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ABSTRACT 

This study has investigated the water quality and incidence of water related diseases 

in Dodoma and Iringa regions. Water quality assessment was carried on several 

villages in Kongwa, Iringa and Mufindi districts during dry season in early March to 

mid April, 2020. Methods used were sampling and testing physical chemical and 

biological characteristics of water as well as carrying out in-depth interviews to key 

informants, observation and documentary review. Microbial characteristics of water 

samples were determined by Most Probable Number (MPN) method. Findings have 

shown variation of physical, chemical and biological characteristics of water between 

different sampling points. As for the physical parameters, some areas were within 

acceptable limits where others were not. Water pH, Electrical Conductivity and Total 

Dissolved Solids exceeded the standards required by WHO and TBS for drinking 

water. The rest parameters fall within the acceptable standards. For the chemical 

parameters they were found within the required standards for drinking water quality 

except ammonium and nitrate which were found to exceed WHO and TBS limits in 

almost all villages. Microbial analysis demonstrated variations. Faecal coliform and 

presence of E.coli were detected in some water sources and some not. Detection was 

observed from Chamkoroma, Ugogoni, and Mbande villages in Kongwa District. In 

addition, findings revealed that diarrhoea, typhoid, eye infections and skin infections, 

gastro intestinal infections (GIT), urinary tract infections (UTI), giardiasis and 

dysentery are among of water borne diseases, which affects health of under five 

children across the study area mostly related to chemical and biological 

characteristics observed as per correlation analysis results. The study recommends 

regular testing and monitoring of drinking water quality and awareness creation 

among the community members on water contamination, its effects and preventive 

measures through seminars and workshops.  
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CHAPTER ONE 

INTRODUCTION 

1.0 Background of the Study 

Water is an essential and crucial resource in sustaining life, satisfactorily and its 

supply must be available to all (World Health Organizatin, 2011). It plays a critical 

role in the welfare of societies and affects the livelihood of every human (Grafton 

and Hussey, 2011). Though water is considered as a source of life, it may also be a 

source of diseases and death due to deterioration of its quality (Amerasinghe, 2006). 

Furthermore, the quality of water can be considered to be good or bad depending on 

the use (Boyd, 2015; Yuncong and Migliaccio, 2011). The quality of drinking water 

quality is considered to be good if it does not have an excessive concentration of 

minerals, toxin and disease causing organisms such as Escherichia coli and total 

Coliform bacteria (WHO, 2017b). The detection of minerals and disease causing 

organism in drinking water is normally ensured after determination of its physical, 

chemicals and biological or radiological characteristics (Stephenson, 2005). 

Moreover, according to Boyd (2015) availability of good quality drinking water is 

decreasing and affecting human population worldwide. The decrease is associated 

with rapid human population growth, industrialization and intensive agricultural 

activities which exacerbate water pollution. The world population is estimated to be 

7.6 billion and it is projected that it will continue to increase by more than 1 billion 

over  the next 13 years reaching 8.6 billion in 2030 and to increase further to 9.9 

billion in 2050 and 11.2 billion by 2100 (Abegao, 2018). This imply that, if specific 

measures to protect water sources from pollution are not taken, the decrease of water 

quality to sustain the growing population will remain a problem.  

Estimates indicate that 20% of the world population lacks good quality of drinking 

water due to pollution and nearly half of the growing world population lacks 

adequate sanitation (Global Environmental Facility and United Nations Educational, 

Scientific and Cultural Organization, as cited in Pimentel et al., 2014). Water sources 

are polluted by pollutants from industries, agricultural wastes, poor handling and 

disposal of domestic solid and liquid wastes as well as influence from natural factors 

(Alley, 2007; Boyd, 2015 and, Pandey et al., 2014 ). In addition, in developing 

countries, the problem is reported to be more acute as it is estimated that 95% of 
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untreated urban sewage is discharged directly into surface water (GEF and UNESCO 

as cited in Pimentel et al., 2014). The water sources contains pathogenic organisms 

or toxic chemicals which poses serious risk to human health, environment and 

aquatic life (United Nations Children’s Fund, 2010; Pandey et al., 2014). 

To worsen the situation, in developing countries the untreated water is used for 

drinking, bathing and cooking resulting in serious human infectious diseases and 

illness. It is documented that, the overall waterborne diseases in developing countries 

account for 90% of all human infectious diseases (Pimentel et al., 2014). Aaccording 

to the World Health Organization (2011) the infants and young children, people who 

are debilitated and elderly, especially when living under unsanitary conditions are 

mostly at great risk of water-borne diseases. In addition, in urban Africa where 

sanitation is poor and overcrowded, is estimated that 90% of the population may be 

infected with Helminths and microbial pathogens (Pimentel et al., 2014).  

Furthermore, in Tanzania particularly, diarrhoea is among the top five waterborne 

diseases caused by pathogens (faecal coliform and E. Coli bacteria) leading to child 

mortality (URT, 2016). According to the Water Aid report, nearly 289,000 children 

under the age of five die from diarrhoeal disease caused by poor water and sanitation 

that is almost 800 children a day in Tanzania (Water Aid, 2018). In 2011, about 70% 

of the Tanzania health sector expenditure was used to treat preventable water, 

sanitation and hygiene related diseases. Also, it is estimated to cost the country 

around 500 US$ millions (Water Aid, 2018). This indicates that access to good 

quality water for drinking in Tanzania particularly in rural areas is still a challenge 

and water borne diseases caused either bacteria or other pollutants found in drinking 

water has continued to affect children.  

In response to health risks posed by drinking contaminated water, many countries 

from globally have adopted the 2030 Sustainable Development agenda and 

mobilized resources to ensure that access to clean and safe water for all is achieved. 

And, development of the drinking water quality standards was also among of the 

efforts made. A study done by WHO and UNICEF indicates that from a period of 

2002 – 2017, 71% of the world’s population (of 5.3 billion people) has been involved 

in improving drinking water sources free from contamination in 2017 compared with 
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62% (3.8 billion people) in 2000. In rural areas, water quality improvement was 

made from 42% to 53%, while water quality in urban areas remained largely 

unchanged at 85% globally (UNICEF and  WHO, 2019). 

In the Sub-Saharan Africa region, the survey indicates that from 2002 to 2017, the 

proportion of population who are using water from unimproved sources (water 

sources not from piped water, borehole or tube wells, protected dug wells, protected 

springs, rainwater and packaged or delivered water) has decreased from 26% to 18% 

at national level while for urban has decreased from 9% to 6% and for rural from 

34% to 25% respectively. While, for the surface water users, figures indicate a 

decrease at the national level from 19% to 8% while for the urban from 4% to 1% 

and rural dwellers decreased from 26% to 13% respectively (UNICEF and WHO, 

2019). In Tanzania, the government also adopted and developed drinking water 

quality standards from the WHO and East African Community water quality 

standards in 2016. The government developed and has been implementing Water, 

Sanitation and Hygiene (WASH) projects and Water Sector Development 

Programme (WSDP) 2006 – 2025 which targeted that, good quality of water supply 

(clean and safe) to the community in rural areas by year 2025 will reach 85%. 

So far, the Tanzania National Environmental Status Report of 2017 indicates that, by 

2016 almost 6 out of 10 persons (59.7 %) had an access to improved sources of 

drinking water in rural area. In urban areas, nearly 9 out of 10 obtain drinking water 

from improved sources (United Republic of Tanzania, 2019). Though, studies 

indicate efforts that have been made on supplying good quality of water in the 

country, still water borne diseases continue to affect health of under five children. 

The reasons may be associated with; less efforts and consideration taken on the 

regular testing and monitoring of water quality status in rural areas, increased water 

pollution and limited access to improved water sources (that are free from 

contamination) to ensure that water which is consumed at domestic level meets the 

required standards for drinking water. 
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1.1 Statement of the Problem 

The Tanzania National Development Vision 2025, the Poverty Reduction Strategy 

Paper (2000) and National Strategy for Growth and Reduction of Poverty 

(NSGRP/MKUKUTA) were developed aiming at achieving absence of object 

poverty and attaining a high quality of life for all Tanzanians. To achieve the 

objective, access to good quality (clean and safe) drinking water was among of the 

prioritised milestone that the government of Tanzania committed itself. As a result, 

the government adopted Millennium Development Goal (MDGS goal 7) and 

Sustainable Development Goals (Goal 6.1) which require that the community to have 

access to good quality (clean & safe) drinking water and basic sanitation. 

In addition, to achieve the Millennium Development Goals (MDGS goal 7) and 

Sustainable Development Goals (Goal 6.1) the following efforts were made by the 

Tanzania government; review of water policy, implementation of sector wide 

approach i.e. the Water Sector Development Programme (WSDP 2006-2025), 

decentralization of water service provision, enhancement of private sector 

participation in water service delivery, and wise use of equitable allocation of 

resources in all basins. 

Furthermore, the WSDP 2006 – 2025 targeted access to quality and clean drinking 

water in rural areas to increase up to 85% by 2025. So far, an access to quality and 

clean water coverage in rural area has been improved from 48% in June 2015 to 70% 

by December 2019. Though progress were made that the large population have 

access to good quality (clean and safe) drinking water, studies indicates that 

waterborne diseases have continued and remained to threaten health of under five 

children in Tanzania. Reports indicate that, at least 0.1% of the children population 

(under five) died each year from a period of 2000 - 2017 while, children from 1-59 

months; 0.2% die each year in Tanzania due to Diarrhoea (UNICEF & WHO, 2019). 

Moreover, cases such as diarrhea, typhoid, and cholera including other pathogenic 

diseases which threatens health of under five children in rural areas are among of the 

reported diseases associated with drinking or direct contact with contaminated water 

(WHO, 2018). It is unfortunate that more studies have been done focusing on access 

and rural water supply and less efforts and consideration has been made on regular 
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testing and monitoring of water quality status in rural areas. As such, information on 

the status of drinking water quality in rural areas has been limited which could help 

to better understand sources and point of water contamination to manage and control 

the outbreak of waterborne diseases. Therefore, the study sought to investigate the 

quality status of water used for drinking by community to see if the National (TBS) 

and WHO standards for drinking water quality are met; and further, explore the 

relationship and its effects on health of under five children. 

1.2 Research Objectives 

1.2.1 General objective 

To examine community’s drinking water quality and its effects on health status of 

under five children in Kongwa, Iringa and Mufindi districts  

1.2.2 Specific Objectives 

i. To analyse physicochemical parameters of water from community water 

schemes in the selected villages in Iringa, Mufindi and Kongwa districts. 

ii. To examine Escherichia coli and Total Coliform bacteria of the water from 

community water schemes in the selected villages in Iringa, Mufindi and 

Kongwa districts. 

iii. To explore the relationship between water quality (physicochemical 

parameters and biological characteristics) and health status of under five 

children in selected villages in Iringa, Mufindi and Kongwa districts. 

1.3 Study Hypotheses 

i. There is a variation in units of water quality parameters in terms of physical 

and chemical parameters as well as the international and national standards 

for domestic use. 

ii. There is a variation in units of water quality parameters in terms of faecal 

contamination and the international and national standards for domestic use. 

iii. There is a positive relationship between water quality and health status of 

children under five years. 
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1.4 Significance of the Study 

Waterborne diseases have been reported to affect children under five years, mainly 

associated with drinking contaminated water. Aaccording to UNICEF & WHO, 

(2019) in Tanzania at least a proportion of 0.1% of the children population (under 

5years) died each year from a period of 2000 - 2017 while, children from 1-59 

months; 0.2% die each year due to Diarrhoea (UNICEF & WHO, 2019). A diarrhea 

disease is associated with drinking water which is contaminated with pathogens. It is 

expected that, if communities have access to good quality drinking water in rural 

area, cases such as diarrhea, typhoid, and cholera including other pathogenic diseases 

which are associated with drinking contaminated water would not have continued to 

affect or pose risks to the health of under five children. 

In addition, information on the status of water quality used by the community in rural 

areas is claimed to be limited and affect making informed decisions (World Bank, 

2019). The knowledge gap in data and information about causes, magnitude and 

effects of water pollution, which deteriorates water quality in Tanzania, is also loudly 

raised. Understanding the status and quality of drinking water, sources of pollution 

and  dispersion form the basis for better management and help stakeholders who are 

engaged in water sector to ensure that the health of people in particular children 

under five years, is improved through the access to safe drinking water (World Bank, 

2017; 2019).  

Therefore, findings of the study would bridge the information gap by providing 

baseline information which could be used to advise policy and decision-makers, 

community, local government authorities including private sectors who are engaged 

in water supply sector. Study findings would also help to improve or prepare 

guidelines and regulations for the implementation and better management of 

community water projects in rural areas. Lastly, the study would provide a baseline 

information which will be springboard for further studies.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Introduction 

This chapter builds a broad understanding of water quality in relation to waterborne 

disease among under-five children at different levels. The first section conceptualise 

key terms used in the study. The next section presents the theoretical review 

followed by an empirical review of the literature which broadens the understanding 

of various water related issues including the policy framework which provide a guide 

for water use. Further, the chapter also presents the knowledge gap emanated from 

the review of the literature and the last section provides a conceptual framework that 

links various variables to building an easy understanding of the study topic. 

2.1 Conceptualization of Key Terms 

2.1.1 Water 

Water is a liquid which relates to the surrounding area and  often co-exists on earth 

in solid-state, ice or gaseous state i.e. water vapour or steam (Molden as cited in 

Mkongwa, 2013). It is often  used as a universal solvent and a combined liquid form 

with living organisms (Molden as cited in Mkongwa, 2013). Moreover, water has 

also the capacity to transport particles, incorporated in itself various pollutants that 

characterize water quality (Sperling and de Lemos Chernicharo, 2005). Furthermore, 

Grandjean and Bartram, (2011) considered water as a substance, a beverage, a 

nutrient, and a potential source of other nutrients which are important for all forms of 

life and yet, on the contrary , is associated with disease and death, when insufficient 

or acting as a vector for pathogens and toxic chemicals. In this study, the definition 

of Malden’s, Grandjean and Bartram, (2011) was adopted. 

2.1.2 Water Quality 

According to Yuncong and Migliaccio (2011) water quality depends on the status of 

water for a particular use. In other words, water may either be suitable or not 

depending on its use. Its suitability is influenced by the following; physical, chemical 

and biological characteristics. These characteristics are also considered as water 

quality variables (Boyd, 2015; Asadollahfardi, 2015). In addition, there are standards 

for each characteristic to determine the water quality for a particular use or human 

consumption (Yuncong and Migliaccio, 2011). Thus, in this study the term water 
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quality refers to status of the physical, chemical and biological characteristics of the 

water. 

2.1.3 Water Quality Standards 

Selection of a water source and supply for different activities, drinking and other 

uses or even protection from pollution, depends on the water quality status, nature 

and magnitude of water pollution found at the source. To understand the status of 

water quality and level of pollution before use, requires specific standards and 

guidelines to be used (Boyd, 2015). These standards are limited set to the required 

concentration level of various chemical substances and magnitude of physical 

characteristics in water and are legally enforceable (Grafton and Hussey, 2011). In 

addition, they are numeric values or narrative descriptions of water quality 

parameters that are meant to sustain intended uses of the water body. 

Furthermore, the WHO developed standards for drinking water to stimulate 

improvements in water quality, free from bacteria and chemical contamination to be 

adopted worldwide (WHO, 2011; 2012). Though, developed standards are adopted 

by many countries including Tanzania, yet, studies indicate that community in rural 

areas including the studied villages are still affected by waterborne diseases caused 

by contaminated water. Increased water pollution due to anthropogenic activities and 

Lack of regular testing and monitoring of water quality especially in rural areas to 

ensure that community have access to good quality of drinking water (clean and safe) 

has been associated with the problem (Lufingo, 2019; Mekonnen et al.,2019; World 

Bank, 2017; 2019). Therefore, in this study, the WHO’s and Tanzania’s standards 

were used to determine the physical, chemical and biological characteristics of the 

drinking water quality in the studied area (see appendices Table 1b).  

2.1.4 Water as a Solvent 

Stanitski et al., (2000) defined water as a good solvent for many of the chemicals that 

make up our bodies. A solvent is a substance that dissolves other substances. The 

substances that dissolve in a solvent are referred to as solutes. The resulting mixture 

is a solution, which is a homogeneous mixture of uniform composition. Thus, the 

quality of drinking water may be affected by the concentration of the dissolved 
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substances such as chemical, nutrients, minerals, gases and other organic compounds 

in water (Stanitski et al., 2000). 

2.1.5 Water Properties 

According to Cantor, (2009) water properties are biological, chemical, and physical 

elements or characteristics that water contains and influence the suitability of water 

quality. The chemical characteristics include substances that dissolve in water and 

gases e.g. oxygen (O2) and carbon dioxide (CO2), metal ions e.g. iron (Fe
2+

) and lead 

(Pb
2+

), nutrients e.g. nitrites (NO2
-
), nitrates(NO3

-
),  phosphates (PO4

3-
), biphosphates 

(HPO4
2₋

), pesticides (e.g., atrazine (At) & endosulfan) and other organic compounds 

such as polychlorinated biphenyls (PCBs). The common physical characteristics of 

water considered are colour, odour, temperature, taste, and turbidity (Cantor, 2009). 

And biological characteristics are the living organisms which were mostly 

considered included bacteria  such as  Escherichia coli, viruses, and protozoan 

(Yuncong and Migliaccio, 2011). 

2.2 Theoretical Review 

2.2.1 The Hydrological Cycle Model 

The Hydrological Cycle Model is a conceptual model that describes the storage and 

movement of water between the biosphere, atmosphere, lithosphere and hydrosphere. 

Water moves continuously on, above, and under earth’s surface (Figure 1). Its 

movements starts from the oceans to the atmosphere through evaporation (Postel, 

2017). Evaporation is a process by which water changes from a liquid to a gas. Water 

moves back to the land surface through rain (a process known as precipitation) and 

snow (Bethea, 2011).  

 

 

 

 

  



10 

Figure 1: Hydrological Cycle 

 

Source: (https://classnotes.org.in/wp-content/uploads/Water-cycle.jpg 

After dropping on the land surface water penetrates into the ground or flows into 

streams and rivers. Eventually, water makes its way back into the ocean where the 

cycle starts again. During its movements, water changes states between solid (ice), 

liquid (water), and gas (water vapour) (Bethea, 2011). Moreover, water on the Earth 

planet can be stored in any one of the following reservoirs; atmosphere, oceans, 

lakes, rivers, soils, glaciers, snowfields and ground water (Tang & Oki, 2016). The 

movement of water from one reservoir to another happens through evaporation, 

condensation, precipitation, deposition, run off, infiltration, sublimation, 

transpiration, melting and ground water flow processes (Tang & Oki, 2016). 

Therefore, one would conclude that the hydrologic cycle consists of natural 

processes such as inflow, outflow and storage of water on Earth. Inflow adds water 

to the different parts of the hydrologic systems, while outflow discharge water 

(Abdollahi, Bazargan, & Mckay, 2018). The diagram above (Figure.1) illustrates the 

whole model and movement process involved in hydrological cycle. 
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The study has adopted the hydrological cycle model to enable better understanding 

of the source of natural water resource, its movement and possible sources of the 

pollutants that deteriorate its quality from its movement. The primary source of 

pollutants in water is the anthropogenic activities such as; industries, agriculture, 

urbanization and poor land uses practices carried on the earth surface (Alley, 2007;  

Boyd, 2015;  Pandey et al., 2014; Katonge, 2018). Once pollutants from industries, 

agricultural chemicals (fertilizers, pesticides and insecticides) and domestic sewages 

are discharged on the environment or into water bodies (Safari et al., 2012) through 

the water cycle process pollutants may move from one source to another and cause 

contamination to other sources. 

This commonly happens through leaching or infiltration, runoff and ground flow 

processes (Katonge, 2018). For instance, ground water may be contaminated through 

leaching and infiltration process. The contaminated ground water contaminates ocean 

and river streams through ground or subsurface water flow. An ocean which is 

contaminated from runoff, subsurface and ground water flow, also can again transfer 

contaminants into atmosphere through evaporation and back to aquifer, through 

infiltration and ground water flow after falling on the land surface as precipitation 

and the cycle starts again. 

However, though the model helps to understand possible sources and movement of 

pollutants in water from one source to another, it is silent on the ―carrying capacity’’ 

of the source or ecosystem, the level of contamination that a natural stream or water 

body can sustain without deterioration of its natural qualities that cause significant 

effect on health of human being and aquatic life. As such, the Theory of Assimilative 

Capacity was also considered for this study to describe and understand the threshold 

or limit of a natural water body can sustain contaminants naturally.  

2.2.2 Theory of Assimilative Capacity 

The ―Assimilative Capacity‖ term was coined by Professor Edward Goldberg of the 

Scripps Institution of Oceanography and used as the theme of NOAA Workshop at 

Crystal Mountain, Washington in 1979. The concept was coined and used at the 

meeting to mean the amount of impurities that could be contained within the body of 

water without producing negative biological impacts. Furthermore, Panda & 
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Nagendra, (2017) define the concept ―Assimilative Capacity‖ as an important 

parameter to know the level and magnitude of pollution and load-carrying capacity 

of an area during various atmospheric and industrial conditions. Further, they defined 

as ―the maximum amount of pollutant load an area can take without exceeding the 

specified standards‖. Moreover,  it has been considered as ―a set of interaction that 

occurs naturally in a water source and as a result, the level of water pollution 

decreased during natural process and water quality increases to the optimum 

standard‖( Hoseini & Hoseini, 2018).  

In other words, a natural water body should naturally be able to assimilate waste 

materials they receive without significant deterioration of some quality criteria 

(Creek et al., 2017). It is a self-purification natural process by which, the natural 

stream or water body cleanses itself of waste materials discharged into it. Factors 

which influence Assimilative Capacity of the water body includes; the rate of 

transfer, penetration and distribution, sedimentation and pollutant decomposition 

(Hosein as cited in Hoseini & Hoseini, 2018). 

 In most cases discharge of effluents beyond assimilative capacity of the water bodies 

alters the natural physical, chemical and biological status of the receiving water body 

(Creek et al.,2017). It is unfortunately that, through anthropogenic activities, Man 

has been blamed to contribute pollutants into water bodies which affects its carrying 

capacity (Amerasinghe, 2006; Botter et al., 2019; Creek et al., 2017; Edmond et al., 

2019; Ojija, 2015; Roig et al., 2014;  Safari et al., 2012; Sener et al., 2017). Most 

streams including other water bodies have been observed to be unmindfully used for 

the disposal of domestic and industrial effluents far beyond their assimilative 

capacities (Creek et al., 2017). As a result, the quality of water gets deteriorated 

leading to the scarcity of quality drinking water and affecting human health. 

Thus, this theory is found to be relevant since it explains the ―threshold level‖ or 

―carrying capacity‖ that natural water body can tolerate or withstand contaminants 

being discharge into and undergo natural purification to maintain its quality which 

will not cause health effects to human and aquatic life. However, the theory didn’t 

specify further what standards or limits levels in particular, whether numeric values 

or narrative statements should be considered to avoid exceeding ―the assimilative 
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capacity‖ of the water body. As such, in line with above theories the WHO and TBS 

water quality standards, were used to examine the quality of domestic water (the 

status of physical, chemical and biological characteristics of water) and its effects on 

health of under five children. 

2.3 Empirical Review 

2.3.1 Water Characteristics and Waterborne Diseases 

The Tanzania national guidelines on drinking quality water, monitoring and reporting 

of 2018 requires that a constant, regular testing, monitoring and reporting data on the 

water quality to be undertaken to ensure that water quality standards are met 

sustainably before water is supplied to the public. The guidelines also require that, 

water quality should not be deteriorated between the source and ultimate user to 

ensure safe and clean water is provided to the public to protect them suffering from 

water borne diseases. In addition, since water sources and water quality are not 

uniform across the country, the guidelines strictly direct water supply to be drawn 

from best sources to maintain high quality of water than providing treatment to poor 

quality water sources. 

The best quality of water source can only be identified by testing and monitoring of 

the physical, chemical and biological characteristics of natural water to assess if the 

water quality falls within acceptable standards or not. However, due to limited 

resources and inadequate capacity of the authorised bodies which are mandated to 

conduct regular testing and monitoring and supply of water quality in rural areas. 

There are evidence that water testing, quality monitoring and reporting in most cases 

is partially done and do not cover all water sources across the country and rural 

community continued to be affected by waterborne diseases (Lufingo, 2019; 

Mekonnen et al.,2019; World Bank, 2017; 2019). Therefore, in this study the 

following paragraphs gives insights on some of investigated water characteristics to 

determine the quality of water consumed by community and possibly relate with 

waterborne diseases in the study area. 
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2.3.1.1 Physical Parameters of Water 

Temperature is an important parameter for determining the water quality for various 

uses and forms of life (Pooja, 2018). It is a measure of the average of the energy of 

water molecule. Water temperature changes gradually in response to seasonal 

changes which is caused by thermal pollution (Spellman, 2018). Changes in 

temperature influence change of the physical, chemical and biological characteristics 

of the water (Saito, et al., 2016) which affects the solubility of oxygen, bacteria 

activity producing bad taste, odour of water and the rate at which gases transferred to 

and from the water which affects its quality for drinking and aquatic life (Spellman, 

2018). 

Furthermore, a raise in water temperature increases level of algae and other organic 

matter in raw matters which are critical impurities that need to be monitored  in order 

to have good quality of drinking water (Spellman, 2018). Therefore, the temperature 

parameter is considered in this study for assessing water quality to determine the 

level of oxygen solubility, bacterial activity that may produce bad taste, odour of 

water, the rate at which, gases transferred to and from the water and level of 

impurities concentration such as algae, and organic matter that may be present in raw 

water which affect the quality of drinking water. 

Another measured water characteristic is turbidity. Turbidity is defined as a measure 

of the cloudiness of water caused by the presence of suspended matter, which 

shelters harmful microorganisms and reduces the effectiveness of disinfecting 

compounds (Safari, et al., 2012; Spellman, 2018). These suspended organic and 

inorganic particles include the smallest colloidal materials, rocks fragments, silt, 

clays and vegetations or vegetable materials (Cotruvo, 2019; Spellman, 2018). 

Therefore, turbidity has been considered as a crucial characteristic to be measured for 

water quality assessment to detect possible presence of microbial contamination, 

including other impurities that affect the quality of water and threatens human life. 

Turbidity is commonly measured in nephelometric turbidity units (NTUs). 

Conductivity is also among of the water parameter or characteristic investigated in 

this study. Conductivity is defined as the ability of water to pass an electrical current 

(Alley, 2007). It does not only indicate the current conduction in water but also an 
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estimator or presence of total dissolved salts or ions in water, such as chloride, 

nitrate, sulphate, and phosphate or sodium, magnesium, calcium, iron and aluminium 

ions. Furthermore, the source of mentioned ions and dissolved ions in water may be 

influenced by geology of an area, atmospheric inputs, man-made pollution, 

evaporation rate, runoff and type of bacterial metabolism (Pal et al.,2015). Moreover, 

water with concentration of total dissolved salts and irons beyond acceptable 

standards is considered to be not suitable quality since it poses health risks and 

threatens human life. Therefore, in this study conductivity was considered as an 

important physical characteristic to estimate the presence of Total Dissolved ions or 

salts that affect water quality and assessing the associated health effects that may 

affect under five children. 

Furthermore, the Hydrogen- Ion concentration (pH) is among of the investigated 

water characteristics in this study. pH is defined as the negative log base 10 of the 

hydrogen ion concentration (pH = –log10[H
+
]) (Safari et al., 2012). It indicates the 

level for alkalinity and acidity in water (Atwebembeire et al., 2018). The balance 

achieved by dissolved compounds in the system controls the water pH. In addition, 

the pH is considered as a function of the carbonate system, which is composed of 

carbon dioxide, carbonic acid, bicarbonate and carbonate (Safari et al., 2012). 

Moreover, the water pH is associated with corrosiveness, hardness, acidity, 

chlorination, coagulation, carbon dioxide stability and alkalinity of water, 

particularly when the pH is low (Safari et al., 2012). The low pH of water is claimed 

to corrode water pipes releasing metal ions such as copper, lead, zinc and cadmium 

into the supplied drinking water and affects treatment unit processes due to 

corrosivity (Safari et al., 2012). Therefore, measurement of water pH was crucial and 

critically considered in this study as it helps to determine the concentration of these 

impurities in line with the water quality standards provided by WHO and TBS.  

Salinity is also an important water parameter measured in drinking water to 

determine the concentration of salts in water which can be beneficial or harmful, 

aesthetically pleasing or a cause for rejection of the water (Cotruvo, 2019). Salt in 

the water are usually sodium chloride or similar salts and any dissolved inorganic 

salts that contribute to total dissolved solids (TDSs). The recommended TDS 



16 

concentration in water is below 500 mg/L, but in some areas such as those affected 

by geologic conditions or by seawater intrusion exceed that level (Alley, 2007; 

Cotruvo, 2019). Furthermore, the main sources of salinity in water are rocks 

(geologic conditions) or sea water intrusion into underground water source. Among 

of the effects of salinity in water are pipe corrosion and solids deposition which 

affects the quality of drinking water (Alley, 2007; Cotruvo, 2019). Therefore, 

Salinity in this study was considered to determine the quality of water to associate 

with health risks that may threatens under five children. 

Another water physical characteristic considered in this study was Total Dissolved 

Solids (TDS). TDS are impurities or matters ranging from colloidal organic or 

inorganic, to silts, algae, plankton or debris of all kinds found in water (Gregory, 

2006). All these impurities except gases in water are known as solids. These solids 

dispersed in water inform of dissolved and suspended. The dissolved solids come 

from decay products of vegetation, from chemical and organic compounds when 

water comes into contact with them. Water comes in contacts with these substances 

with soil, on surface (runoff), and in the atmosphere. Once the water with dissolved 

solids evaporates it always tends to leave residues which are also referred as solids 

(Gregory, 2006; Spellman, 2018). 

Furthermore, water with high TDS indicates high conductivity which poses health 

risks though on the other hand high conductivity in water indicates a greater 

likelihood of a protective coating, which is positive in controlling corrosion 

(Gregory, 2006; Spellman, 2018). Examination of TDS in drinking water is also 

crucial because, presence of solids in water causes physiological effects and 

produces aesthetically colour, taste and odour of water which is displeasing (Ritter, 

2010). Therefore, TDS in this study was considered as important characteristic to 

determining the quality of water in relation to health risks that may affect under five 

children. 

2.3.1.2 Chemical Characteristics of Water 

Alkalinity is one of the chemical characteristics measured to determine the quality of 

water in this study. Alkalinity is a measure of the ability of water to absorb hydrogen 

ions without significant pH change (Alley, 2007). It simply means a measurement of 
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the buffering capacity of water and the ability or capacity of water to neutralize 

acids. Alkalinity in natural water constitutes major elements such as bicarbonate, 

carbonate and hydroxyl ions (Safari et al., 2012).These compounds are mostly the 

carbonates and bicarbonates of sodium, potassium, magnesium and calcium. These 

constituents originate from carbon dioxide (from the atmosphere and occurring as by 

product of microbial decomposition of organic material) or minerals (primarily from 

chemical compounds dissolved from rocks and soil) (Safari et al., 2012; Spellman, 

2018). 

The problem with alkaline water is the reactions that occur between alkalinity and 

certain substances in the water which may result into foul of water system 

equipments, which may affect water quality. In addition, the alkaline water affects 

the efficiency of certain water treatment processes, especially the coagulation process 

which again, affects the treatment and removal process of the pathogenic microbes in 

drinking water which causes waterborne disease. As such, measurement of alkalinity 

was considered in this study, as among of the important element for determining the 

quality of water and possible associated health risks from drinking alkaline water. 

Alkalinity is measured and expressed in mg/L of equivalent calcium carbonate 

(Spellman, 2018). 

Another chemical characteristics of water measured is Ammonium. It is claimed that 

high concentration of ammonium in the body causes acidosis disturbing the glucose 

tolerance and reducing tissues sensitivity to insulin (Ingegerd, 2015). It also 

decreases the borne mass. In addition the presence of Ammonium in water leads to 

oxygen depletion, toxicity to fish, eutrophication of surface waters, Humans nervous 

damages and deterioration in the taste and odour of water (Cheng, et. al, 2018). 

The concentration of ammonium in drinking water is contributed by the nature of 

parental rocks and soil, wastes from agriculture fertilizers and pesticide, industrial 

wastes, domestic and animal wastes. Furthermore, ammonium in drinking water 

indicates a possible bacterial, sewage or animal wastes contamination, which may 

cause the outbreak of waterborne diseases which threatens health of under five 

children. Therefore, measurement of ammonium concentration in water is considered 
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as an important water chemical element for assessing quality of water and associated 

health risks that may affect under five children. 

The concentration of Calcium (Ca) in water was also measured under chemical 

characteristics of water. Calcium is known as an alkaline earth metal derived from a 

Latin word calx (meaning lime). Calcium is said to be a ductile, and silvery formed 

from Ca²⁺  salts, such as calcium Chloride (CaCl₂ ) and calcium carbonate 

(CaCO₃ ). In addition, Calcium reacts with water to form calcium hydroxide and 

hydrogen, but it is less reactive than sodium in that regard. It is always found in 

nature in combined salt form, commonly found as calcium carbonate (limestone, 

marble, chalk), which can be converted to calcium oxide heating and loss of carbon 

dioxide, and then to calcium hydroxide  by controlled water addition (Cotruvo, 

2019). 

Furthermore, calcium is an important nutrients required in human body. However, an 

excess consumption of calcium may pose health risks. Studies indicate that an 

excessive calcium intake has been associated with hypercalcemia, impaired kidney 

function and decreased adsorption of other minerals (Kousa & Survey, 2015). On the 

other hand, deficiency of calcium in human body causes health problems such as 

osteoporosis, arterial hypertension and colon cancer (Kousa & Survey, 2015). The 

daily intake of calcium which is recommended should at least range between 450 -

400mg day⁻ ¹ which may be obtained in water and food. Thus, based on the WHO 

and TBS standards or limits for the calcium concentration for monitoring purpose to 

ensure the quality of water consumed is within acceptable limits, this study has 

assessed the calcium concentration as among of chemical characteristics for 

assessing the quality of water and associated health effects that may affects under 

five children. 

Chloride (Cl
-
) was also, among of the water chemical characteristic measured to 

determine the quality of water in this study. Chloride is a required mineral for human 

body and other uses. It is claimed that 70% of chloride needed for a human body can 

be obtained from salt in the diet taken daily. Since salt used in the diet provides a 

considerable amount of chloride to a human body, it is suggested that chloride 
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concentration in other consumed stuff such as water and drinks should be monitored 

and controlled to avoid  much consumption (Cotruvo, 2019; Ingegerd, 2015). 

Generally, it is recommended that chloride concentration in water alone to range 

between 30 - 70 mg/L. Furthermore, the WHO provided upper limit of chloride 

concentration in water to be 250 mg/L due to the impact on the taste of water. 

However, there is an argument that the concentration of chloride in water beyond 

100mg/L may be suitable but with annotation due to the corrosion effects in water 

pipes. Generally, the preferable concentration level that avoids health risks is 

recommended to range between 20 – 100mg/L (Cotruvo, 2019; Ingegerd, 2015).  

Furthermore, corrosion in water pipes due to high levels chloride in water may cause 

lead and iron contamination in the water and affects water treatment processes, also 

water quality for a particular use and threatens human health. As such, close 

monitoring of chloride concentration in water is critical and is required by WHO and 

TBS guidelines to ensure the quality of consumed water and protection of human 

health is ensured. Therefore, the concentration level of chloride in water was 

considered when undertaking this study to determine the quality of water and its 

associated health effects on under five children. 

Fluoride (F) level in water samples was also another measured chemical 

characteristic in this study. Fluoride is the most active halogen chemical with an 

anion charge of -1. It is claimed to be very common in the environment, water, rocks, 

plants and animals though in small amount. When fluoride is consumed, it is 

normally deposited in borne and teeth in the human body (Cotruvo, 2019). It may 

also accumulate in kidney tubules, as a result the kidney could be considered an 

imminent sink, site, and target of the severe fluoride toxicity (Gupta & Ayoob, 

2016). In addition, too much natural fluoride in drinking water leads to crippling 

skeletal fluorosis or osteomalacia (serious borne malformations) and dental fluorosis 

ranging, from very slightly purely aesthetic, moderate to severe dark staining and 

brittle teeth (Cotruvo, 2019).  

Furthermore, different countries have come up with different levels or limits of 

fluoride concentration in drinking water, to determine acceptable quality of drinking 
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water. For instance, the limit which is suggested is 0.05mg/L. But United States 

recently suggested the range to be 0.7mg/L (Ingegerd, 2015) and limits indicated by 

TBS is 1.5mg/L. This implies that in Tanzania water with fluoride concentration 

beyond 1.5mg/l is considered not suitable for human consumption and may cause 

health effects. Therefore, just like other chemical elements or impurities, fluoride 

concentration in water, was considered in this study as an element to be measured to 

assess the quality of water. 

Moreover, hardness was a considered chemical characteristic in water quality 

assessment in this study. Hardness is caused by the salt of calcium and magnesium 

(Xue et al., 2016) and barium or trontinum. The side effects of highly hardness of 

water include but not limited to the following; a scale formation and soap 

precipitation, destruction or failure of water heaters due to presence of calcium 

carbonate dissolved in hot water after being heated, accumulation of clog in water 

pipes and corrode of pipes especially when water alkalinity and pH are not balanced. 

In regard to the side effects of the corrosion of pipes, it may contribute to lead 

presence and iron contamination in water, which further deteriorates the quality of 

water for certain uses and drinking as well. Lead and iron from accumulated iron 

oxide in pipes are among of the heavy metals which are toxic and may pose health 

risks once is consumed (Cotruvo, 2019).Therefore, testing level of hardness cannot 

be avoided because it helps to detect the presence of toxic and heavy metals in 

drinking water which deteriorate the quality of water. 

Furthermore, Magnesium (Mg) was a measured chemical characteristic of water to 

determine the water quality. It is one of the minerals claimed to act as cofactor for 

nearly 300 enzymes important for energy production and storage, carbohydrate 

metabolism, heart, muscles, borne and never impulses. However, a certain amount in 

the body is required to maintain heart beats rhythm and the coronary arteries that 

supply heart muscles with oxygen rich blood. Loss of appetite, muscles spasm, 

fatigue, weakness, neuromuscular excitability, osteoporosis, diabetes mellitus and 

cardiac complications such as hypertension, dysrhythmia, angira-pectoris and severe 

myocardial infractions are health problems which may be experienced when the 

person’s body happen to have magnesium deficiency (Ingegerd, 2015). 
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In addition, drinking water with low Magnesium and Calcium is associated to cause 

lower borne mass density, higher incidences of fracture and disorder borne 

development in children (Dahl et al., 2015; Huang et al., 2019) and increases the 

likelihood of cardiovascular mortality (Gianfredi, et al., 2017). On the other hand, an 

excess concentration of the magnesium in water may also lower the acceptability of 

the water due to taste (Kozisek, 2020). Also, water with high level of magnesium 

together with high sulphate may cause transient diarrhoea (Rosborg & Kozisek, 

2019). 

Due to these difficulties, the required concentration and consumption of magnesium 

in a human body is important to be observed to avoid health risks. The concentration 

level which is recommended for Mg is between 10 -50mg/L. The upper limit of 

150mg/L is set but with a ration between Ca:Mg is 2-3.1, also, an upper limit of 

400mg/L is recommended for a concentration of both Mg and Sulphate (SO4) 

(Ingegerd, 2015). Thus, WHO and TBS standards for drinking water quality, were 

used to assess the magnesium concentration level in drinking water to determine the 

quality of water and associate water borne disease that threaten health of under five 

children in the study area (TBS 2016; WHO 2017). 

Furthermore, Nitrate and nitrite are also among of the tested chemical contaminant in 

this study. Nitrate  and Nitrite requires a close monitoring since they pose health 

risks (Xue et al., 2016). NO
-
2 is part of nitrogen cycle formed when NH4

+
 formed 

from urea in faeces and urine is oxidised. The primary source of nitrate and nitrite is 

dietary from consumption of vegetable and cured meat and drinking water which 

contains nitrate and nitrite. A runoff of agricultural fertilizers or upper stream sewage 

discharge and locally residual septic tanks outflows contributes nitrate and nitrite 

contamination in surface waters, river streams and even ground water (Xue et al., 

2016). In addition, NO2 in drinking water may also be raised when nitrification 

combined with anaerobic conditions caused by microbial activity has taken place 

(Cotruvo, 2019). 

Among of the health risks associated with drinking water which is contaminated with 

Nitrate and Nitrite includes methemoglobinemia and deaths to infants (Schullehner, 

Stayner, & Hansen, 2017). This happens when consumed nitrate is converted into 
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nitrite which can oxidise a portion of the ferrous iron in blood haemoglobin into 

ferric iron. This conversion,  reduces the ability of releasing oxygen to tissues and 

sufficient percentage level of methemoglobin, which cause oxygen starvation and 

possible death to infants especially below 6 month of age especially when they are 

suffering Gastro Intestinal Infection from drinking water which is contaminated by 

microbes (Cotruvo, 2019). Therefore, detection of nitrate and nitrite in water was 

considered to determine the quality of drinking water and its association with 

waterborne diseases that threaten health of under five children in the study area. 

2.3.1.3 Biological Characteristics 

An examination of a biological characteristic considers mostly the examination of the 

microbial contaminants that may be found in drinking water and affects the quality of 

water such as bacteria, viruses, protozoan  and algae (Yuncong and Migliaccio, 

2011). The most common microbe organisms of interest in drinking water are 

Salmonella typhi, Escherichia coli and Giardia lamblia. According to Spellman, 

(2018) this group of micro organisms are claimed to cause waterborne diseases such 

as cholera, diarrhoea, typhoid, hepatitis including other diseases to mention a few. 

However, not all microbes organisms are tested in the present study. Only, detection 

of bacteria organisms (Total coliform and Escherichia coli) was tested as indicator 

organism in water to determine its biological characteristics. According to Sperling 

and de Lemos Chernicharo, (2005) bacteria are unicellular prokaryotic (absence of a 

defined nucleus) microorganisms that live in isolated or in colonies. They are widely 

distributed, smallest in size and simplest in structure but difficult to identify and 

classify them.  

Furthermore, bacteria are found everywhere in the environment. They are present in 

soil, in the air, water and within bodies of organisms including humans 

(Mulamattathil, Bezuidenhout, & Mbewe, 2015). The primary source of Coliform 

bacteria is from feces of humans and other mammals. Through excretion, they enter 

into water in the following ways; improperly treated wastewater from municipal 

systems, septic systems, or combined sewer overflows, runoff from animal 

stockyards, pastures, and rangeland and inadequately captured wastes from human 

activities (Ahmad, Ahmad, & Harendra, 2015). 
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Moreover, not all bacteria are pathogenic (cause disease). Literatures indicate that 

some are pathogenic and others are claimed to perform useful and necessary 

functions related to the life of large organisms (Spellman, 2018). For instance, 

Coliform bacteria that live in the digestive tract of warm-blooded animals are 

unlikely to cause illness, though their presence in drinking water indicates that 

disease-causing organisms (pathogens) that may be associated with intestinal 

infections, dysentery, hepatitis, typhoid fever, cholera and other illnesses could be 

present in the water system (Mulamattathil et al.,2015). Furthermore, faecal coliform 

and E. coli in drinking water were considered as an indicator microorganism that 

indicate microbial contamination (Odonkor & Ampofo, 2013). Its presence indicates 

presence of disease caused by bacteria. Therefore, the examination of the bacterial 

contamination was considered as a key characteristic to determine the quality of 

water and relate with occurrence of bacterial related diseases that affect health of 

under five children. 

2.4 Waterborne Diseases 

These are infectious diseases that are associated with water which is contaminated. 

They are diseases caused by an infective dose of microbial contaminants, such as 

bacteria, viruses, and protozoa in water and chemical (Nester et al., 2004). Some of 

the common waterborne disease includes skin infections caused by viruses, fungi and 

bacteria, respiratory system infections (i.e. viral infection of the lower and upper 

respiratory systems and bacterial infections of the lower respiratory system), 

Alimentary System infections (i.e. dental caries, periodontal diseases, Gastritis, 

Cholera, Typhoid, Shigellosis, E. Coli Gastroenteritis, Salmonellosis), Genitourinary 

infections (i.e. bacterial Cystitis) leptospirosis, Vulvovaginal candidiasis, including 

others water-related diseases to mention few (Nester et.al, 2004). See Table 2 & 3. 

2.5 Factors that Affect Water Quality 

The water physical, chemical and biological characteristics, are mostly affected or 

deteriorated by several factors  but mainly;  the natural factors(nature of the sources) 

and, anthropogenic activities undertaken on or around water source i.e. poor handling 

and treatment of wastes from industries, livestock wastes, agricultural pesticides, 

herbicides and fertilizers and domestic wastes (Alley, 2007;  Boyd, 2015;  Pandey et 
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al., 2014; Sperlingand de Lemos Chernicharo, 2005). According to World Bank, 

(2019) the following are key factors that affect water quality in Tanzania. 

2.5.1 The Natural Conditions/Process Influences water Quality 

Among of the natural factors which influences deterioration of water quality 

includes; geology, soil type, atmospheric deposition, climate, land cover, the amount 

and type of vegetation, morphological characteristics i.e. location of the water on 

earth’s surface, depth size, shape, and width of water bodies (Lintern et al., 2018; 

Roig et al., 2014: Vigil, 1996). Evidences for a declining of water quality such as 

altered level of sediments, salts, and nutrients across the world has been documented 

(Lintern et al., 2018). The decline of water quality due to natural conditions or 

processes is largely associated with the geology and soil type of an area which 

determines the level of dissolved minerals and nutrients found in water 

(Amerasinghe, 2006). 

For instance, phosphorous, nitrogen, and salts are mostly contained in the sediments 

deposits. And these sediments deposits found in water are from rocks and soils. Also, 

these nutrients and salts contained in rocks and soils are easily transported into water 

bodies through weathering and erosion process (for particulates), and dissolution and 

desorption (for dissolved substances). Nutrients pollution encourages algae and weed 

growth in the water which increases turbidity, odor and color of water but also 

deplete oxygen in water, resulting to aquatic organism dying out of oxygen starvation 

(Katonge, 2018). 

However, the amount of dissolved and sediments deposited in water depends on the 

erodibility of the soil and rock and soil sorption capacity (Lintern et al., 2018). For 

instance, limestone and marble rocks are easily eroded rocks which contain salt. 

Furthermore, the chemical composition of the rocks and soil within catchment can 

also be altered or affected by the atmospheric deposition of contaminants (especially 

the nitrogen). Therefore, water quality in terms of the level of nutrients, including 

other particulates deposits found in water may vary across the country due to the 

differences of geology and soil of an area near water sources. 
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Moreover, landscape and land cover have also influence on the amount of sediments 

found in water bodies. For instance, an area with less vegetation cover has always 

high soil erosion. From the runoff, riverbank erosion, hill slope erosion and wind 

erosion, more rocks and soil sediments are transported into water bodies, streams or 

rivers contribute high deposits of sediments in water source (Massawe et al., 2019). 

A catchment which has high deposits of sediments and adsorption of nutrients such 

as nitrogen and phosphorus may yield increase in nutrients in the water. Furthermore, 

areas with less vegetation such as semi arid, arid areas have claimed to be high water 

salinity zones. Water quality in these zones is considered to be saline due to high 

evaporation levels as exacerbated by high temperature, lack of the vegetation or 

forest cover and rising of saline water table (Massawe et al., 2019). Therefore, 

maintaining vegetation such as trees, shrubs, and ground cover along rivers is 

recommended as a means to protect water sources from sediments deposits or 

pollution.  

Moreover, the climate of an area influences the quality of water due the effects of 

temperature, precipitation, and wind on the physical, chemical, and biological 

characteristics of water (Roig et al, 2014; Grafton and Hussey, 2011). It is claimed 

that high pollution levels in rivers, streams and water surface is increasing 

significantly and threatening the use of rivers as a source of portable water for human 

consumption and also contributes to degradation of rivers due to climate change 

(Lintern et al., 2018). In addition, an increase of total and dissolved organic carbon 

(TOC and DOC), nutrients (nitrate namely) and possibly total suspended solids 

(TSS) and pathogens found in water bodies is documented to be triggered by climate 

change (Delpla et al., 2011). 

Furthermore, the rise in temperature and reduced precipitation increases aridity and 

may  likely increase the occurrence of prolonged drought and flood events which 

contribute to water pollution (Grafton and Hussey, 2011; Li, 2017; Steven and 

Mkonda, 2015). For instance, the waterborne pollutants found in many rivers 

including water bodies is claimed to be intensified by the rise in temperature (World 

Bank, 2017; Roig et al., 2014). Drought alone has been associated with an increased 

concentration of effluents pathogens and overwhelm water treatment plants (Steven 

and Mkonda, 2015). And floods events also, documented to contribute water 
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contamination  and outbreak of diseases such as cholera, diarrheal, and malaria 

(Smiley and Hambati, 2019). 

A study done in Morogoro Municipalities in Tanzania indicates that, occurrences of 

water borne diseases such as cholera and diarrhoea caused by organisms such as 

iardia and Salmonella is associated with an increasing temperature and changes in 

rain patterns (Smiley and Hambati, 2019). And outbreak of diseases such as typhoid 

and dysentery, are much experienced during rain seasons where frequent floods and 

water contamination is common (Steven & Mkonda, 2015). Therefore, climate as a 

natural factor influence significantly the quality of water and may vary from one 

region to another. 

2.5.2 The Anthropogenic Activities 

The anthropogenic activities threatens water quality (Amerasinghe, 2006; Botter et 

al., 2019; Edmond et al., 2019; Ojija, 2015; Roig et al., 2014;  Safari D. et al., 2012; 

Sener et al., 2017). Poor handling and disposal of sewage and domestic waste on the 

water sources is among of human activities documented to contribute water 

contamination. Alley (2007) and Safari et al.,(2012) also documented that pollutants 

from industrial effluents such as nitrate, ammonium and phosphorous may be found 

in water bodies due to run off. These elements cause unpleasant colour, taste and 

odour in drinking water  and methemoglobinemia disease (Ebert et al 2008; Edmond 

et al., 2019). 

Unregulated and poor mining activities especially artisanal mining, contributes to 

environmental pollution and water pollution through leaching process, soil erosion 

and run-off. Heavy metals such as mercury and cyanide are washed away from 

mining areas and enter into water bodies, underground water and soil (World Bank, 

2019). In addition, land degradation and deforestation due to mining activities, poor 

land uses and rapid population growth are also associated with water quality 

deterioration (Ojija, 2015 and Silangwa, n.d.). Factors such as bush burning; 

cultivation of marginal lands; intensive farming with excessive use of chemicals; 

overgrazing; population transmigration; land pollution through improper disposal of 

waste and oil spillage and infrastructural development in ecological sensitive areas 

also, contribute to land degradation (World Bank, 2019). 
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Furthermore, deterioration of water quality has been associated with agricutural and 

irrigation activities (Amerasinghe, 2006; Edmond et al., 2019). Many water sources, 

wetland, springs areas, and near river banks encroached due irrigation farming 

pollutes water sources ( Li et al., 2017; Massawe et al, 2019). Intensive use of 

fertilizers and pesticide in agriculture is documented to contribute water pollution 

and soil contamination from arsenic, fluoride, ammonium, and saline intrusion 

(Ahuja, 2013 ; Edmond et al., 2019). In addition, due to land tillage, infiltration, 

runoff and characteristics of land surface are changed, recharge of groundwater is 

affected, and delivery of water and sediments to surface water bodies and 

evapotranspiration is also changed which affects the water quality (Akyildiz and 

Stuntebeck as cited in Massawe et al., 2019). Therefore, from the above studies it is 

evident that anthropogenic activities have influence or affect the quality of water. 

2.6 Global Perspective on Water Resource Quality and Health 

Water is an essential natural resource in the world, and most critical element to 

maintain human life on the earth (Issa and Alrawi, 2018). Being an important 

resource that maintains human life, once its quality is deteriorated, human life 

becomes in danger, fails to maintain life and it may become a useless resource 

depending on the intended use. It is documented that availability of quality of water 

for drinking is decreasing and affecting human population worldwide. The decrease 

of water quality is associated with rapid human population growth, industrialization 

and intensive agricultural activities which exacerbate water pollution. Pollutants 

from industries, agricultural wastes, poor handling and disposal of domestic solid and 

liquid wastes and natural factors are associated with deterioration of the water quality 

(Alley, 2007; Boyd, 2015, Pandey et al., 2014; ). 

Estimates indicate that 20% of the world population lacks good quality of drinking 

water due to pollution and nearly half of the world population lacks adequate 

sanitation (Global Environmental Facility and United Nations Educational, Scientific 

and Cultural Organization, as cited in Pimentel et al., 2014). According to Abegao 

(2018) reports that the world population has been growing rapidly and water quality 

is increasingly deteriorating. Human population is estimated to be 7.6 billion and will 

continue to increase by more than 1 billion over the next 13 years reaching 8.6 

billion in 2030 and to increase further to 9.9 billion in 2050 and 11.2 billion by 2100. 
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Therefore, if specific measures to protect water resource from pollution are not 

taken, and the population continues to grow, availability of quality water for drinking 

to sustain the growing population will become a global crisis. 

While the population continues to grow, the outbreak of waterborne diseases caused 

by the increasing water pollution has been observed to threaten human health. 

Reports indicate that water which is contaminated by pathogenic organisms or toxic 

chemicals, poses a serious risks to human health, environment and aquatic life 

(United Nations Children’s Fund, 2010; Pandey et al., 2014). It is reported that 26 

million human poisoning and 220,000 deaths each year worldwide has been 

contributed by pesticide contamination in drinking water (Richtcher as cited in 

Pimentel et al., 2014). In addition, estimates indicate that 2 billion people worldwide 

are continually affected with Helminths (tapeworm, liver fluke, leech) either by 

direct penetration of the skin or using contaminated water or food. It is unfortunate 

that, the infants and young children, people who are debilitated and elderly, 

especially when living under unsanitary conditions, are at a great risk of waterborne 

disease (World Health Organization, 2011). 

In curbing the situation, efforts have been made to ensure that at least large 

population have access to good quality of water worldwide. A study done by WHO 

and UNICEF indicates that from a period of 2002 – 2017, 71% of the world’s 

population (of 5.3 billion people), has been involved in improving drinking water 

sources from contamination in 2017, compared with 62% (3.8 billion people) in 

2000. In rural areas, water quality improvement was made from 42% to 53% (free 

from contamination), while water quality in urban areas remained largely unchanged 

at 85% globally (UNICEF and  WHO, 2019).  

Furthermore, there are ongoing investment on technologies and innovations 

worldwide for recycling and treatment of waste water for re use and desalinisation of 

the oceans, lakes and seas water to ensure that good quality of water is available to 

sustain the growing population (Akyol et al., 2020). However, some of the innovated 

technologies is documented to be limited due to economic reasons, lack of public 

acceptance, low awareness of technological advantages and poor coordination of 

actors from industries, authorities and water companies (Wencki et al., 2020) which 
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complicate achievement of the desired goals. Therefore, if measures to protect water 

sources including the opted oceans, lakes and seas from further pollution are not 

taken, access to good quality of drinking water (clean and safe) will remain as a 

global problem. Thus, regular water quality testing and monitoring and treatment is 

crucial to ensure that, the quality of drinking water is within the required standards.    

2.7 Regional Perspective on Water Quality and Health 

Already, the crisis of quality water in most developing countries has been reported to 

create public health emergencies of outstanding proportion. The public health is 

threatened by deterioration of quality drinking water due to the increasing water 

contamination which poses health risks (URT, 2002). Estimates indicate that, the 

overall waterborne diseases in developing countries accounts for 90% of all human 

infectious diseases (Pimentel et al., 2014). The waterborne diseases include; cholera, 

diarrhea, typhoid, dysenteries, gastrointestinal disease, and hepatitis and skin 

infections to mention a few,(WHO, 2018). 

In Africa, the WHO estimated that each year 3.4 million people, mostly children, die 

from water-related diseases (Pandey et al., 2014). According to UNICEF, every day 

over 800 children under 5 years die from diarrhea as a result of drinking 

contaminated water, poor sanitation and hygiene (UNICEF, 2017) in Africa. 

Furthermore, it is estimated that 90% of the African population in urban Africa 

where sanitation is poor and overcrowded, may be infected with Helminths and 

microbial pathogen (Pimentel et al., 2014). The problem is linked with the increasing 

environmental pollution from anthropogenic activities and geogenic pollutants 

affecting significant amounts of water unfit for human use (Ahuja, 2013). 

Furthermore, the situation in developing countries is reported to be more severe as it 

is estimated that, 95% of untreated urban sewage is discharged directly into surface 

water (GEF and UNESCO as cited in Pimentel et al., 2014). To worsen the matter, in 

developing countries, untreated water is used for drinking, bathing and cooking 

causing serious human infectious diseases and illness (Pimentel et al., 2014). Rural 

area is reported to be more critical due to increased pollution, lack of sewage 

treatment plants, lack of efficient municipal and industrial waste collection, 

treatment, and disposal, resulting into poor discharge or deposit of the waste on the 
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environment (Ahuja, 2013). Deposition of nutrients from wastes in water, do not 

only contaminate environment but encourages growth of algae and weeds which 

pollutes water bodies, affects quality of water, human health and also aquatic 

organisms (Jordão et.al, 2005; Katonge, 2018). Therefore, occurrence of water borne 

diseases in Africa rural areas is commonly associated with drinking contaminated 

water.  

However, the survey indicates that from 2002 to 2017, in the Sub-Saharan Africa 

region, the proportion of population who are using water from unimproved sources 

(water sources not from piped water, borehole or tube wells, protected dug wells, 

protected springs, rainwater and packaged or delivered water), has decreased from 

26% to 18% at national level while for urban has decreased from 9% to 6% and for 

rural from 34% to 25% respectively. While for the surface water users, figures 

indicate a decrease at the national level from 19% to 8% while for the urban from 4% 

to 1% and rural dwellers decreased from 26% to 13% respectively (UNICEF and 

WHO, 2019). This indicates that, at the Regional level, at least countries are making 

efforts to improve health, water and sanitation sectors to ensure that people have 

access to good quality of drinking water (clean and safe water). 

2.8 Perspectives on Water Quality and Health in Tanzania and Study Area. 

Recent available data on Tanzania (2015/16) indicate that, almost 6 out of 10 persons 

(59.7 % of the population) get their drinking water from improved sources. Improved 

sources include piped water, public taps, standpipes, tube wells, boreholes, protected 

dug wells and springs, rainwater, and bottled water (NBS, 2018). Statistics show that, 

nearly 9 out of 10 Tanzania Mainland urban residents get their drinking water from 

improved sources. The population in Mainland’s urban that get water piped directly 

into their dwellings /yards /plot stands at 25.6 %, while those who collect their water 

from piped connections into their neighbors’ yards are 23.7 %. To compare with the 

rural population more than half (53.0 %) of Tanzania Mainland rural populations, 

obtain their drinking water from unimproved sources. The two most common sources 

of drinking water in Tanzania Mainland rural population are public tap/standing pipe 

(16.5 %) and protected dug well (15.1 %). Other improved sources are sources such 

as tube well or borehole (4.4 %) and piped to neighbours (3.5 %) (NBS, 2018). These 
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sources are considered sources which are not contaminated and the water is of good 

quality. 

However, the World Bank report has pointed out that, Tanzania recently became a 

water-stressed country and the situation is exacerbated by its scarcity and quality 

(World Bank, 2017). The Tanzania Bureau of Statistics (TBS) report of 2018 also 

indicates that waste management is gradually becoming a serious concern in 

Tanzania due to limited sorting at source and improper storage, collection, 

transportation, treatment, and final disposal. In addition, there has been an increased 

volume of discharged wastewater into the environment without treatment from about 

57 million cubic meters to 83.7 million cubic meters. And for solid wastes, it is 

estimated that about 10,000 tones of solid waste are produced per day and 80 – 90 % 

of solid waste, is not collected in urban areas and 60 % of the total solid waste 

produced daily is disposed of by burning or burying (NBS, 2018).  

It is documented that, improper domestic solid and liquid waste management 

contributes to air pollution, surface and groundwater contamination which deteriorate 

water quality and threatens the public health in Tanzania (URT., n.d.-a). Domestic 

wastes have been spotted being discharged into rivers streams, basins and water 

bodies and environment which pollutes water sources (Leonard et al, 2012; World 

Bank, 2019). In addition, pastoralism near water sources in rural areas is documented 

to deteriorate water quality in Tanzania. Livestock wastes is washed into water 

sources and surfaces through run off (Steven and Mkonda, 2015). 

Furthermore, the World Bank (2019) report indicates that, the overall industrial 

pollution in Tanzania is contributed by the five dirtiest sectors. These are (i) basic 

iron and steel; (ii) plastics products; (iii) basic chemicals; (iv) vegetables and animal 

oils and fats; and (v) cement, lime and plaster. It is reported that, these five most 

polluting industrial sectors account for over 90 percent of PM10 emissions (particles 

that have aerodynamic diameters less than or equal to 10 microns (μm); Sulfur 

dioxide); over 75 percent of toxic metals; 66 percent of SO₂  and 60 percent of total 

toxic emissions. 
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Dodoma and Iringa similarly, are among of the reported regions in Tanzania, which 

experience deterioration of water quality due to pollution from anthropogenic 

activities and natural factors such as climatic conditions, nature of the parental rocks 

and soil characteristics (Lufingo, 2019: Salustian et al.,2017). Most of the surface 

water in rural areas in Iringa region are subject to microbial contamination unlike 

water source in urban areas, where water treatment is undertaken. It should be noted 

that large population of rural dwellers in Tanzania including both Dodoma and Iringa 

regions, solely depend on unimproved water sources which are mostly affected ones 

(Lufingo, 2019). 

Tanzania has been experiencing deaths of under five children which are associated 

with water borne diseases. In 2013 health related costs associated with bad quality of 

water and sanitation in Tanzania, were estimated to be about 10 billion$ and 7.6 

billion$ respectively. Food and water diseases, as well as water contact disease, 

affects millions of people in the country (World Bank, 2019). Diarrhoea alone is 

reported to be among the top five waterborne diseases caused by pathogens and 

consequently leading to child mortality. Furthermore, nearly 289,000 children under 

the age of five die from diarrhoea disease caused by poor water and sanitation that is 

almost 800 children a day (WaterAid, 2009).   

In 2011, 70% of the Tanzania health sector expenditure was used to treat preventable 

Water, Sanitation and Hygiene related diseases (WaterAid, 2009). It is estimated to 

cost the country around 500 US$ millions (Water Aid, 2018). This indicates that 

some of the population still do not have an access to good quality drinking water and 

do face health problems from drinking pathogenic water. In response to health risks 

posed by drinking contaminated water, The Tanzania government has adopted and 

developed water quality standards from the World Health Organization (WHO) and 

East African Community. An adoption of the 2030 Agenda for Sustainable 

Development Goal whereby access to safe drinking water also is among of the 

Sustainable Development Goals (Goal 6.1) given a priority (UNICEF & WHO, 

2019). 

As a result, the government managed to mobilize resources for supplying  good 

quality of water in urban and rural areas through Water, Sanitation and Hygiene 
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(WASH) project and Water Sector Development Programme (WSDP) 2006 – 2025 

(UNICEF and WHO, 2019). It targeted that good quality of water supply (clean and 

safe) to the community in urban and rural areas by year 2025 will reach 95% and 

100% for regional centres and Dar es Salaam. So far, the Tanzania National 

Environmental Status Report of 2017 indicates that, by 2016 almost 6 out of 10 

persons (59.7 %) had access to improved sources of drinking water in the rural area. 

In urban areas, nearly 9 out of 10 obtain drinking water from improved sources 

(United Republic of Tanzania, 2019). However, with efforts made, studies indicate 

that still water borne diseases continue to affect children of under five years within 

the country and in the study area. Unfortunately, there is a little information on the 

status of water quality consumed by rural community to evidently justify water 

consumed at domestic level meets the international and national standards of 

drinking water and water borne diseases caused by other factors.  

2.9 Measures to Address the Deterioration of Water Quality in Tanzania 

2.9.1 Policy, Legal and Institutional Framework 

Tanzania has developed environmental and water policies, and legislations that 

promote environmental protection and water resources. The National Water Policy of 

2002 was developed aiming to have a sustainable development and management of 

the nation’s water resources, in which an effective legal and institutional framework 

for its implementation will be put in place. The water policy insists beneficiaries to 

participate fully in planning, construction, operation, maintenance and management 

of community-based domestic water supply schemes to ensure sustainable 

development and management of the water sector.  

The policy also seeks to address cross-sectoral interests in water, watershed 

management and integrated and participatory approaches for water resources 

planning, development, and management. The policy has provided a foundation for 

the developed Water Resources Management Act of 2009, the Water Supply 

Regulations, of 2013 and the Water Supply and Sanitation Act of 2019 to have a 

universal access to safe water and 75% reduction of infant and maternal mortality 

rates vision by 2025 (URT., n.d.-a).  
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However, according to the World Bank, (2019), the availability of quality water 

which is safe for drinking in Tanzania, is still a problem due to increasing water 

pollution. It seems the implementation and enforcement of the country's water policy 

and laws that prohibit pollution of the environment and water resources is also 

questionable. It is acknowledged that, the National Water Policy, 2002 falls short of 

a clear mechanism for addressing emerging issues such as climate change, water 

resource availability especially for marginalized and disadvantaged groups, 

financing, sustainable technology, and population dynamics.  

According to URT, (2013), among of the bottlenecks that are highlighted to affects 

management and protection of water resources, implementation of the water policy 

and enforcement of water laws and regulations to ensure that good water quality is 

available for all in Tanzania includes; inadequate capacity (i.e. technical skills, 

human resources shortage and equipments), inadequate water monitoring equipment, 

tools for data collection and other working facilities (office accommodation facilities, 

gauging stations for water resources monitoring and data collection equipment); 

inadequate and unreliable data and information required for consistency planning 

while there is a lack of water quality database and map; making efforts for optimal 

exploitation of water resources particularly groundwater is difficult. 

2.9.2 Administrative and Institutional Support 

The main problem relating to administrative and institutional arrangements is the 

lack of coordination and cooperation between sectors or bodies concerned with 

pollution control and water resources management. The coordination should engage 

all sectors such as agriculture, industrial, mining, land, and environment sectors.  

2.9.3 Strict Pollution Control Measures/Laws 

The Tanzania laws and policies developed to control water pollution include; 

National Environmental Management Act of 2004, under section 4(1) which 

stipulates that every person living in Tanzania shall have a right to clean, safe and 

healthy environment (URT, 2004). The National Water Policy of 2002 which also 

requires water sources to be protected from pollution and harmful pollutants through 

conducting water quality monitoring and comprehensive assessments to detect and 

resolves early problems associated with water pollution (URT., n.d.-a). And the 
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Environmental Management (Hazardous Waste Control and Management) 

Regulations, of 2019 which developed environmental standard to control pollution 

(URT, 2019). Furthermore, Water Resources Management Act No.11 of 2009 under 

section 39 (1) which requires the owner or occupier of land on which any activity or 

process is or was performed or undertaken, or any other situation exists which causes 

has caused or is likely to cause pollution of a water source to take all responsible 

measures to prevent any such pollution from occurring or recurring (URT, 2009).  

2.10 Overview of Tanzania Policies 

2.10.1 Environmental Policy 

Lack of accessible, good quality of water for both urban and rural inhabitants, is 

among of the major six environmental problems mentioned in the National 

Environmental Policy of 1997. The Environmental Policy of 1997 envisaged to 

support the overall national objective of providing clean and safe drinking water to 

within easy reach, to satisfy other water needs, to protect water sources and to 

prevent environmental pollution. The Policy also, provides a framework that 

mainstream water resources protection and management for ensuring and improving 

its quality in the environmental issues. However, the policy admits that its 

implementation has been affected by the following bottlenecks; inadequate land and 

water management at various management levels; inadequate financial and human 

resources; the inequitable terms of international trade; the particular vulnerable 

nature of some local environments; rapid growth of rural and urban population and 

inadequate institutional coordination.  

2.10.2 Water Policy 

Different studies documented that water quality has been deteriorating in Tanzania 

due to water pollution (World Bank, 2017; 2019). The National Water Policy of 2002 

requires water sources to be protected from pollution and harmful pollutants through 

conducting water quality monitoring and comprehensive assessments to detect and 

resolves early problems associated with physical, chemical and biological water 

pollution (URT., n.d.-a). The Water Policy also requires polluter pays principles to 

be applied in conjunction with other legal and administrative actions against any 

person or firm, which pollutes water sources. Furthermore, the policy has stipulated 
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standards to be developed for in-stream flows, industrial effluents, and other water 

discharges to control environmental pollution.  

However, implementation of the National Water Policy has been questionable. The 

policy requires responsible authority to conduct water quality monitoring and 

assessments before is consumed but its enforcement has been a challenge. It is 

acknowledged that limited data and information on status of water quality within the 

country due to lack of regular testing and monitoring, is affecting the management of 

water resources and provision of  clean and safe water to the community (Mahoo et 

al., 2015; URT, 2013). Furthermore, it has been observed that poor handling of the 

domestic, agricultural and industrial wastes, poor land-use practices and impact of 

climate change continued to pollute water sources and deteriorates the quality of 

drinking water in the country (Leonard et al., 2012; World Bank, 2017; 2019). 

In addition, failure to enforce the National Water Policy has always been linked with 

inadequate technical capacity, lack of equipment and enough resources and lack of 

political will. To address the problem, at least, the responsible authorities for water 

supply, water testing and monitoring need to be capacitated through provision of 

training, equipments and financial resources to undertake their duties. Water borne 

diseases which are caused by water contamination can only be mitigated in rural 

areas if regular testing and monitoring on water quality status is undertaken and 

prompt actions are taken to remove or treat the detected pollutants. 

2.10.3 Land Policy 

Degradation of land and environmental pollution due to anthropogenic activities and 

natural conditions such as climate change contributes to a deterioration of water 

quality. The National Land Policy of 1995 does acknowledge that, agricultural 

activities in urban areas have been taking place in a fragile environment or hazardous 

areas causing land degradation. In addition, the policy states that, these agricultural 

activities are carried out in areas that are affected by industrial pollution. 

The policy also requires the government to regulate the conduct of urban agriculture 

to ensure that it does not disrupt planned urban development, prohibits development 

in the sensitive areas and prohibits environmental pollution that may contribute to 
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water contamination. Despite the fact that, the National Land Policy prohibits 

discharge of pollutants on the environment, it is documented that land pollution is 

still an environmental problem within the country. Water contamination due to 

discharge of waste on the environment, has continued to deteriorate water quality and 

some sources are disappearing due to land degradation. Therefore, failure to fully 

enforce the policy leads to further deterioration of water quality and escalates 

occurrence of waterborne disease. 

2.10.4 Industrial Policy 

The National Industrial Policy acknowledges that, to have a sustainable 

development, sound environmental management is vital. This policy envisaged to 

ensure that, there is friendly and ecological industrial development by continuing 

carrying out sensitization on environmental awareness in its broader application 

about people, land, and wildlife. The Policy also requires the responsible authorities 

to deliberately forge mandatory devices to reactivate legal mechanisms to enable 

involved institutions to be more effective in matters of environmental management. 

In addition, the policy insists on promoting investments that contain anti-pollution 

programs and requires all investments to undergo Environmental Impact 

Assessments and Audit (URT, n.d.-b).  

Furthermore, the policy insists on promoting an integrated environmental strategy to 

industrial processes, products, and services. This goes hand in hand with propagating 

efficient use of resources, eliminating toxic or dangerous materials and reduction of 

emission and waste at water sources. It is unfortunate that, the increasing water 

pollution due to discharge of industrial wastes on the environment and water sources 

before treatment has been documented as among environmental problem within the 

country (World Bank, 2019). This indicates that enforcement of industrial policy and 

regulations that control industrial environmental pollution still a challenge and may 

continue to exacerbate water pollution resulting into deterioration quality of drinking 

water. 
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2.11 Research Gap 

The Tanzanian Water Policy of 2002, National Environmental Management Act of 

2004, Water Resource Management Act of 2009 and Environmental Management 

(hazardous waste control and management) Regulation of 2019, prohibits discharge 

of wastes on the environment and water sources. They also stipulate the right to have 

clean and safe water and healthy environment to every person living in Tanzania. A 

regular monitoring of the water quality to ensure safety and improve health of people 

also is stipulated by above regulations and policy. 

Many previous studies focused much on the access and supply of water in urban and 

rural areas and ways to improve the water supply through improvement of water 

infrastructure, institutions reforms, policy reforms, and policy formulation for water 

infrastructure development and improvement of the community’s livelihood. Despite 

of many studies conducted in different areas, less efforts and consideration has been 

made on the water quality status in rural areas. Therefore, this study has focused on 

assessing the water quality in rural areas to see if the consumed water by the 

community meets required WHO and TBS standards for drinking water. It further 

explores health effects among the under-five children that may be related to drinking 

poor water quality. 

2.12 Conceptual Framework 

The relationship between water quality and health status of under five children, is 

explained by a set of independent and dependent variables. In this study, the 

independent variable includes water quality, and the dependent variable is health 

status of under five children. The intermediate variables are factors that affect water 

quality. In this study, the water quality is determined by physical, chemical and 

biological characteristics of water. These characteristics of water are influenced by 

natural factors such as climatic condition, nature of the geology and anthropogenic 

activities such as agriculture, livestock keeping, industrial activities, mining, and 

poor handling of domestic wastes.  

In addition, the nature of geology and soil characteristic, contribute to the 

concentration level of physical, chemical and biological characteristics in water. 

Pollutants from anthropogenic activities also pollute water sources through run off 
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and leaching that may affect water quality and contributes to occurrence of 

waterborne diseases, which affects health of under five children. Furthermore, water 

borne disease are disease that caused by drinking or direct contact with water which 

is contaminated by pathogens, chemical and physical pollutants that affects and 

threatens health of under five children, and good health of people is considered to 

influences sustainable and continuity of water management and quality of water. 

Likewise, a good quality of water influence good health of the under five children 

and community at large. 

Figure 2: Conceptual Frame Work 

 

Source: Author (2020) 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.0 Introduction 

This chapter presents the road map for this study. The first section explains 

justification and description of the study area. Second section explains design of the 

study and methodology used for data collection, followed by the data analysis 

section. The limitations of the study are presented in the last section of the research 

methodology.  

3.1 Selection of Study Area 

The study was undertaken in Dodoma and Iringa Regions. The two regions are 

neighbouring and also falling under the same water project site implemented by the 

University of Dodoma and LVIA (an NGO which is funding the project). As per 

water quality reports of the Iringa DC (2018), Kongwa DC (2017; 2018) and Mufindi 

DC (2018) the two regions were sported to be among prone to water contamination 

and deterioration of water quality which continued to affect health of the under five 

children, thus, formed a base for the selection. 

In addition, the differences existing between the two regions such as climatic 

conditions, geology and soil characteristic, topography, and anthropogenic activities 

influence the quality of water and occurrence of waterborne diseases. Thus, due to 

those differences, problem of water quality deterioration and its impacts on children 

health, it triggered an interest to undertake the study and understand the status of 

water quality and impacts on health of under five children in the two regions.  

3.1.1 Geographical Description of the Study Areas 

3.1.1.1 Location of the Study Areas 

Kongwa District in Dodoma Region, Iringa Rural and Mufindi Districts from Iringa 

Region were selected as study districts. Villages studied include; Ugogoni, Hogoro, 

Mbande and Chamkoloma villages in Kongwa district. The villages selected in Iringa 

Rural district included Kaningombe, Luganga, and Magulirwa while in Mufindi 

district were Mabaoni, Mbalamaziwa, and Mapanda villages. Same criteria 

mentioned above were used for selecting the Regions were considered for the studied 

districts and villages as well.   
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Kongwa District lies between latitudes 5° 30' and 6° 00' S and longitudes 36°15' and 

36°00' E. Its altitude is between 900 and 1,000 meters above sea level, Kongwa town 

is the District Headquarters and is located about 86 kilometres from Dodoma town. 

The District borders with Chamwino District in the western front; Kiteto District 

(Manyara Region) in the North; Kilosa District (Morogoro Region) in the East and 

Mpwapwa District in the southern front (Kongwa DC., 2015). 

Iringa Rural District is one of the four Districts of the Iringa Region of Tanzania, 

East Africa. It lies between 7º.0' and  8º.30' latitude  34º.0' and 37º.0' longitude, 

bordering to the north by the Dodoma Region, to the east by Kilolo and 

encircles Iringa Urban to the south by the Mufindi District, to the southwest by 

the Mbeya Region and the northwest by the Singida Region ( Iringa DC, 2016). 

Mufindi District is one of the four Districts found in the Iringa region. It is located 80 

kms south of Iringa Municipality. It is bordered by Njombe District (Njombe 

Region) to the south, Mbarali (Mbeya Region) to the West and Iringa to the North. 

And to the North East, lies Kilolo District. The District lies between latitudes   .0  

and 9 .0  south of the Equator and between longitudes 30 .0’ and 3  .0’ east of 

Greenwich. And covers an area of 7123 km² for which 95%, which is 6,166,000 is 

arable land (Mufindi DC., 2018). 

  

https://en.wikipedia.org/wiki/Iringa_Region
https://en.wikipedia.org/wiki/Tanzania
https://en.wikipedia.org/wiki/Dodoma_Region
https://en.wikipedia.org/wiki/Kilolo_District
https://en.wikipedia.org/wiki/Iringa_Urban_District
https://en.wikipedia.org/wiki/Mufindi_District
https://en.wikipedia.org/wiki/Mbeya_Region
https://en.wikipedia.org/wiki/Singida_Region
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Figure 3: Map of the Studied District 

 

The differences in the location for the studied districts influence water quality. This 

is due to differences of climatic condition, nature of the parental rocks and soil, 

topography and anthropogenic activities undertaken in the studied districts. For 

instance, situation at Mbande village in Kongwa District is different with other 

villages found in Iringa region. Irrigation farming in Mbande is largely undertaken 

near shallow well found in flood plains after rain seasons. While, in Iringa rural 

farmers practice irrigation farming almost throughout the whole year near springs 

and Ruaha river streams. The level of water contamination in the upper stream also 

may be different with the lower stream. The irrigation farming in upper streams 

contributes largely to water contaminations in lower streams, Also, nature of the 

climate and soil influence types of crops, farming practice and type of anthropogenic 

activities which again influence water contamination.   
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3.1.1.2 Climate and Vegetation 

The climate of the Kongwa District council is greatly influenced by its altitude. The 

mean temperature is about 26.5°C, but sometimes temperature can go down to as 

much as 11°C. The coolest weather occurs from January to June when temperatures 

fall between 20°C - 33°C. The main rain season is from November - April with an 

average annual rainfall of 500 - 800mm. Temperatures get slightly lower in the 

months of May to July. The highest temperature recorded is 31°C while the lowest 

temperature is 18°C. The mean annual rainfall is 700mm. The rain season is 

normally between December and April (Kongwa DC, 2015). 

The vegetation cover of Kongwa District includes shrubs and spots of acacia and 

baobab trees while grassland cover the north and north east areas bordering Kiteto 

District. Areas close to Kilosa and Mpwapwa Districts is covered by light spot 

forests cover. In addition, during the dry season most parts of the land are left bare 

with no grasses due to persistent slash and burn farming methods, overgrazing, tree 

felling for firewood and charcoal production and forest clearing (Deforestation) for 

substance farming.  

In Iringa Rural District, the climate and soil varies with altitude and closely 

associated with two distinctive landscape zones namely the midland and the 

lowlands. The District receives rainfall of between 600mm and 4 1,000mm annually, 

falling between the months of October or November and December and a dry season 

from January to February or March and a second lower peak occurs in February or 

March and then rains then tail off on April or sometimes on May. The District 

experiences moderate mean rainfalls, ranging from 600 mm and 1,000 mm annually 

with mean temperature being 15ºC– 20º C.  

Furthermore, the climate of Mufindi District varies with altitude and closely 

associated with two distinctive landscape zones namely; the eastern highlands and 

the Mufindi plateau, which characterize the Mufindi District Council. The highlands 

zone lies at an altitude of 1,700 to 2,200 meter above sea levels. The feature ranges 

from southwest to the eastern part of Udzungwa mountain ranges, which is the part 

of the Eastern Arc Mountains and the Kihansi Dam with its catchments. The mean 

annual rainfall ranges between 1,200 to 1,600 mm per annum.  
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The average precipitation of Mufindi District is almost 1,400 mm per annum 

whereby the east and south are the wetter parts while the west is much drier. 

Temperatures are often below 15°C, the mean monthly is 18.4°C (Maxima-

November and February) and the minima is 13.2°C (July). While, the Mufindi 

plateau is extensive and uniform covering halfway of Mufindi through Mafinga up to 

Makambako, its altitude ranges from 1,700 to 2,000 meter above sea level. The 

average mean annual rainfall is 950 mm. In the eastern part of the plateau, the annual 

rainfall is slightly higher than 950 mm. The average evapotranspiration is 1,300 mm 

per annum, whereas the maximum mean temperature is 18.3°C (February) and the 

minimum is 13.1°C (July) (Mufindi DC, 2018).  

The natural vegetation of Mufindi district is characterized by mosaic of open 

grassland with scattered trees and shrubs dominated by Brachystegia and 

Julbernadia. Other species include Erythrina, Parinari, Cussonia, Apodytes and 

Albizia. Common grass species are Themedatriandra, Pennisetumschimperi and 

Exothecaabysinica (Mhando et al., 1993). The exotic species include Pinuspatula, 

Pinuselliottii, Pinuscaribea, Cuppressuslustanica, Eucalyptus saligna (Malinga, 

2011). Moreover, deforestation and the presence of bare land encourage more soil 

erosion and degradation of water sources which affects its quality. The status of 

vegetation at coverage in Kongwa in Dodoma region is not the same with Mufindi 

and Iringa Kongwa land is more bare and affected by deforestation unlike Mufindi 

and Iringa Districts. Therefore, the status of water quality in Kongwa may be 

different with the quality of water in Mufindi as influenced by vegetation and the 

status of land cover. 

3.1.1.3 Social Economic Activities 

Economic activities in Kongwa district council are mainly farming and livestock 

keeping as well as informal sectors. The informal sector; employs a few people and 

predominant in township areas, mainly encompasses trade activities and artisan 

undertakings. Based on the nature of economic activities in the area, Kongwa district 

Council is endowed with plain and fertile land suitable for agricultural production. 

The area is also potential for irrigation farming due to high water table as well as 

natural springs which encourage investment in agro-processing industry too for crops 
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like maize, oil seed crops like sunflower and ground nuts and ranch management. 

Social services are provided in collaboration with private sector. 

Furthermore, the economic activities in Iringa Rural District are mainly covered by 

agriculture, livestock keeping, and trading. Agriculture is the most driving economic 

activity in Iringa Rural with approximately 95% of the population practicing mainly 

mixed farming at subsistence level (WCS, 2010). Major crops cultivated are maize 

and rice. Others include sunflower, cowpeas, tobacco, pyrethrum, groundnuts, 

potatoes and vegetables. Maize is the main staple food as well as cash crop, but its 

production level is declining due to the land fertility exhaustion and high cost of 

farming and its rain-fed dependency (WCS, 2010). 

The District also has traditional and improved irrigation schemes in Luganga, 

Mangalali, Nyamahana, Mapogoro, Kalenga, Kaningombe, Magubike, 

Tungamalenga, Mafuruto, Idodi, Magozi, Malinzanga, Mlenge, Magozi, Makuka, 

Cherehani- Mkoga, Kiwere and Ipwasi- Ndorobovillages. In addition, Livestock 

keeping is another major economic activity which employs a good number of people. 

It is practised mainly in the lowland zone along river Little Ruaha. Most animals kept 

are indigenous reared under traditional ways, largely free grazing and tethering. 

Furthermore, Iringa rural District has several business activities undertaken ranging 

from kiosks, retail shops, bars and restaurants, to modern lodges and hotels. Other 

dominant trading activities include commercial business of maize, rice, fish and beef. 

Some traders engage in transport, communication and second hand textiles. 

The main economic activities in Mufindi District include farming, livestock keeping, 

forestry and trading. The large proportion of the Mufindi people are engaged in crop 

production such as maize, green peas, Irish and sweet potatoes, vegetables, wheat 

and pyrethrum following with livestock keeping. Cattle, goats, sheep, pigs and 

poultry are commonly kept livestock. The rest population are engaged with both 

petty and small business and casual employment. And the major cash crops are tea 

and planted forest (Malinga, 2011; Mcheka, 2015). 

Increasing anthropogenic activities may have a significant impact on the ecological 

environment. Agricultural activities, mining and Industrial activities are associated 
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with increasing environmental pollution and deterioration of water quality (Liyanage 

& Yamada, 2017). In the studied districts same scenario may be experienced due to a 

fact that, human population has continued to increase and land demand continued to 

be increasing and largely acquired by agricultural activities and livestock grazing. 

3.1.1.4 Topography and Soil 

The topography and soil of Kongwa District, is characterized by both its location in a 

high plateau and hills with steep slopes and an escarpment to the east-west. To the 

south, the escarpment is very steep. The main catchments area and transportation 

corridor that serves and links Kongwa District council is by road (Kongwa DC., 

2015). Iringa rural district has a total area of 20,413.98 km
2
 which is almost 34.9% of 

the total area of the Iringa region, most of which is a plain land with very few hills or 

valleys. Only 9,857.5 km
2
 are habitable, leaving the remaining land either as national 

parks, Rocky Mountains or water bodies. Almost 9,437.5 km
2
 area is covered by 

Ruaha National Park and 1,119 km
2
 area covered by water bodies. The available 

arable land amounts to 479,258 hectares or 23.5% of the area in the district. 

Its landscape is divided into main zones namely midland and lowland zones. The 

midland zones are characterised by an undulating topography with scattered 

mountain hills and plateau, at an altitude of 1,200 metres and 1,600 metres above the 

sea level. The soils in this zone have a high nutrient content and are considered 

suitable for a wide range of food and cash crops and therefore, have the potential for 

profitable cultivation. And the lowland is semi-arid or commonly known as the 

marginal area, due to low mean rainfalls which range from 500 mm – 600 mm and 

relatively hot with temperatures ranging between 20º C – 25º C, of which the higher 

temperatures are experienced from September to October. The zone has very rich 

soils suitable for agriculture but the agricultural production level is low due to 

unreliable rainfall (Iringa DC, 2016). 

The topography, soil and climate of Mufindi District is mainly classified by two 

distinct landscape zones namely the eastern highland and the Mufindi plateau. The 

common features ranges from southwest to the eastern part of Udzungwa mountain 

ranges, which is the part of the Eastern Arc Mountains and the Kihansi Dam with its 

catchments. The soil of the eastern highland in Mufindi District is generally red clay 
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of moderate fertility with dark top soil having a high organic matter content though 

much of the land is at risk of erosion due to steep slopes of over 30% gradient. Its 

topography generally is typified by its steep topography; mostly the landform is 

steeply dissected with slops of more than 30 percent gradient, often as steeps 

50percent. Flatter top slops of 2 to 8 percent and 8 to16 percent gradient comprise an 

average about 10 percent of this land unit. The vegetation includes low/shrub land 

and scattered forests (Mcheka, 2015). 

Furthermore, topography and soils affects physical, chemical and biological 

characteristics of water (Kumar et al., 2018). For instance, colour and smell of water, 

is largely influenced with soil and nature of parental rock of an area. Nature of the 

parent rock and soils also affects the taste of water such as salinity and its quality. In 

addition, soil catena also affects water quality. For instance, soil with a similar catena 

has same chemical, physical and biological characteristics (components) such as 

organic matter, minerals matters, which may be dissolved into water bodies through 

leaching and run off. Furthermore, soils components at the upper slope, along the 

slope, and down the slope differ. Therefore, due to the differences of soil 

characteristics and nature of topography, it is obvious that the quality of drinking 

water (the physical, chemical and biological characteristics of water) in the studied 

district differs. 

3.1.1.5 Population 

Based on the United Republic of Tanzania Population and Housing Census of 2012, 

Kongwa’s district population was 309,973 (149,221 males and 160,752 females). By 

2015 the district population was projected to be 341, 206 for the year 2016. Out of 

these, 159, 759 are males and 173, 072 are females. This population grows at a 

growth rate of 2.4% per annum. The population of Kongwa District council like 

other councils in the country has been experiencing a moderate population growth 

due to sustained rural-urban migration, which is prompted by a search for better 

employment prospects and natural demographic increase (Kongwa DC, 2015). 

As of 2002, the population of the Iringa rural District was 245, 623. In 2012 the 

district had a population of 246, 090 with a density of 35.4 persons. It was the second 

populous rural district in the region after Mufindi district and contributed 27.0 
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percent of the regional population. Between 19   and 2002 the district’s population 

grew at an average annual growth rate of 1.3 percent when compared to the regional 

growth rate of 1.6 percent and national average growth rate of 2.4 percent (Iringa 

DC, 2016). 

Furthermore, according to 2012 census, the population of Mufindi district was 246, 

090 out of which 116, 499 were Males and 129, 591 were females. The population 

density was almost 40 Persons per sq. Km and the growth rate was almost 1.5%. The 

high growth rate is attributed to immigration rather than to human multiplication. In 

addition, presence of economic activities and small towns being trading centres 

contribute to the increasing population. Moreover, Mufindi district has 59,152 

number of households with the average family size of 4.16 persons and the working 

group averaging to 58.4% (Mufindi DC., 2018). The growth of population leads to a 

rapid urbanization and increasing environmental pollution due to discharge of waste 

on environment beyond the threshold (Kumar et al., 2018; Liyanage & Yamada, 

2017), also, it leads to a competition of the limited resources. If water like any other 

natural resource becomes scarce even its quality becomes questionable. Thus, the 

quality of water may be affected by the increased population. 

3.2 Research Design 

This study involved a cross-sectional design. According to Magigi (2015) a cross-

sectional design is based on observations that take place in different groups at one 

time. This design has main three characteristic including; (i) takes place at a single 

point in time, (ii) variables are not manipulated by researchers (iii) provide current 

information about the study topic. Though, longitudinal study design would have 

been the best design to cover both dry and rain seasonal variation in water quality 

values, due to a limited time which was allocated and resources to complete the 

research in partial fulfilment of the requirement for the degree, a cross sectional 

design was an option to be employed.  

3.3 Research Approach 

According to Creswell, ( 2014) research approaches are  plans and the procedures for 

research that span the steps from broad assumptions to detailed methods of data 

collection, analysis, and interpretation. In this study a mixed approach was involved. 
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A mixed approach is defined as a type of research in which a researcher or team of 

researchers combine elements of qualitative and quantitative research approaches 

(e.g., use of qualitative and quantitative viewpoints, data collection, analysis, 

inference techniques) for the broad purposes of breadth and depth of understanding 

and corroboration (Almalki, 2016). The mixed approach involved in this study 

included a qualitative approach for gathering detailed information from key 

informants on water borne diseases, status of water sources and its quality, 

quantitative approach for in-situ measurement and the analysis of the physical-

chemical parameters of water samples and experimental approach, for the chemical 

parameters and microbial laboratory analysis of the water samples. 

3.4 Sampling 

3.4.1 Study Population 

The studied population in this study included all water sources serving large 

community population in the studied villages. Water sources include springs, shallow 

wells, river, boreholes, surface water and public water taps. 

3.4.2 Sampling Frame 

The sampling frame included water sampling and sampling of 10 villages where 

water samples were collected. 30 key informants (1Health worker, 1 Environmental 

person and 1 Workers from the Community Water Committee) from each studied 

village were purposively selected to get their insights on water quality and water 

borne diseases affecting under five children. 

3.4.3 Sample Size 

To determine the size of the collected water samples, the following assumptions were 

adopted and used as recommended by the American Public Health Association 

(APHA), American Water Works Association (AWWA) and, Water Environment 

Federation (WEF), (1999) and the Environmental Protection Authority (EPA), 

(2007) for the standard methods for water and waste water examination. The 

assumptions used are; (i) there is variability from analytical and sampling procedures 

(i.e.population variability), (ii) a single sample is insufficient to reach any reasonable 

desired level of confidence, (iii) and an overall standard deviation (i.e., the standard 

deviation of combined sampling and analysis) is known. That s is 0.5 mg/L, U is ± 
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0.2 mg/L, and a 95% confidence level is desired. Based on these assumptions the 

formula below was adopted to arrive at a sample size for water samples.  

  (
  

 
)   

Where: N = number of samples, t = statistical test for a given confidence level, s = 

overall standard deviation, and U = acceptable level of uncertainty. The formula and 

assumptions suggest the required number of samples for a mobile matrix such as 

water to be taken in the field to be at least not less than 25 to 30 samples (AWWA, 

APHA and WEF, 1999). 

3.4.4 Sample Units 

The sample unit can be a single element or a collection of elements subject to data 

analysis in the sample (Rwegoshora, 2016). The sample units analysed in this study 

included the physical parameters such as temperature, salinity, pH, Electrical 

Conductivity (EC), Total Dissolved Solids (TDS) and Turbidity, chemical 

parameters such as calcium, magnesium, fluoride, chloride, ammonium, nitrate, 

nitrite, hardness and alkalinity and Total coliform and E. Coli for microbial 

characteristics. 

3.4.5 Sampling Technique 

A purposive sampling was used to select key informants and water sources/ points, 

for taking water sample based on the vast knowledge they hold and water source 

/point serving the large public respectively.  

3.5 Methods for Data Collection 

The study employed different methods in data collection as explained in section 3.5.1 

3.5.1 Collection of Water Samples 

Water sources, were purposively identified based on the type and extent provides 

service to the community, per each study village after consultation with village 

leaders. Sources which serve large population were targeted and six types of water 

sources such as springs, borehole, shallow wells, rivers, water tap and surface water 

which are commonly available in rural areas were targeted and 3 water samples from 
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each water source were collected after rain seasons ended (march - April) from all 

studied District/ villages, for analysis of physical, chemical and biological 

parameters. Thus, 15 water samples were collected from Kongwa district, 36 from 

Iringa district and Mufindi district making a total of 51 samples of water being 

collected in all.  

Furthermore, the standard methods for water and waste water examination as 

suggested by the American Public Health Association (APHA), American Water 

Works Association (AWWA) and, Water Environment Federation (WEF), (1999) 

and the Environmental Protection Authority (EPA), (2007) was observed from the 

collection of water samples, transportation, storage, and testing. The water samples 

were collected by dipping water bottle below the water surface for wells and spring 

or taping from distribution points. Samples then were quickly transferred to a 

sterilized1 litter water container, rinsed with distilled water in the field for immediate 

in situ testing of physical- chemical parameters. 

Samples for some of chemical and microbial laboratory also were filled in 1 litre 

standard sterilized bottles, chilled in ice and stored in cool box before being 

transported to the laboratory, for chemical and biological analysis. All bottles were 

marked showing location, date, sample number, collector’s name and the type of 

analysis needed. Water bottles which contained samples stored in iced cooler box 

under 4ºC temperature were covered with the aluminium paper which is also 

sterilised with menthylated spirit to avoid further microbe’s contamination during 

transportation. 

According to Mays (1996) the major common chemical properties of water include 

calcium, magnesium, sodium, potassium, chloride, sulphate, carbonate, and fluoride, 

bicarbonate, and nitrate contents. However, in this study the following significant 

physical –chemical parameters such as Temperature, Electrical Conductivity (EC), 

Total Dissolved Solids (TDS), Salinity, pH, Turbidity, hardness and alkalinity were 

considered. Some other water parameters such as the concentration of hydrogen ions 

(water acidity and basic or pH), Electrical Conductivity (EC), Total Dissolved Solids 

(TDS), temperature, turbidity, conductivity, Dissolved Oxygen and salinity were 

measured in-situ, while water samples for parameters such as nitrate, nitrite, 



52 

ammonium, calcium, chloride, fluoride, phosphate and magnesium and microbial 

characteristics were taken for laboratory analysis. 

With regards to the biological characteristics, the water samples for microbiology lab 

analysis was undertaken to detect Total Coliform bacteria and the presence of 

Escherichia coli (E. coli) using standard methods for water and waste water 

examination. E. coli and Total Coliform bacteria are pathogenic organisms that affect 

water quality. They are the most common group of bacteria used as indicator 

organisms that are routinely found in faeces, survive longer than intestinal pathogens 

and are relatively easy to detect and enumerate (Nesters et al., 2004).  

3.5.2 Direct Physical Observation 

Direct physical observation was also applied in the field. This involved taking 

photographs of different scenes of water sources and activities carried around water 

sources to detect possible sources of contamination. An observation checklists tool 

was used to identify natural conditions such as climatic conditions, geology and 

nature of the soil and human activities. Furthermore, farming activities, livestock 

grazing and handling and discharge of domestic and industrial wastes on the 

environments and other possible sources of contamination which affects water 

quality were observed. This technique was purposely used for ground truthing, 

visualizing and have clear a glimpse of the possible sources of water contamination 

in the studied villages. 

3.5.3 Interviews 

In depth key informants’ interviews, were carried out to achieve more data and 

insight on the water borne diseases which are diagnosed to affect children under five, 

status of water sources and water quality. Health workers (such as Doctors/ Clinical 

Officers or, Environmental Health Officers) at dispensaries and health centres, 

Village leaders or representative from the Community water organization, were 

purposively interviewed to gather the required information. Moreover, interview 

method, was used to capture in depth information about the topic and gives a room 

and  flexibility to respondents to provide freely information (Rwegoshora, 2016). In 

addition, a key informant interview guide question was used to interview key 

informants and responses were recorded in the field note book and tape recorder. 
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Interviews mostly were conducted in the key informant offices and took almost15 to 

30 minutes. 

3.5.4 Documentary Review 

Secondary data collection involved review of documented data, reports, which were 

collected in the studied districts. These included reports on water quality and data on 

waterborne diseases, from 2015 – 2020 from the District Health Centres and 

Dispensaries, reports from other development partners and Districts Councils, 

District Water Department or Rural and Urban Water Supply (RUWASA) offices, 

current Water status, Land, Environmental, and Industrial policies and legislations, 

and Census report of 2012, environmental status report were seen and other existing 

literatures related to the research objectives. This includes strategies, reports, 

researches, websites, papers and articles from different journals to mention a few. 

3.6 Data Analysis 

A laboratory analysis of water samples to determine chemical and biological water 

characteristics was undertaken at the University of St. Johns in Dodoma. Also, 

descriptive statistical analysis was done for the physical and chemical characteristics 

of water samples and correlation analysis to determine the relationship between 

variables (water quality and health status of under five children). A content analysis 

was employed for qualitative data which were collected from key informants and 

information collected from documentary review. 

3.6.1 Analysis of Physical Parameters 

An in-situ measurement was undertaken for physical parameters such as 

Temperature, concentration of hydrogen ions (pH), Total Dissolved Solids (TDS), 

Electrical Conductivity (EC), Salinity, and Turbidity. Results were recorded and 

stored into an excel format and transferred into SPPS software version 26, for a 

descriptive statistical analysis (minimum, maximum, mean and Standard deviation), 

to compare results obtained with provided standards limits by TBS and WHO for 

water quality.  
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3.6.2 Chemical Parameters Analysis 

Laboratory analysis was undertaken for chemical parameters. A spectrophotometric 

techniques using digital UV- Spectrophotometer was undertaken to analyse Nitrate, 

calcium, magnesium and nitrite parameters of the sampled water. For the phosphate, 

chloride, ammonium and fluoride, a Colorimetric technique using digital Colorimeter 

was employed to analyse those parameters. These techniques and instruments were 

adopted and used as recommended by the standard methods for the examination of 

water and waste water.  

3.6.3 Biological Characteristics Analysis 

Microbial analysis was undertaken to detect the presence of E. Coli and total 

Coliforms. The Most Probable Number (MPN) method was employed when 

undertaking this study. The MPN method is commonly used to determine the 

approximate number of Coliform in water samples (Cowell, 1979; Nesters et al., 

2004). Furthermore, the Most Probable Number (MPN) is a statistical assay of cell 

numbers based on the theory of probability. It involves a successive dilution of water 

samples in tubes of lactose-containing broth that has a vial to tap gas. The tubes in 

which the gas is produced, are then tested to confirm the presence of coliforms 

(Cowell, 1979 and Nesters et al., 2004). 

Moreover, according to Nesters et al. (2004), to determine the Most Probable 

Number (MPN), three sets of three to five tubes containing the same growth medium 

were prepared. Each set received a measured amount of a sample, such as water and 

food for the microbes for culturing.  However, the added amount determined the 

expected bacterial concentration in the sample. Thereafter, each set was inoculated 

with an amount of ten (10) fold less than the previous set and incubated between 24 

to 48 hours. After the incubation process, the presence or absence of bacterial growth 

in the tubes was observed. Growth along with a characteristic visible change such as 

gas production was expected and noted. Thereafter, the laboratory results were 

compared against the MPN table to give statistical estimates of cell concentration. 
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Plate 1 (a & b): Culturing and Incubation Process of water Samples 

 

a       b 

Source: Msetule Philemon, February, 2020 

3.6.4 Qualitative Data Analysis 

Data obtained from key informants’ interviews were analysed through content 

analysis method. Key themes were sorted and recorded from the responses and 

findings were summarised from other documents and literatures to triangulate 

information, with results from other sources, laboratory results and direct in-situ 

measurements for physical parameters. 

3.7 Research Ethics, Validity and Reliability 

3.7.1 Research Ethics 

Ethical questions involve such issues such as personal disclosure, authenticity, and 

credibility of the research report; the role of researchers in cross-cultural contexts; 

and issues of personal privacy through forms of Internet data collection (Israel & 

Hay, 2006 as cited in Creswell, 2014). To observe research ethics, the researcher 

submitted the study proposal for approval and sought permission letter from the 

University of Dodoma to undertake the study. The researcher also, sought permission 

from the local authorities such as District and Village Councils  to undertake the 

study after informing the authorities and participants on the purpose and who 

benefits from of the study. In addition, the researcher asked for consent from 



56 

informants who were involved in data collection, a close observation and 

appreciation of the cultural, religion and gender differences was considered. The 

information obtained from the study considered the principle of privacy and 

confidentiality without disclosing respondents’ identities. 

3.7.2 Validity 

According to Kabigumila, (2017) validity refers to the credibility or genuineness of 

the scientific study, by ensuring findings obtained met all the requirements of the 

scientific method. It is defined as the extent to which measurement does what it’s 

supposed to do. Data need not only to be reliable but also true and accurate (Magigi, 

2015). As such, standard methods for water and waste water examination as 

suggested by EPA and TBS were adopted to ensure that true data were accurately 

collected and scientific procedures /methods were observed when undertaking the 

study to achieve validity. In addition, a triangulation of different data collection 

methods such as field observation, interviews and laboratory experiments were also 

involved to achieve validity. 

3.7.3 Reliability 

Reliability is defined as the extent to which results are consistent over time and 

accurate representation of total population of the study (Magigi, 2015). It refers the 

overall consistency and constancy in measurements (Kabigumila, 2017). To ensure 

liability the following aspects were also adhered during the study; calibration of 

equipments before testing was done to achieve reliability, deploy of multiple sources 

of evidence, use reliable data sources, equipped and conversant technique was used 

for data collection, avoidance of disturbance during entering data to ensure input 

accuracy and applying data verification techniques. Furthermore, data verification 

technique (where data are being typed into a computer from a paper record) was 

observed by entering every data and ensuring no data were left. Across checked data 

entered in a computer programme was considered also to identify accuracy. 
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3.10 Limitation of the Study 

Some of the limitations experienced when undertaking this study includes, budget 

and time constraints, limited and updated or current secondary data on water quality 

from responsible authorities (i.e. IRUWASA, DUWASA). In addition, travelling 

long distance with water samples from field to the laboratory in Dodoma for 

analysis, required frequent travels ( to and from) and incurred extra costs to ensure 

that proper handling of water samples during storage and transport was taken care of. 

To worsen the situation, some of the water sources were in remote areas. It was 

difficult to access these sources by car. As a result, we were forced to carry water 

samples with equipments on our shoulders. 

Furthermore, to address these limitations, careful planning for field work was 

considered and reviewed most frequently. Proper sampling procedures, transporting 

and storage facilities such as iced cool box to store and transport water samples to the 

laboratory was also considered. In addition, some physical and chemical parameters 

were prioritised for the analysis to minimise costs for laboratory analysis. The 

researcher and support teams (assistants) from community walked by foot to ensure 

that no important water source is missed out especially where we failed to access 

water sources by car. Lastly, but not least, training research assistant on safety, 

cleanness proper handling of the water samples and chemicals was highly considered 

. 
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CHPTER FOUR 

RESULTS AND DISCUSION 

4.0 Introduction 

This chapter presents results and discussions based on the three objectives of the 

study. The first section explains water physical parameters, followed by chemical 

and biological parameters. The last section, draws the relationship between water 

borne diseases and health status of the under five children. 

4.1 Status of water Physical Parameters 

The analysed physical parameters include the followings: Temperature, 

Concentration of Hydrogen ions (pH), Total Dissolved Solids (TDS), Electrical 

Conductivity (EC), Salinity, and Turbidity. Study results have revealed that the 

physical parameters, which were tested from all water sources in the three districts, 

namely Kongwa, Iringa Rural and Mufindi were generally found to be within WHO 

and TBS standards, except for pH, EC and TDS parameters (Table 1a, b & c). 

Table 1a: Water Physical Parameters- Kongwa District 

  N Min Max Mean Std. Deviation 

WHO 

stands 

TBS 

stands 

Temp 5 23.3 27.4 25.280 1.4923 - - 

Water pH 5 7.0 8.3 7.504 0.5503 - 5.5-9.5 

EC 5 117.0 3999.0 1334.600 1654.2591 1500 2500 

TDS 5 50.0 2000.0 771.400 769.0545 700 1500 

Salinity 5 20.0 21.5 20.500 0.7071 - - 

Turbidity 5 0.47 7.84 3.7920 3.63777 - 25NTU 

Valid N (list 

wise) 

5       

Source: Field data (2020) 
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Table 1b: Water Physical Parameters – Iringa Rural District 

  N Min Max Mean 

Std. 

Deviation 

WHO 

stands 

TBS stands 

Tem 6 19.4 27.2 22.800 2.8376 - - 

Water pH 6 5.6 6.9 6.188 0.4479 - 5.5-9.5 

EC 6 58.0 267.0 143.833 73.4722 1500 2500 

TDS 6 29.0 132.0 71.333 36.4234 700 1500 

Salinity 6 20.0 22.7 20.700 1.0583 - - 

Turbidity 5 1.26 31.60 10.8780 11.97040 - 25NTU 

Valid N  

(list wise) 

5       

Source: Field data (2020) 

Table 1c: Water Physical Parameters - Mufindi District 

  N Min Max Mean 

Std. 

Deviation 

WHO stands TBS 

stands 

Temp 6 19.2 25.7 22.167 2.3964 - - 

Water pH 6 4.4 7.0 5.970 0.9644 - 5.5-9.5 

EC 6 37.0 1266.0 291.667 482.4246 1500 2500 

TDS 6 13.0 636.0 145.167 243.0995 700 1500 

Salinity 6 20.0 22.0 21.000 0.7071 - - 

Turbidity 6 1.95 24.40 8.6650 8.41976 - 25NTU 

Valid N 

(list wise) 

6           

Source: Field data (2020) 
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4.1.1 Water Temperature 

Water temperatures in Kongwa istrict ranged from 23.3°C to 27.4°C with a mean 

25°, Iringa district water temperature ranged from 19.4°C to 27.2°C with mean 

22.8°C and it ranged from 19.2°C to 25.7°C with mean 22.167°C for Mufindi 

district. Generally, water temperature from all studied districts ranged from 19.2ºC 

recorded as lowest to 27.4ºC recorded as high with an average of 23.306ºC. Though 

there is a minimal temperature variation, study results revealed that the water 

temperature generally, was found to be within the recommended 25ºC for drinking 

water except in Mbande village, which recorded 27.4ºC. 

Figure 4: Variation of Kongwa District Water Temperature and pH 

Source: Field data (2020) 
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Figure 5: Variation of Iringa Rural District Water Temperature and pH 

 

Source: Field data (2020) 

Figure 6: Variation of Mufindi District Water Temperature and pH 

 

Source: Field data (2020) 

The differences in temperature might have been influenced by the area climate and 

the vegetation surrounding water sources and level of thermal pollution in water. 

Similar findings were documented by Spellman (2018) who argued that water 

temperature is influenced by the climate of an area and its changes in responses to 
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seasonal changes and thermal pollution, caused by the anthropogenic activities. In 

fact, the climate of Kongwa District for instance, is warmer when compared with 

Mufindi and Iringa rural districts.  

Kongwa’s climate is influenced by the altitude, with a mean temperature of 26.5ºC 

but sometimes goes down to 11ºC. The highest temperature recorded in Kongwa is 

31ºC and the lowest is 18ºC. The coolest month (from January to June) ranges 

between 20ºC to 33ºC (Kongwa DC., 2015). In contrast, the climate in Mufindi 

district is influenced by mountainous with coolest and rainiest climate. Temperature 

in Mufindi district is often below 15ºC with monthly mean of 18.4ºC (November – 

February) and the minimal mean temperature of 13.1ºC in July. In addition, the 

highest recorded mean temperature is 18.4ºC in February (Mufindi DC., 2018). 

Furthermore, thermal pollution in water may also be associated with level pollutants 

and the area temperature found. Crop cultivation and livestock keeping are among of 

the anthropogenic activities which were observed being undertaken near water 

sources which contribute to water thermal pollution. In Mbande and Hogoro villages, 

vegetables irrigation farming was sported undertaken near shallow well which may 

contribute water contamination through leaching, infiltration and run off of 

agricultural fertilizers, pesticides and insecticides (Plate 2 a& b). 

Plate 2 (a & b): Fertilizers and Pesticides Used at Mbande and Hogoro Farms 

 

a                                                                                                 b 

Source: Edoardo F. (photo a) and author (photo b) 2020 
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During rain seasons livestock wastes are easily washed into water sources by the 

runoff, resulting into water contamination. Findings are similar with studies done by 

WCS (2010), Malinga (2011), Mcheka (2015), Kongwa DC (2015) and Mufindi 

DC., ( 2018). Also, Kisaka, & Mato, (2018) and Lwimbo et al., (2019) who reported 

that, agrochemical pollutants (fertilizers and pesticides) applied intensively in farms 

and animal wastes contaminates surface water through runoff and the ground water 

through leaching and spilling process. Therefore, one would conclude that the 

variation of water temperature across the studied districts might have been influenced 

by climatic conditions and amount of pollutants found in water. 

4.1.2 Concentration of Hydrogen Ion (pH) 

The Hydrogen- Ion concentration (pH) indicates the extent for alkalinity and acidity 

in water (Atwebembeire et al., 2018). The water pH in Kongwa, Iringa rural and 

Mufindi districts ranged from (7.0 to 8.3 with mean 7.5), (5.6 to 6.9 with mean 

6.188) and (4.4 to 7.0 with a man 5.9) respectively. Across all studied districts, the 

pH ranged from 4.4 to the maximum value of 8.3 which is generally found to be 

within the standards limits except for the recorded 4.4 pH in Mabaoni village which 

is below the WHO and TBS standard for drinking water (Table 1a, b & c). In 

addition, the differences of pH levels in the study area, possibly has been influenced 

with the dissolved bases from the geology of the area, soil characteristic and run off 

or spills of contaminants from anthropogenic activities. Findings are similar to 

studies done by Katonge, (2018), Edmond et al.,( 2019) and Salustian et al.,(2017). 

Furthermore, water pH indicates the extent of alkalinity and acidity in water 

(Atwebembeire et al., 2018). The pH of water is controlled by the equilibrium 

achieved by the dissolved compounds in the system. The higher value of pH above 7 

in drinking water indicates the water is alkaline and the lower value of pH indicates 

acidity in water. As per the required WHO and TBS standards, results have 

demonstrated that, the low pH value of 4.4 of water at Mbande village is acidic and 

not suitable for drinking. Acidic water can cause toxic metals such as aluminium and 

copper, to dissolve in water which causes gastrointestinal distress, long term 

exposure kidney or liver damages (Ingegerd, 2015). However, these diseases were 

not observed in the studied district. 
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4.1.3 Electrical Conductivity (EC) and Total Dissolved Solids 

Conductivity is the ability of water to pass an electrical current (Alley, 2007). It does 

not only indicate the current conduction in water but also an estimator or the 

presence of Total Dissolved salts or ions in water, such as chloride, nitrate, sulphate, 

and phosphate or sodium, magnesium, calcium, iron and aluminium ions. Study 

results indicated that EC in Kongwa, Iringa rural and Mufindi districts ranged from 

(177 to 3999 with mean 1334.6µS/cm), (58 to 267 with mean 143.833µS/cm) and 

(37 to 1266 with mean 291.66µS/cm) respectively. In addition, results demonstrated 

that, EC in all studied district is generally ranged from 37 to a maximum value of 

3999 (µS/cm) which exceeded both WHO’s and TBS standards (Table 1a, b & c). 

Figure 7: Variation of Water Conductivity at Kongwa District 

 

Source: Field data (2020) 
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Figure 8: Variation of Water Conductivity at Iringa Rural District 

 

Source: Field data (2020) 

 

Figure 9: Variation of Water Conductivity at Mufindi District 

 

Source: Field data (2020) 
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Furthermore, TDS are impurities or matters ranging from colloidal organic or 

inorganic, to silts, algae, plankton or debris of all kinds found in water  (Gregory, 

2006). The study results indicated that in Kongwa, Iringa rural and Mufindi districts, 

it ranged from (50 to 2000 with mean 771.4mg/l), (29 to 132 with mean 71.33mg/l) 

and (13 to 636 with mean 145.1mg/l) respectively. And from all the studied districts, 

TDS ranged from 13(mg/l) to a maximum value of 2000 (mg/l) which also exceeded 

WHO’s standards of 700 (mg/l) and TBS standards of 1500 (mg/l) as indicated in 

(Table 1a, b & c). 

 

Figure 10: Variation of water TDS at Kongwa district 

Source: Field data (2020) 
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Figure 11: Variation of Water TDS at Iringa rural District 

 

Source: Field data (2020) 

Figure 12: Variation of Water TDS at Mufindi District 

 

Source: Field data (2020) 
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The elevated level of TDS in water was recorded at the old tank (a source) in 

Mbande village and Hogolo village. Possible reasons for the elevated and such 

variation of EC and TDS in the studied district may be associated with the nature of 

parental rocks (geology) and anthropogenic activities undertaken near water sources. 

Findings are supported by Pal et al.,(2015) whom they reported that, the impurities 

or matter in water may come from geology of an area, atmospheric inputs, man-made 

pollution, evaporation rate, runoff and type of bacterial metabolism. 

Some of anthropogenic activities found near water sources around Juhudi Shallow 

well in Mbande and Hogoro including other boreholes that could be associated with 

level of impurities found in water include; crop farming and livestock keeping. 

Famers were observed applying intensively agrochemical fertilizers and pesticides in 

their farms, which could contaminate surface and ground water sources through run 

off, leaching and ground water flow (Plate 2 a & b). However, for the case of Juhudi 

Shallow well, the level of EC and TDS was found to be below the WHO and TBS 

limits. But, water from Mbande borehole (at old tank source) was found to have the 

elevated EC and TDS levels which possibly might have been influenced by geology 

of an area. Findings is supported by Pal et al. (2015) who also argued that the 

geology of an area influence levels of dissolved impurities or matter in water.  

In relation to health effects, water with high concentration level of TDS is not a 

health hazards rather it is more an aesthetic factor. TDS mainly comprises inorganic 

matters dissolved in water such as chloride, calcium, sulphates, magnesium, 

carbonate, bicarbonate and sodium organic matters which affects the quality of water  

(Boyd, 2015). High concentration of these compounds may affect the water quality 

resulting to, having bitterness or salty taste, corrosiveness of water fixtures, reduction 

of efficiency of water filters and treatment process and possible the presence of toxic 

chemicals at an elevated level in drinking water. Furthermore, EC indicates a total 

concentration of salts or ions such as chloride, nitrate, sulphates, phosphate, sodium, 

calcium, iron and aluminium ions in drinking water, among of the impurities which 

affect the water quality. Therefore, drinking water from boreholes at Mbande and 

Hogolo villages is need to be treated first to neutralize EC and TDS levels before is 

consumed.  
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4.1.4 Salinity 

Salinity in water helps to determine the level or concentration of salts in the water 

that can be beneficial or harmful, aesthetically pleasing or a cause for rejection of the 

water (Cotruvo, 2019). In Kongwa, Iringa and Mufindi districts salinity was tested 

and study results indicated that salinity ranged from (20 to 21 with mean 20.5 %), 

(20 to 22.7 with mean 20.7%) and (20 to 22 with mean 21%) respectively. Generally, 

salinity is found to be within the required standards for drinking water. It ranged 

from 20 to 22.7 with mean 20.747% (Table 1a, b &c). 

Figure 13: Variation of Water Salinity at Kongwa District 

 

Source: Field data (2020) 
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Figure 14: Variation of Water Salinity at Iringa rural District 

 

Source: Field data (2020) 

Figure 15: Variation of Water Salinity at Mufindi District 

 

Source: Field data (2020) 
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4.1.5 Turbidity 

Turbidity measures the cloudiness of water which is caused by the presence of the 

suspended matter, which shelters harmful microorganisms and reduces the 

effectiveness of disinfecting compounds (Safari, et al., 2012; Spellman, 2018). 

Results have revealed that, turbidity did not exceed required standards for drinking 

water as indicated in table 1(a, b & c). It ranged from (0.47 to 7.8 with mean 3.7) at 

Kongwa, 1. 26 to 31.60 with mean10.8700 at Iringa rural and 1.95 to 24.4 with mean 

6 and with mean 7.8338 at Mufindi district. Based on this parameter, results suggest 

that, the water was clear and not hard which may be suitable for human consumption. 

Figure 16: Variation of Water Turbidity at Kongwa District 

 

Source: Field data (2020) 
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Figure 17: Variation of Water Turbidity at Iringa Rural District 

 

Source: Field data (2020) 

Figure 18: Variation of Water Turbidity at Mufindi District 

 

Source: Field data (2020) 
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4.2 Status of Water Chemical Parameters 

The analysed chemical parameters include the following; Calcium, Manganese, 

Fluoride, Chloride, Ammonium, Nitrate, Nitrite, total alkalinity, and hardness. 

Results have revealed that, the analysed chemical parameters fall within the 

acceptable WHO and TBS standards except for ammonium and nitrate (Table 2a). 

For this reason, the water quality may be considered good and safe for drinking and 

do not pose health risks caused by chemical contamination to human particularly the 

under five children except the detected water with elevated amount of ammonium 

and nitrate (Table 2b in the appendices). 
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Table 2a: Descriptive Statistics of Chemical Parameters 

 

N Min Max Mean Std. Dev WHO Stands TBS Stands 

Calcium mg/l ±0.01 18 0.31 1.35 0.7417 0.32061 - 150mg/l 

Magnesium mg/l ±0.01 18 0.25 0.81 0.5 0.158 - 100mg/l 

Fluoride mg/l ±0.01 18 0.02 1.02 0.5378 0.36234 1.5 1.5mg/l 

Chloride mg/l ±0.1 18 0.9 9.4 3.55 2.14318 0.2 250mg/l 

Ammonium mg/l ±0.01 17 0.66 172.9 17.4835 40.36159 1.5 0.5mg/l 

Nitrate ( NO3- ) mg/l ±0.1 17 10.5 167 77.4412 69.57078 50 45mg/l 

Nitrite ( NO2- ) mg/l ±0.01 17 0.09 0.74 0.2965 0.22636 3 0.003mg/l 

Total alkalinity mg/l ±0.01 17 1.32 40.76 15.5288 10.55379 - 20-200mg/l 

Hardness mg/l ±0.01 18 0.68 2.16 1.3578 0.47369 - 600mg/l 
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Figure 19: Variation of Chemical Parameters at Kongwa District 

 

Source: Field data (2020) 
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Figure 20: Variation of Chemical Parameters at Iringa Rural District 

 

Source: Field data (2020) 
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Figure 21: Variation of Chemical Parameters at Mufindi District 

 

Source: Field data (2020) 
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4.2.1 Ammonium 

Measurement of ammonium concentration was considered as important chemical 

element to determine the quality of drinking water. It is a metabolite in the body and 

the acid base regulation and the amino acid. Results have revealed that ammonium 

level has ranged from 0.66 to 172.9 with mean 40.36159 across all studied districts 

(Table 2a). Also, the concentration level of ammonium has exceeded both the WHO 

standards limit of 1.5 and TBS standards of 0.5mg/l in all sources, except samples 

from Luganga sedimentation plant and household shallow well at Mabaoni village 

from Mufindi District (Table 2b in the appendices). 

Water which has elevated concentration of ammonium has health effects such as 

acidosis which disturbs the glucose tolerance and reduction of tissues sensitivity to 

insulin and decrease of borne mass (Ingegerd, 2015). Furthermore, it leads to oxygen 

depletion, toxicity to fish, eutrophication of surface waters, humans nervous damages 

and deterioration in the taste and odour of water (Cheng et. al, 2018). In addition, the 

elevated ammonium in water  indicates the possible presence of bacteria, sewage and 

animal waste contaminants in water (Ingegerd, 2015) which encourage the bacterial 

waterborne disease such as Cholera, Typhoid, Salmonellosis, Shigellosis, 

Gastroenteritis, Yersiniosis and acidosis problems, to occur (Rosborg, 2015; 

Spellmen, 2018). 

Furthermore, the possible reasons for the elevated ammonium in drinking water may 

be contributed by the agricultural chemicals (fertilizers, pestcide and herbcides) 

being applied in farms, wastes from livestock and domestic wastes or the geology 

and soil characteristics of the area. However, findings from field observation 

revealed that the geology, soil colour and chemical characteristic of an area may 

have largely influenced the ammonium level including other chemical parameters in 

water solely depended by community in the studied villages (see Plate 3 a, b,c &d).  

In  additidion, the spotted anthropogenic activities such as agriculture (crop farming) 

and livestock keeping undertaken near water sources, might have influnced the 

elevated level of ammonium in water.  
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Livestock's dungs were also spotted at or near water sources, which may contaminate 

water sources through leaching or run off. Findings agree with studies done by Ahuja 

(2013), Edmond et al.,(2019) and Salustian et al.,(2017) who reported that, water 

sources are more contaminated by agricultural chemicals (fertilizers and pesticides) 

through run off and leaching. Lintern et al., (2018) also reported that, amonium 

concentration in water is influenced by agricultural wastes from pesticides and 

fertilizers being applied in farms, wastes from livestock, geology and soil 

characteristics of the area. 

Plate 3: (a & b)  Soil Colour. Plate 3 (c & d) Cattle Dungs near Shallow Wells. 

 

a                                                           b 

 

      c                                                                                           d 

Source: Author (March, 2020) 

Drinking water at Kanin’gombe village in Iringa rural for instance, ( illustrated by 

plate 3: a & b) was observed to be not suitable due to soil chemical and colur 
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charetceristic which influneced its colour, udour and taste. It is unfortunate that, the 

same water is taped directly from a spring to a storage tank and consumed by 

community without underking purification and tretment. In fact, the community in 

this prticular village complained that water had sort of rust, minerals, bad smell, 

colour and taste which makes unpleasant and not suitable for human consumption. 

Thus, imputrities found in this source, may be linked with dissolved inorganic and 

organic matters, nutrients and minerals subtstances in water from rock, soil and 

vegetation found at the  water source. 

4.2.2 Nitrate 

Similarly, nitrate is also, among of the chemical element which requires a close 

monitoring in drinking water since it poses health risks (Xue et al., 2016). Nitrate is 

part of nitrogen cycle formed when ammonium formed from urea in faeces and urine 

is oxidised. Results have revealed that, Nitrate level has ranged from 10.5 to 167 

with mean 77.4412 (Table 2a). It has exceeded both the WHO standard limit 

(50mg/l) and TBS (45mg/l) for drinking in some of the villages while others were 

found to be below the standard limit. Water samples which were detected to have 

high level of nitrate are from sources such as Ilolo mpya, Kibalali BH, Katulikwa 

spring; Kasere Spring, Uvambe DP and Mama Tedy shallow well (see Table 2b). 

According to Ahuja (2013), Edmond et al.,(2019) and Salustian et al.,(2017) the 

possible source of the elevated nitrate in drinking water may also be influenced by 

agricultural fertilizers and pesticides, human and animal wastes through run off or 

leaching and nature of the geology. These studies coresponds with findings obtained 

from field observation where some of the agricultural activities were observed to be 

undertaken near water sources. Crops cultivation such as tomatoes, onions, okra and 

spinach (to mention a few) were observed to be practiced near water sources and 

upper slopes of the streams, shallow wells and springs which may have contributed 

leaching and run off of nitarte into the water sources. In addition, the geology and 

soil characteristics of an area could have also influenced nitrate level in water 

including other chemical parameters (Plate 3 a & b) below. Findings corespond with 

a study done  by Lintern et al. (2018) who reported that the geology and soil 

characteristic of an area, could influence nitrate concentration level in water. 
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Furthermore, water with high level of nitrate beyond acceptable health standards, is 

considered as a poor quality and not suitable for human consumption. Nitrate 

contamination may exacerbates the occurrence of water borne diseases, which affect 

health of the community particularly the under five children in the studied villages as 

many solely depended water for domestic usage from these sources (Jabeen, Huang, 

& Aamir, 2015). For instance, blue-baby syndrome and difficulty in breathing are 

among of the waterborne diseases mentioned to affect under five children, which are 

associated with water with excess nitrate (WHO, 2017b). However, study results did  

not indicate blue baby syndrome disease as among of the diagnosed diseases which 

were observed to affect health of the under five childrean in the study area. 

4.3 Microbial Characteristic (Total Coliform and Escherichia coli )  of Water 

The MPN results have revealed that, faecal contamination and presence of E. Coli 

bacteria were detected in some of the villages and others did not. In addition, results 

for the microbial characteristic demonstrated minimal variation in the study area and 

the water consumed by large community in some villages may be considered as 

suitable and free from bacterial contamination except from sources which faecal 

contamination and E. Coli, were detected as indicated in Table 3(a & b) below. 
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Table 3: (a) Results of Microbial Analysis for Dodoma Region 
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  Remarks 

Dodoma Kongwa Sagala Sagala source S - - - - No faecal contamination 

Dodoma Kongwa Ugogoni Ugogoni BH BH + + + + E. coli present, Faecal contaminated 

Dodoma Kongwa Chamkoloma Dispensary  -DP S + + + + E. coli present, Faecal contaminated 

Dodoma Kongwa Mbande Juhudi SW BH + + + + E. coli present, Faecal contaminated 

Dodoma Kongwa Mbande Old Tank  BH - - - - No faecal contamination 

Dodoma Kongwa Hogolo Ubenani BH - - -  No faecal contamination 

*BH - Bore Hole, S - spring, R - River, SW- Shallow Well, + – indicates presence of, - indicates absence of.  
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Table 3 (b): Results of Microbial Analysis for Iringa Region 

Region District Village / street Sampling point 

Water  

source 

Presumptive 

test 

E. 

Coli 

Test 

Faecal 

Coli 

form 

  Total 

Coliform 

Comments 

Iringa Iringa DC Luganga Sedimentation facility R - - - - No faecal contamination 

Iringa Iringa DC Luganga IloloMpya R - - - - No faecal contamination 

Iringa Iringa DC Magulirwa Kibalali BH BH - - - - No faecal contamination 

Iringa Iringa DC Magulirwa Katulika Spring S - - - - No faecal contamination 

Iringa Iringa DC Kaning'ombe Kasela Spring S - - - - No faecal contamination 

Iringa Iringa DC Kaning'ombe Primary School tap S - - - - No faecal contamination 

Iringa Mufindi Mbalamaziwa Uvambe DP S - - - - No faecal contamination 

Iringa Mufindi Mbalamaziwa Mama Ted  SW - - - - No faecal contamination 

Iringa Mufindi Mabaoni Sokoni DP/Main tap R + - - - No faecal contamination 

Iringa Mufindi Mabaoni  H/H shallow well  SW - - - - No faecal contamination 

Iringa Mufindi Mapanda Mkumbulu spring  S - - - - No faecal contamination 

Iringa Mufindi Mapanda  Kiwanjani P/ S BH  BH - - - - No faecal contamination 

Iringa 

 

Iringa DC 

 

DC 

 

Iringa DC 

 

R 

 

+ + -  + E. coli present, Faecal  

contaminated 

*BH - Bore Hole, S - spring, R - River, SW- Shallow Well, (+) indicates presence of, (-) indicates absence of 
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Plate 4: (a, & b,): Plates Results After Incubation 

 

a                                                                                            b 

Source: Author (March, 2020) 

Plate 5:( a & b): Pupils Drinking Water at Chamkoroma Dispensary DP 

 

a                                                                                    b     

Source: Author, March, 2020 

  



85 

According to Ngasala et al., (2018), Tesha et al., (2019),Usman, Gerber, & 

Pangaribowo ( 2018), microbial contamination in water sources  is associated with 

the contamination from animal and human faeces. Also, an elevated level of NH₄ +
 

in water may influence presence of microbes (Ingegerd, 2015). Thus, faecal 

contamination and presence of E. Coli bacteria in water sources in the study area 

might have been contributed by pollutants from animal and human wastes as well as 

agricultural chemical (fertilizers and pesticides). This is revealed by findings that, 

Juhudi wells among other shallow wells and springs in the studied villages were not 

fully protected and subjected to contamination from the runoff, spills and leaching of 

agricultural, human and animal wastes ( see Plate 6 a & band 7 a & b ) below. 

Plate 6: (a & b): Juhudi Shallow Wells at Mbande Village 

 

a                                                                               b 

Source: author, March, 2020 

 

 

 

 

 

 



86 

Plate 7: (a & b) Vegetable Farms Near Water Sources at Mbande 

 

a                          b      

Source: Author (March, 2020) 

Furthermore, as discussed in chapter two, water which is contaminated with 

microbes threatens the health of under five children. Diseases such as cholera, 

typhoid and diarrhoea, are among the bacterial diseases which threaten health of 

under five children in many developing countries (Ngasala et al, 2018; Tesha et al, 

2019). The study findings have also revealed that, the same bacterial diseases 

including others were among the reported waterborne diseases which threaten the 

health of under five children in the studied district. A summarised list of diseases 

which were diagnosed in the studied villages and districts that are associated with 

direct contact or drinking water which is contaminated with microbes is indicated in 

table 7 and 8 in the appendices. Also, further discussion on the waterborne diseases 

is explained in the section below. 
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4.4 Relationship between Water Quality and Health Status of Under-five 

Children  

An interview with medical officers in the study area indicated that, the top leading 

diseases which are related to water quality and threaten the health of under five 

children are water borne diseases as demonstrated in the statement below; 

“Common diseases in our village that are related to water quality status include 

Diarrhoea, Typhoid, Eye infections and Skin infections, Gastro Intestinal Infections 

(GIT), Urinary tract Infections (UTI), Giardiasis and Dysentery. Diarrhoea is the 

leading disease following eyes and skin infections, dysentery, typhoid, UTI and GIT 

diseases. Diarrhoea, typhoid, eye and skin infections cases are more prevalent in 

rain season”. 

However, after the detailed review of the secondary data obtained from the District 

Council Health Information Systems reported that between 2015 to 2019 and 

information from interviews with the medical officers in all studied districts, the 

diagnosed waterborne diseases which relates to water quality varied across all the 

studied districts. The differences are influenced by the levels and nature of water 

pollutants, climatic and anthropogenic factor. The detailed data of the diagnosed 

water borne diseases for each studied district are presented in table 7 and 8 in the 

appendices. 

In Kongwa District, the available data of the diagnosed waterborne diseases from 

2017 to 2018 indicated that, typhoid, intestinal worms followed by dysentery, eye 

diseases-non-infectious, and schistosomiasis are the leading and most reported 

diseases, which affected the health of under five children (see Figure 4). 

Furthermore, reported cases for pneumonia, typhoid followed by intestinal worms, 

were higher than other diseases such as schistosomiasis and non-infectious eye 

diseases. Furthermore, typhoid and Intestinal worms are diseases caused by bacteria 

Salmonella typhi and drinking water which is contaminated (see Table 6 in the 

appendices). 
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Figure 22: Diagnosed Waterborne Diseases in Kongwa District 2017 – 2018 

 

Source : District Data Manager – Kongwa District Health Information System 

 

In Iringa rural and Mufindi districts similarly, the availed data of the diagnosed 

waterborne diseases from 2015 to 2019 indicated same diseases which were 

diagnosed in Kongwa district including many others as indicated in Figures 23a, 23b, 

24a and 24b. 
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Figure 23a: Diagnosed Waterborne Diseases in Iringa Rural District 

 

Source: District Data Manager – Iringa rural District Health Information System 

Figure 23b: Diagnosed Waterborne Diseases in Iringa Rural District 

 

Source: District Data Manager –Iringa rural District Health Information System 
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Figure 24a: Diagnosed Waterborne Diseases in Mufindi District 

 

Source: District Data Manager –District Health Information System 

Figure 24b: Diagnosed Waterborne Diseases in Mufindi District 

 

Source: District Data Manager –District Health Information System 
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However, the study results demonstrated that, occurrences of the waterborne diseases 

vary across all studied districts. Diarrhoea with no dehydration, diarrhoea with some 

dehydration followed with Upper Respiratory Diseases, Intestinal Worms and 

Urinary Tract Infection (UTI), were the top leading waterborne disease being 

reported in Mufindi and Iringa rural Districts. Other diseases such as skin diseases – 

non infectious, others non infectious GIT diseases to mention a few, were also 

observed to be very common and related to the status of water quality. Moreover, 

Upper Respiratory Disease in Mufindi district comparatively, was observed to be a 

top leading disease which has been increasing over time, from 2015 to 2018 with a 

sudden drop in 2019. While in Iringa rural, diarrhoea was a top leading disease 

which has high number of cases being reported in 2015 though it was observed that 

diarrhoea has been decreasing over (Figure 24a & 24b). The possible reasons for the 

decrease is associated with the improved access to clean and safe water, sanitation 

and hygiene practices (World Bank, 2019).   

Furthermore, the water borne diseases presented in the above graphs for each district 

may be associated with the microbial contamination in water. For instance, diarrhoea 

is caused by bacteria and virus (Rotavirus), typhoid by a bacteria called Salmonella-

typhi, amoebic dysentery is caused by intestinal parasite called 

Entamoebahistolytica, giardiasis is caused by intestinal parasite called Giardia 

lamblia, viruses (enteric) causes Gastro Intestinal Infections (GIT) and UTI is also a 

bacterial infection disease (WHO, 2017b; Spellman, 2018). Therefore, occurrences 

of these diseases in the studied villages suggest that, the consumed was contaminated 

with pathogens. 

In order to assess the relationship between health statuses and water quality (physical 

and chemical characteristics) a correlation analysis was undertaken and results 

presented in Table 4. 
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Table 4: Correlation Analysis - water quality and waterborne diseases 

  Tempe TDST pH EC_Co Nitrite Nitrate Ammo Calciu Diarrheo Urinar~s OtherN~e OtherN~e SkinIn~l 

              Temperatu~ºC 1 

            TDSTotalDi-l 0.7591 1 

           

 

(0.08) 

            pH 0.4071 -0.1069 1 

          

 

(0.4231) (0.819) 

           EC_Conduct~m 0.4246 0.8367 -0.2483 1 

         

 

(0.4013) (0.019) (0.591) 

          NitriteNit~l -0.5276 -0.3554 -0.0325 -0.2095 1 

        

 

(0.282) (0.489) (0.951) (0.690) 

         NitrateNit~l 0.2608 0.7403 -0.3301 0.955 0.0893 1 

       

 

(0.6176) (0.092) (0.523) (0.003) (0.8664) 

        Ammonia-mgl -0.5335 -0.3541 -0.045 -0.2071 0.9999 0.0919 1 

      

 

(0.2757) (0.491) (0.933) (0.694) (0.00) (0.86) 

       Calcium-mgl 0.8747 0.9096 -0.0144 0.5413 -0.3493 0.4352 -0.3501 1 

     

 

(0.0223) (0.012) (0.978) (0.267) (0.497) (0.39) (0.496) 

      Diarrheo 0.8062 0.8478 0.0828 0.8018 -0.2183 0.772 -0.2214 0.8217 1 

    

 

(0.0527) (0.016) (0.860) (0.030) (0.678) (0.07) (0.673) (0.045) 

     UrinaryTra~s 0.7868 0.7822 0.0991 0.7299 -0.0958 0.7549 -0.0995 0.8155 0.9863 1 

   

 

(0.0633) (0.038) (0.833) (0.062) (0.857) (0.08) (0.851) (0.048) (0.00) 

    OtherNonIn 0.6274 0.5994 -0.0547 0.5865 0.1772 0.7687 0.1746 0.7537 0.901 0.9464 1 

  

 

(0.1824) (0.155) (0.907) (0.166) (0.737) (0.07) (0.741) (0.084) (0.00) (0.00) 

   OtherNonIn 0.6274 0.5994 -0.0547 0.5865 0.1772 0.7687 0.1746 0.7537 0.901 0.9464 1 1 

 

 

(0.1824) (0.155) (0.907) (0.166) (0.737) (0.07) (0.741) (0.084) (0.00) (0.00) (0.00) 

  SkinInfect~l 0.6068 0.8047 -0.0897 0.9114 -0.1269 0.9216 -0.1278 0.6689 0.9646 0.9437 0.8747 0.8747 1 

  (0.2015) (0.029) (0.848) (0.004) (0.811) (0.01) (0.809) (0.146) (0.00) (0.00) (0.001) (0.001)   

Note: p-values are shown in the parentheses. Bolded values are diseases and water quality parameters which demonstrated a positive relationship 

exist.
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Results in Table 9 revealed that, there was no correlation between the temperature 

parameter with all diseases since the p-value of all correlation coefficient were 

greater than 0.05. For the TDS parameter, study results revealed that there was a 

positive relationship between TDS and UTI diseases since the p-value was less than 

0.05(p=0.038), and also there was positive relationship between TDS and skin 

infection diseases since (p=0.029) was less than 0.05. In addition, results indicated 

there was no correlation for the TDS parameter with all others remained diseases 

since p-value for the correlation coefficients  between TDS and all other disease were 

greater than 0.05. 

For pH parameter, results have also, revealed that there was no correction between 

pH with any disease since the P-value was greater than 0.05. Furthermore, results 

demonstrated that, there was no relationship between EC (Electrical Conductivity) 

(p-value 0.8018 and 0.9114) with diarrhoea as well as skin diseases respectively 

since the p-value for both correlations were greater than 0.05. In addition, results for 

the Nitrate parameter demonstrated a positive correlation with skin infection disease 

(p-value 0.01) which was less than 0.05. Lastly, for the calcium parameters there was 

a positive correlation between UTI diseases (p-value 0.048) and diarrhoea diseases 

(p-value=0.045). 

Therefore, findings demonstrated that occurrences of some of water borne diseases 

have been influenced or associated with the quality of water which is consumed. A 

correlation analysis results have demonstrated that, some of the water quality 

parameters such as TDS, Nitrate, and Calcium revealed that, a positive relationship 

between the water quality status (physical and chemical parameters) and diseases 

such as diarrhoea, skin infection and UTI exist. The observed diseases are caused by 

bacteria which favoured by contaminated by water with TDS, Nitrate, ammonium 

and calcium elements to mention a few.  

Similar findings were observed by Gregory, (2006) and Spellman, (2018) who 

reported that concentration  of TDS in water indicates the amount contaminants of 

the dissolved solids in water and Ngasala et al.,(2018), Tesha et al., (20190) Usman, 

Gerber, & Pangaribowo (2018) who admitted that these elements favour or provides 

a favourable environment for the microbes such as bacteria to. Furthermore,  UTI 
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disease is a bacterial diseases caused by bacteria from poops entering through 

Urinary Tract and skin infection and diarrhoea are caused by bacteria from human or 

animal’s poops that may be found in water through a runoff, leaching or spills 

process (Edmond et al.,2019 and Salustian et al.,2017). Therefore, occurrences of 

these diseases especially in villages where faecal coliform and E. coli bacteria were 

detected are common. 

4.5 Sources of Water Contamination and Deterioration of Water Quality 

The study findings denoted that, natural and anthropogenic factors contributed to 

water quality deterioration. Climatic condition and the nature of the geology of an 

area are observed to influence physical and chemical characteristics of water in the 

studied areas. For instance, hardness of water in many sources in Kongwa District 

including other parts in Dodoma region are more influenced with the geology of the 

region. In addition, the elevated of Total Dissolved Solids, Electrical conductivity, 

water temperature and pH level of water in Mbande village for instance, is more 

influenced with the geology of an area including anthropogenic activities. 

Furthermore, anthropogenic activities such as crop farming and livestock keeping 

observed in the study area might have contributed to water contamination resulting to 

deterioration of water quality through run off and leaching. Same observation is 

documented by Alley, (2007) and Safari et al. (2012) who documented that 

pollutants such as ammonium, nitrate and phosphorus reach into water sources 

through run off and leaching process. Moreover, findings indicated that, very few 

water sources were protected and some were not. Lack of protection measure near 

water sources, can triggers an increasing toxics, chemical and biological 

contamination in water source (Katonge, 2018) which may exacerbates occurrences 

of waterborne diseases due to water contamination (Jabeen et al., 2015) 

Therefore, unprotected water sources in the study areas were observed to be more 

prone to contamination from the run off especially during rain seasons. Photos below 

illustrate anthropogenic activities undertaken near water sources around shallow 

wells and springs, where large population draw water and lack of protection 

measures, such as control of the runoff and others, for reducing water contamination 

at sources in many studied villages. 
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Plate 8: (a) Vegetable Cultivation  near  Kitulilwa Spring 

 

a                                                                           b     

Source: Author, March, 2020. 

However, during interviews with key informants in the studied villages, respondents 

admitted that, water in these shallow wells and springs were considered by the 

community to be safe and clean for drinking and other domestic use. The argument 

raised is that, water from bore holes is hard (salty) and not suitable for cooking and 

washing. One key informant from Ugogoni added that; 

“People prefer water from springs and shallow wells because it is considered to be 

clean and not salty compared to water from boreholes’’. 

To make a matter worse, in all studied villages when people were asked if water 

from shallow wells and springs was being treated before consumed, they literally 

admitted that they did not remember the last time when they had seen water being 

chlorinated. Even in villages where water was either pumped from bore holes or 

sourced from springs and stored in water storage tanks and later supplied to the 

community regular testing and treatment were not taking place except when they 

experienced an outbreak of diarrhoea or cholera cases. Some of the key informants 

from Chamkoloma, Ugogoni, Luganga and Mbalamaziwa villages commented that; 

“We don’t remember when last time we have seen water being chlorinated. May be 

when there is an outbreak of disease (i.e cholera) health people comes to chlorinate 

water at the sources and storage tanks”. 

Lack of regular testing and treatment of water, is associated with inadequate financial 

constraints to cover the costs. This was reported by leaders of COWSO in Iringa 
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District, when they were asked about why did not treat water and conduct regular 

water quality testing and monitoring. One of the key informants from Luganga 

village commented that; 

“Water is not chlorinated and regular water quality testing and monitoring is not 

done due to the associated cost”. 

Findings lie in the same line with Lufingo,(2019) who argued that, water test is too 

technical and expensive among privately owned sources. And, in Iringa Region, it 

becomes more expensive to arrange the necessary logistics for remote and onsite 

testing, including transport and technical staff per-diems. In addition, Mekonnen et 

al.,(2019) similarly, it was reported that, water testing in most rural areas in 

developing countries is challenging. Laboratory testing facilities at fixed sites are not 

always the most practical or readily available means to evaluate drinking water 

quality. This is possibly why water sedimentation, filtration and treatment facility in 

Luganga village (plate 9), was not functioning for quite sometimes. 

Plate 9: ( a & b) Water Treatment Facility at Luganga Village 

 

a                                                              b                           

Source: Author, March, 2020. 
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However, findings have revealed that, depending on the nature of water sources, it is 

difficult to have a water treatment plant in some places particularly in very remote 

areas, where people are fetching water directly from shallow wells and springs 

sources (see plate 10 a & b). At least, it would have been possible if there was a well 

designed and constructed infrastructure which collected direct water into a single 

storage or pool, for treatment before it was distributed and consumed by the 

community. Photos below illustrates water sources depended by large population for 

domestic use is contaminated by irrigated crop farming undertaken near water 

sources at Magulirwa village and yet, no treatment facility is in place to ensure that 

the consumed water is free from microbial and chemicals contamination. In addition, 

presence of green algae in the springs indicates high concentration of nitrate in water, 

which may pose risks and threaten health of under five children. 

Plate 10: (a & b): Springs at Magulirwa Village 

 

a                                                                            b  

Source: Author, March, 2020. 
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CHAPTER FIVE 

CONCLUSION AND RECOMENDATIONS 

5.0 Introduction 

This chapter provides a brief summary of the key findings based on the research 

objectives, conclusions and recommendations followed by suggestions for further 

studies.   

5.1 Summary of Key Findings 

The present study has focused on the broad topic regarding to the status of water 

quality used or consumed by the community in rural areas, in relation to health 

effects facing under five children. The status of physical - chemical parameters of 

public schemes generally were found out to be within the standards except for pH, 

EC, TDS, ammonium and nitrate parameters, which were observed to exceed the 

WHO and TBS standards. The microbial analysis results also indicated that Total 

Coliform and presence of E. coli were found in water samples from Ugogoni, 

Mbande and Chamkoroma villages. The rest of studied villages did not indicate 

microbial contamination. Thus, water sources which EC, TDS, pH parameters and 

microbial contamination which were detected are considered not suitable for human 

consumption and may pose health risks.  

Anthropogenic activities such as agriculture and livestock keeping and the nature of 

the geology at or near water sources influenced physical, chemical and biological 

characteristic of water. Furthermore, the community in the study area still use water 

from shallow well, springs and surface water, which are prone to contamination from 

anthropogenic activities. Furthermore, lack of or limited regular testing and 

monitoring of drinking water quality in rural areas, affects the health of under five 

children, priorities settings in-terms of strategies and decisions making for protection 

and management of water resources. 

Lastly, the top leading waterborne diseases in the studied villages include but not 

limited to diarrhoea, typhoid, eye infections and skin infections, gastro intestinal 

infections (GIT), urinary tract infections (UTI) and dysentery. These diseases are 

linked with drinking or direct contact with water which is contaminated. Also, some 

water quality parameters (TDS, calcium and nitrate) demonstrated that, there was a 
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positive relationship between water quality status and health status of under five 

children.  

5.2 Conclusion 

The first objective was to analyse physicochemical parameters of water from 

community water schemes in the selected villages in Iringa, Mufindi and Kongwa 

districts. Most of the analysed physical - chemical parameters of public water 

schemes were found to be within the standards except for pH, EC and TDS 

parameters which were both observed to exceed WHO and TBS standards. The 

elevated EC was detected in water samples from old tanks source at Mbande village 

and Ubenani bore hole at Hogoro village. Similarly, sampled water from old tank 

source in Mbande was detected to have higher level of TDS (Table 1a, 1b, & 1c). 

In addition, the water pH of 4.4 recorded at shallow well at Mabaoni village was 

found to be acidic. Ammonium and Nitrate concentration was also observed to 

exceed WHO and TBS standards limits in all water sources except sampled water 

from a treatment and sedimentation plant at Luganga village (table 2b in appendices). 

The rest chemical parameters such as calcium, magnesium, fluoride and chloride 

were found not above the required limits and showed a non uniform variation in 

concentrations, throughout the study at all stations. Furthermore, borehole and 

shallow wells were observed to be more prone to contamination compared to other 

sources. Therefore, the study hypothesis which stated that, there was a variation in 

unit of water quality in terms of the physical and chemical parameters is accepted 

due the variation of some parameters such as EC, TDS, pH, ammonium and nitrate in 

some of the studied villages.  

The second objective was an examination of Escherichia coli and Total Coliform 

bacteria of the water from community water schemes. Microbial examination results 

demonstrated presence of E. Coli and Faecal contamination at Ugogoni, Mbande and 

Chamkoroma villages from Kongwa district. The rest villages in the study area did 

not indicate microbial contamination. Furthermore, study results demonstrated that 

boreholes, springs and river are worse and more contaminated sources by microbes 

caused by anthropogenic activities such as crop farming, poor handling of wastes and 

livestock keeping undertaken near and upper water sources. Also, occurrences of 
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water borne diseases which threaten health of  children under the age of five will 

continue if specific measures to avoid water contamination including water treatment 

for removal of the microbes in drinking water are not taken. Moreover, the study 

concludes on the hypothesis that there is a variation in terms of microbial 

characteristics in water which, is consumed by the community in some of the studied 

villages.  

The third objective was to explore if there is relationship between water quality 

(physicochemical parameters and biological characteristics) and health status of  

children under the age of five in selected villages. Diarrhoea, Typhoid, Eye 

infections, Skin infections, Gastro Intestinal Infections (GIT), Urinary tract 

Infections (UTI), and Dysentery to mention a few, are among of the bacteria 

waterborne diseases which were linked with drinking or direct contact with water 

which is contaminated by microbes. Also, statistical analysis results on the 

correlation between water quality parameters and waterborne diseases cemented the 

fact that there is positive relationship between water quality parameters and health 

status of  children under the age of five in studied district. Thus, regular water quality 

testing and treatment before is supplied is critical and must be taken into 

consideration to avoid health risks and mortality to under five children caused by 

drinking pathogenic water.  

5.3 Recommendations 

The study findings revealed that a large population in rural areas still have limitations 

in accessing good quality of water due to water pollution, and occurrence of water 

borne disease which is linked with poor quality of drinking water. Thus, this study 

recommends the following; 

Water supply authorities and private sector who are engaged in water supply should 

undertake regular testing and monitoring of water quality in rural areas to understand 

its quality status before consumption and taking strategic measures for protecting 

water sources from pollution. Also, the government in partnership with private sector 

should mobilise resources to support water projects in rural areas to facilitate 

community to have access to improved and clean water sources. Also, promoting and 

continuing raising awareness to the community to practice water purification 
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methods at the household level, such as water boiling and use of chlorine tabs (i.e. 

water guard) to mention a few for the removal of bacterial contamination in drinking 

water.  

Secondly, village governments need to develop and implement village land use plans 

as a tool to manage and protect water and other environmental resources from 

degradation. Clear buffer zones to water sources and natural forests should be 

demarcated for protection and conservation purposes. In addition, local and the 

central government should intervene to facilitate local community to reallocate 

themselves, keeping settlement away and human activities near water sources. This 

can be done through community participation and continued provision of 

environmental education, so as to raise their awareness for an effective protection 

and management of water sources. 

Thirdly, the enforcement of environmental and water policy and laws at the local 

level should not be neglected. This can be scaled up through community awareness, 

raising campaigns and participation in the enforcement of the water and 

environmental resource protection and conservation policies as well regulations by 

providing capacity building. Furthermore, the government in partnership with 

stakeholders needs to undertake a detailed baseline study for developing a 

sustainable and integrated framework for protection and conservation of water 

sources as well as provision of good water quality in rural areas. Also, the 

government and private sectors need to provide trainings to famers on proper 

application ofchemical fertilizers, herbicides and pesticides in their farms or 

discouraging them using chemical, fertilizers and pesticides near water sources by 

promoting organic farming and practicing ecological and conservation agriculture to 

reduce further water contamination. 
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5.4 Areas for Further Studies 

i. A study which focuses on the status of water contamination from the source 

and household level in the rural areas need to be undertaken to determine the 

safety of water storage facility. 

ii. A study to examine local innovations and technologies which the community 

utilizes or may adapt to address water contamination at the household level 

for reducing or eradicating waterborne diseases, which affects health status of 

under five children. 
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APPENDICES 

Appendix 1: Water Quality Standards for Physical, Chemical, and Biological 

Characteristics. 

                                     Physical Characteristics 

SN Characteristics WHO’s 

standards 

TBS standards for 

   Treated portable 

water 

Natural portable 

Water 

1 Colour (TCU Max)  15 50 

2 Turbidity (NTU Max)  5 25 

3 pH  6.5 - 8.5 5.5 – 9.5 

4 Taste  Not 

objectionable 

Not 

objectionable 

5 Odour  odourless odourless 

6 Conductivity (µ/cm) max.  1500 2500 

7 Suspended matter  Not detectable Not detectable 

                                     Chemical Characteristics 

SN Characteristics WHO’s 

standards 

(mg/L) 

TBS standards for 

   Treated portable 

water (Limits are in 

mg/L Max). 

Natural 

portable 

water (Limits 

are in mg/L 

Max)   

1 TDS  700 1500 

2 Total hardness (as Ca CO₃ )  300 600 

3 Aluminium ( as Alᶧᶧᶧ₁ ) 0.1 – 0.2 0.2 0.2 

4 Chloride (Cl) 0.2 250 250 

5 Total Iron ( Fe)  0.3 0.3 

6 Sodium ( Naᶧ) 50 200 200 

7 Sulphate ( SO₄ )  400 400 

8 Zinc ( Znᶧᶧ)  5 5 

9 Magnesium (Mgᶧᶧ)  100 100 
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10 Calcium (Caᶧᶧ)  50 150 

                                    Standards for inorganic contaminants 

SN Characteristics WHO 

STDS  

(mg/L) 

TBS standards for  

   Treated portable 

water (Limits are in 

mg/L Max) 

Natural 

portable 

water (Limits 

are in mg/L 

Max) 

1 Arsenic (As) 0.01 0.01 0.01 

2 Cadmium (Cd ) 0.003 0.003 0.003 

3 Lead (Pb) 0.01 0.01 0.01 

4 Copper (Cu) 2 1.000 1.000 

5 Mercury (Hg) 0.006 0.001 0.001 

6 Manganese (Mn) * 0.1 0.1 

7 Selenium (Se) 0.04 0.01 0.01 

8 Ammonia (NH₃ ) Adour - 

1.5, taste 

35 

0.5 0.5 

9 Chromium (Cr) 0.05 0.05 0.05 

10 Nickel (Ni) 0.07 0.02 0.02 

11 Cynide (CN) * 0.01 0.01 

12 Barium (Ba) 1.3 0.7 0.7 

13 Nitrate (NO₃ ⁻ ) 50 45 45 

14 Boron (as Boric acid) 2.4 2.5 2.5 

15 Fluoride (F) 1.5 1.5 1.5 

16 Bromate (BrO₃ ⁻ ) 0.01 0.01 0.01 

17 Nitrite (NO2⁻ ) 3 0.003 0.003 

18 Molybdenum (Mo) * 0.07 0.07 

19 Phosphate ( PO₄ ³⁻ ) * 2.2 2.2 

20 Residual free chlorine * 0.2 Absent 

                                                         Organic contaminants 

SN Characteristics WHO 

STDS 

TBS standards for treated portable 

water and natural portable water 
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(Limits are in µg/L Max). 

                                 Aromatics 

1 Benzene 0.01 10 

2 Toluene 0.7 700 

3 Xylene 0.5 500 

4 Polynuclear aromatic 

hydrocarbon (PAH) 

*  

                Chlorinated  Alkanes and  Alkenes 

1 Carbon tetrachloride * 2 

2 1,2,- Dichloroethane 0.03 30 

3 1,1, - Dichloroethylene 0.05 0.3 

4 1,1, - Dichloroethane * 30 

5 Tetrachloroethane 0.04 40 

6 Phenolic subastance 

7 Phenols * 2 

8 2,4,6- Trichlorophenol 0.2 200 

9 Trihalomethanes 

10 Chloroform  * 30 

                                     Pesticides 

1 Aldrin / Dieldrin         

0.00003 

0.03 

2 Chlordane total          

0.0002 

0.3 

3 2.4 – Dichlorophenoxyacetic 

acid 

0.03 30 

4 DDT Total 0.001 1 

5 Heptachlor & Heptachlor 

epoxide 

* 0.03 

6 Hexachlorobenzene * 1 

7 Lindane BHC 0.002 2 

8 Methoxychlor 0.02 20 

9 Surfactants (reacting with 

methylene blue) 

* 200 

10 Mineral oil * 0.01 

11 Organic matter * 3 
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 Microbial contaminants in treated and natural portable water. 

1 Total viable counts at 20ºC in 

ml, maxᵃ 

 100 

2 Total viable counts at 37ºC in 

mL, maxᵃ 

 50 

3 Total coliformᵇ⁾  in 100mL Absent Absent 

4 E. Coliᵇ⁾  in 100mL Absent Absent 

5 Staphylococcus aureus in 

100mL 

Absent Absent 

6 Sulphite reducing anaerobes in 

100mL 

 Absent Absent 

7 Pseudomonas aeruginosa 

fluorescence in 100mL 

 Absent Absent 

8 Streptococcus faecalis in 

100mL 

 Absent Absent 

9 Shigella in 100mL  Absent Absent 

10 Salmonella in 100mL  Absent Absent 

Source:  (TBS, 2016; WHO, 2017). 

Note: Contaminants with * some were not indicated in the WHO guidelines for 

drinking water as they occurs in drinking water at concentration well below those of 

health concern.  
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Appendix 2: Waterborne disease and their causes. 

Contaminant  MCL or 

TT1 

(mg/L)2 

Potential health 

effects from 

long-term3 

exposure above 

the MCL 

Common sources of 

contaminant in 

drinking water 

Public 

Health  

Goal 

(mg/L)2 

Acrylamide TT4 Nervous 

system or blood 

problems; 

increased risk 

of cancer 

Added to water 

during 

sewage/wastewater 

treatment 

zero 

Alachlor 0.002 Eye, liver, 

kidney, or 

spleen 

problems; 

anaemia; 

increased risk 

of cancer 

Runoff from 

herbicide used on 

row crops 

zero 

Alpha/photon 

emitters 

15 

picocuries 

per Litter 

(pCi/L) 

Increased risk 

of cancer 

Erosion of natural 

deposits of certain 

minerals which are 

radioactive and 

may emit a form of 

radiation, known 

as alpha radiation 

zero 

Antimony 0.006 Increase in 

blood 

cholesterol; 

decrease in 

blood sugar 

Discharge from 

petroleum refineries; 

fire retardants; 

ceramics; 

electronics; solder 

0.006 

Arsenic 0.010 Skin damage or 

problems with 

Erosion of natural 

deposits; runoff from 

0 
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circulatory 

systems, and 

may have 

increased risk 

of getting 

cancer 

orchards; glass & 

electronics 

production wastes 

Asbestos 

(fibers>10 

micrometers) 

7 million 

fibers per 

Liter (MFL) 

Increased risk 

of developing 

benign 

intestinal 

polyps 

Decay of asbestos 

cement in water 

mains; erosion of 

natural deposits 

7 MFL 

Atrazine 0.003 Cardiovascular 

system or 

reproductive 

problems 

Runoff from 

herbicide used on 

row crops 

0.003 

Barium 2 Increase in 

blood pressure 

Discharge of drilling 

wastes; metal 

refineries; erosion 

of natural deposits 

2 

Benzene 0.005 Anaemia; 

decrease in 

blood platelets; 

increased risk 

of cancer 

Discharge from 

factories; leaching 

gas storage tanks and 

landfills 

zero 

Benzo(a)pyrene 

(PAHs) 

0.0002 Reproductive 

difficulties; 

increased risk 

of cancer  

Leaching from 

linings of water 

storage tanks and 

distribution lines 

zero 

Beryllium 0.004 Intestinal 

lesions 

Discharge from 

metal refineries and 

coal-burning 

factories; discharge 

0.004 
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from electrical, 

aerospace, and 

defence industries 

Beta photon 

emitters 

4 millirems 

per year 

Increased risk 

of cancer 

Decay of natural and 

man-made deposits 

of certain minerals 

which are 

radioactive and may 

emit forms of 

radiation known as 

photons and beta 

radiation 

zero 

Bromate 0.010 Increased risk 

of cancer 

Byproduct of 

drinking water 

disinfection 

zero 

Cadmium 0.005 Kidney damage Corrosion of 

galvanized pipes; 

erosion of natural 

deposits; discharge 

from metal 

refineries; runoff 

from 

waste batteries and 

paints 

0.005 

Carbofuran 0.04 Problems with 

blood, nervous 

system, or 

reproductive 

system 

Leaching of soil 

fumigant used on 

rice 

and alfalfa 

 

0.04  
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Carbon 

tetrachloride  

0.005  Liver 

problems; 

increased risk 

of cancer  

Discharge from 

chemical plants and 

other industrial 

activities  

zero  

Chloramines (as 

Cl2)  

MRDL=4.0

1  

Eye/nose 

irritation; 

stomach 

discomfort; 

anaemia 

Water additive used 

to control microbes  

MRDLG=

41  

Chlordane  0.002  Liver or 

nervous system 

problems; 

increased risk 

of cancer  

Residue of banned 

termiticide 

zero  

Chlorine (as 

Cl2)  

MRDL=4.0

1  

Eye/nose 

irritation; 

stomach 

discomfort  

Water additive used 

to control microbes  

MRDLG=

41  

Chlorine 

dioxide (as 

ClO2)  

MRDL=0.8

1  

Anaemia; 

infants, young 

children, and 

foetuses of 

pregnant 

women: 

nervous system 

effects  

Water additive used 

to control microbes  

MRDLG=

0.81  

Chlorite  1.0  Anaemia; 

infants, young 

children, and 

foetuses of 

pregnant 

women: 

nervous system 

Byproduct of 

drinking water 

disinfection  

0.8  
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effects  

Chlorobenzene 0.1  Liver or kidney 

problems  

Discharge from 

chemical and 

agricultural chemical 

factories  

0.1  

Chromium 

(total)  

0.1  Allergic 

dermatitis  

Discharge from steel 

and pulp mills; 

erosion of natural 

deposits  

0.1  

Copper  TT5; Action 

Level=1.3  

Short-term 

exposure: 

Gastrointestinal 

distress. Long-

term exposure: 

Liver or kidney 

damage. People 

with Wilson’s 

Disease should 

consult their 

personal 

doctors if the 

amount of 

copper in their 

water exceeds 

the action level  

Corrosion of 

household plumbing 

systems; erosion of 

natural deposits  

1.3  

Cryptosporidiu

m  

TT7  Short-term 

exposure: 

Gastrointestinal 

illness (e.g., 

diarrhoea, 

vomiting, 

cramps)  

Human and animal 

faecal waste  

zero  

Cyanide  0.2  Nerve damage 

or thyroid 

Discharge from 

steel/metal 

0.2  
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(as free 

cyanide)  

problems  factories;plastic and 

fertilizer factories  

2,4-D  0.07  Kidney, liver, 

or adrenal 

gland problems  

Runoff from 

herbicide used on 

row crops  

0.07  

Dalapon 0.2  Minor kidney 

changes  

Runoff from 

herbicide used on 

rights of way  

0.2  

1,2-Dibromo-3-  

chloropropane 

(DBCP)  

0.0002  Reproductive 

difficulties; 

increased risk 

of cancer  

Runoff/leaching 

from soil fumigant  

used on soybeans, 

cotton, pineapples, 

and orchards  

zero  

o-

Dichlorobenzen

e  

0.6  Liver, kidney, 

or circulatory 

system  

problems  

Discharge from 

industrial chemical  

factories  

0.6  

p-

Dichlorobenzen

e  

0.075  Anaemia; liver, 

kidney, or 

spleen damage; 

changes in 

blood  

Discharge from 

industrial chemical  

factories  

0.075  

1,2-

Dichloroethane  

0.005  Increased risk 

of cancer  

Discharge from 

industrial chemical  

factories  

zero 

     

1,1-

Dichloroethylen

e  

0.007  Liver problems  Discharge from 

industrial chemical 

factories  

0.007  

cis-1,2- 0.07  Liver problems  Discharge from 0.07  
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Dichloroethylen

e 

industrial chemical 

factories  

trans-1,2,  

Dichloroethylen

e 

0.1  Liver problems  Discharge from 

industrial chemical 

factories  

0.1  

Dichloromethan

e  

0.005  Liver 

problems; 

increased risk 

of cancer  

Discharge from 

industrial chemical 

factories  

zero  

1,2-

Dichloropropan

e  

0.005  Increased risk 

of cancer  

Discharge from 

industrial chemical 

factories  

zero  

Di(2-

ethylhexyl) 

adipate 

0.4  Weight loss, 

liver problems, 

or possible 

reproductive 

difficulties  

Discharge from 

chemical factories  

0.4  

Di(2-

ethylhexyl)  

phthalate  

0.006  Reproductive 

difficulties; 

liver problems; 

increased risk 

of cancer  

Discharge from 

rubber and chemical 

factories  

zero  

Dinoseb 0.007  Reproductive 

difficulties  

Runoff from 

herbicide used on 

soybeans and 

vegetables  

0.007  

Dioxin (2,3,7,8-

TCDD)  

0.00000003  Reproductive 

difficulties; 

increased risk 

of cancer  

Emissions from 

waste incineration 

and other 

combustion; 

discharge from 

chemical factories  

zero  
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Diquat 0.02  Cataracts  Runoff from 

herbicide use  

0.02  

Endothall 0.1  Stomach and 

intestinal 

problems  

Runoff from 

herbicide use  

0.1  

Endrin 0.002  Liver problems  Residue of banned 

insecticide  

0.002  

Epichlorohydrin TT4  Increased 

cancer risk; 

stomach 

problems  

Discharge from 

industrial chemical 

factories; an 

impurity of some 

water treatment 

chemicals  

zero  

Ethylbenzene 0.7  Liver or kidney 

problems  

Discharge from 

petroleum refineries  

0.7  

Ethylene 

dibromide 

0.00005  Problems with 

liver, stomach, 

reproductive 

system, or 

kidneys; 

increased risk 

of cancer  

Discharge from 

petroleum refineries  

zero  

Faecal coliform 

and  

E. coli  

MCL6  Disease such as 

diarrhoea, 

cramps, nausea, 

headaches, or 

other 

symptoms. 

They may pose 

a special health 

risk for infants, 

young children, 

and people with 

Human and animal 

faecal waste  

zero6 
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severely 

compromised 

immune 

systems.  

     

Fluoride  4.0  Bone disease 

(pain and 

tenderness of 

the bones); 

children may 

get mottled 

teeth  

Water additive 

which promotes  

strong teeth; erosion 

of natural  

deposits; discharge 

from fertilizer  

and aluminium 

factories  

4.0  

Giardia lamblia TT7  Short-term 

exposure: 

Gastrointestinal 

illness (e.g., 

diarrhoea, 

vomiting, 

cramps)  

Human and animal 

faecal waste  

zero  

Glyphosate  0.7  Kidney 

problems; 

reproductive  

difficulties  

Runoff from 

herbicide use  

0.7  

Haloacetic acids 

(HAA5)  

0.060  Increased risk 

of cancer  

By product of 

drinking water 

disinfection  

n/a9  

Heptachlor  0.0004  Liver damage; 

increased risk 

of cancer  

Residue of banned 

termiticide 

zero  

Heptachlor 0.0002  Liver damage; Breakdown of zero  
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epoxide  increased risk 

of cancer  

heptachlor  

     

Hexachlorobenz

ene 

0.001  Liver or kidney 

problems; 

reproductive 

difficulties; 

increased risk 

of cancer  

Discharge from 

metal refineries and 

agricultural chemical 

factories  

zero  

Hexachloro-

cyclopentadiene 

0.05  Kidney or 

stomach 

problems  

Discharge from 

chemical factories  

0.05  

Lead  TT5; Action 

Level=0.015  

Infants and 

children: 

Delays in 

physical or 

mental 

development; 

children could 

show slight 

deficits in 

attention span 

and learning 

abilities; 

Adults: Kidney 

problems; high 

blood pressure  

Corrosion of 

household plumbing 

systems; erosion of 

natural deposits  

zero  

Legionella  TT7  Legionnaire’s 

Disease, a type 

of  

pneumonia  

Found naturally in 

water; multiplies in 

heating systems  

zero  

Lindane 0.0002  Liver or kidney Runoff/leaching 

from insecticide used 

0.0002  
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problems  on cattle, lumber, 

and gardens  

Mercury 

(inorganic)  

0.002  Kidney damage  Erosion of natural 

deposits; discharge 

from refineries and 

factories; runoff 

from landfills and 

croplands  

0.002  

Methoxychlor 0.04  Reproductive 

difficulties  

Runoff/leaching 

from insecticide used 

on fruits, vegetables, 

alfalfa, and livestock  

0.04  

Nitrate 

(measured as 

Nitrogen)  

10  Infants below 

the age of six 

months who 

drink water 

containing 

nitrate in 

excess of the 

MCL could 

become 

seriously ill 

and, if 

untreated, may 

die. Symptoms 

include 

shortness of 

breath and 

blue-baby 

syndrome.  

Runoff from 

fertilizer use; 

leaching from septic 

tanks, sewage; 

erosion of natural 

deposits  

10 

     

Nitrite 

(measured as 

1  Shortness of 

breath and 

blue-baby 

Runoff from 

fertilizer use; 

leaching from septic 

1  
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Nitrogen)  syndrome.  tanks, sewage; 

erosion of natural 

deposits  

Oxamyl 

(Vydate)  

0.2  Slight nervous 

system effects  

Runoff/leaching 

from insecticide used 

on apples, potatoes, 

and tomatoes  

0.2  

Pentachlorophe

nol  

0.001  Liver or kidney 

problems; 

increased 

cancer risk  

Discharge from 

wood-preserving 

factories  

zero  

Picloram 0.5  Liver problems  Herbicide runoff  0.5  

Polychlorinated 

biphenyls 

(PCBs)  

0.0005  Skin changes; 

thymus gland 

problems; 

immune 

deficiencies; 

reproductive or 

nervous system 

difficulties; 

increased risk 

of cancer  

Runoff from 

landfills; discharge 

of waste chemicals  

zero  

Radium 226 and 

Radium 228 

(combined)  

5 pCi/L  Increased risk 

of cancer  

Erosion of natural 

deposits  

zero  

Selenium  0.05  Hair or 

fingernail loss; 

numbness in 

fingers or toes; 

circulatory 

problems  

Discharge from 

petroleum and metal 

refineries; erosion of 

natural deposits; 

discharge from 

mines  

0.05  

Simazine 0.004  Problems with Herbicide runoff  0.004  
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blood  

Styrene  0.1  Liver, kidney, 

or circulatory 

system 

problems  

Discharge from 

rubber and plastic 

factories; leaching 

from landfills  

0.1  

Tetrachloroethy

lene 

0.005  Liver 

problems; 

increased risk 

of cancer  

Discharge from 

factories and dry 

cleaners  

zero  

Thallium  0.002  Hair loss; 

changes in 

blood; kidney, 

intestine, or 

liver problems  

Leaching from ore-

processing sites; 

discharge from 

electronics, glass, 

and drug factories  

0.0005  

Toluene  1  Nervous 

system, kidney, 

or liver 

problems  

Discharge from 

petroleum factories  

1  

Total Coliforms  5.0 percent8  Microbes found 

in wastes may 

cause short 

term effects, 

such as 

diarrhoea, 

cramps, nausea, 

headaches, or 

other. 

Naturally present in 

the environment  

zero  

Total 

Trihalomethane

s (TTHMs)  

0.080  Liver, kidney, 

or central 

nervous system 

problems; 

increased risk 

of cancer  

By product of 

drinking water 

disinfection  

n/a9  
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Toxaphene 0.003  Kidney, liver, 

or thyroid 

problems; 

increased risk 

of cancer  

Runoff/leaching 

from insecticide used 

on cotton and cattle  

zero  

2,4,5-TP 

(Silvex)  

0.05  Liver problems  Residue of banned 

herbicide  

0.05  

1,2,4-  

Trichlorobenzen

e 

0.07  Changes in 

adrenal glands  

Discharge from 

textile finishing 

factories  

0.07 

Contaminant  MCL or 

TT1  

(mg/L)2  

Potential health 

effects from 

long-term3 

exposure above 

the MCL  

Common sources of 

contaminant in 

drinking water  

Public 

Health  

Goal 

(mg/L)2  

1,1,1-  

Trichloroethane 

0.2  Liver, nervous 

system, or 

circulatory 

problems  

Discharge from 

metal degreasing 

sites and other 

factories  

0.2  

1,1,2-  

Trichloroethane 

0.005  Liver, kidney, 

or immune 

system 

problems  

Discharge from 

industrial chemical 

factories  

0.003  

Trichloroethyle

ne  

0.005  Liver 

problems; 

increased risk 

of cancer  

Discharge from 

metal degreasing 

sites and other 

factories  

zero  

Turbidity  TT7  Higher 

turbidity levels 

are often 

associated with 

higher levels of 

Soil runoff  n/a  
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disease-causing 

microorganism

s such as 

viruses, 

parasites, and 

some bacteria 

such as nausea, 

cramps, 

diarrhoea, and 

associated 

headaches.  

Uranium  30μg/L  Increased risk 

of cancer, 

kidney toxicity  

Erosion of natural 

deposits  

zero  

Vinyl chloride  0.002  Increased risk 

of cancer  

Leaching from PVC 

pipes; discharge 

from plastic factories  

zero  

Viruses 

(enteric)  

TT7  Short-term 

exposure: 

Gastrointestinal 

illness (e.g., 

diarrhea, 

vomiting, 

cramps)  

Human and animal 

fecal waste  

zero  

Xylenes (total)  10  Nervous 

system damage  

Discharge from 

petroleum factories; 

discharge from 

chemical factories  

10  

Source: WHO 2017) 
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Appendix 3:  Microorganism and Waterborne Diseases 

Microorganism Disease 

Bacteria 

Salmonella typhi 

Salmonella sp 

Shigellasp 

Campylobacter jejuni 

Yersinia entercolitice 

Escherichia coli 

Typhoid fever 

Salmonellosis 

Shigellosis 

Campylobacter enteritis 

Yersiniosis 

Gastroenteritis 

Intestinal parasites  

Entamoebahistolytica 

Giardia lamblia 

Cryptosporidium 

Amoebic dysentery 

Giardiasis 

Cryptosporidiosis 

Viruses  

Norovirus (Norwalk agent) Gastroenteritis 

Rotavirus Diarrhea 

Enterovirus Polio, Aseptic meningitis, Herpangina 

Hepatitis A 

Adenoviruses 

Infectious hepatitis 

Respiratory disease Conjunctivitis 

 

Source: Spellman, (2018). 
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Appendix 4: List of top Leading Water Related Diseases for Each Village. 

 Villages Top 5 five water related 

diseases.  

Remarks 

No. 

Cases 

Comments 

.1 Ugogoni Diarrhoea High  

Typhoid High  

Skin and eye infectious 

diseases. 

Moderate  

Pneumonia. Moderate  

Dysentery Moderate  

2 Mbande Diarrhoea High  

Typhoid High  

Giardiasis Moderate  

Skin and eye infectious disease Moderate  

Candidacies Moderate  

Amoebic diseases  High  

3 Hogoro Diarrhoea High  

Urinary Tract Infections (URTI) High  

Intestinal worms High  

Dysentery Moderate  

Skin and eye diseases Moderate Infectious and non 

infectious 

4 Luganga Diarrhoea High  

GIT (Gastro Intestinal Diseases Low  

Intestinal worms Moderate  
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Dysentery Moderate  

Urinary Tract Infections (URTI) High  

5 Magulilwa Diarrhoea High With and without 

dehydration 

  Intestinal worms Moderate  

  Skin fungal infectious diseases Moderate  

  Eye diseases Low  

  Urinary Tract Infections (URTI) High  

6 Kanin’gombe Diarrhoea High Both with and 

without 

dehydration 

Skin fungal infectious diseases Moderate  

Ear acute diseases Low  

Urinary tract Infectious diseases 

(URTI) 

High  

Pneumonia Moderate  

Typhoid High  

7 Mbalamaziwa Diarrhoea High With no 

dehydration 

Skin non infectious diseases High  

Eye infections diseases Low  

Gidiasis Moderate  

Dysentery Moderate Few cases 

experienced 

8 Mabaoni Diarrhoea  Both with and 

without 

dehydration. 
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Eye infections diseases Low  

Skin fungal infection disease Moderate  

GIT and UTI Moderate  

Dysentery Moderate  

9 Mapanda Diarrhoea High  

Skin fungal infection disease Moderate  

Eye infections disease Low  

Urinary Tract Infections (URTI) Low Few cases 

experienced 

GTI  Low Few cases 

experienced 
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Appendix 5: Diagnosed Waterborne Diseases in Kongwa District 
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       Appendix 6: Diagnosed Waterborne Diseases in Mufindi District. 
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Appendix 7: Diagnosed Waterborne Diseases in Iringa Rural District. 
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Appendix 8: Physical and Chemical Parameters Data Sheet 

Region..........................................................District.............................................. 

Ward............................................................Village.............................................. 

Type of Water Source.....................................Date................................................. 

Tested by......................................................Time................................................. 

Sample Number…………………………... Sample Location.................................. 

Sample description..................................................................................................... 

Table of Results. 

S/N Parameter Results Mean Description 

1 Temperature    

2 pH    

3 Turbidity (NTU)    

4 Electrical Conductivity ( EC)µS/cm)    

5 TDS PPT or mg/L    

6 Salinity (%)    

7 Colour    

8 Taste    

9 Odour / Smell    

10 Total hardness    

11 Total alkalinity    

12 Calcium mg/L    

13 Magnesium mg/L    

14 Fluoride mg/L    

 Chloride     
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15 Ammonium mg/L    

16 Nitrate NO₃ ⁻  mg/L    

17 Nitrite NO2
- 
mg/L    

18 Alkalinity mg/L    

19 Hardness mg/L    
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Appendix 9: Key Informats’ Interview guide 

Background details  

Location.................................................... 

District.......................................................Region........................................ 

Organization.............................................. 

Designation of respondent................................................. 

Water Source and contamination section. 

What type of water schemes present in the village? 

What are human activities carried on around water sources? 

What are measures undertaken to protect the water source? 

Is the water run-off controlled near water sources and how? 

What types of animals breed are kept? 

How wastes (Solid and liquids) from livestock and domestic are managed? 

Where the livestock get water?  

Are there infrastructures for cattle?  

Do they drink water near water sources? 

What type of crops are cultivated near water sources (upper and down the stream)? 

What type of farming (rain-fed or irrigation system)? 

What type of fertilizers and pesticides are used for crop cultivation? 

How many times in a year are crops harvested?   

Health hygiene and sanitation. 

What are the main diseases which affecting under five children and adults? 

Do you usually face an outbreak of seasonal diseases and why? 

Is there incidence related to waterborne diseases being reported? 

Who are the most affected people being reported and where are they coming from? 
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Which types of sanitation and hygiene facilities are present in households, schools and health 

institutions? 

Are there public’s water storage facilities (i.e. water storage tanks) and how is their status? 

Are there any measures taken for treating drinking water before was distributed or consumed 

by the community? List them. 

How do you perceive the quality of water consumed by the community? And why? 
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Appendix 10: Checklist for Observation 

What type of water sources are available and used by a large population? 

What is general observation in regards to water quality by community?  

What are possible sources of water contamination observed in the studied area? 

What measures are taken to protect or address water contamination problem? 

Other Important Observations  

Tick what you observe (use √ or X) 

Type of Water source available in the village 

  Descriptions / Comments 

Shallow well   

River.   

Spring   

Borehole   

Water tap etc   

Surface water   

Possible sources of water contamination. 

Human activities 

Agriculture Fertilizers 

Pesticides 

Catchment degradation due 

to cultivation 

 

Industrial wastes 

(liquid and solid). 

Pollutants discharged to the 

environment before 

treatment. 

 

Domestic and animals 

wastes (liquid and 

Discharge of wastes to the 

environment  and water 

sources (Poor handling of 
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solid) wastes) 

Natural Factors. 

Climate 

Soil and Geological 

characteristics 

Amount and type of 

vegetation 

  

Measures undertaken to protect water sources or address water contamination problem 

Protection of water sources  

(i.e. run off control, fencing, by-laws, tree planting near water sources). 

Water treatment. 

Reduction of use herbicide, pesticide and fertilizers (organic farming). 

Proper handling and disposal of waste from domestic and industries (i.e. waste treatment 

etc.) 

Proper sewage treatment and management 

Other method or practices (List) 

Community participation in activities and campaigns that controls water pollution. 
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Appendix 11: Analysed Results of Chemical Parameters 
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Dodoma Kongwa Ugogoni Ugogoni BH BH 0.81 0.48 0.30 9.4 21.58 14.8 0.43 40.76 1.29 

Dodoma Kongwa Chamkoloma Dispensary  -DP S 0.71 0.43 0.21 5.5 172.9 15.5 0.15 32.76 1.14 

Dodoma Kongwa Mbande Juhudi SW BH 0.76 0.45 0.11 6.1 10.31 14.2 0.15 19.47 1.21 

Dodoma Kongwa Mbande Old Tank BH 1.16 0.69 0.07 5.9 11.15 14.2 0.13 21.04 1.85 

Dodoma Kongwa Hogolo Ubenani BH 1.30 0.77 0.02 4.6 13.27 15.5 0.10 25.06 2.07 

Iringa Iringa DC Luganga Sedimentation facility 
R 

0.81 0.51 1.01 3.2 - - - - 1.71 

Iringa Iringa DC Luganga IloloMpya R 0.78 0.46 0.89 2.5 6.14 149.0 0.67 11.60 1.24 

Iringa Iringa DC Magulirwa Kibalali BH BH 1.35 0.81 0.77 1.7 3.34 130.0 0.38 6.32 2.16 

Iringa Iringa DC Magulirwa Katulika Spring S 0.43 0.25 1.02 1.5 6.34 151.0 0.10 11.98 0.68 

Iringa Iringa DC Kaning'ombe Kasera Spring S 1.20 0.71 0.93 1.9 4.09 138.0 0.13 7.72 1.91 

Iringa Iringa DC Kaning'ombe Primary School tap S 0.45 0.42 0.79 2.1 9.77 165.0 0.09 18.46 0.87 

Iringa Mufindi Mbalamaziwa Uvambe DP S 0.74 0.44 0.90 4.2 10.81 167.0 0.17 19.48 1.18 

Iringa Mufindi Mbalamaziwa Mama Ted SW 0.55 0.37 0.67 3.3 5.27 145.0 0.27 9.96 1.12 

Iringa Mufindi Mabaoni Sokoni DP/Main tap R 0.41 0.60 0.84 4.1 10.11 16.5 0.74 19.10 1.01 

Iringa Mufindi Mabaoni H/H shallow well  SW 0.53 0.48 0.15 0.9 0.66 10.5 0.65 1.32 1.01 

Iringa Mufindi Mapanda Mkumbulu spring  S 0.44 0.39 0.46 3.1 2.86 13.0 0.55 5.4 0.83 

Iringa Mufindi Mapanda Kiwanjani P/S   BH 0.61 0.47 0.33 2.2 4.91 14.3 0.17 4.28 2.08 

Iringa Iringa DC Irnga DC 
 BH 0.31 0.27 0.21 1.7 3.71 143.0 0.16 9.28 1.08 

    
 

±0.01 ±0.01 ±0.01 ±0.1 ±0.01 ±0.1 ±0.01 ±0.01 ±0.01 

*BH – Bore Hole, S - spring, R – River, SW – Shallow Well 
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