHA (1985).           (i)Total hardness was determined by EDTA Titrimetric method. Prior to the determination the reagents (EDTA disodium salt-0.01N, Ammonium buffer and Eriochrome black-T indicator) were prepared: EDTA (disodium salt)-0.01N was prepared by weighing 3.722 g EDTA dried for 2 hours at 1000C, dissolved it in distilled water and transferred to volumetric flask of 2 liter and filled up to the mark with distilled water then this solution was standardized against calcium carbonate solution 0.01N. Ammonium buffer solution was prepared by dissolving 1.179 g disodium salt of ethylenediamine tetra acetic acid dehydrate and 0.78 g magnesium sulfate in 50 ml distilled water then add this solution to 16.9 ml Ammonium chloride dissolved in 143 ml concentrated Ammonium hydroxide and made up to 250 ml with distilled water (too long sentences are not good, use short informative ones). Eriochrome black-T indicator was prepared by mixing 0.5g Eriochrome black-T and 100g anhydrous sodium sulphate. 

            After preparation of reagents the determination of total hardness was performed as follows:   Fifty (ml of water sample was   pipetted in to a 250 ml conical flask.  A 2 ml buffer solution was added and stirred to mix well, followed by addition of a dash of dry powder indicator ( Eriochrome black-T indicator)  and stirring. It was followed by titration against 0.1N standard EDTA solution whereby the end point was observed when the colour changed from purple to pure blue.  A calculation was performed by using a formula to get total hardness in mg/l as CaCO3. The formula used was: Total hardness in mg/l =ml of EDTA used to titrate the sample x Normality of EDTA solution x 1000/volume of sample taken for titration.

  (ii) Chloride content was determined by Argentometric method. Prior to determination the reagents used in the determination (Potassium chromate indicator solution and Standard silver nitrate titrant-0.01N) were prepared. Potassium chromate indicator solution was prepared by dissolving 50 g Potassium chromate (K2CrO4) in distilled water and diluted to the mark in 1 liter volumetric flask whereas Standard silver nitrate titrant 0.01 N was prepared by weighing 1.6989 g silver nitrate (AgNO3), and dissolving it in distilled water and diluted to the mark in a 1 liter volumetric flask and mixed well. The determination of chloride was done as follows: a volume of 50 ml of water sample was measured in to a conical flask. pH was adjusted to 7 to 10 with sulphuric acid or sodium hydroxide if it was not in this range., One ml of potassium was observed by the appearance of a brownish ring. The calculation was performed by using a formula to get concentration of chloride in mg/l. The formula used was: Chloride (mg/l) = volume of titrant used for titration chromate indicator solution was added and mixed followed by direct titration against standard silver nitrate solution whereby the end point of sample × 0.01×35.45×1000/volume of sample.  
[bookmark: _Toc402777849] 3.5.5 Bacteriological water analysis
Bacteriological analysis of water was done for determination of total coliforms bacteria and fecal coliforms bacteria by using membrane filter (MF) technique. The MF technique was preferred because it is highly reproducible, can be used to test relatively large volumes of sample, and yields definite results more rapidly than the multiple tube procedure APHA (1985). Prior to the analysis culture media were prepared.  Medium for total coliform enumeration was prepared by mixing 25.5 grams of the medium (m Endo Agar) in 490 ml of purified water and 10ml of 95% ethanol until evenly dispersed. This was heated in a boiling water bath with repeated stirring to dissolve completely, thereafter cooled to 450C and poured into sterile Petri dishes. The color of the medium was pink. Medium for fecal coliform enumeration was prepared by suspending 52.1 grams of medium(m-fc agar base) in 1000 ml distilled water containing 10ml of 1% Rozolic acid then heated in a boiling water bath to dissolve the medium completely. Thereafter the medium was cooled to 450C and poured into sterile Petri dishes. The color of the medium was purple.  Membrane filter discs with pore size smaller than bacteria were used for isolation of bacteria from water.

A volume of water sample (100 ml) was filtered through a membrane filter containing very small pore size (0.45 µm) placed in a sterilized filtering flask such that the bacteria if any were retained on the membrane filter while the water was filtered. The membrane filter was transferred aseptically using sterile forceps to the Petri dish containing a prepared selective culture medium. Then it was incubated in specific temperature (44.5± 0.50C for fecal coliforms bacteria, and 350C for total coliforms bacteria) to develop the isolated bacteria into visible colonies in 18-19 hours. A selective medium suppressed the growth of most other bacteria and produced a distinctive coloration for the colonies of total coliform and fecal coliforms bacteria. The true total coliform colonies appeared pink in colour plus golden metallic sheen while fecal coliform colonies appeared blue in color. Colonies were counted separately to give a definite number of organisms which were filtered out of the 100 ml of water sample.

For water from the boreholes where the sampling and analysis were done twice, the mean colon counts for each borehole sample was recorded while exact colon counts were recorded for each truck sample.  

Note: For Quality Assurance purposes, Quality control samples received by the laboratory for the laboratory Proficiency Testing exercise from UN-GEMS were used as control samples for each of the water sample parameters and were analyzed along with each batch of the water samples by using the same analytical methods used to determine water sample parameters.

[bookmark: _Toc402777850]  3.6 Data analysis
          The data obtained from the water samples were analyzed using MS Excel Spreadsheets. The results were compared with the corresponding parameter limits of Tanzania Drinking Water Standards of 2008.
[bookmark: _Toc402777851]
CHAPTER FOUR
[bookmark: _Toc402777852]4.0 RESEARCH FINDINGS AND DISCUSSION
[bookmark: _Toc402777853]4.1. Total and fecal coliform bacteria in boreholes in three wards of Kinondoni District

Total and fecal coliforms bacteria in water from boreholes in the three study areas in Kinondoni District are presented in Table 2.

[bookmark: _Toc402698476]Table 2: Total and Fecal Coliform Bacteria in Water from Boreholes in Kimara, Mbezi and Mwananyamala Wards, Dar es Salaam.

	Physical Location
	Water Source owner
	Water source number
	Water source type
	GPS Coordinates
	TC
(Counts/
100ml)
	FC
(Counts/
100ml)

	Kimara B Namanga street.
	Mr. Fadhili Munishi
P1
	B378/14
	Borehole
60m deep
	S06046’’473’
E039008’’010’
	0
	0

	Kimara B
	Dr. Joseph Kimaro
P2
	B 381/14
	Borehole
100 m deep
	S06046’’664’
E039008’’577’
	178
	18

	Kimara Matosa
	Mr. Maiko Makoi
P3
	B 339/14
	Borehole
70 m deep
	S06045’’277’
E039009’’065’
	0
	0

	Kimara Matosa
	Mr. Ally A. Abood (Mpemba)P4
	B 340/14
	Borehole
60 m deep
	S06045’’291’
E039009’’064’
	0
	0

	Mean
	44.5
	4.5

	Std deviation
	89
	9

	Maximum
	0
	0

	Minimum
	178
	18

	Mwananyamala kwa Kopa at Saidi Mbilinga’s residence
	Juma Saidi Mbilinga
P5
	B103/14
	Borehole
 60m deep
	S 06046’’882’
E039015’’070’
	24
	16

	 Mwananyamala kwa Kopa village government water kiosk
	Village governmentP6
	B 107/14
	Borehole
100m deep
	S06046’’984’
E039016’’116’
	180
	150

	 Mwananyamala Kisiwani block 1180 kwa Hussein Onesha
	Mr. Hussein OneshaP7
	B109/14
	Borehole
 60m deep
	S06047’’655’
E039015’’141’
	200
	180

	 Mwananyamala A, Peramiho street
	Mr. Andrew HauleP7
	B 118/14
	Borehole
 60m deep
	S06047’’505’
E039015’’258’
	170
	35

	Mean
	143.5
	95.25

	Std deviation
	80.65
	81.83

	Maximum
	200.0
	180.0

	Minimum
	24.0
	16.0

	 Mbezi Msumi
	Salum Mohamed MbarukuP8
	B 375/14
	Borehole
 116m deep
	S06042’’739’
E039006’’356’
	35
	0

	 Mbezi Mpiji magohe CCM
	Mr. Leonard SimbeyeP9
	B 369/14
	Borehole
 90m deep
	S06043’’710’
E039003’’835’
	0
	0

	 Mbezi mwisho
	Mr. Deo TarimoP10
	B 477/14  
	Borehole
60m deep
	S06047’’141’
E039006’’526’
	13
	6

	 Mbezi Mpigi Magohe
	Mr. Asenga LukasP11
	BL371/14
	Borehole
60m deep
	S06036’’813’
E039005’’285’
	250
	130

	Mean
	74.5
	34

	Std deviation
	117.9
	64.1

	Maximum
	250.0
	130.0

	Minimum
	0
	0

	
	
	

	Overall Mean
	87.5
	44.58

	Overall Standard Deviation
	97.96
	67.27

	Overall Minimum value
	0
	0

	Overall Maximum value
	250
	180

	Tanzania Drinking Water Standard (2008)
	1 – 3
	0


Source: Research Findings, 2014
GPS = Global Positioning System, B= Borehole number

Hundred per cent (100%) of the studied water samples in boreholes at Mwananyamala ward were contaminated with TC and FC bacteria. The mean for TC and FC were 143.5 and 95.25 respectively, & standard deviation 80.65 and 81.83 counts per 100Ml. The lower TC and FC counts for Mwananyamala ward were 24 and 16 counts/100ml respectively recorded at S 06046’’882’ E039015’’070’ situated at Mwananyamala kwa Kopa (bore hole at p5). The upper TC and FC counts of 200 and 180 counts/100ml respectively were recorded at S06047’’655’ E039º015’’141’ situated at Mwananyamala Kisiwani block 1180 (borehole at P7). This may be caused by wash-down of contaminated soil by surface run off and or infiltration of sewage from pit latrines or septic tanks as reported by Thomas (2011) in other area of Dar es Salaam. Mwananyamala ward is a low land area that can favor the said contamination types. Poor inhabitant’s infrastructure, improper disposal of wastes and sewages are some of the unhygienic practices associated with increased population in the city of Dar es salaam (Orotho and Fweja, 2012).

In Mbezi wards, 75% of the boreholes were contaminated. The mean TC& FC are 74.5 &34 respectively; with standard deviation 117.89 & 64.1.  The TC and FC counts ranged from 0 and 0 recorded at S06043’’710’ E039003’’835’ Mpiji Mgoe to 250 and 130 counts per 100 ml respectively recorded at S06036’’813’ E039005’’285’Mpigi Magoe.  The contamination may be caused by on-site waste disposal and poor hygiene education (Bossman, 2011) that leads to inadequate disposal of most of the waste water in the area. At Kimara ward only 25% of the boreholes were contaminated. This indicate that the residents are at least relatively more aware as far as sanitation and hygiene are concerned; also there is minimum leaches from waste materials since type of the soil in the area that is clay soil is less permeable (Evans, 1989). The mean TC and FC were 44.5 and 4.5 respectively; with standard deviation 89 and 9 respectively.

Generally samples from the boreholes showed that Mwananyamala ward was more bacteriologically contaminated, followed with Mbezi ward, and least contaminated was Kimara ward.

The overall results of bacteriological samples from the boreholes showed that 7 out of 12 studied boreholes (58.3%) were contaminated with both total coliforms (TC) and fecal coliforms (FC) bacteria (Figure 2) .The highest mean FC ad TC level was 250 counts/100ml and 130 counts/100ml respectively recorded at S06036’’813’ E039005’’285’ Mbezi Mpiji Magoe at P11. The contamination may be caused by poor protection of the water sources and seepage of domestic and rainfall.  The sanitary surveillance done during water sampling revealed that 86% of the investigated bore holes in Kinondoni district are within or near the residential houses, unfenced, less than 30 meters from the pit latrines and are surrounded by anthropogenic activities. 

  Sampling sites (B= Borehole).
[bookmark: _Toc402698481]Figure 2: Bacteriological contamination levels of boreholes water samples in Kinondoni District
Source : Field Data
TBS (2008) drinking water standard sets total coliform at three (3) and fecal coliform at zero (0) counts/100ml.  Presence of total and fecal coliform in some sites of borehole water is an indication  of bacteriological quality of water (Agbou et al., 2006) due to anthropogenic activities from septic systems and animal waste sources (RadhaKrishnan et al., 2007, Hennan, et al., 2012). When contaminated drinking water with fecal coliform is consumed, it subject human health to risk (Okonko et al., 2008; Chan et al., 2007). The ground water pollution phenomenon is mostly attributed to urbanization.

[bookmark: _Toc402777854]4.2. Total and fecal coliform bacteria in water trucks in three wards of Kinondoni
Water supplied by private truck vendors in Kinondoni District plays a big role of filling the gap left by utility water supply. The result for bacteriological water samples from trucks supplied to residents in three wards of Kinondoni are presented in Table 3. Samples of drinking water from trucks in Mwananyamala ala ward showed that 100% were contaminated with both TC and FC bacteria.










[bookmark: _Toc402698477]Table 3: Total and Fecal Coliform Bacteria in Water from Water Trucks in Kimara, Mbezi     and Mwananyamala Wards, Dar es Salaam.
	Physical Location
	Water Source owner
	Water source number
	Water source type
	GPS Coordinates
	Total Coliforms
(Counts/
100ml)
	Fecal Coliforms
(Counts/
100ml)

	Kimara B
	Unknown
	T1
	Water truck N0.T256CFW
	S06046’’664’
E039008’’577’
	0
	0

	Kimara B
	Unknown
	 T2
	Water truck No.T494CGA
	S06046’’447’
E039008’’332’
	30
	24

	Kimara Mosque
	Unknown
	T11
	Tanker truck NO. T790ANQ
	S06047’’058
E039009’’870’
	500
	288

	Kimara Mtangini
	Unknown
	T12
	Tanker truck NO. T646AJG
	S06047’’287’’
E039010’’145’

	106
	20

	Kimara Korogwe
	Unknown
	T13
	Tanker truck NO. T330CSH
	S06047’’232’
E039010’’673’
	36
	26

	Kimara King’ongo
	Unknown
	T14
	Tanker truck NO. T350BVN
	S06046’’455
E039009’’525’
	310
	170

	Kimara King’ongo
	Unknown
	T15
	Tanker truck NO.T329BWW
	S06046’’538’
E039009’251
	42
	30

	Kimara B
	Unknown
	T16
	Tanker truck NO. T223ABS
	S06045’’450’
E039008’’331’
	40
	4

	Mean
	133.0
	70.25

	Std deviation
	177.84
	103.46

	Maximum
	500.0
	288.0

	Minimum
	0.0
	0.0

	Mwananyamala kwa Kopa
	Unknown
	 T3
	Tanker truck No.T517AFS
	S06046’’867’
E039015’’043’
	11
	7

	 Mwanayamala behind the hospital
	Unknown
	T4
	Tanker truck No.T494BWF
	S06047’’200’
E039015’’237’
	72
	46

	Mwananyamala kwa kopa
	Unknown
	T5
	Tanker truck NO. T160AXL
	S06046’’913’
E039015’’011
	720
	562

	Mwananyamala kwa Mwarabu
	Unknown
	T6
	Tanker truck NO.T569ACA
	S06046’’960’
E039014’’879
	264
	203

	Mwananyamala kwa Mama Zakaria
	Unknown
	T7
	Tanker truck NO. T901BEM
	S06047’’049’
E039014’’760’
	240
	200

	Mwananyamala Ujiji street
	Unknown
	T8
	Tanker truck N0.T868ASH
	S06047’’299’
E039047’’859’
	720
	400

	Mwananyamala tuta la pili shule
	Unknown
	T9
	Tanker truck NO. T592ACN
	S06047’’427’
E039015’’046’
	488
	416

	Mwananyamala kwa Kopa
	Unknown
	T10
	Tanker truck NO. T698AWH
	S06046’’849’
E039015’’059’
	120
	34

	Mean
	329.38
	233.5

	Std deviation
	281.33
	206.07

	Maximum
	720.0
	562.0

	Minimum
	11.0
	7.0

	Mbezi TANESCO
	Unknown
	T17
	Tanker truck NO.T132BPY
	S06046’’986’
E039007’’214’
	340
	337

	Mbezi shule
	Unknown
	T18
	Tanker truck NO.T828ATE
	S06047’’032’
E039007’’005’
	336
	240

	Mbezi old stand
	Unknown
	T19
	Tanker truck NO. T330CSH
	S06047’’025’
E039007’’016’
	56
	46

	Mbezi Kibanda cha mkaa
	Unknown
	T20
	Tanker truck NO. T350BVN
	S06046’’988’
E039007’’496’
	198
	124

	Mbezi kwa Msuguri
	Unknown
	T21
	Tanker truck NO.T329BWW
	S06047’’414’
E039007’’931’
	98
	36

	Mbezi mwisho
	Unknown
	T22
	Tanker truck NO. T223ABS
	S06047’’115’
E039006’’784’
	38
	32

	Mbezi Temboni
	Unknown
	T23
	Tanker truck NO.T132BPY
	S06047’’443’
E039008’’357’
	44
	34

	Mbezi Temboni
	Unknown
	T24
	Tanker truck NO.T828ATE
	S06047’’541’
E039008’’357’
	142
	54

	Mean
	156.5
	112.9

	Std deviation
	124.2
	115.3

	Maximum
	340.0
	337.0

	Minimum
	38.0
	32.0

	
	
	

	Overall Mean
	206.29
	138.88

	Overall Standard Deviation
	215.43
	158.80

	Overall Minimum value
	0
	0

	Overall Maximum value
	720
	562

	Tanzania Drinking Water Standard (2008)
	1-3
	0


Source: Research Findings, 2014
GPS=Global Positioning System, T= Truck
The mean values of TC and FC for Mwananyamala ward are 329.38 and 233.5 counts per 100Ml respectively, with a maximum value of 720 & 562 counts per 100Ml and a minimum value of 11&7 counts per100Ml respectively. The contamination may be caused by the contaminated water sources where the trucks were drawing water and or from the contaminated water truck tanks. The water quality is not monitored between the source and the end use (Baliss and Tukai, 2011) and also some of the sources from where the water for vending is drawn contain water of unknown quality. 

Bacteriological water samples analysis results from water trucks at Kimara ward showed that 11 out of 12 water trucks (91.7%) samples were contaminated with both total coliform and fecal coliform. The mean values for TC and FC are 133 & 70.25 counts per 100Ml. The TC and FC levels ranged from 0 recorded at Kimara B to 500 and 288 counts/100ml respectively recorded at Kimara mosque. The contamination may also be caused by the contaminated water sources from where the trucks are drawing water, from the contaminated water truck tanks and/ or from both    (Baliss and Tukai, 2011). Most of the truck tanks and water sources from where trucks are drawing water are neither cleaned nor disinfected.

Results of bacteriological water samples of the trucks at Mbezi ward showed that 100% of the water trucks samples were contaminated with TC and FC. The mean values of TC and FC are 156.5 and 112.9 counts per 100ml.  The TC and FC contamination varied between 38 and 32 counts /100ml respectively recorded at S06047’’115’ E039006’’784’ Mbezi Mwisho to 340 and 337 counts/100ml respectively recorded at S06046’’986’ E039007’’214’ Mbezi TANESCO. The same contamination by water truck tanks, water sources or both may be the source of water contamination (Baliss and Tukai, 2011). Even the DAWASCO tap water at Mbezi where the water truck vendors draw water is reported to be contaminated (Kassenga, 2007). The overall results of bacteriological characteristic of water samples from the trucks in Kinondoni District showed that   95.8% were contaminated with TC and FC. The TC and FC level ranged from zero recorded at Kimara B (sampling site T1 in Figure 3) to 720 and 562 counts/100ml respectively recorded at Mwananyamala behind the government hospital (Sampling site T5 in Figure 3). Water from Mwananyamala ward showed to be more contaminated followed by that of Mbezi ward and the least contaminated is that of Kimara ward.


Sampling sites (T= Truck)
[bookmark: _Toc402698482]Figure 3: Bacteriological contamination levels of trucks water samples in Kinondoni. 
Source: Research findings, 2014

Most of the sample results exceeded the TBS (2008) permissible limit of 3 for TC and zero for FC counts/100ml.  The contamination was likely caused by the contaminated water sources from where the trucks were drawing water, from the contaminated water truck tanks or from both water sources and contaminated truck tanks (Kassenga, 2007; Balis and Tukai, 2011). Drinking contaminated water with fecal origin bacteria may lead to human health risks or even to deaths. Over 2 billion people of the world’s population have suffered from diseases related to drinking polluted waters. More than 250 million new cases of waterborne diseases are reported each year, resulting in more than 10 million deaths and nearly 75% of these waterborne disease cases occur in tropical areas. In Tanzania, intestinal diseases death rate is 30% (McFeters, 1990). 

Generally bacteriological water samples collected from the trucks were more polluted compared to those from the boreholes (Figure 4). The overall bacteriological results of the water samples from the borehole and water trucks showed that 30 out of 36 water samples (83.3%) were contaminated with TC and FC. The mean values were 87.5 for TC and 44.58 counts/100ml for FC in water from boreholes. Also the mean values for water from water trucks were even more with TC and FC being 206.23 and 138.88 counts per 100 ml respectively. This was an indication of poor water quality since it exceeded the drinking water standards of 3 for TC and 0 counts/100ml for FC allowable by TBS (2008). These results suggest the potential presence of pathogenic disease-causing bacteria that may lead to human health risks and eventually deaths (McFeters, 1990) if appropriate water treatment measures are not practiced. Thus, the hypothesis number one which states that “domestic water from water wells and trucks used in Kinondoni District is contaminated with bacteria” is accepted.

[bookmark: _Toc402698483] Figure 4: Overall bacteriological contamination levels for boreholes and trucks water samples in Kinondoni district
B = Borehole, T = Trucks
Source: Research findings, 2014

[bookmark: _Toc402777855]4.3 Physical and chemical parameters of water from boreholes in Kinondoni
[bookmark: _Toc394008880]Table 4 contains physical and chemical parameters of water measured from boreholes in Kimara, Mbezi and Mwananyamala wards, in Kinondoni District.
[bookmark: _Toc402777856]4.3.1 Electrical conductivity (EC) and total dissolved solids (TDS)
Mean EC and TDS were 2152 µS/cm and 1128 mg/l respectively (Table 4). The maximum values measured were 5880 µS/cm for EC and 3528 mg/l for TDS. The corresponding minimum values observed were 554 µS/cm for EC and 268 mg/l for TDS. The permitted amount of TDS in drinking water for Tanzania is less than 2000mg/l (TBS 2008). Only one water sample at Mbezi Mwisho had value of 5328 mg/l suggesting it to be unfit for human consumption. Both total dissolved solids (TDS) and electrical conductivity (EC) are indicators of total inorganic mineral content of drinking water. It should be noted that there is direct relationship between EC and TDS with the EC being always higher than TDS as shown in Figure 5. The higher the EC the higher the TDS and this is a function of the type and nature of the dissolved cations and anions in water (Saria et al., 2011). 

Figure 5 indicates the EC and TDS levels of water from the boreholes in Kimara, Mbezi and Mwananyamala wards in Kinondoni district where as Figure 10 indicate EC and TDS levels of water from trucks in the same wards.  The results showed that the EC and TDS of most of the samples from the boreholes (95.8%) were well below Tanzania standard and WHO acceptable limits of potable water (WHO, 2008).  Only 4.2% were above the Tanzania standard which is EC 3000 µS/cm (Saria et al., 2011) and TDS 2000mg/l (TBS, 2008).        

[bookmark: _Toc402698478]Table 4: Physical and Chemical Parameters in Water from Boreholes in three wards in Kinondoni, Dar es Salaam
	Physical Location
	Water Source owner
	Water source number
	Water source type
	GPS Coordinates
	EC
(µS/cm)
	TDS
(mg/l)
	Ph
	Turbidity
(NTU)
	Chloride
(mg/l)
	Total hardness
(mg/l as CaCO3)

	Mwananyamala kwa Kopa at Saidi Mbilinga’s residence
	P5
	B102/14
	BH 60M
	S 06046’’882’
E039015’’070’
	1812
	911
	6.7
	0
	82.0
	820.0

	Mwananyamala kwa Kopa village government water kiosk
	P6
	B 106/14
	BH 100M
	S06046’’984’
E039016’’116’
	915
	447
	6.7
	0.3
	93.0
	420.0

	Mwananyamala Kisiwani block 1180 kwa Hussein Onesha
	P7
	B 108/14
	BH 60M
	S06047’’655
E039015’’141’
	2120
	1066
	6.4
	0.3
	24.0
	1000.0

	Mwananyamala A, Peramiho street
	P8
	B 118/14
	BH 60M
	S06047’’505’
E039015’’258’
	1523
	757
	7.4
	2.5
	275.0
	205.0

	Mean 
	
	1592.5
	795.25
	6.8
	0.775
	118.5
	611.3

	Std deviation
	
	513.25
	264.23
	0.42
	1.159
	108.6
	363.5

	Maximim
	
	2120
	1066
	7.4
	2.5
	275
	1000

	Minimum
	
	915
	447
	6.4
	0
	24
	205

	
	
	
	
	
	
	
	
	
	
	

	Mbezi Msumi
	P9
	B 374/14
	BH 116M
	S06042’’739’
E039006’’356’
	1364
	675
	7.0
	0.2
	110.0
	410.0

	Mbezi Mpiji magohe CCM
	P10
	B 368/14
	BH 90M
	S06043’’710’
E039003’’835’
	2680
	1322
	6.9
	3.3
	800.0
	870.0

	 Mbezi mwisho
	P11
	B  476/14
	BH 80M
	S06047’’141’
E039006’’526’
	5880
	3528
	7.3
	0
	1918.4
	1210.0

	Mbezi Mpigi magohe
	P12
	B370/14
	BH 80M
	S06036’’813’
E039005’’285’
	2520
	1274
	6.8
	6.6
	545.0
	900.0

	Mean
	
	
	
	
	3111.0
	1699.8
	7.0
	2.5
	843.4
	847.5

	Std deviation
	
	
	
	
	1936.9
	1253.9
	0.2
	3.1
	771.2
	329.7

	Maximum
	
	
	
	
	5880
	3528
	7.3
	6.6
	1918.4
	1210

	Minimum
	
	
	
	
	1364
	675
	6.8
	0
	110
	410

	
	
	
	
	
	
	
	
	
	
	

	Kimara B Namanga st.
	P13
	B 378/14
	BH 90M
	S06046’’473’
E039008’’010’
	3290
	1698
	7.4
	6.2
	1045.0
	640.0

	Kimara B
	P14
	B 380/14
	BH 100M
	  S06046’’664’
E039008’’577’
	2460
	1244
	7.1
	0.4
	625.0
	732.0.0

	Kimara matosa
	P15
	B 338/14
	BH 70M
	S06045’’277’
E039009’’065’
	554
	268
	7.0
	0.1
	100.0
	122.0

	Kimara Matosa
	P16
	B 340/14
	BH 
	S06045’’291’
E039009’’064’
	707
	343
	6.7
	0.1
	50.0
	297.0

	Mean
	
	1752.8
	888.3
	7.05
	1.7
	455
	353

	Std deviation
	
	1340.9
	698.6
	0.29
	3
	471.54
	263.5

	Maximum
	
	3290
	1698
	7.4
	6.2
	1045
	640

	Minimum
	
	554
	268
	6.7
	0.1
	50
	122

	
	
	
	
	
	
	
	

	Overall Mean
	2152
	1128
	6.9
	1.7
	472.3
	626.7

	Overall Standard Deviation
	1446
	872
	0.3
	2.4
	567.2
	358.0

	Overall Maximum value
	5880
	3528
	7.4
	6.6
	1918.4
	1210

	Overall Minimum value
	554
	268
	6.4
	0
	24
	122

	Tanzania Drinking Water Standard (2008)
	nm
	 ≤ 2000
	6.5-9.2
	 ≤  25
	≤800.0
	≤600.0


Source: Research findings, 2014
EC	= Electrical Conductivity           NTU	= NephelometricTurbidity Unit       µS/CM	= Micro siemens per centimeter                   
Mg/l	= Milligrams per liter                Nm  	= not mentioned                            TDS       = Total Dissolved Solids 
BH=Borehole


[bookmark: _Toc402698484] Figure 5: The EC and TDS levels of water from the boreholes in Kimara, Mbezi and Mwananyamala wards
Source: Research findings, 2014

The mean values for EC and TDS of water from Mbezi ward is higher (3111 µS/cm & 1699.8 mg/l) as compared to that of Kimara ward (1752.5 µS/cm &888.3mg/l) followed with that of Mwananyamala ward  (1592.5 μS/cm &795.2 mg/l).  The EC and TDS have no health based guideline. Thomas (2011) observed that the WHO guideline value of 2500 μS/cm and 600 mg/l for EC and TDS respectively are based on taste rather than health. Four sampling sites were found to have high EC and TDS values recorded respectively as 2680µS/cm and1322mg/l in borehole at Mbezi Mpiji Magoe CCM, 5880µS/cm and 3528mg/l in borehole at Mbezi Mwisho, 2520µS/cm and 1274mg/l in borehole at Mbezi Mpiji Magoe & 3290µS/cm and 1698mg/l in borehole at Kimara Namanga Street. All four exceed the WHO recommended limit of EC and TDS which is respectively 2500µS/cm and 600 mg/l for drinking water. The higher EC and TDS levels can be due to the inflow of sewage, urban runoffs or ground water seepage particularly during the rainy season (Saria& Thomas 2012).

[bookmark: _Toc402777857]4.4.2 pH values, turbidity, chloride and hardness

Mean pH value for water from Kimara ward is 7.05, that from Mbezi ward is 7.0 and that of Mwananyamala is 6.8. 
Overall Mean pH value for boreholes water was 6.9 with the maximum and minimum values being 7.4 and 6.4 respectively (Table 4). These were within the range of 6.5 to 9.2 for potable water recommended by TBS (2008) and elsewhere (Agbaire and Oyibo, 2009). Figure 6 and 11 shows the graphical presentation of pH of water samples collected from the boreholes and trucks respectively in Kimara, Mbezi and Mwananyamala wards in Kinondoni District 


[bookmark: _Toc402698485]Figure 6: pH values of water samples from boreholes in Kimara, Mbezi and Mwananyamala wards in Kinondoni district.
Source: Research findings, 2014

Mean Turbidity of boreholes water from Mbezi is 2.5 NTU, that from Mwananyamala is 0.77 NTU and that of Kimara is 1.7 NTU. Overall Mean turbidity level in water from boreholes was 1.7 NTU with the minimum and maximum values being zero and 6.6 
respectively (Table 4 and Figure 7). These are within the range of less or equal to 25 NTU recommended by TBS (2008) for Tanzania. 

[bookmark: _Toc402698486]Figure 7: Turbidity values of water samples from the boreholes in Kimara, Mbezi and Mwananyamala in Kinondoni District
Source: Research findings, 2014

The mean Chloride levels for boreholes water from Mbezi ward is 843.4 mg/L while that of Mwananyamala ward is 118.5mg/l and that of Kimara ward is 455mg/l. The overall mean chloride level was 472.3mg/l with the minimum and maximum values of 24 and 1918.4 mg/l recorded at Mwananyamala Kisiwani and Mbezi Mwisho respectively (Table 4 and Figure 13).  Two sampling sites indicated the higher concentrations of chloride compared to the Tanzania standard of 800 mg/l (TBS,2008); these were recorded as 1918.4 mg/l borehole at S06047’’141’ E039006’’526’ Mbezi mwisho and 1045.0mg/l borehole at S06046’’473’ E039008’’010’ Kimara Namanga street.

[bookmark: _Toc402698487]Figure 8: Chloride values of water samples from boreholes in Kimara, Mbezi and Mwananyamala wards in Kinondoni District
Source: Research findings, 2014

According to Saria et al., (2011) chloride existence in large amounts may be due to natural processes such as the passage of water through natural salt formations in the earth or it may be an indication of pollution from sea water incursion, industrial or domestic waste operations.  

The mean total hardness values for Mbezi ward boreholes water is 847.5 mg/l while that of Mwananyamala ward is 611.3 mg/l and that of Kimara is 553.0 mg/l.  Total hardness in tested borehole water samples indicated the overall mean value of 626.7 mg/l with the minimum and maximum values as CaCO3 being 122 mg/l at Kimara Matosa and 1210 mg/l (Table 4 and Figure 14) at Mbezi Mwisho respectively. The water is classified as hard if the hardness is 250-350 mg/l, and excessively hard if the total hardness is above 350 mg/l all units as CaCO3 (Mato, 2002).

[bookmark: _Toc402698488]Figure 9: Total hardness values of water samples from the boreholes in Mbezi, Kimara and Mwananyamala wards in Kinondoni District
Source: Research findings, 2014

The mean value of total hardness indicates that generally the water is very hard. Mostly the high hardness values were seen in boreholes whereby three (3) boreholes are located in Mwananyamala ward, three (3) boreholes in Kimara ward and four (4) boreholes in Mbezi ward making 83% of the tested boreholes to have either hard or excessively hard water. The total hardness in borehole water may be mainly due to calcium attributed to anthropogenic activities,   influx runoff, and/or natural processes within the aquifer (Oparaocha et al., (2010), Praveen et al., (2008) & RadhaKrishnan et al., (2007).
[bookmark: _Toc402777858]4.5 Physical and chemical parameters of water from water trucks in Kinondoni
Table 5 contains physical and chemical parameters of water measured from the trucks in Kimara, Mbezi and Mwananyamala wards, in Kinondoni District.

[bookmark: _Toc402777859]4.5.1 Electrical conductivity (EC) and total dissolved solids (TDS)
Mean EC and TDS were 695 µS/cm and 338mg/l respectively (Table 5). The maximum values measured were 2320 µS/cm for EC and 1169mg/l for TDS. The higher the EC the higher the TDS and this is a function of the type and nature of the dissolved cations and anions in water (Saria et al., 2011). 


[bookmark: _Toc402698489]Figure 10: The EC and TDS levels of water from the trucks in Kimara, Mbezi and Mwananyamala wards in Kinondoni District

Source: Research findings, 2014

[bookmark: _Toc402698479]        Table 5: Physical and chemical parameters in Water from water trucks in Kimara, Mbezi     and Mwananyamala Wards, Dar es Salaam.

	Physical Location
	Water Source owner
	Water source number
	Water source type
	GPS Coordinates
	EC
(µS/cm)
	TDS
(mg/l)
	pH
	Turbidity
(NTU)
	Chloride
(mg/l)
	Total hardness
(mg/l as CaCO3)

	Kimara B
	Unknown
	T1
	Water truck N0.T256CFW
	S06045’’450’
E039008’’331’
	714
	346
	5.4
	0.3
	135.0
	117.0

	Kimara B
	Unknown
	 T2
	Water truck No.T494CGA
	S06046’’447’
E039008’’332’
	480
	235
	5.6
	 0.2
	135.0
	32.0

	Kimara mosque
	Unknown
	T11
	Tanker truck NO. T138ABY
	S06047’’058
E039009’’870’
	1321
	653
	7.0
	2.3
	250.0
	310.0

	Kimara matangini
	Unknown
	T12
	Tanker truck NO. T857AUK
	S06047’’287’’
E039010’’145’

	1355
	671
	7.8
	6.6
	250.0
	310.0

	Kimara Korogwe
	Unknown
	T13
	Tanker truck NO. T916AMA
	S06047’’232’
E039010’’673’
	2320
	1169
	7.2
	0.6
	550.0
	335.0

	Kimara King’ongo
	Unknown
	T14
	Truck NO. T146CDL
	S06046’’455
E039009’’525’
	639
	295
	6.7
	7,1
	128.0
	225.0

	Kimara King’ongo
	Unknown
	T15
	Truck NO. T135CMY
	S06046’’538’
E039009’251
	685
	321
	5.6
	0.2
	178.0
	120.0

	Kimara B
	Unknown
	T16
	Truck NO. T922BNL
	S06045’’450’
E039008’’331’
	628
	293
	5.3
	0.3
	152.0
	165.0

	Mean
	
	1018
	497.88
	6.3
	1.5
	222.25
	201.75

	Std deviation
	
	619.8
	318.71
	1.0
	2.3707
	141.4
	110.69

	Maximum
	
	1000
	5880
	3528
	500
	288
	1918.4

	Minimum
	
	480
	235
	5.3
	0.2
	128
	32

	
	
	
	
	
	
	
	
	
	
	

	Mbezi TANESCO
	Unknown
	T17
	Tanker truck NO. T790ANQ
	S06046’’986’
E039007’’214’
	126
	57
	6.8
	81
	I3.0
	74.0

	Mbezi shule
	Unknown
	T18
	Truck NO. T646AJG
	S06047’’032’
E039007’’005’
	185
	84
	6.8
	86
	25.0
	103.0

	Mbezi old stand
	Unknown
	T19
	Truck NO. T330CSH
	S06047’’025’
E039007’’016’
	173
	79
	6.4
	13
	23.0
	85.0

	Mbezi Kibanda cha mkaa
	Unknown
	T20
	Truck NO. T350BVN
	S06046’’988’
E039007’’496’
	172
	79
	6.3
	16
	22.0
	78.0

	Mbezi kwa Msuguri
	Unknown
	T21
	Truck NO.T329BWW
	S06047’’414’
E039007’’931’
	180
	83
	6.2
	27
	28.0
	104.0

	Mbezi mwisho
	Unknown
	T22
	Truck NO. T223ABS
	S06047’’115’
E039006’’784’
	166
	77
	6.3
	24
	17.0
	86.0

	Mbezi Temboni
	Unknown
	T23
	Truck NO.T132BPY
	S06047’’443’
E039008’’357’
	179
	83
	6.4
	21
	22.0
	64.0

	Mbezi Temboni
	Unknown
	T24
	Truck NO.T828ATE
	S06047’’541’
E039008’’357’
	169
	78
	6.4
	9
	20.0
	102.0

	Mean
	
	168.75
	77.5
	6.45
	34.6
	22.4
	87

	Std deviation
	
	18.36
	8.69
	0.23
	30.7
	3.51
	14.9

	Maximum value
	
	1210
	3290
	1698
	81
	6.2
	1045

	Minimum value
	
	126
	57
	6.2
	9
	17
	64

	
	
	
	
	
	
	
	
	
	
	

	Mwananyamala kwa Kopa
	Unknown
	 T3
	Tanker truck No.T517AFS
	S06046’’867’
E039015’’043’
	504
	243
	7.2
	0.2
	118.0
	32.0

	 Mwanayamala behind the hospital
	Unknown
	T4
	Tanker truck No.T494BWF
	S06047’’200’
E039015’’237’

	143
	67
	7.1
	5
	17.0
	55.0

	Mwananyamala kwa kopa
	Unknown
	T5
	Tanker truck NO. T160AXL
	S06046’’913’
E039015’’011
	1518
	777
	7.2
	11
	340.0
	435.0

	Mwananyamala kwa Mwarabu
	Unknown
	T6
	Tanker truck NO.T569ACA
	S06046’’960’
E039014’’879
	872
	419
	7.5
	0.8
	5.0
	200.0

	Mwananyamala kwa Mama Zakaria
	Unknown
	T7
	Tanker truck NO. T901BEM
	S06047’’049’
E039014’’760’
	800
	385
	7.7
	1.6
	73.0
	230.0

	Mwananyamala Ujiji street
	Unknown
	T8
	Tanker truck N0.T868ASH
	S06047’’299’
E039047’’859’
	779
	375
	7.1
	1.9
	73.0
	220.0

	Mwananyamala tuta la pili shule
	Unknown
	T9
	Tanker truck NO. T592ACN
	S06047’’427’
E039015’’046’
	799
	383
	7.2
	1.4
	74.0
	205.0

	Mwananyamala kwa kopa
	Unknown
	T10
	Tanker truck NO. T698AWH
	S06046’’849’
E039015’’059’
	1777
	870
	7.0
	0.7
	78.0
	408.0

	Mean
	
	899
	439.9
	7.25
	2.83
	97.25
	223.13

	Std deviation
	
	523.25
	263. 9
	0.23
	3.61
	104.47
	143.82

	Maximum value 
	
	1777
	243
	7.2
	11.0
	340.0
	435.0

	Minimum value
	
	143
	67
	7
	0.2
	5
	32

	Overall Mean
	695
	338
	6.7
	13.5
	117.9
	170.6

	Overall Standard deviation
	589
	338
	0.7
	23.6
	129.8
	117.5

	Overall Minimum values
	126
	57
	5.3
	0.2
	5
	32

	Overall Maximum values
	2320
	1169
	7.8
	86
	550
	435

	TANZANIA DRINKING WATER STANDARD  (2008)
	Nm
	≤2000
	6.5-9.2
	≤25
	≤800.0
	≤600.0


     Source: Research findings, 2014

Mean values for EC and TDS for trucks water from Kimara ward are 1018 µS/cm &497.9 mg/l respectively; while those of Mbezi ward are 168.8 µS/cm & 77.5 mg/l respectively whereas those of Mwananyamala are 899 µS/cm & 439.9 mg/l respectively. The overall Minimum observed values of EC and TDS were 126 µS/cm for EC and 57 mg/l for TDS. The permitted amount of TDS in drinking water for Tanzania is less than 2000mg/l (TBS 2008). None of the tested samples exceeded the maximum permissible limit as compared to the TBS Standards.  The results showed that EC and TDS of all samples   from the water trucks are well below the maximum Tanzania standard and WHO acceptable limits of potable water (WHO, 2008) which is EC 3000 µS/cm (Saria et al., 2011) and TDS 2000 mg/l (TBS, 2008).  This indicates that most of the water sources from where trucks water vendors draw water contains water with low total dissolved solids. Therefore as Thomas (2011) suggested that the WHO guideline value of 2500 μS/cm and 600 mg/l for EC and TDS respectively are based on taste rather than health, no bad taste was observed from the tested water samples from the trucks.

[bookmark: _Toc402777860]4.5.2  pH values, turbidity, chloride and hardness
The mean pH of the water from trucks for Kimara ward is 6.3, while that of Mbezi ward is 6.45 and that of Mwananyamala ward is 7.25. The overall pH of analyzed samples varied from 5.3 recorded at S06045’’450’ E039008’’331’ Kimara B water truck to 7.8 recorded at S06047’’287’’ E039010’’145’ Kimara Matangini water truck. Mean pH value of 6.7 (Table 5) is close to neutral pH which indicates that generally the pH was within the acceptable range. The maximum pH value   was within the range of 6.5 and 9.2 for potable water recommended by TBS (2008) and elsewhere (Agbaire and Oyibo, 2009) whereas the minimum value is not within the range.

[bookmark: _Toc402698490]Figure 11: pH values of water samples from the trucks in Kimara, Mbezi and Mwananyamala wards in Kinondoni District

Source: Research findings, 2014

The mean turbidity for trucks water from Kimara ward is 1.5 NTU,  while that of Mbezi ward is 34.6 NTU and that of Mwananyamala ward is 2.83 NTU.  Figure 12 presents turbidity levels of the water samples from the trucks in Kimara, Mbezi and Mwananyamala wards in Kinondoni District. Mean turbidity level in water from the trucks was 13.6 NTU with the minimum and maximum values being 23.6 NTU and 86 NTU respectively. The minimum is within the range of less than 25 NTU recommended by TBS (2008) for Tanzania while the maximum is higher than the acceptable level. The mean turbidity indicate that the water is generally within the acceptable limits of TBS, 2008. 

[bookmark: _Toc402698491]Figure 12: Turbidity values of water samples from the trucks in Kimara, Mbezi and Mwananyamala wards in Kinondoni District

Source: Research findings, 2014

The mean Chloride values of water trucks from Kimara ward is 2.25 mg/l; while that of Mbezi ward is 22.5 mg/l and that of Mwananyamala ward is 97.25 mg/l.  The overall mean chloride level was 117.9 mg/l with the minimum and maximum values of 5mg/l and 550mg/l recorded at Mwananyamala kwa Mwarabu and Kimara Korogwe respectively. None of the sampling sites indicated higher concentrations of chloride compared to the Tanzania standard (Figure 13). This indicates that the water sources from where the truck vendors draw water contain low saline levels.  


[bookmark: _Toc402698492]Figure 13: Chloride values of water samples from the trucks in Kimara, Mbezi and Mwananyamala wards in Kinondoni District

Source: Research findings, 2014

The mean total hardness values of the truck water from Kimara ward is 201.75 mg/l as CaCO3, while that of Mbezi ward is 87mg/L as CaCO3 and that of Mwananyamala is 223.13 mg/l CaCO3.  The overall Total hardness in tested water samples from the trucks indicated the mean value of 170.6 mg/l as CaCO3 with the minimum and maximum values being 32 mg/l as CaCO3 at Kimara B and 435 at Mwananyamala kwa Kopa respectively (Table 5). Since the water is classified as hard if the hardness is 250-350mg/l, and excessively hard if the total hardness is above 350mg/l all units as CaCO3 (Mato, 2002) the mean value of total hardness indicates that generally the water from the trucks is not hard.

 The higher hardness values were seen in five trucks (T11, T13,T5 and T10 in Figure 14) recorded as310 mg/l CaCO3 in Kimara mosque and Kimara Matangini, 335mg/l CaCO3 Kimara Korogwe,  435 and408 mg/l CaCO3 Mwananyamala kwa Kopa (Table 5) making 20.8% of the tested trucks to have either hard or excessively hard water


[bookmark: _Toc402698493]Figure 14: Total hardness values of water samples from trucks in Mbezi, Kimara and Mwananyamala wards in Kinondoni District
Source: Research findings, 2014

. The  higher total hardness of the truck water suggest that the water was drown from the boreholes whose water hardness may be mainly due to calcium attributed to anthropogenic activities,   influx runoff, and/or natural processes within the aquifer (Oparaocha et al., 2010; Praveen et al., 2008;  RadhaKrishnan et al., 2007.
[bookmark: _Toc402777861]4.6 The overall findings of physical and chemical water samples from the boreholes and trucks in Kimara Mbezi and Mwananyamala wards in Kinondoni District:

The overall results showed that the EC and TDS of most of the samples (97.2%) from the boreholes and water trucks are well below Tanzania standard and WHO acceptable limits of potable water (WHO, 2008), One  sample (2.8%)  from the borehole showed levels above the Tanzania standard which is EC 3000 µS/cm  (Saria et al., 2011) and TDS 2000 mg/l (TBS, 2008). Of all water samples, eleven (11) water samples (30.5%) did not meet the permissible values of pH 6.5-9.2 set  by Tanzania standards  (TBS, 2008). One of these water samples came from the borehole located at S06047’’655 E039015’’141 in  Mwananyala Kisiwani recorded as pH  6.4. Four samples taken from the trucks at Kimara King’ongo and Kimara B had pH values between 5.3 and 5.6. Six water samples from trucks in Mbezi ward had pH values between 6.2 and 6.4. 

All samples collected from water trucks in Mwanayamala ward met the pH set by Tanzanian standard. Low pH water is said to be acidic, soft and corrosive. This water can leach metals such as manganese, iron’ copper, lead and zinc from pipes and fixtures.  . Damage to metal pipes and aesthetic problems, such as a metallic or sour taste, laundry staining or blue-green stains in sinks and drains can also be caused by low pH water (Ahmed, Sulaiman, Saeed, and Mohamed,(2000). Water stored in the metallic truck tank dissolves small amounts of minerals and holds them in solution. Water that contains elevated levels of some metals could also show low pH level (Napacho and Manyele, 2010). Water with a low pH could include levels of toxic metals   and have associated quality problems such as a metallic or sour taste (Saria et al., 2011). Water with a pH > 8.5 indicates that the water is relatively hard. The environmental characteristic of the area such as geological location may be the cause of having acidic water, and also presence of dissolved minerals can attribute the lowering of pH in some of the tested borehole wells. 

The analyzed water samples showed that the mean value for turbidity is 7.7 NTU. The recorded turbidity varied from 0 NTU in borehole at S 06046’’882’ E039015’’070’ Mwananyamala kwa Kopa to 86 NTU in water truck at S06047’’032’ E039007’’005’ Mbezi Shule.

Turbidity can have a considerable effect on the microbiological quality of drinking water (WHO, 2002). The Tanzania Standard set permissible turbidity value at 25 NTU (TBS, 2008). The study indicated that 3 samples all from trucks at Mbezi ward had high turbidity (between 27 and 81 NTU) above the Tanzanian permissible standard.  Another 2 samples from the trucks in the same ward had slightly higher but acceptable turbidity levels water (21 and 24 NTU) approaching to the maximum permissible limits of Tanzania Standards. Relatively, all boreholes water samples indicated the turbidity below the maximum permissible limits of Tanzania standards may be attributed to natural filtration mechanisms in the aquifer (Praveen et al., 2008). The high turbidity of water from the trucks at Mbezi ward may originate from water source (DAWASCO standpoints) where most of truck water vendors draw water . The DAWASCO water is said to be turbid especially during heavy rains perhaps due to inadequate treatment of the water or due to intrusion of surrounding dirty waters to liking water supply pipes. Saria et al., (2011) indicated that consumption of highly turbid waters is not necessarily a health hazard, but may constitute a health risk if the suspended particles, which may harbor micro-organisms capable of causing disease in humans, or particles may have absorbed toxic organic or inorganic compounds. 

It may be more difficult to maintain adequate disinfection in a water supply if the turbidity is higher. According to Twaha et al., (2012) the association of fecal coliform with turbidities suggests the entry of sewage from pit latrines/septic tanks, soil and/or organic matter to the water. Turbidity suggests dual sources of contaminants from sewage and soil organic matter. High turbidity may amount to a health risks (Amin et al., 2010).

The chloride levels of the tested water samples indicated the mean value of 227.2 mg/l. The concentrations ranged from minimum of 5.0 mg/l tanker truck recorded at 
S06046’’960’ E039014’’879 Mwananyamala kwa Mwarabu to maximum of 1045.0 mg/l borehole recorded at S06046’’473’ E039008’’010’ Kimara Namanga street. Kimara Namanga and Mbezi Mwisho sampling sites indicated the higher concentrations of chloride (1045.0 and 1918.4 mg/l ) compared to the Tanzania standard of 800 mg/l (TBS,2008). Mbezi Mpiji Magoe CCM site indicated the chloride concentration of 800.0 mg/l which is the maximum permissible limit of Tanzania standard (TBS,2008). Chloride existence in large amounts may be due to the passage of water through natural salt formations in the earth or it may be an indication of pollution from sea water incursion, industrial or domestic waste operations Saria et al., ( 2011)  .  

 The presence of chloride within a large body of water   can indicate that water has been contaminated by fecal matter. The highest chloride values in borehole water is indicative of pollution, especially of animal origin such as entry of sewage from pit latrines, bathing activities, runoff and organic matter into the underground water (Mahananda et al.,  2010; Oparaocha et al., 2010). On the other hand, chloride enters the drinking water, when road salt seeps into the ground, or when the water supply is somehow mixed with seawater, or even when materials are leached from the pipes. The chloride levels in drinking water should not exceed acceptable value of 200 mg/l WHO standards and TBS allowable value of 800 mg/l (Napacho and Manyele, 2010). As Ingram (2009) indicated, Chloride usually only affects health when it occurs at high concentration in  the drinking water. If there are as many as two hundred and fifty milligrams of chloride per every liter of water, then the salts from the chloride can affect the water's taste, and can also make any coffee prepared  with that water taste bad. Also extra salt can be dangerous to people who are on strict no-sodium diets for health reasons. Water with high concentration values of chloride should be treated to make it fit for domestic purposes.
 
Total hardness in tested water samples indicated the mean value of 325.6 mg/l as CaCO3.   The total hardness values ranged between  32.0 (water tanker) and 1210.0 mg/l   (water borehole) 1210.0 mg/l. The mean value of total hardness indicates that generally the water is hard. Mostly the higher hardness values were observed in each of the three (3) boreholes located in Mwananyamala and Kimara wards. Four (4) water boreholes in Mbezi ward  also had  higher values. The total hardness of water in the borehole may be mainly due to presence of calcium carbonate,    influx runoff, and/or natural processes within the aquifer (RadhaKrishnan, et al., 2007; Praveen, et al., 2008; Oparaocha et al., 2010).


About seventy nine  (79.2%) percent of the samples collected and analyzed from the trucks did not show elevated values of total hardness. This suggests that most of the truck water vendors draw water from moderately soft, slightly hard or moderately hard water sources (Mato, 2002). The elevated total  hardness of  truck water  were seen in Kimara Korogwe (335.0 mg/l), Kimara Matangini (310.0 mg/l), Kimara Mosque (310.0 mg/l) and Mwananyamala kwa Kopa (408.0 and 435.0 mg/l ). According to Tanzania Water quality standards 500 and 600mg/l are the lower and upper limits respectively (Mbwette, 2010: 69; WHO guideline of 2008). Approximately nineteen  (19.4%) percent of all (borehole and truck) tested samples were seen to exceed the upper limits of Tanzania and WHO standards, and the rest were below the upper limits. Napacho and Manyele (2010) noted that many studies of populations in areas of naturally occurring hard and soft water have found few occurrences of cardiovascular diseases, cancer, diabetes, respiratory diseases or other health problems in hard water areas. Dissolved calcium and magnesium precipitate out of hard water as scales which build up on the inside of pipes, water heaters and industrial machinery. Scales can cause clogging of the pipes; also hard water reduces soap’s ability to lather, whether in the shower, sink, dish washer or washing machine, and react with soap to form sticky scum (Gerbis, 2013).The elevated Total hardness domestic waters should be treated (softened) in order to fit the purposes.  

Hypothesis number two stated that “domestic  water  from  water wells    and   trucks  used  in Kinondoni District contains  more than  normal  amounts  of  dissolved  solids, is saline and or acidic’. Results of laboratory water analysis showed that TDS of most of the samples (97.2%) from the boreholes and water trucks were below Tanzania standard and WHO acceptable limits of potable water (WHO, 2008). However, eleven (11) water samples (30.5%) did not meet the permissible values of pH 6.5-9.2 set by Tanzania standards  (TBS, 2008). With the exception of  Mwananyamala ward  Kimara  and Mbezi Mwisho  ward sampling sites indicated the higher concentrations of chloride (1045.0 and 1918.4 mg/l ) compared to the Tanzania standard of 800mg/l. Therefore hypothesis number two is also accepted. The third hypothesis states that “domestic water from water wells and trucks used in Kinondoni District is very hard”.  Total hardness in tested water samples indicated the mean value of 325.6 mg/l as CaCO3. The total hardness values ranged between 32.0 (water tanker) and 1210.0 mg/l (water borehole).. Tanzania water quality standards are 500 and 600 mg/l for the lower and upper limits respectively (Mbwette, 2010). Mean hardness values of water from boreholes and water tankers were 626.7 and 170.6 mg/l respectively. Therefore hypothesis number three is acceptable only for water in the boreholes.
[bookmark: _Toc402777862]
CHAPTER FIVE
[bookmark: _Toc402777863]5.0 CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc402777864] 5.1 Conclusion
Most of the studied sites in Kinondoni District had bad quality domestic water as far as bacteriological contamination is concerned. This was characterized by the 58.3% of the boreholes and 95.8% of the water trucks being contaminated with total and fecal coliforms, and hence alarming to the potential presence of pathogenic disease- causing bacteria that may lead to human health risks and eventually deaths if appropriate water treatment measures are not practiced. Thus the hypothesis that “Domestic water from water wells and trucks used in Kinondoni District is contaminated with bacteria” is accepted. The contamination may be caused by poor protection of the water sources and seepage of domestic and municipal uncontrolled sewage especially during heavy rainfall. The highest chloride value in some borehole water is also indicative of pollution, especially of animal origin such as entry of sewage from pit latrines, bathing activities, runoff and organic matter into the underground water. The association of fecal coliform with turbidities also suggests the entry of sewage from pit latrines/septic tanks, soil and/or organic matter in to the water.

The results  of physical characteristic of water  indicated  that  most of the  domestic  water used  in Kinondoni District  particularly from the water trucks have Total Dissolved solids(TDS)  acceptable for use as compared to Tanzania standard upper limits of potable water. Relatively, more boreholes have water with Total Dissolved Solids high above the Tanzania standard than water from trucks. The higher TDS in  

 T.Coliform/100ml	B103/14	B 107/14	B109/14	B 118/14	B 375/14	B 369/14	B 477/14  	BL371/14	B378/14	B 381/14	B 339/14	B 340/14	24	180	200	170	35	0	13	250	0	178	0	0	F.Coliform/100ml	B103/14	B 107/14	B109/14	B 118/14	B 375/14	B 369/14	B 477/14  	BL371/14	B378/14	B 381/14	B 339/14	B 340/14	16	150	180	35	0	0	6	130	0	18	0	0	Water source number
Counts per 100mL

Total Coliforms	T1	 T2	T11	T12	T13	T14	T15	T16	 T3	T4	T5	T6	T7	T8	T9	T10	T17	T18	T19	T20	T21	T22	T23	T24	0	30	500	106	36	310	42	40	11	72	720	264	240	720	488	120	340	336	56	198	98	38	44	142	Fecal Coliforms	T1	 T2	T11	T12	T13	T14	T15	T16	 T3	T4	T5	T6	T7	T8	T9	T10	T17	T18	T19	T20	T21	T22	T23	T24	0	24	288	20	26	170	30	4	7	46	562	203	200	400	416	34	337	240	46	124	36	32	34	54	Water source number
Counts per 100mL

 T.Coliform/100ml	B103/14	B 107/14	B109/14	B 118/14	B 375/14	B 369/14	B 477/14  	BL371/14	B378/14	B 381/14	B 339/14	B 340/14	T1	 T2	T11	T12	T13	T14	T15	T16	T17	T18	T19	T20	T21	T22	T23	T24	 T3	T4	T5	T6	T7	T8	T9	T10	24	180	200	170	35	0	13	250	0	178	0	0	0	30	500	106	36	310	42	40	340	336	56	198	98	38	44	142	11	72	720	264	240	720	488	120	F.Coliform/100ml	B103/14	B 107/14	B109/14	B 118/14	B 375/14	B 369/14	B 477/14  	BL371/14	B378/14	B 381/14	B 339/14	B 340/14	T1	 T2	T11	T12	T13	T14	T15	T16	T17	T18	T19	T20	T21	T22	T23	T24	 T3	T4	T5	T6	T7	T8	T9	T10	16	150	180	35	0	0	6	130	0	18	0	0	0	24	288	20	26	170	30	4	337	240	46	124	36	32	34	54	7	46	562	203	200	400	416	34	Water source number
T.coliform/100mL

EC (µS/CM)	B102/14	B 106/14	B 108/14	B 118/14	B 374/14	B 368/14	B  476/14	B370/14	B 378/14	B 380/14	B 338/14	B 340/14	1812	915	2120	1523	1364	2680	5880	2520	3290	2460	554	707	TDS (mg/l)	B102/14	B 106/14	B 108/14	B 118/14	B 374/14	B 368/14	B  476/14	B370/14	B 378/14	B 380/14	B 338/14	B 340/14	911	447	1066	757	675	1322	3528	1274	1698	1244	268	343	Water source number
EC (μS/cm)/TDS (mg/L)
pH	B102/14	B 106/14	B 108/14	B 118/14	B 374/14	B 368/14	B  476/14	B370/14	B 378/14	B 380/14	B 338/14	B 340/14	6.7	6.7	6.4	7.4	7	6.9	7.3	6.8	7.4	7.1	7	6.7	Water source (B=Borehole)

pH

Turbidity (NTU)	B102/14	B 106/14	B 108/14	B 118/14	B 374/14	B 368/14	B  476/14	B370/14	B 378/14	B 380/14	B 338/14	B 340/14	0	0.30000000000000032	0.30000000000000032	2.5	0.2	3.3	0	6.6	6.2	0.4	0.1	0.1	Water source (B=Borehole)

Turbidity (NTU)

Chloride (mg/L)	B102/14	B 106/14	B 108/14	B 118/14	B 374/14	B 368/14	B  476/14	B370/14	B 378/14	B 380/14	B 338/14	B 340/14	82	93	24	275	110	800	1918.4	545	1045	625	100	50	Water source (B=Borehole)

Chloride (mg/L)


Total hardness(mg/l as CaCO3)	B102/14	B 106/14	B 108/14	B 118/14	B 374/14	B 368/14	B  476/14	B370/14	B 378/14	B 380/14	B 338/14	B 340/14	820	420	1000	205	410	870	1210	900	640	732	122	297	Water source (B=Borehole)

Total hardness (mg/L) as CaCO3)


EC (µS/cm)	T1	 T2	T11	T12	T13	T14	T15	T16	T17	T18	T19	T20	T21	T22	T23	T24	 T3	T4	T5	T6	T7	T8	T9	T10	714	480	1321	1355	2320	639	685	628	126	185	173	172	180	166	179	169	504	143	1518	872	800	779	799	1777	TDS (mg/l)	T1	 T2	T11	T12	T13	T14	T15	T16	T17	T18	T19	T20	T21	T22	T23	T24	 T3	T4	T5	T6	T7	T8	T9	T10	346	235	653	671	1169	295	321	293	57	84	79	79	83	77	83	78	243	67	777	419	385	375	383	870	Water source number
EC (μS/cm)/TDS (mg/L)
pH	T1	 T2	T11	T12	T13	T14	T15	T16	T17	T18	T19	T20	T21	T22	T23	T24	 T3	T4	T5	T6	T7	T8	T9	T10	5.4	5.6	7	7.8	7.2	6.7	5.6	5.3	6.8	6.8	6.4	6.3	6.2	6.3	6.4	6.4	7.2	7.1	7.2	7.5	7.7	7.1	7.2	7	Water source (T=Truck)
pH
Turbidity (NTU)	T1	 T2	T11	T12	T13	T14	T15	T16	T17	T18	T19	T20	T21	T22	T23	T24	 T3	T4	T5	T6	T7	T8	T9	T10	0.30000000000000032	0.2	2.2999999999999998	6.6	0.60000000000000064	7.1	0.2	0.30000000000000032	81	86	13	16	27	24	21	9	0.2	5	11	0.8	1.6	1.9000000000000001	1.4	0.70000000000000062	Water source (T=Truck)

Turbidity (NTU)


T1	135	 T2	135	T11	250	T12	250	T13	550	T14	128	T15	178	T16	152	T17	0	T18	25	T19	23	T20	22	T21	28	T22	17	T23	22	T24	20	 T3	118	T4	17	T5	340	T6	5	T7	73	T8	73	T9	74	T10	78	Water source (Trucks)

Chloride (mg/L)

Total hardness (CaCO3)	T1	 T2	T11	T12	T13	T14	T15	T16	T17	T18	T19	T20	T21	T22	T23	T24	 T3	T4	T5	T6	T7	T8	T9	T10	117	32	310	310	335	225	120	165	74	103	85	78	104	86	64	102	32	55	435	200	230	220	205	408	Water source (T=Truck)

Total hardness as (mg/L) as CaCO3)
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