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ABSTRACT
Due to Natural activities the groundwater is contaminated. This is the serious problem now a day. Thus the analysis of the groundwater quality is very important to society. The primary objective of this study was the impact of groundwater quality on the health status in BTDF. For this study BTDF was selected by purposive sampling techniques and a total of 63 sample households were included in the study for primary data sources. The assessment of the groundwater quality was carried out in the eight different locations of the study area from June-September/ 2018.The data from the respondents were analyzed using descriptive and inferential statistical techniques. From this one way ANOVA were used to the statistical variables at 5% significant level and correlation was also made to the variables. The experimental values of range in major Physico-chemical parameters of groundwater quality were pH (7.05–7.9),Temperature(30.4-56°C),Total Dissolved Solids (514-1330mg/l), Totalhardness(15-36mg/l),Calcium(24-55mg/l),Magnesium(2-7mg/l),potassium(21-72mg/l),Nitrate(1.25-2.01mg/l) ,Sulphate (3-9 mg/l), Fluoride (3.2-33mg/l),Bicarbonate (320-393mg/l) and Carbonate (10-44mg/l) .Water samples taken from semiarid area indicated high level of water contaminants that do not fulfill the WHO and Ethiopian standard drinking water. As a result impact on the human health especially dental and skeletal fluorosis. Further results of bacteriological examination by membrane filtration test showed that coli forms were absent and hence water was potable. Correlation value for microbial with all physico-chemical parameter showed that cannot be computed because one of the variable is constant that means all water sample values zero. Sample suggests that the evaluation of groundwater quality parameters as well as groundwater quality management practices should be carried out periodically to protect the water resources which may pose associated health risk and economic impacts.
 Keywords: Bilate tobacco development farm, Biological Analysis, Contamination, impact of              Groundwater quality, Physico-chemical Analysis.
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1. INTRODUCTION
1.1 Background and Justification 

Groundwater is the water found underground in the cracks and spaces in soil, sand and rock. It is stored in and moves slowly through geologic formations of soil, sand and rocks called aquifers. Groundwater constitutes 97 percent of global freshwater and is an important source of drinking-water in many regions of the world. In many parts of the world groundwater sources are the single most important supply for the production of drinking-water, particularly in areas with limited or polluted surface water sources (WHO, 2006).
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Water is the most important in shaping the land and regulating the climate. It is one of the most important compounds that profoundly influence life (Gorde and Jadhav, 2013). Groundwater is used for domestic and industrial water supply and also for irrigation purposes in all over the world. In the last few decades, there has been a tremendous increase in the demand for fresh water due to rapid growth of population and the accelerated pace of industrialization. According to WHO organization, about 80% of all the diseases in human beings are caused by water (Kavitha and Elangovan  , 2010).  

In recent decades it has become evident in many countries that groundwater is the most important natural resource. It constitutes the main part of total water resources in many countries. For example: in Tunisia, groundwater makes up 95% of the country’s total water resources, 83% in Belgium, and 75% in the Netherlands, Germany and Morocco. In most European countries (Austria, Belgium, Denmark, Hungary, Romania and Switzerland) groundwater makes up ~70% of the total water consumption (UNESCO, 2004). 
Over 70% of Ethiopia’s water supply comes from groundwater, and only 34% of the population has access to an improved water supply. Groundwater investigation is, therefore, indispensable for ensuring sustainable and judicious use of water resources. Isotope hydrology has become a standard tool in the country's strategy for future water resource development, as contained in the national master plan, the Ethiopian groundwater resources assessment program (EGRAP). EGRAP has been incorporated into the national water sector strategic development program and has been submitted to the ministry of finance and economic development (MFED) for funding (AMGE, 2013). 
Groundwater sources have become the preferred means of supplying water to meet the growing demand of the largely rural and dispersed communities and small urban towns in the country. Generally, the microbiological quality of groundwater is better than that of surface water. Groundwater supply is more easily expanded at a future date by simply adding new boreholes. Compared to surface water, groundwater responds more slowly to climate variability and change there by making it less vulnerable to drought conditions. In addition, groundwater is much easier to protect from biological contamination and, in cases where such contamination has been identified, it is easy to disinfect (Emmanuel   and Boubacar, 2010) .
Groundwater quality studies become unavoidable since poor quality may badly affect the users. Groundwater contamination occurs when pollutants are released to the ground and make their way down into the earth crust. This type of water pollution can also occur naturally due to the presence of a minor and unwanted constituent, contaminant or impurity in the groundwater. The sources of groundwater contamination can also occur from Direct (Hazardous waste and Landfills), Indirect (Atmospheric pollutants and Petroleum fuels.), Man-made (Septic systems, Chemicals and Pesticide) and Natural (Animal waste, fluoride, Arsenic and Radon). (Anthony & Harrison , 2002) .The pollutant often creates a contaminant plume within an aquifer. Movement of water and dispersion within the aquifer spreads the pollutant over a wider area (WGWCC, 2002).
Groundwater quality comprises physical, chemical and biological qualities. Temperature, turbidity, color, taste and odor make up the list of physical water quality parameters. Since most ground water is colorless, odorless, and without specific taste, we are typically most concerned with its chemical and biological qualities. Although spring water or groundwater products are often sold as “pure,” their water quality is different from that of pure water. Naturally, ground water contains mineral ions. These ions slowly dissolve from soil particles, sediments, and rocks as the water travels along mineral surfaces in the pores or fractures of the unsaturated zone and the aquifer. They are referred to as dissolved solids. Some dissolved solids may have originated in the precipitation water or river water that recharges the aquifer (Thomas  , 8084).
Many waterborne disease outbreaks could have been prevented by good understanding and management of groundwater’s for health. Pathogen contamination has often been associated with simple deficiencies in sanitation but also with inadequate understanding of the processes of
attenuation of disease agents in the subsurface. The most comprehensive reports of waterborne disease outbreaks come from two countries, the USA and the United Kingdom, and some indications of the role of groundwater in the infectious diarrheal disease burden can be estimated in these countries identified that of 39 outbreaks of waterborne disease in the USA
between 1999 and 2000, 17 were due to consumption of untreated groundwater (WHO, 2006) .
Geogenic contamination refers to naturally occurring elements that are generally present in groundwater due to dissolution of the aquifer material. Geogenic contaminants in groundwater can have a negative effect on human health, particularly when consumed over prolonged periods of time. The most common geogenic contaminants are fluoride and arsenic. More than 300 million people worldwide are thought to use groundwater contaminated with fluoride or arsenic as a source of drinking water. The British Geological Survey fact sheets give an overview of arsenic, fluoride, iodine and manganese, all of which can be geogenic contaminants in groundwater. A major chemical hazard in the study area of fluoride in groundwater is one of the basic health risk that cause dental and skeletal fluorosis (Helmut and Redda Tekle Haimanot, 1999).  
In developing countries evidence of the role of groundwater in causing disease outbreaks is more limited, although there have been numerous studies into the impact of drinking-water, sanitation and hygiene on diarrheal disease. In part the limited data on groundwater related outbreaks reflects the often limited capacity of local health surveillance systems to identify causal factors and because it is common that several factors may be implicated in the spread of disease. Potential Health Problems as a number of microorganisms and thousands of synthetic chemicals have the potential to contaminate ground water (WHO, 2006).  
This study was conducted in Bilate tobacco development farm, Duguna Fango woreda, Wolaita zone, Southern Ethiopia, the challenge of hazardous chemical in groundwater quality on the health status of the rift valley community. The Investigator to improve poor water quality was a great advantage   for the society. 

1.2 Statement of the problem
When we think about groundwater quality, the main challenge of the study area are human faeces discharge in to the river, in agricultural fields (excessive use of fertilizer, pesticides, and herbicides), mismanagement of solid wastes, Deforestation( removal of trees) around the area due to the purpose of charcoal, climatic condition and tobacco factories air pollution. Hence; groundwater is not properly design and there is no treatment plant, as a result of water quality deterioration. Groundwater quality parameter (like physical, chemical and biological) cannot be analyzed continuously in the study area, due to this reason society couldn’t be understand the negative impact of poor water quality (high fluoride) in BTDF. When high amount of fluoride anion concentration is found in the groundwater quality, since WHO standard > 1.5 mg/l of F can affect human health and socioeconomic .
       1.3 Research Objectives
        1.3.1 General Objective
The general objective of this study was to investigate the impact of groundwater quality on the health status of community in Bilate tobacco development farm and ultimately to develop recommendation and improve water environment.
        1.3.2 Specific Objectives
          The specific objective includes:-
· To analyze the physical, chemical and biological groundwater quality parameters of the BTDF community 
· To assess the socio-economic impact of groundwater quality .
· To investigate the causes of groundwater contamination.
· To evaluate the effects of groundwater contamination on the community.




1.4 Research Questions
In order to address the above issues, the study were attempted to answer the following four research questions.
a. Does the water quality in the study area fulfill the established guidelines?
b. Do you think in BTDF area groundwater quality can be polluted by climatic influence?  Why?
c. To which inorganic chemicals hazardous for human beings in the present study?
d. How does the mechanism to solve the impact of groundwater quality on the community.
 1.5 Significance of the Study 
The significance of the current study is summarizing as:-
1. Identification of possible sources of contamination in the water points in terms of study area.
2. To submit the impact of groundwater quality index for Bilate tobacco enterprise.
3. To aware the understanding of groundwater contamination as the distribution of chemical                hazards especially high fluoride content in the groundwater to the use of human beings. 
4. Give opinion to government regarding the impact of groundwater quality on the public health  in the study area. 

   2. LITERATURE REVIEW
   2.1 Groundwater quality
Groundwater is the water present beneath Earth's surface in soil pore spaces and in the fractures of rock formations. A unit of rock or an unconsolidated deposit is called an aquifer when it can yield a usable quantity of water. Groundwater is also often withdrawn for agricultural, municipal, and industrial use by constructing and operating extraction wells. 
Groundwater it moves in the first tens or hundreds of meters below the soil surface. The sluggish movement means that groundwater reserves (total water in the ground) are many times larger than annual flow, just the contrary to what happens in the case of rivers (Custodio, 2000).
The geochemistry of ground water may influence the utility of aquifer systems as sources of water. The types and concentrations of dissolved constituents in the water of an aquifer system determine whether the resource, without prior treatment is suitable for drinking-water supplies, industrial purposes, irrigation and livestock watering or other uses. 
The ground water has been used for drinking for a long time and its purity has made it a well known source of potable water all over the world. Groundwater is available in the form of natural springs. Heavy metals are priority toxic pollutants that severely limit the beneficial use of water for domestic or industrial application (Gaur et al., 2011).
 Groundwater quality is deteriorating worldwide and a growing concern, often the result of past action. This means that in many areas, currently poorly addressed quality issues will become soon a dominant issue for groundwater governance. Unfortunately, existing experience is short and patchy, and has an important local component. Governance of groundwater quality is at its early stages and often considered as ‘an issue for the future’ in many countries. In addition, it is not easy to show groundwater quality evolution, worldwide or at regional level, not only due to data scarcity but also to the difficulty of using an index that is able to reflect the different points of view. The evolution on a chemical characteristic at a given point does not always show the
general trends. Poor groundwater quality is due to the presence of contaminants. The term ‘contamination’ is considered here in broad sense, including salinity, Physico-chemical characteristics, and inconvenient solutes at very different concentrations, biological components, radioactivity and temperature (Emilio, 2014).

2.2 Groundwater as a source of drinking water
Groundwater is the water contained beneath the surface in rocks and soil, and is the water that accumulates underground in aquifers. For many communities it may be the only economically viable option. This is in part because groundwater is typically of more stable quality and better microbial quality than surface waters. Groundwater’s often require little or no treatment to be suitable for drinking whereas surface waters generally need to be treated, often extensively. It is vital therefore that the quality of groundwater is protected if public health is not to be compromised. National statistics for the use of groundwater as a source of drinking-water are sparse, but the importance of this resource is highlighted by figures published in Europe and the USA. The data show that reliance upon groundwater varies considerably between countries; for example, Norway takes only 13 percent of its drinking-water from groundwater sources, whereas Austria and Denmark use groundwater resources almost exclusively for drinking-water supply. As globally estimate of one-third of the world’s population depending on groundwater supply (WHO, 2006).
2.3 Groundwater occurrence and hydro geological environments
2.3.1 Groundwater in the hydrologic system
Where does the groundwater that comes out of your tap or your showerhead come from? As the word implies, groundwater is found underground and is part of the hydrologic or water cycle, kept in motion by solar energy and gravity. Groundwater begins as precipitation. Some precipitation (rain or snow) runs off into lakes, streams, rivers and wetlands. Some evaporates back into the atmosphere. Plants take some up. Groundwater is that water that makes it past the plants down into the subsurface soil and rock. In Wisconsin, averages of 30-32 inches of precipitation fall each year. Six to ten inches of that precipitation seep into the ground to become groundwater recharge. The amount of recharge varies depending upon the topography, soil, vegetation and land use. Groundwater moves through openings between soil or rock particles or along fractures. A layer of rock or soil Groundwater moves through openings between soil or rock particles or along fractures. A layer of rock or soil that is capable of storing, transmitting and yielding water to wells is called an aquifer. The water surface below which water fills all the openings in soil and rock is called the water table. Above the water table is the unsaturated zone and below it is the saturated zone. Groundwater normally migrates from upland areas to lowland areas, eventually discharging in low places where the water table intersects the land surface in lakes, streams and wetlands. Most precipitation that recharges groundwater moves only a few miles from the point of recharge to the point of discharge (WGWCC, 2002). Once saturated conditions below the water table are encountered very little new oxygen is added and what remains is consumed by natural processes (Freeze and Cherry, 1979). Groundwater systems act as carbon sinks, storing the carbon dioxide gas generated through interaction between rainfall recharging the aquifer and decomposing organic matter. This is beneficial for soaking up human generated carbon dioxide. This is especially true of groundwater resident in highly confined aquifers that can sequester the carbon dioxide for tens of thousands of years, isolating it from the atmosphere. However a decrease in pressure as groundwater is pumped to the surface will release it through degassing (Mac Pherson, 2007).
2.3.2 Occurrence of groundwater
Groundwater occurs in many different geological formations. Nearly all rocks in the upper part of the Earth’s crust, whatever their type, origin or age, possess openings called pores or voids. In unconsolidated, granular materials the voids are the spaces between the grains which may become reduced by compaction and cementation. In consolidated rocks, the only voids may be the fractures or fissures, which are generally restricted but may be enlarged by solution.
The volume of water contained in the rock depends on the percentage of these openings or pores in a given volume of the rock, which is termed the porosity of the rock. More pore spaces result in higher porosity and more stored water. Only a part of the water contained in the fully-saturated pores can be abstracted and used. Under the influence of gravity when, for example, the water level falls, part of the water drains from the pores and part remains held by surface tension and molecular effects. The ratio of the volume of water that will drain under gravity from an initially saturated rock mass to the total volume of that rock (including the enclosed water) is defined as the specific yield of the material, and is usually expressed as a percentage (UNESCO, 1992) .    


2.4 Causes of groundwater pollution
Groundwater quality has become an important water resources issue due to rapid increase of population, rapid industrialization, unplanned urbanization and too much use of fertilizers and pesticides in agriculture. In many developing countries, agricultural chemical use has been low in comparison to levels in industrialized countries. Concerns over groundwater pollution from agricultural chemicals and weather condition were a major issue (Gabriel et al., 2010). 
Groundwater contamination is nearly always the result of human activity. In areas where population density is high and human use of the land is intensive, groundwater is especially vulnerable. Virtually any activity whereby chemicals or wastes may be released to the environment, either intentionally or accidentally, has the potential to pollute groundwater. When groundwater becomes contaminated, it is difficult and expensive to clean up. To begin to address pollution prevention or remediation, we must understand how surface waters and ground waters interrelate. Groundwater and surface water are interconnected and can be fully understood and intelligently managed only when that fact is acknowledged. If there is a water supply well near a source of contamination, that well runs the risk of becoming contaminated. If there is a nearby river or stream, that water body may also become polluted by the groundwater.
2.5 Assessment of groundwater quality 
 The groundwater sources are safe and potable for drinking and other useful purposes of human being. Hence studies of physico-chemical characteristics of underground water to find out whether it is fit for drinking or some other beneficial uses. Groundwater may be considered as one of the most precious and one of the basic requirements for human existence and the survival of mankind providing him the luxuries and comforts in addition to fulfilling his basic necessities of life and also for industrial and agricultural development thus being a very important constituent of our eco-system (RJES, 2014). 
Governance of groundwater natural quality refers to management under conditions of poor quality and aims to preserve quality when there are threats from poor natural quality around, above or below the aquifer. Once there is some aquifer development, then the aquifer is disturbed and this modifies the flow pattern, locally for small extractions and affects the whole system for intensive development. The result is induced groundwater displacement inside the aquifer a slow but sustained process. Besides, wells and other groundwater abstraction works get mixed water from different layers. Their drilling and construction activities may disturb natural flow by introducing by passes when low permeability layers are penetrated without carefully grouting the space between the hole and the casing. The same happens when the protection provided by the soil is lessened by breaching it or changing its characteristics as it is the case in agriculture and deforestation. When groundwater quality is poor in large areas management goals intend to minimize the problem by exploiting the best areas (Roset , 2002) . 
Groundwater development is mostly started during the 20th century and in many countries only a few decades ago. Due to intensive groundwater development, aquifer functioning has been greatly modified and needs management to become sustainable (López Gun et al., 2011). 
The big challenge for good groundwater quality governance is to identify arrangements to claim externality costs while ensuring good quality. Government institutions and society have to be aware that because groundwater is important to the environment and the services it provides, its development affects them both. Economic evaluation is needed although this is a difficult task. Economists have developed means for quantity and less frequently quality assessment of damage to ecosystems although some basic issues are still under discussion (Esteban and Albiac, 2011).
In the arid and semi-arid regions irrigation is often mainly based on groundwater use and water scarcity makes water quantity a main issue linked to increasing water cost, depletion of spring flow and river base flow, decrease of wetland areas and in some cases land subsidence problems. In integrated water systems groundwater provides the needed water reserve where water shortage due to droughts is a main concern (Estrada and Vargas, 2012). 
Groundwater bodies are always less accessible than surface water bodies. Consequently, obtaining the essential information on groundwater quality is technically difficult and costly. Significant limitations in groundwater quality assessment usually have to be accepted and need to be recognized in the interpretation and use of the monitoring results. This is often not appreciated by those responsible for establishing water quality goals or groundwater resource management strategies. Consequently, the information expectations placed on water quality assessments may be far beyond any ability to supply the information. It is essential, therefore, for the designer of a groundwater quality assessment program to understand and define the information objectives and to appreciate the several types of monitoring that can exist (UNESCO, 1992).
2.6 Groundwater in lowland of study area  
Observation was made on it is Bilate tobacco Development Farm, covered by mostly doted rock particles and this rock is absorbed high amount of heat energy ,due to this the geothermal energy comes from groundwater without pump and to penetrate very hot spring water on the surface of water. 
Water issuing from a hot spring is heated geothermal with heat produced from the Earth's mantle. If water percolates deeply enough into the crust, it will be heated as it comes into contact with hot rocks. Besides, hot springs areas show high fluoride content indicating immature water and mixing of thermal water. In general, the temperature of groundwater increases as fluoride concentration become high. Tiff a granite intrusion is 'wet' then the fluoride will move into the hydrothermal fluids and crystallize as fluorite in the hydrothermal vents. Hydrothermal deposits may also be found in faults or fractures. The heavy withdraw of groundwater and poor recharge cause an increase in the fluoride content (Mukhopadhyay and Sarolkar, 2012). 
Springs are the places where ground water is discharged at specific locations on the earth and they vary dramatically as to the type of water they discharge. Many of the springs are the result of long cracks or joints in sedimentary rock (Brock, 1978). 
2.7 Effects of groundwater contamination on the community
Groundwater generally moves slowly, contamination often remains undetected for long periods of time. This makes cleanup of a contaminated water supply difficult. If a cleanup is undertaken, it can cost thousands to millions of dollars. 
2.7.1 Infectious disease transmission through groundwater
The global incidence of waterborne disease is significant, though it can only be estimated since reliable data are not sufficiently available for direct assessment of disease cases. The contribution of groundwater to the global incidence of waterborne disease cannot be assessed easily, as there are many competing transmission routes; confounding from socio-economic and behavioral factors is typically high; definitions of outcome vary; and exposure-risk relationships are often unclear. Drinking water containing bacteria and viruses can result in risk such as hepatitis, cholera, or giardiasis .The zoonotic agents of greatest importance were Giardia, Campylobacter, Cryptosporidium, Salmonella, and E. coli in outbreaks caused by contaminated drinking water. Untreated water from shallow groundwater sources is common in both rural and peri-urban settlements (WHO, 2006) .
2.7.2 Chemical hazards
In contaminated groundwater, the risk to health from chemicals is typically higher than that from pathogens. The health effects of most, but not all, chemical hazards arise after prolonged exposure, and tend to be limited to specific geographical areas or particular water source types. Much remains to be understood about the epidemiology of diseases related to chemical hazards in water and the scale of disease burden remains uncertain. In groundwater, however, there were contaminants in particular that represent fluoride hazards concern on human health. Fluoride affects like bone development and in excess leads to dental or, in extreme form, skeletal fluorosis (Helmut and Redda Tekle Haimanot, 1999).  
Drinking-water is the principal route of exposure to fluoride in most settings, although burning of high fluoride coal is a significant route of exposure in parts of China (Durgesh and Dhananjay ,2013). Fluorosis does not only affect people’s health; it also has serious economic and social consequences. For instance, appearance-related and psychological problems are caused by the repulsive effect of dental fluorosis, particularly among the youth. The prevalence of fluorosis and the related widespread health problems stigmatize entire villages (Melaku and Ismail , 2002) .
Arsenic causes concern given the widespread occurrence in shallow ground waters
in Bangladesh, West Bengal, India and in groundwater in several other countries.  Problems are also noted in countries as diverse as Mexico, Canada, Hungary and Ghana, although the source of arsenic and control strategies available varies). This demonstrates that arsenic is an important contaminant for public health and concern is growing. Other chemical contaminants of concern in groundwater may also lead to health problems. These include nitrate, uranium and selenium. Methaemoglobinaemia or “blue baby syndrome,” an illness affecting infants, can be caused by drinking water that is high in nitrates. Benzene, a component of gasoline, is a known human carcinogen. The serious health effects of lead are well known-learning disabilities in children; nerve, kidney, and liver problems and pregnancy risks.  The scale of the health burden derived from nitrate remains uncertain although it has been suggested to cause significant health problems in some low-income countries where levels in groundwater reach extremely high values (WHO, 2006).   
2.8 Groundwater in the WHO guidelines for drinking-water quality 
The third edition of International Standards for drinking-water and subsequently guidelines for drinking-water quality, published in 2004, includes a substantial update of the approach towards the control of microbial hazards in particular based on a preventive management approach. In preparing the third edition of the guidelines a series of state of the reviews was prepared on aspects of water quality management and human health of which Protecting groundwater for health. In the overall context of the guidelines for drinking-water quality (GDWQ), this monograph serves two purposes: it provides the background information on potential groundwater contamination as well as approaches to protection and remediation that were taken into account in developing the GDWQ. Assessing the groundwater potential contamination of resources, prioritizing hazards and selecting management approaches appropriate to the specific socio-economic and institutional conditions. 
The key requirements of whose framework for safe drinking-water are: Health-based targets based on an evaluation of health concerns, development of a water safety plan (WSP) and a system of independent surveillance (WHO, 2004). For drinking-water supply from groundwater these controls may extend into the recharge area but may also relate to more immediate source protection measures, such as well head protection. Some of the measures to verify safe operation of processes relevant to groundwater safety may be amenable to sophisticated approaches such as on-line monitoring of levels (e.g. of landfill effluents). Others (such as the ongoing integrity of a well plinth) are best approached through periodic inspection regimes (WHO , 2006) .
2.9 Parameters to be analyzed in groundwater quality
 Groundwater quality is thus analyzed for its physical, chemical and biological parameters which are closely interlinked. The research work so far carried out on groundwater quality in BTDF was based on physico -chemical and biological parameters.
2.9.1 Physico-chemical groundwater quality parameters 
The assessment of groundwater quality in the BTDF, taking in view the following drinking water parameters were analyzed for pH, Total Dissolved Solids, Turbidity, Electrical Conductivity, Totalhardness,Calcium,Magnesium,Potassium,Nitrate,Sulphate,Bicarbonate,Carbonate, Chloride ,Fluoride, COD, BOD, Iron,NH3  and Temperature ( Gabriel et al. , 2010).
PH: pH of solution is taken as –ive logarithm of H2 ions for many practical practices. Value range of PH from 7 to 14 is alkaline, from 0 to 7 is acidic and 7 is neutral. Mainly drinking water pH lies from 4.4 to 8.5. The PH scale commonly ranges from 0 to 14 (NEERI, 1988). 
Turbidity: Turbidity, typically expressed as Nephlometric turbidity units (NTU), describes the
cloudiness of water caused by suspended particles (e.g. clay and silts), chemical precipitates (e.g. manganese and iron), organic particles (e.g. plant debris) and organisms. Turbidity can be caused by poor source water quality, poor treatment and, within distribution systems, disturbance of sediments and biofilms or the ingress of dirty water through main breaks and other faults. At high levels, turbidity can lead to staining of materials, fittings and clothes exposed during washing, in addition to interfering with the effectiveness of treatment processes (WHO, 2017). Turbidity is the reflection of the total suspended matter to which it is inversely related on one hand and is an indication of clay and inert particles (Nkansah et al., 2011). 
Total dissolved solids (TDS): is a measure of the combined content of all inorganic and organic substances contained in a liquid in molecular, ionized or micro granular suspended form. The permissible limit of TDS of drinking water is 500 mg/l (WHO, 2004). Dissolved solids and residues in drinking water tend to change the waters physical and chemical nature of drinking water (WHO,  2008  ) .
Temperature is not necessarily an indicator of ground water chemical stabilization, and is generally not very sensitive in distinguishing between stagnant casing water and formation water. Nevertheless, temperature is important for data interpretation. For example, stabilized temperature readings that are representative of typical ground water conditions help demonstrate that the sample was collected in a manner that minimized exposure to elevated temperature variations (EPA, 2006). Hot springs are having the temperature of the water lies significantly above the mean of annual air temperature of that region (Sen et al., 2010) .
Electrical Conductivity: Conductivity is the capacity of water to carry an electrical current and varies both with number and types of ions the solution contains. In contrast, the conductivity of distilled water is less than 1umhos/cm. This conductivity depends on the presence of ions their total concentration, mobility, valence and relative concentration and on the temperature of the liquid .Solutions of most inorganic acids, bases, and salts are relatively good conductors (Muthukumaravel, 2010 ). 
Total hardness: The effect of hardness is Scale in utensils and hot water system in boilers etc. soap scum’s Sources are Dissolved calcium and magnesium from soil and aquifer minerals containing limestone or dolomite. The Treatment of hard Water is Softener Ion Exchanger and Reverse Osmosis process (Muthukumaravel, 2010). Total hardness was found in the sample water ranges from 220-310mg/l, which shows that water is safe for drinking purpose. Hardness has no known adverse effects on health. However, maximum permissible level prescribed by WHO for drinking water is 500 mg/l as set. According to some classifications, water having hardness up to 75mg/l is classified as soft, 76-150 mg/l is moderately soft, 151-300 mg/l as hard (Dufor & Becker, 1964). 
Sulphates exist in nearly all natural waters, the concentrations varying according to the nature of the terrain through which they flow. They are often derived from the sulphides of heavy metals (iron, nickel, copper and lead). Iron sulphides are present in sedimentary rocks from which they can be oxidized to sulphate in humid climates; the latter may then leach into watercourses so that ground waters are often excessively high in sulphates (EPA, 2001).The WHO guide level is 400mg/l on organoleptic grounds. Groundwater in contact with sulfate rocks such as gypsum often have high sulfate values , acid mine water particularly from sulfide bearing ores and industrial wastes  may also contribute large amount of sulfate to natural water. In developing countries drinking water containing high sulfate can contributes to problem of sewer corrosion and related health hazards (Hutton, 2010).
Nitrate: Nitrate is present in raw water and mainly it is a form of N2 compound (of its oxidizing state). Nitrate is produced from chemical and fertilizer factories, matters of animals, decline vegetables, domestic and industrial discharge. The method to measure quantity of nitrate is by UVSpectrophotometer (RJES, 2014).Nitrate and nitrite are present in chemical fertilizers, human sewage, animal waste and fertilizers (US EPA, 2017). Nitrate problems are mostly associated with the shallow groundwater, which is taped in hand-dug wells or dugout. In many hand-dug wells throughout the country, the groundwater looks turbid and polluted as they contain high levels of nitrate in the range of 30-60 mg/l and abundant coli form (Kortatsi, 1994).
Total alkalinity: Alkalinity is the sum total of components in the water that tend to elevate the pH to the alkaline side of neutrality. It is measured by titration with standardized acid to a pH value of 4.5 and is expressed commonly as milligrams per liter as calcium carbonate (mg/l as CaCO3).Commonly occurring materials in water that increase alkalinity are carbonate, phosphates and hydroxides. Limestone bedrock and thick deposits of glacial till are good sources of carbonate buffering (Muthukumaravel, 2010). The alkalinity of natural water is generally due to the presence of bicarbonates formed in reactions in the soils through which the water percolates. It is a measure of the capacity of the water to neutralize acids and it reflects its so-called buffer capacity (its inherent resistance to pH change) (EPA, 2001).
Potassium: Potassium can be added to groundwater through fertilizer use and the breakdown of animal or human waste products. This suggests that potassium originates as a result of natural water rock interaction, rather than from agricultural fertilizers. Potassium is an essential element in humans and is seldom, if ever, found in drinking water at levels that could be a concern for healthy humans. Potassium occurs widely in the environment, including all natural waters. It can also occur in drinking-water as a consequence of the use of potassium permanganate as an oxidant in water treatment (WHO, 2017). Potassium can be added to groundwater through fertilizer use and the breakdown of animal or human waste products. Concentrations of potassium are natural exchange processes that remove it from groundwater (Rosen , 2001). Potassium toxicity has been studied in relation to the use of high doses of salt substitutes. The symptoms described have been chest tightness, nausea and vomiting, diarrhoea, hyperkalaemia, shortness of breath and heart failure (UKEVM,   2003).
Calcium: Calcium is one of the most common components of groundwater, but it is at relatively low concentrations by world standards. Many fossil shells making up the coastal marine sediments beneath Cloudy Bay are formed of calcium carbonate. These shells dissolve over time and enrich the calcium concentration of the local groundwater.  This element is the most important and abundant in the human body and an adequate intake is essential for normal growth and health. There is some evidence to show that the incidence of heart disease is reduced in areas served by a public water supply with a high degree of hardness, the primary constituent of which is calcium, so that the presence of the element in a water supply is beneficial to health (EPA,2001) . Calcium incrusts cell membranes, influences the accumulation of oxalates, to regulate water supply and metabolic processes. It also favours the forming of cloddy structure, as it triggers off coagulation of soil colloids (Orzepowski and  Pulikowski, 2008) .
Sodium: The distribution of sodium in groundwater is similar to that of chloride. Both salts occur together in marine deposits, although sodium is a more common byproduct in groundwater as a result of the breakdown of clay minerals. The main reason for limiting it is the joint effect which it exercises with sulphate but too excessive an intake (the latter normally being 2-3 times the dietary threshold) can cause hypertension, as mentioned (EPA, 2001).The ratio of sodium in water is important in agriculture, human physiology and soil permeability can be harmed by a high sodium ratio in large concentration of sodium has health effects that may affect persons with cardiac difficulties (WHO,2008) .
Chloride: All type of natural and raw water contains chlorides. It comes from activities carried out in agricultural area, Industrial activities and from chloride stones. Its concentration is high because of human activities (Muthukumaravel, 2010 ) . The chloride concentration serves as an indicator of pollution by sewage. People accustomed to higher chloride in water are subjected to laxative effects (Stapp and Mitchell, 1997). It imparts a salty taste to water and accelerate corrosion of metals. High concentration of chloride is considered to be an indicator of pollution by organic wastes from industrial and other origin (Yadav and Kumar, 2011).
Fluoride: Fluoride (F- ) naturally occurs in rocks in many geological environments but fluoride concentrations in groundwater are particularly high in groundwater associated with acid volcanic rocks, e.g. in Sudan, Ethiopia, Uganda, Kenya and Tanzania  (Hem, 1989).High fluoride concentrations are attributed mostly to the dissolution of mineral fluorite in granite. Other minerals such as apatite and some mica are known to contribute to the fluoride problem (Emmanuel and  Boubacar, 2010). 
Iron: Iron and manganese are often found together in anaerobic groundwater. Both are derived from natural water-rock processes rather than land use activities. Iron and manganese are generally insoluble in the oxygen rich groundwater and as a result well owners in areas are not affected by their presence. Concentrations of iron in groundwater of greater than 0.2 g/m3 can encrust pumps and cause staining of white ware and carpets.  High iron concentrations are normally associated with acidic or anaerobic groundwater (Emmanuel and Boubacar, 2010). Iron and manganese are often found together in anaerobic groundwater. Both are derived from natural water-rock processes rather than land use activities (Rosen , 2001).
Ammonia: Under the anaerobic aquifer conditions found in wetlands or confined aquifers, nitrate-nitrogen is reduced to ammoniacal nitrogen. It is also commonly associated with recent impacts of decomposing plant, animal and human waste. Microbiological techniques for assessing the potability of a water the analysis for ammonia was used as an indication of sewage contamination, often in conjunction with chloride, because both are present in significant quantities in sewage. High ammonia levels interfere with chlorination processes in water treatment (EPA, 2001).
Biochemical Oxygen Demand: BOD is the amount of oxygen required by the living organisms engaged in the utilization and ultimate destruction of organic water. It is a very important indicator of the pollution status of a water body. Both BOD and COD may be due to discharge of domestic sewage and industrial waste water to soil and water bodies and may be due to the logging of the industry wastes (Fecham et al.,1986).
Chemical Oxygen Demand:  COD is a measure of the oxygen required for the chemical oxidation of organic matter with the help of strong chemical oxidant. High COD may cause oxygen depletion on account of decomposition of microbes to a level detrimental to aquatic life. COD determination has an advantage over BOD determination in that the result can be obtained in about 5 hours as compared to 5 days required for BOD test (APHA , 2012) .
2.9.2 Microbial (Biological) groundwater quality parameters
The presence of certain microorganisms in water is used as an indicator of possible contamination and an index of water quality. Indicator organisms are selected to demonstrate the presence of human and animal wastes and hence the potential presence of pathogens in drinking water. Indicator organisms are usually of intestinal origin from humans and animals .The most common and widespread health risk associated with drinking water is contamination, either directly or indirectly, by human or animal excreta, and with the micro-organisms contained in faeces. The three common organisms used as microbial indicators are total coli forms (TC), thermo tolerant (fecal) coli forms (TTC) or alternatively E. coli (Escherichia coli) and Enterococcus (Amr et al., 2013). 
The most commonly used indicators for bacteriological contamination are the coliforms: total and fecal coliforms and fecal streptococci. E. coli is a subgroup of fecal coliform group, and its presence indicates the fecal pollution of groundwater (Viessman and Hammer, 2005).
Total coli forms include organisms that can survive and grow in water. Hence, they are not useful as an indicator of fecal pathogens, but they can be used to assess the cleanliness and integrity of distribution systems and the potential presence of biofilms. However, there are better indicators for these purposes. Total coli form bacteria (excluding E. coli) occur in both sewage and natural waters. Some of these bacteria are excreted in the faeces of humans and animals, but many coli forms are heterotrophic and able to multiply in water and soil environments (WHO, 2017). 
According to Reda the higher level of temperature affects the qualitative as well as quantitative structure of microbial communities and this was found in several studies that temperature influences microorganisms by adversely affecting their growth, morphology and biochemical activities, resulting in decrease biomass and diversity (Reda, 2007).
Escherichia coli are considered the most suitable indicator of fecal contamination. In most circumstances, populations of thermo tolerant coli forms are composed predominantly of E. coli; as a result, this group is regarded as a less reliable but acceptable indicator of fecal pollution. Escherichia coli occur in high numbers in human and animal faeces, sewage and water subject to recent fecal pollution. Water temperatures and nutrient conditions present in drinking-water distribution systems are highly unlikely to support the growth of these organisms (WHO, 2017). 




3. MATERIALS AND METHODS
3.1 Description of the Study Area
3.1.1 Location
The study was conducted in Bilate tobacco development farm, Duguna Fango woreda of Wolaita zone. The Bilate development tobacco farm was established in1965 to produce tobacco leaves for the national tobacco industry. The development farm is located in Duguna Fango woreda, Wolaita zone of the south Nations , Nationalities and Regional State, Ethiopia .It is about 355Km south of Addis Ababa (BTE,2018).Its geographical extent ranges from to 6º 48' 0" to 6º 50' 30" north latitude and from 38º 4' 30" to 38º 06' 0" east longitude (figure 1). It is about an average altitude of 1353.5m above the sea level and with a total area estimated as 572.2 ha. In relative terms, it is bordered Bilate eta kebele in the north, Chericho kebele in the south, Anka Damot in the west and Derara kebele in the east (sidama zone yirbaboricha woreda) (Google Earth, 2019). 
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  Figure1: - Map of the Study Area (Google Earth, 2019 and Arc Gis)
3.1.2 Climate of the study area
Temperature
BTDF lies between 1332m and 1375m above sea level. From elevation that belongs to "Kolla"climate zone. The temperature distribution of the study area is mainly a reflection of elevation. The mean annual temperature ranges between 17.330c and 31.21 0c. The mean annual temperature is 24.260c with very little seasonal fluctuation.
Table 1: The mean monthly maximum and minimum temperature of BTDF for the year 2012-2017
	Month
	Jan
	Feb
	March
	Apr
	May
	June
	July
	Augu
	Sept
	Octo
	Nov
	Dec

	MeanTmax (0c)
	33.54
	34.09
	34.78
	32.05
	30.81
	29.0
	27.32
	28.52
	29.50
	30.94
	31.60
	32.19

	MeanTmin (0c)
	17.50
	17.36
	18.44
	17.56
	17.74
	17.33
	17.15
	17.2
	17.13
	17.04
	16.58
	16.86


Source: (BTE, 2018)
Rain fall
According to the climatic data recorded for 6 years (2012-2017) indicated mean annual rainfall at BTDF is 417.199 mm. It has a big rainfall pattern estimated as April, July and November and with small rains between January, February and December (BTE, 2018).
Table 2:- Annual means monthly rainfall of BTE for the year 2012-2017.
	Month
	Jan
	Feb
	March
	April
	May
	June
	July
	Augu
	Sep
	Oct
	Nov
	Dec

	Mean Rainfall (mm)
	12.55
	14.6
	53.65
	120.65
	79.79
	74.3
	107.26
	77.23
	56.72
	90.7
	139.7
	16.95




 (BTE, 2018)

3.1.3 Population and Economy of BTDF
Population 
According to the data from central statistics Authority the total population of the town estimated to be 1763 which are 870 males and around 893 are females (CSA, 2018). The population of BTDF becoming gradually increasing from time to time in relation with the development of National tobacco production activities.
Economy 
Agriculture, trade and National tobacco industry are the major source of income at BTDF and it depends on mostly national tobacco industry. The major type of crops grown is tobacco, maize, banana and sugarcane.Tobacco is the major cash crop. This crops productivity and production based on the availability of the required amount by using Bilate river irrigation project and in addition to rains. The livestock raised in the area are cattle, goat and donkey; and has significant contribution for income.
3.1.4 Historical Background of Tobacco
The prehistory of tobacco begins in the Central America before birth of Christ. But the
written history of tobacco begins on October 12, 1492 when Christopher Columbus
reached the beaches of San Salvador in the West Indies (Tso, 1973). Native Americans used tobacco before Europeans arrived in America and early European settlers in America learned to smoke and brought the practice back to Europe, in the 15th and 16th centuries (Breen, 1985). 
Tobacco is usually a long-day plant, with a maximum height of 25 m, though the length and shape of leaf depends on the type of tobacco. Until harvesting tobacco, up to 25 leaves may be produced on alternate side of the stem. The vast majority of the world’s tobaccos and virtually all, which enters world trade, is Nicotiana Tabacum (ETAFR, 2001). 
This is classified as: Virginia, Oriental and Burley.
Nyala and Gissila brands have been in the market while Elleni and Delight brands were
recently launched in to the market. Nyala, which is totally manufactured from Virginia
type tobacco, accounts for over 86.3% of the total production by quantity and 94.5% of
the total sales value of the Ethiopian NTE (NTE, 2006).
 In general, more 4000 chemical compounds have been isolated from processed tobacco
leaf. Most are leaf constituents, but some arise from growing conditions such as the soil
and atmosphere in an area, while others originate from the use of agricultural chemicals,
from casings, humectants and flavorings added to the leaves (Rothwell and Yorkshire,  1999).
The three main types of commercial tobacco produced in Ethiopia are Virginia, oriental
and burley. These types of tobacco are grown for commercial purposes by state-owned
farms and by farmers around these farms. Shoa Robit, Hawassa, Bilate and Wolaita are
the four tobacco farm stations. The four plantation areas cover 1,258 hectares of land.
Hawassa, Bilate, Wolaita and Shoa Robit cover 250, 200, 100 and 708 hectares with
annual yield of 250,000, 100,000, 150,000 and 850,000 kg/year, respectively. Virginia is
grown only in Shoa Robit and Bilate. That is the farm station at Shoa Robit and Bilate
are totally covered by Virginia type tobacco. The average annual production tobacco
leaves in the last three years (2003-2005) is estimated to be 1,193,870 tons   (NTE, 2006).    
3.1.5 Geology of the study area
The geology of BTDF is comprised of the tertiary volcanic of the ashangi group. Thin residual soils these rocks becoming thicker and coarse grained in the valley. The ashangi group is composed of alkaline basalts interbeded with pyroclastics and rhyolites. Trachytes are fine grained, extrusive igneous rocks with alkali feldspar and minor mafic minerals as the main components and possibly a small amount of sodic plagioclase.
The occurrence of dominant rocks in the BTDF area around Bilate river were igneous rock like granite, basalt and gabbro and sedimentary rocks such as sandstone, coal, limestone and coarse sand. The Physico-chemical property of the soils is generally 20%clayloam, 35%silt clay loam and 45% loam. Volcanic layers develop in to clay-silt soils when they decompose.
The topography of the study area ranges from 1332 to 1375 m a.s.l and generally flat landscape at an elevation. Almost the entire water sampling point and uncultivated land of BTDF area was covered by hard rock particles and volcanic rocks derived from the Rift valley region.
  3.1.6 Water resource of BTDF
There are many hot spring waters are there on the study area. Due to bad weather condition the temperature of water sample was very hot spring so that there is a great problem of safe drinking water around the area. 
The community has access to water supply which was used a greater percentage of groundwater and also main source of the BTDF were tap water within the yard and followed by private protected and unprotected spring water. Most of the BTDF depends upon electrical piped water supply, in supplement water storage house to meet the demand. Bilate is a perennial river crossing the town has its source on the western side of wolaita boarder which is sidama zone yirbaboricha woreda (Derara kebele) and this river flows along in to Abaya River.
 Despite the groundwater supply potential of the BTDF, it is not possible to construct enough water schemes in BTDF. Even in kebele where the water supply is adequate for all, and the functioning schemes themselves are not providing reliable and adequate service for different reasons to respective communities. Water for drinking purpose can be found from natural sources like surface water and groundwater. Water from these sources to use for household activities need treatment based upon their impurities.
 3.2 Data Collection Methods
  Different types of Methods were employed for the study.  These are:-
· Primary data collection –direct observation on the area of groundwater points, exchange ideas with skeletal and dental fluorosis and personal knowledge of the area, interview and research questionnaires. 
· Secondary data collection- Identifying potential source of information for this thesis ; from BTDF by through  discussion and consultation with researcher who did related studies on the subject matter, Literature reviewing of the study area in general and related studies of different areas (Published documents) and unpublished documentary sources, books, newspapers, articles etc. 



3.2.1 Sample Size Determination 
The three criteria to determine appropriate sample size are the level of precision, the level of confidence or risk, and the degree of variability in the attributes being measured. A critical component of sample size formulas is the estimation of variance in the primary variables of interest in the study. 
The number of sample households for questionnaire would be determined by using the formula developed by Cochran (1977).
n' = …………………………………………….equation (1)
n=  ……………………………………………equation (2)
Where n'= desired sample size when the population is greater than 10,000
n=number of sample size when population is less than 10,000
Z=95% Confidence limit (Z-value at 0.05 is 1.96) Where z is a value for the selected alpha level (The alpha level indicates the level of risk the researcher is willing to take that true Margin of error may exceed the acceptable margin of error)
P=0.05 (proportion of the population to be included in the sample i.e 5%)
q =1-0.05 i.e (0.95), N= total number of population (435) and d=margin of error or error researcher is willing to take (0.05) .since the population (HHs) of BTDF would have been involved in the study area less than 10,000   i.e  435; both equation (1 and 2) were used to determine sample size required in this study as follow.
  n' =   =  =72.99≈73
    n=     =  = 62.63 ≈ 63
Therefore, sample size required (n) in the study was 63HHs.

3.2.2 Household Survey
Both close ended and open ended questionnaires were used to collect information from the respondents to analyze the results of the study. The questionnaire for the general public consists of 28 questions divided in to 3 parts. The purpose of questionnaire Part One for the general public was to get an overview of the respondents’ background. This part looked at socio-economic characteristics of households which considered sex, age, income, occupation and educational level. Questionnaire Part Two focuses the key aspects in relation to sanitary conditions (facilities) like toilet and its current status. This section also aimed at analysis of the hygienic behavior especially the extent of using toilet, cleaning around water points and waste disposal related issues. Questionnaire Part Three addresses groundwater quality like types of water sources, causes of groundwater pollution and impact of groundwater on human health.
The general public questionnaires were administered to 63 respondents in Bilate Tobacco Development Farm. Total respondents were 63 from which 38 were male and 25 were female householder.
3.3 Variables Considered 
     3.3.1 Dependent vs. Independent Variables
When it comes to experiments and data analysis, there are two main types of variables: dependent variables and independent variables.
· Independent Variables
Independent Variables: These are the individual variables that you believe may have an effect on the dependent variable.  They are sometimes called explanatory variables, manipulated variables, or controlled variables. The independent variable is typically the variable being manipulated or changed and it is the cause of dependent variable. The independent variable is the variable whose change isn’t affected by any other variable in the experiment.  The researcher has to change the independent variable herself or it changes on its own; nothing else in the experiment affects or changes it. An example of common independent variables was demographic characteristics and causes of groundwater contamination like climatic conditions, types of rock and soil types.
Demographic Variables: The demographic variables related to individual involved 
· Age: it is categorized as:  18-28 , 29-39,40-50 , 51-61 and above 61 
· Sex: (Male or Female) 
· Educational Background: Not educated
                                       Non formal education                                    
                                                   Primary education
                                                  Secondary education 
                                                  College
                                                  University
· Employment Status:  Farm employee 
                               Daily labour
                                            Private employee 
                                           Government employee 
· Dependent categorical variable
Dependent Variable: This is the output variable you are really interested in monitoring to see if it was affected or not.  It can also be called the measured variable, the responding variable, explained variable; Researcher was easy to remember this one because it is dependent on the other variables. The dependent variable is the observed result of the independent variable being manipulated. The dependent variable is what is being studied and measured in the experiment. It’s what changes as a result of the changes to the independent variable. Dependent variable is conducting an experiment, and it is what changes because of that and the term dependent variable as the effect.                                                                            
The dependent variable is the impact of groundwater contamination on public health. These includes dental and skeletal fluorosis. Fluorosis is a crippling disease resulted from deposition of fluorides in the hard and soft tissues of body. It is a public health problem caused by excess intake of fluoride through drinking water pollutants over a long period. Ingestion of excess fluoride, most commonly in drinking-water affects the teeth and bones.
It results in major health disorders like dental fluorosis, skeletal fluorosis and non-skeletal fluorosis. People exposed to large amounts of fluoride show dental effects much earlier than the skeletal effects. Dental fluorosis affects children and discolors and disfigures the teeth. Skeletal fluorosis affects the bones and major joints of the body like neck, back bone, shoulder, hip and knee joints resulting in to severe pain, rigidity or stiffness in joints. Severe forms of skeletal fluorosis results in marked disability. Non-skeletal forms of fluorosis are earlier manifestations, which develop long before the onset of typical changes in teeth and skeletal bones these are seen as gastro-intestinal symptoms and may overlap with other diseases leading to misdiagnosis. It affects men, women and children of all age groups.
3.4 Experimental planning, groundwater sample collection site and analysis techniques
The study was conducted from June-September/2018.There is no seasonal variation in sampling period .water samples were collected in clean and sterilized plastic bottles, which were washed  with concentrated  nitric acid solution , hot water and distilled water . Samples collected from eight study sites were taken each of one (1) liter of drinking plastic bottles and; Physico-chemical and biological parameters were analyzed in Hawassa university environmental engineering laboratory, which listed in the following table 3 and 4 respectively. 







Table 3:- Location of groundwater sample at BTDF
	
S/N
	Naming of water sample 
	Sample code
	Altitude (m a sl )
	Geographic coordinate (UTM)

	
	
	
	
	Latitude to N
	 Longitude to E

	1
	Small motor area  
	SMAS1
	1350
	6° 48' 57"
	38° 05' 30"


	2
	Large motor area
	LMAS2
	1350
	6° 48' 54"
	38 °05' 29"

	3
	Addis Hinsta water sample
	AHWS3
	1360
	6° 49' 01"
	38° 05' 21"


	4
	Bole water sample 
	BWS4
	1344
	6° 48' 38 "
	38° 05' 11"


	5
	Wolaita and Sidama boarder water sample
	WSBWS5
	1348
	6° 48' 54"
	38° 05' 34"



	6
	Guest house water sample
	GHWS6
	1358
	6 °49' 15"
	38° 05 '30"

	 7
	Special hot groundwater sample 
	 SHGWS7
	1349
	6° 48 '58"
	38° 05' 35"

	 8
	Main source of water sample
	 MSWS8
	1350
	6°49' 01.13"
	38° 05' 36"

	
	
	
	



     (Google Earth, 2019)	



      


Figure 2:- Map of groundwater sample location in Bilate Tobacco Development Farm
 (Google Earth, 2019).
(SMAS1__ Small motor area sample, LMAS2 __Large motor area sample, AHWS3 __ Addis Hinsta water sample, BWS4__Bole water sample, WSBWS5__ Wolaita and Sidama boarder water sample, GHWS6__ Guest house water sample, SHGWS7 __ Special hot groundwater sample, MSWS8__ Main source of water sample)



Table 4:- Methods used for estimation of various physico-chemical and bacteriological parameters
	Parameters
	Measurement Method
	Parameters
	Measurement Method

	Physical parameters
	
	
	

	Temperature
	England: Thermometer
	Turbidity
	 Conductivity Meter 

	 pH
	Wagtech International: PH-meter
	EC
	Conductivity Meter

	Chemical parameters
	
	
	

	Potassium
	Photometer 7100
	Sulphate
	Photometer 7100

	Ammonia
	Photometer 7100
	Total Hardness
	Photometer 7100

	Total Alkalinity
	Photometer 7100
	Calcium 
	Photometer 7100

	COD
	Photometer 7100
	BOD 
	Photometer 7100

	Iron
	Photometer 7100
	Magnesium
	Photometer 7100

	Total Dissolved Solids
	Conductivity Meter 
	Nitrate
	Photometer 7100.

	Fluoride
	Photometer 7100
	Carbonate
	Photometer 7100

	Bicarbonate
	Photometer 7100
	
	

	Biological parameters
	
	
	

	 E. Coli or Fecal coli forms (Cfu/100ml)
	
Membrane Filtration
	Total Coli forms  
( Cfu /100ml)

	
Membrane Filtration



                          Data: (From environmental engineering lab, 2018)


 


3.5 Data analysis
Data of Physico-chemical and bacteriological groundwater quality was analyzed by computing overall mean value for each parameters. The mean values of groundwater quality data was presented by table along with Ethiopian and WHO guideline value for drinking water quality of each parameter for comparison. Analysis of variance (ANOVA) at 5% level of significance was used to compare the groundwater quality; impact on human health particularly dental and skeletal fluorosis. Among all sample results were analyzed by descriptive statistics, descriptive values and also correlation was employed to see statistical significance relation between Physico-chemical and biological parameters, sanitary conditions, groundwater quality and impacts of groundwater contamination on public health. Graphical presentation was also used to show findings of groundwater quality data with respective Ethiopian and WHO guideline. Tables and graphs were used for presenting and discussing findings of all objectives as necessary and; proportion, standard deviation and mean were used to analyze the data for the study by using Microsoft Excel 2007 and SPSS Version 16 software.











4. RESULTS AND DISCUSSION
The result of physico-chemical and bacteriological analysis of groundwater quality at Bilate Tobacco Development Farm was compared with WHO and Ethiopian standards.
Table 5:- Mean, Standard deviation, Range and WHO/EPA guideline of groundwater quality parameters
	Parameters
	Unit
	  X̅
	SD
	Range
	Ethiopian standard
	WHO/EPA

	Physical      parameters
	
	
	
	
	
	

	PH
	PH scale
	7.4875
	0.272226
	7.05 – 7.9
	6.5-8.5
	6.5-8.5

	Temperature 

	°c
	42.875

	8.373214
	30.4-56
	<15
	Not Mentioned

	Turbidity 
	NTU
	0.25875
	0.363021
	0-0.92
	7
	5

	E C
	µs/cm
	1625.125
	498.44685
	1028 - 2670
	1500
	1500

	 Chemical Parameters
	
	
	
	
	
	

	TDS
	 mg/l
	809.625
	247.6062
	514-1330
	500
	500

	Total hardness
	
CaCo3mg/l
	
26.875
	
6.770472
	
15-36
	300
	
300

	K 
	mg/l 
	33.25
	16.21
	21 -72
	12
	12

	Total alkalinity
	
mg/l
	407.5
	8.847921
	395 -420
	600
	 500

	Ca
	mg/l
	40.625

	10.96667

	24-55

	
200
	 200


	Mg
	mg/l
	4.6875
	1.791597
	2 -7
	50
	100

	COD
	mg/l
	250.625

	435.3688

	0-1300
	___
	250

	BOD
	mg/l
	75.1875

	130.61

	0-390

	
___
	30

	NH3 
	mg/l  
	0.39875
	0.3973
	0 - 0.96
	0.5
	0.5

	F
	mg/l
	10.6125
	10.38109
	3.2-33
	3
	1.5

	Fe 
	mg/l
	0.012875
	0.013851
	0 -0.04
	0.4
	0.3

	NO3	
	mg/l
	1.58625
	0.30071
	1.25-2.01
	50
	50

	SO4
	mg/l
	5.75
	2.1213
	3 -9
	400
	400

	HCO3
	mg/l
	358.375
	23.88028
	320 -393
	__
	__

	CO3-2
	mg/l
	26.75
	 12.46423
	10 -44
	__
	__

	Biological                                                    parameters
	
	
	
	
	
	

	Fecal coli form
	
Cfu/100ml
	
0
	
0
	0
	0
	 
0                                         

	Total  Coli forms  

	Cfu/100ml
	0
	0
	0
	0
	0


Data source (EPA, 2001), (WHO, 2017)   and laboratory results
4.1 Physical and Chemical Parameters  
  4.1.1 PH -VALUE
The desirable pH range necessary for drinking water is from 6.5 to 8.5. The pH value of water sample in the study area ranged from 7.05 to 7.9 (seen figure 3). On an average (7.4875), pH of all samples was in desirable limit as prescribed for drinking water standard. This showed that pH of water sample was slightly alkaline due to granitic rock formation.

Figure3:- PH value of eight sampling point of groundwater at BTDF 
The highest recorded PH-value result was SHGWS7 (7.9).while the minimum value at the sample of SMAS1 (7.05). The maximum value of water sample was SHGWS7 indicated that climate factor react with granite, sandstone, coal and limestone. The correlation result for PH and Alkalinity revealed that there was a positive relationship between them with the correlation value of 0.448 (Appendix-6).Waters with excess of H+ ions are acidic, and have pH of less than 7. Waters with excess of OH- ions are alkaline, and have pH of greater than 7.
The pH of the water in a stream, river, lake or underground flow will vary depending on a number of conditions: the source of the water; the type of soil, bedrock and vegetation (CAWST, 2009). Extreme values of excessive acidity/alkalinity will show organoleptic consequences (EPA, 2001).
4.1.2 TEMPERATURE 
Temperature of water varied from 30.4 -56°C. The average value of water sample temperature is (42.875°C). The minimum result was observed at GHWS6 (30.4°C) (below figure 4) .The Maximum amount of temperature at the sample of SHGWS7 (56°C) indicated that the area covered by mostly rock particles .This due to geothermal energy takes place. 
 The correlation result for temperature and EC implied that there was a positive relationship between them with the correlation value of 0.291 (Appendix-6).
The elevated temperature of a sample may result in loss of VOCs or the progression of chemical reactions that may alter the sample quality in an undesirable manner. 
Temperature is not necessarily an indicator of ground water chemical stabilization, and is generally not very sensitive in distinguishing between stagnant casing water and formation water. The electric motor of a submersible pump is heating from groundwater (EPA, 2006).


Figure4:-Temperature value of eight sampling point of groundwater at BTDF
Temperature originated from generally climatologically influenced (in the presence of thermal discharges) (EPA, 2001).
4.1.3 ELECTRICAL CONDUCTIVITY
The EC of the groundwater is varying from 1028 and 2670 μ s/cm (seen figure 5) with an average value of 1625.125 μ s/cm. Higher EC in the study area of sample at BWS4 indicated the enrichment of salts that naturally found in the groundwater .The highest value of conductivity may be due to high concentration of ionic constituents present in the water bodies .The value of electrical conductivity may be an approximate index of the total content of dissolved substance in water. It depends upon temperature, concentration and types of ions present.

Figure 5:- EC value of eight sampling point of groundwater at BTDF 
The EC can be classified as type I, if the enrichments of salts are low (EC < 1,500 μ s/cm); type II, if the enrichment of salts are medium (EC 1,500 and 3,000 μ s/cm); and type III, if the enrichments of salts are high (EC > 3,000 μ s/cm). According to the above classification of EC which lies within the WHO standard water quality ranges and the draft Ethiopian drinking water guide lines, 50 % of the total groundwater samples come under the type I (low enrichment of salts) at the sample point of SMAS1, LMAS2, WSBWS5 &SHGWS7; and 50 % under type II (medium enrichment of salts) at the sample of AHWS3, MSWS8, GHWS6 and BWS4. The effect of saline intrusion may be the reasons for low and medium enrichment of EC in the study area indicated effect of climate interact with granite, coal rocks and silt-clay particles. In rainy season due to floods and rains, water level in the well increases, which contains more electrolytes. (Saravana and Ranjith, 2011)
4.1.4 TOTAL DISSOLVED SOLIDS
The TDS levels ranged from 514 to 1330 mg/l. The minimum level was observed at sample of LMAS2 (514mg/l), while the maximum level was observed at sample of BWS4 (1330 mg/l) (seen figure-6) indicated that naturally added solutes present in water. All ground water sample the concentration of TDS results were maximum WHO guideline i.e 500mg/l indicated as the effect of  "Kola "climate zone (from the mean elevation of water points value 1351.13 m asl) overlap with hard rocks.


Figure 6:-Total dissolved solids value of eight sampling point of groundwater at BTDF 
The correlation result for TDS and EC showed that there was a positive relationship between them with the correlation value of 1.000 (Appendix-6).
The total dissolved solids, or TDS includes ionized and non ionized matter but only the former is reflected in the conductivity. Where TDS are high the water may be "saline" and the applicable parameter "Salinity" (EPA, 2001). 
Total dissolved solids (TDS) comprise inorganic salts (principally calcium, magnesium, potassium, sodium, bicarbonates, chlorides and sulfates) and small amounts of organic matter that are dissolved in water. TDS in drinking-water originates from natural sources, sewage, urban runoff and industrial wastewater (WHO, 2017). The recharge has a lower salinity but pushes down previous saline water through the unsaturated zone at a higher rate. This generates an increased rate of introduction of salts into the aquifer over time, which may often last decades or centuries (Scanlon et al., 2009).
4.1.5 TURBIDITY
The turbidity values were ranged from 0.00 to 0.92 Nephlometric Turbidity Unit (NTU) at groundwater samples (below figure7). The maximum value turbidity sample at BTDF was MSWS8 (0.92 NTU).This implied that due to geological setting rainy season effluent in to poor construction of sampling point and animal grazing around the area. Based on experiment turbidity value 0.0 NTU were SMAS1,LMAS2 &SHGWS7 .All groundwater sample  showed  turbidity values less than the WHO and Ethiopian guideline value  i.e  5 NTU.
	




Figure 7:- Turbidity value of eight sampling point of ground water at BTDF
The correlation result for turbidity with BOD and COD revealed that there was a positive relationship between them with the correlation value of 0.075 (Appendix-6).Turbidity originated from Clay particles, sewage solids, silt and sand washings, organic and biological sludge’s etc.  Direct health effects depend on the precise composition of the turbidity-causing materials (EPA, 2001).
 4.1.6 TOTAL HARDNESS (CaCO3)
Total hardness values ranged from 15 to 36mg/l. The maximum value was observed at sample of SMAS1, while the minimum value was observed at sample of GHWS6 (figure 8). Total hardness   concentrations in all groundwater samples were soft water because the experimental value of samples was less than 60 mg/l. This indicated water points were contaminated by climatic effect interact with granite, coal rock and silt-clay particle of the study area. 


Figure 8:- Total hardness value of eight sampling points of groundwater at BTDF 
Experimental values at all ground water samples were not suitable for drinking purpose. The hardness of water depends mainly on the presence of dissolved calcium and magnesium salts (Ikomi and Emuth, 2000).
4.1.7 TOTALALKALINITY
Total alkalinity of water in terms of CaCO3 varied from 395-420mg/l (figure 9). The values of total alkalinity were comparatively moderate. The high content of alkalinity was SHGWS7 corresponding value 420 mg/l. The high alkalinity of groundwater in certain locations in the study area may be due to the presence of bicarbonate and some salts. Laboratory analysis of total alkalinity in all groundwater samples were below WHO and Ethiopian guideline value of 500mg/l.

Figure 9:- Total alkalinity value of eight sampling point of groundwater at BTDF 
The high content of alkalinity was SHGWS7 corresponding value 420 mg/l. These indicated effects of climate interact with granite, coal rock and limestone in the water points. The correlation result for Alkalinity and HCO3 indicated that there was a positive relationship between them with the correlation value of 0.067 (Appendix-6).
Alkalinity is a measure of the ability of a solution to neutralize acids to the equivalence point of carbonate or bicarbonate. Alkalinity can also be defined as a measure of the presence of   bicarbonate, carbonate or hydroxide constituents (APHA, 1998).
4.1.8 AMMONIA
The ammonia content of samples ranged from 0.00 to 0.96mg/l (figure 10). The minimum value was found to be 0.00 mg/l at sample of SMAS1 whereas the maximum value was observed at MSWS8 (0.96 mg/l). This indicated that due to geological setting rainy season discharge into poor construction of water point and animal grazing around the region. Results of ammonia in the examined groundwater samples were less than the permissible limits (<0.5mg/l), except AHWS3, WSBWS5 and MSWS8. 

Figure 10:- Ammonia value of eight sampling point of groundwater at BTDF 
Ammonia is generally present in natural waters, though in very small amounts, as a result of microbiological activity which causes the reduction of nitrogen-containing compounds. The correlation result for NH3 and NO3 revealed that there was a positive relationship between them with the correlation value of 0.796 (Appendix-6).
From the viewpoint of human health the significance of ammonia is marked because it indicates the possibility of sewage pollution and the consequent possible presence of pathogenic micro-organisms (EPA, 2001)
4.1.9 POTASSIUM 
The laboratory analysis of potassium values ranged from 21 to 72mg/l (figure 11). The maximum value was observed at sample of SHGWS7, while the minimum value was observed at sample of SMAS1.The highest recorded result of sample at SHGWS7 (72mg/l). 
                                          


Figure 11:- Potassium values of eight sampling points of groundwater at BTDF
The correlation result for K and Ca implied that there was a negative relationship between them with the correlation value of -0.446 (Appendix-6).From experimental value, researcher imagined that all water points with maximum permissible limit of WHO standard (>12mg/l). This suggested that climatic influence interact with the granite and coal rock particles.
4.1.10 MAGNESIUM
Magnesium content was varied from 2mg/l(MSWS8) to7 mg/l (SMAS1) .The maximum concentration of Mg2+ of drinking water was SMAS1 (7mg/l) ( seen figure 12). From the experiment researcher examined that all ground water Samples below WHO and Ethiopian guideline level, i.e100 mg/l indicated influence of climate interact with granite and coal rock particles. 

Figure 12:- Magnesium value of Eight sampling point of groundwater at BTDF 
4.1.11CALCIUM
The calcium concentrations are varying from 24 to 55 mg/l (figure 13). Relatively, the higher concentration of calcium observed at sample of SMAS1 (55mg/l) indicated the interaction between climate and a little hard rock particles.


Figure 13:- Calcium values of eight sampling points of groundwater at BTDF 
All groundwater samples were lower than WHO standard level i.e 200mg/l .This showed that naturally geothermal activities in the study area. The correlation result for Ca and F implied that there was a negative relationship between them with the correlation value of -0.505   (Appendix-6).The desirable limit of calcium concentration for drinking water is specified as (200 mg/l) which showed that all groundwater samples below the maximum permissible limit. Higher Ca2+ content can cause abdominal ailments and is undesirable for domestic uses as it causes encrustation and scaling (Chandrasekhar et al., 2012).
4.1.12 IRON
The maximum value 0.04mg/l of iron was recorded at sample of GHWS6, whereas the minimum 0.00 mg/l was noted at sample of SMAS1, BWS4 and MSWS8 (figure 14).

Figure 14:-   Iron value of eight sampling point of groundwater at BTDF
Iron may also be present in drinking-water as a result of the use of iron coagulants or the corrosion of steel and cast iron pipes during water distribution. Reason for not establishing a guideline value not of health concern at levels found in drinking –water (WHO, 2017).All water samples, Iron concentrations were less than the WHO and Ethiopian standards (< 0.3mg/l). This indicated that the PH values of all water samples were slightly basic in nature. In this case water distribution of pipes was couldn’t be corrode. 
Excessive iron content makes the water turbid, discolored and imparts an astringent taste to water. Iron is biologically an important element. It is essential to all organisms and present in hemoglobin system (Amr et al., 2013).
Iron can be naturally found in groundwater and some surface water (such as creeks, rivers
and some shallow dug wells). There are areas of the world that have naturally high amounts
of iron in their groundwater. Iron can also be found in drinking water that is passed through
rusty steel or cast iron pipes (CAWST, 2009).
4.1.13 NITRATES
The average value of the laboratory analysis for nitrate of BTDF was 1.58625 and ranges between 1.25mg/l to 2.01 mg/l (below figure 15), which is below the maximum allowable WHO and Ethiopian standard level i.e 50mg/l showed the influence of climate variability with hard rock particles.
Nitrate Occur at Oxidation of ammonia; agricultural fertilizer run-off (EPA, 2001).

Figure 15:- Nitrate value of eight sampling point of groundwater at BTDF
The highest value of sample at BTDF was MSWS8 (2.01mg/l).This showed that climatic condition, summer season flood effluent in to water point and animal grazing around the region. Nitrate  contaminated  water  is  hazardous especially  for  the  infants  and  pregnant  women (Aisha ,2016) .
Nitrate and nitrite in excess are a particular risk to infants, causing methaemoglobinaemia, which may result in morbidity and death from short exposures. The WHO guidelines are 50 milligrams per liter for nitrate and 3 milligrams per liter for nitrite (WHO, 2004).
4.1.14 SULPHATE
The sulphate values were found to be less in all groundwater samples. The minimum value 3 mg/l was observed at sample of GHWS6, whereas the maximum value 9 mg/l was observed at sample of MSWS8 (figure 16). This showed that effects of climate, rainy season discharge in to water point and animal grazing around the area. All sulphate concentrations in the groundwater samples were below the permissible limits (<400mg/l) showed the influence of climate variability with hard rock particles.

Figure 16:- Sulphate values of eight sampling points of groundwater at BTDF
The correlation result for SO4 and K indicated that there was a negative relationship between them with the correlation value of -0.098 (Appendix-6).


4.1.15 BIOLOGICAL OXYGEN DEMAND (BOD)
 The Experimental value of BOD values at all groundwater samples ranged from 0.0 to 390mg/l, during the study period. The minimum value 0.0 mg/l were sample of WSBWS5 and SHGWS7, where as maximum BOD values in the study area of sample at BWS4 (390 mg/l) (figure 17) .This indicated naturally organic matter introduced in water sample and the demand for oxygen will be high so the BOD level will be high. As the waste is consumed or dispersed through the water, BOD levels will begin to decline.

Figure 17:- BOD value of eight sampling point of groundwater at BTDF 
The correlation result for BOD and COD revealed that there was a positive relationship between them with the correlation value of 1.000 (Appendix-6). Biological oxygen demand (BOD) is a measure of the oxygen used by microorganisms to decompose this waste. If there is a large quantity of organic waste in the water supply, there will also be a lot of bacteria present working to decompose this waste. 
4.1.16 CHEMICAL OXYGEN DEMAND 
At BTDF, COD values ranged from 0.0 to 1300mg/l (figure 18) and the average of 250.625mg/l. From laboratory analysis 0.00 mg/l recorded results were sample of WSBWS5 and SHGWS7.Higher Chemical Oxygen Demand (COD) in the study area of sample at BWS4 the corresponding result was 1300mg/l. This indicated that naturally added organic matter.

Figure 18:- COD value of eight sampling point of groundwater at BTDF 
Chemical oxygen demand (COD), a non conventional pollutant, is sometimes used to characterize the global concentration of organic pollutants. COD can be used to provide data on the existence of organic substances that can only be oxidized by aerobic biological processes. The recorded range of concentration of COD was measured (0.0 to 1300mg/l) in the groundwater sample.
Chemical oxygen demand (COD) does not differentiate between biologically available and inert organic matter, and it is a measure of the total quantity of oxygen required to oxidize all organic material into carbon dioxide and water. COD values are always greater than BOD values, but COD measurements can be made in a few hours while BOD measurements take five days.
4.1.17 FLUORIDE
The experimental average value for fluoride was 10.6125 mg/l which is higher than Maximum WHO standard that is 1.5 mg/l. This indicated the notability of water. Results obtained from laboratory water quality analysis of BTDF at Eight sampling points were fluoride concentration value ranges from 3.2mg/l to 33mg/l. The maximum value of fluoride was 33mg/l at sample of SHGWS7, whereas the minimum 3.2 mg/l was noted at sample of SMAS1 (seen figure 19).



Figure 19:- Fluoride concentration value of eight sampling point of groundwater at BTDF
The Maximum value of fluoride concentration at BTDF was SHGWS7 (33mg/l). This implied that their water points mostly covered by Granite and coal rock particles. Hence; this it absorbed high amount of temperature which creates hazardous chemical. All ground water samples of fluoride were higher than the Maximum WHO standard levels i.e. 1.5 mg/l. Generally researcher was observed from the study area was affected on human health particularly like dental and skeletal fluorosis. The correlation result for F and temperature implied that there was a positive relationship between them with the correlation value of 0.833 (Appendix-6).
Long-term consumption of this water can lead to severe health effects like dental (DF) and skeletal fluorosis (SF). In 2006, the WHO listed 28 countries where the prevalence of the diseases DF and SF is a consequence of a long-term consumption of drinking water with high levels of F. Among these, the most affected countries are India, Ethiopia, and China (Datturi et al, 2015).
During weathering and circulation of water in rocks and soils, fluorine can be reached out and
dissolved in groundwater and thermal gases. The fluoride content of groundwater varies greatly
depending on the geological settings and type of rocks. Therefore fluoride problems tend to occur in places where these minerals are most abundant in the host rocks (UNESCO and WMO, 2004) .Groundwater from crystalline rocks; especially (alkaline) granites (deficient in calcium) are particularly sensitive to relative high fluoride concentrations (Brunt et al, 2004).
4.1.18 BICARBONATE (HCO3)
The value of HCO3 is observed from 320 to 393mg/l (Fig. 20), (Table 5). The lower concentration of bicarbonate at the sample of MSWS8 (320 mg/l) where as the higher concentration of HCO3 in the sample of SHGWS7 (393mg/l) indicated that climate factor react with high amount of coal, limestone, sandstone and granite rock particles in the water point. The average value of bicarbonate concentration was 358.375mg/l.

Figure 20:- Bicarbonate value of eight sampling points of groundwater at BTDF 
The correlation result for HCO3 and PH implied that there was a positive relationship between them with the correlation value of 0.071 (Appendix-6). Higher pH is caused by increased bicarbonate (HCO 3 -), a byproduct of natural reduction reactions taking place in confined aquifers, or carbonate rich rock types such as those found in groundwater.



4.1.19 CARBONATE (CO3-2)
The laboratory analysis of minimum value was observed at sample of SMAS1 (10 mg/l) whereas the maximum value was observed at sample of SHGWS7 (44 mg/l). This indicated effects of climate interact with hard rocks.

Figure 21:- Carbonate value of eight sampling points of groundwater at BTDF 
Since carbonates are present in many different types of rock, including most sedimentary rocks, and even some igneous and metamorphic rocks, carbonate chemistry is relevant to the evolution of most groundwater. The correlation result for CO3 and PH showed that there was a positive relationship between them with the correlation value of 0.323 (Appendix-6).
The geochemical equations for possible reactions in the aquifer are as follows:
HCO-3 → H+ + CO-23
Ca+2 + CO-23 → CaCO3
4.2 Microbial (Biological) parameters
Completed coli form test was found negative with no coli form colonies on filtration membrane. These results showed that there were no coli form (Total Coli form and Escherichia coli form) in groundwater sample. According to biological parameters, coli forms were absent in all water sample. So water in Bilate Tobacco Development Farm was potable. The present investigations have rendered all tests was nil indicates the absence of coli form bacteria. And it showed that eight water samples were hot, as this case bacteria were killed in the water samples. 
The correlation results for bacteriological parameters (E. coli form and Total coli form) cannot be computed with all of the Physico-chemical parameters because one of the variables is constant (Appendix-7). The WHO Guidelines for drinking water quality recommend that all water intended for drinking should have zero fecal contamination in any 100 ml sample (CAWST, 2009). 
Coli form organisms have long been recognized as a suitable microbial indicator of drinking-water quality, largely because they are easy to detect and enumerate in water. The term “coli form organisms” refers to Gram-negative, rod-shaped bacteria capable of growth in the presence of bile salts or other surface-active agents with similar growth-inhibiting properties and able to ferment lactose at35–37°C with the production of acid, gas, and aldehyde within 24–48 hours (WHO, 1997).
4.3 Socio-economic Characteristics of the Respondents
4.3.1 Age and Sex of Respondents
The general overview of this part was describes the respondents background and how it affects dental and skeletal fluorosis with sex relations in BTDF area. The main objectives of the issue identified are: education and occupation. These highly determine the awareness as impact of groundwater quality, the extent to which the households get involved in sanitation and hygienic issues. An understanding of these can help the researcher to see critically to improve the impact of groundwater quality on the community.




Table 6 Age and Sex distribution of respondents
Age of respondents by sex
Age            Male            Female          Total        Percentage (%)                   X̅                       SD
18-28          4                  3                    7                11.11                               12.6                     5.98
29-39          12	   8                    20              31.75         
40-50          11                7                    18              28.57              
51-61           5                 3                     8               12.69
>61              6                 4                    10               15.87 
Total           38	 25	        63               100  

About 71.44% of respondents were in the economical productive age group (18-50 age groups). That means data was gathered from the productive age group and indeed people of this age group are those expected to take actions in the development of the influence of climatic conditions on groundwater quality by voluntarily planting of trees around the study region. The average age of respondents was about 12.6 with standard deviation of 5.98 having significant age difference among the respondents (Table 6).
4.3.2 Distribution of cases according to their educational background and occupation of respondents
Table 7 indicates that 39.68 % of the respondents did not have access to formal education and not educated; their awareness on the impact of groundwater contamination issue was known to be unsatisfactory (poor). The percentage of respondents to primary education level was 19.05 %. Their understanding of impact of groundwater pollution was slightly good.  Proportion of respondents with secondary education access of grade 9-12, college and university; awareness of these groups on the impact of excess fluoride in groundwater as human beings could be  good, very good and excellent respectively.
During house to house survey, it was understood that households head by such an educated level had better outlooks about the impact of groundwater contamination especially high amount (concentration) of fluoride in the groundwater.
Households headed by person with low level education, can have poor understanding of the influence of high fluoride distribution in the groundwater. From this, it is clear that education level of the community affects the awareness of chemical hazards in the groundwater.
Table 7 Educational level of respondents responsible for the awareness of groundwater quality

Educational level                                            N=63                                           percentage (%)
Not educated                                                      11                                                      17.46
Non-formal education	     14                                                      22.22
Primary                                                              12                                                       19.05
Secondary                                                           9	      14.28
College                                                              10	      15.87  
University                                                           7                                                         11.11
Table 8 Occupation of respondents focus on use of drinking water 
Occupation                                                 N=63                                         percentage (%)
Farming                                                       13                                                 20.63
Daily labour                                                 22                                                 34.9
Private employed                                         20                                                 31.75
Government employed                                 8                                                   12.7
Total                                                             63                                                  100	

Table 8 describes that the households have different occupations in the study area. These includes farmers, daily labor, and private employees and government employees; out of the total of 63 sample households only 20.63% farming employees, 31.75 % private employees, 12.7% government employee and daily labour 34.9% of sample households they are dominant section of the population.
Researcher to identify from the given data in the table -8 showed that maximum numbers of cases (percentage 34.9%) are in the group of labour and who work outside the home and used to drink more water than private employees and farming employees. Researcher have seen daily labour to drink large percentage of water becomes high consumption of fluoride with water results as a great influence of fluorosis particularly dental and skeletal fluorosis.
4.4 Causes of Groundwater Contamination
From the given 6 years climatic data, the mean annual temperature is 24.26°c, an estimated average annual rainfall is 417.2 mm and with the mean altitude to water sampling location was recorded 1351.13 m above the sea level as a result natural contamination is one of the major causes of climatic conditions. Since the reason behinds the interaction between silt clay soil type ,source of water and bed rocks(limestone, sandstone, coal rocks and granite) with a very hot weather condition to produce geothermal energy and also this, to form hazardous chemicals such as fluoride ,potassium, magnesium, Calcium, Sodium and TH while TDS and EC becoming high. When compared to the WHO and Ethiopian guideline that don’t have recommended. In generally the cases that my study area was poor groundwater quality introduced in the semi-arid. 
Arid regions are prone to high fluoride concentrations. Here, groundwater flow is slow and the
reaction times with rocks are therefore long. The fluoride contents of water may increase during evaporation if solution remains in equilibrium with calcite and alkalinity is greater than hardness.
Dissolution of evaporative salts deposited in arid zone may be an important source of fluoride.
Fluoride increase is less pronounced in humid tropics because of high rainfall inputs and their diluting effect on the groundwater chemical composition (UNESCO and WMO, 2004). The main source of F in the ECRV is the presence of acidic volcanic rocks which have both high F and low soluble calcium concentrations. Over 40% of deep and shallow wells are contaminated with concentrations up to 26 mg F/L. However, the distribution of F in the deep wells is variable, even among wells that are closely spaced (Datturi at el., 2015).
4.5 Effects of Groundwater Contamination on the Community at BTDF
4.5.1 Health Impact of Excess Fluoride in Drinking Water
The term "fluorosis" describes a state of toxicity of this trace element, 'fluorine', which when ingested in high doses either through water or through any other sources causes clinical manifestations. Fluorine is the most electronegative and reactive of all elements hence never found in nature as fluorine. It has a strong tendency to form complexes with heavy metal ions in aqueous solutions. The toxic potential of inorganic fluorides is mainly associated with this behaviors and the formation of insoluble fluorides. Fluoride is the strongest oxidizing agent known.
When a laboratory analysis showed that high concentration of fluoride (3.2-33mg/l) and potassium (21-72mg/l) becomes low concentration of calcium (24-55mg/l), magnesium (2-7mg/l) and Total hardness (15-36 mg/l) in the water sample. This it created maximum value of TDS and EC. Fluoride concentration of the sample water range from 3.2 mg/l to 33 mg/l .Before researcher known that the study area for drinking purpose most people used LMAS2 (5.3 mg/l), in this case society can be affected by Dental and Skeletal fluorosis because in according to WHO guideline fluoride ion >1.5 mg/l. Today a few people to drink SMAS1 (3.2 mg/l) indicated little teeth mottling. Since; researcher recorded at the value of sample of SMAS1 was less than the other sampling point.
Fluoride has long been found to have a beneficial effect on dental health, although when present in drinking water at concentrations much above the WHO guideline value (and national drinking water limit for most countries) of 1.5 mg/l, researcher as observed  in the study area long term use can result in development of dental and skeletal fluorosis.


Table:-9 Distribution of Cases According To Their effects of Excessive Fluoride in Drinking Water on Human Health Belonging To Different Age Groups with Sex
	Age category
	              Sex
	            Fluorosis
	Percentage (%)

	
	Male
	Female
	Total
	Dental
	Skeletal
	

	18-28 
	4
	3
	7
	· 
	x
	11.11

	29-39 
	12
	8
	20
	· 
	x
	31.746

	40-50 
	11
	7
	18
	· 
	x
	28.57

	51-61
	5
	3
	 8
	      x
	· 
	12.69

	>61
	6
	4
	10
	      x
	· 
	15.87

	Total	
	38
	25
	63
	     45
	  18
	100



Dental Fluorosis
Laboratory analysis of fluoride anion concentration all groundwater samples were showed 3.2 -33 mg/l and long term consumption of high fluoride concentration effects on dental fluorosis in the BTDF. The results of this study (table-9) showed that 71.43 % of people who live in areas with short and long term consumption of high fluoride concentrations have dental fluorosis, which means, among the calculated sample size 63 people who live in this region, 45 have dental fluorosis (45/63). Dental fluorosis (71.43 %) in the age group of 18-50 years was more commonly found in males than females, but the results of a study conducted on Bilate Tobacco Development Farm.
The ANOVA analysis of both male and female (0.936) showed that there was not significance difference at P< 0.05 (Appendix-12). The correlation result for female and dental fluorosis revealed that there was a positive relationship between them with the correlation value of 0.010 (Appendix-13). Researcher found that development of dental fluorosis can be due to the consumption of high fluoride together with low concentration of calcium, magnesium and total hardness in the groundwater. 
Tooth enamel is principally made up of hydroxyapatite (87%) which is crystalline calcium phosphate. Fluoride which is more stable than hydroxyapatite displaces the hydroxide ions from hydroxyl apatite to form fluoro apatite. Fluorosis of dental enamel occurs when excess Fluoride is ingested during the years of tooth calcification-essentially during the first 7 years of life. It is characterized by mottling of dental enamel, which has been the level above 1.5 mg/L intake. On prolonged continuation of this process the teeth become hard and brittle. This is called dental fluorosis. Dental fluorosis in the initial stages results in the tooth becoming colored from yellow to brown to black. Depending upon the severity, it may be only discoloration of the teeth or formation of pits in the teeth. The colorations on the teeth may be in the form of spots or as streaks. 
The symptoms of dental fluorosis are dullness of the teeth and loss of shine with developed white and yellow spots .Discoloration of teeth, turning in to brown and black streaks or spots on the enamel surface (Whit ford, 1997).Dental fluorosis is hypo-mineralization of tooth enamel caused by intake of too much fluoride during enamel formation. In the extra-cellular environment of maturing enamel, an excess of fluoride ions changes the rate at which enamel matrix proteins (amelogenin) are enzymatically broken down and the rate at which the subsequent breakdown products are removed. Fluoride may also indirectly alter the action of protease via a decrease in the availability of free calcium ions in the mineralization environment. This results in the formation of enamel with less mineralization. Barring the most severe cases, teeth with fluorosis are relatively resistant to dental caries (tooth decay), although they may be of potential cosmetic concern. 
As a very important part of dental aesthetics and facial appearance, the smile can greatly affect how people perceive their overall attractiveness. The smile is the second facial feature that people tend to note for attractiveness in others; only the eyes are more important. Therefore, dental aesthetics can greatly impact someone’s attractiveness. In adolescents, smiling has a significant impact on self-esteem. As adolescents interact with their environment, smiling indicates self-confidence and well-being .The adolescent stage is when youths are concerned about their appearance, and stained teeth, especially those expressed in a smile (the upper front teeth), are the first to be noticed.
Concerns about color cause problems when smiling, which create two factors that can affect one’s appearance: showing insecurity when teeth are visible through a smile and feeling negatively affected by this appearance. In other words, what could be called self-perception is a psychological characteristic of individuals and is fundamental to what an individual feels about his/her own appearance, including experiencing psychosocial suffering that affects his/her happiness .
[image: ተዛማጅ ምስል]BTDF have endemic area for dental fluorosis, as it affects nearly the entire population. This disorder is a serious public health problem, and this severity indicated the seriousness of dental disorders. The concentration of fluoride in the groundwater was maximum WHO and Ethiopian standards’, leading to a condition that seriously compromises the appearances and health of individuals affected by the most severe levels (fig 22).Given the lack of knowledge about the influence of this disorder at the dental level in youth and given that this life stage places great importance on appearance, understanding the degree of dental fluorosis and associating it with self-perception in adolescents in areas with different socio-economic statuses (SESs) was help to establish behavioral parameters.
[image: ተዛማጅ ምስል]

Figure 22:- Dental Fluorosis in Bilate Tobacco Development Farm society

 Skeletal Fluorosis
	
	


This study revealed that F concentration in drinking water was the range of 3.2 to 33 mg/l, minimum and maximum, respectively. Fluoride concentration values of water sources in all samples were higher than the permissible limit (1.5 mg/L) according to WHO guideline (Table 5). In a series of studies on the various effects of fluoride concentration in drinking water on human tissue, researcher has been well observed that the toxic effects of fluoride on skeletal system are chronic and occurs over time. Skeletal fluorosis could be displayed by increase in the bone density with spinal cord, hand and legs in adults (Fig. 23). The results of this study showed that 28.57 % of people who live in areas with long term consumption of high fluoride concentrations have skeletal fluorosis, which means, among the calculated sample size 63 people who live in the study region, 18 have skeletal fluorosis (18/63)  (Table 9 ). Experimental analysis of fluoride in all groundwater samples showed maximum permissible limit and long term consumption of high fluoride concentration effects on skeletal fluorosis. The results of a study area in table-9 indicated as skeletal fluorosis (12.69 %) in the age group of 51–61 years was more commonly found in males than females; skeletal fluorosis (15.87 %) in the age group above 61 years was more commonly found in males than females. 
The ANOVA analysis of both male and female showed that there was not significance difference at P< 0.05 (Appendix-12). The correlation result for male and skeletal fluorosis revealed that there was a positive relationship between them with the correlation value of 0.010 (Appendix-13). Researcher found that development of skeletal fluorosis can be due to the consumption of fluoride together with other factors such as low calcium, magnesium, and also, lack of calcium and vitamin C. The present study demonstrates there was significant difference between females and males in the prevalence of skeletal fluorosis. Skeletal fluorosis was significantly higher for males than females in naturally polluted area. 
Prolonged drinking of water with concentration of fluoride between 4.0 and 10 mg/l causes’ skeletal fluorosis and when water of concentration beyond 10.0 mg/l is taken for a long time crippling fluorosis may result. Skeletal fluorosis is characterized by weakening of bones and malformation of the skeleton (NRC, 2006). Skeletal fluorosis was first reported in Ethiopia in 1973 in the Wonji shoa sugar estates in the Ethiopian Rift valley. The symptoms of skeletal fluorosis are pain in neck, backbone or joint, stiffness in the neck, severe pain and rigidity in the hip region, construction of vertebral forearm exerts pressure on nerves and blood vessels leading to paralysis and pain. Skeletal fluorosis is an irreversible process as the dental fluorosis (Helmut and Redda Tekle Haimanot, 1999).
Symptoms are mainly promoted in the bone structure. Due to a high fluoride concentration in the body, the bone is hardened and thus less elastic, resulting in an increased frequency of fractures. Other symptoms include thickening of the bone structure and accumulation of bone tissue, which both contribute to impaired joint mobility. Fluoride can also damage the  parathyroid glands , leading to hyperparathyroidism, the uncontrolled secretion of parathyroid hormones. These hormones regulate calcium concentration in the body. An elevated parathyroid hormone concentration results in a depletion of calcium in bone structures and thus a higher calcium concentration in the blood. As a result, bone flexibility decreases making the bone more susceptible to fractures. Toxic levels of fluoride have been coupled with a weakening of bones and an increase in hip and wrist fractures.  Even higher intakes of fluoride taken over a long period of time can result in changes to bone, a condition known as skeletal fluorosis. This can cause joint pain, restriction of mobility, and possibly increase the risk of some bone fractures.
Skeletal fluorosis is a serious condition, resulting from chronic ingestion of large amounts of fluoride over many years during periods of bone modeling (growth) and/or remodeling. In skeletal fluorosis the bones are generally weaker than normal with stiffness and pain in the joints as the early symptoms. In severe cases, muscles are impaired and bones in the central skeleton are irregularly thickened due to periosteal sleeves of abnormally structured osseous tissue, osteophytosis, mineralization of tendons and muscle attachments, and bridging between the edges of the vertebral bodies. 
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Figure 23:- Skeletal Fluorosis in Bilate Tobacco Development Farm
The fluoride levels in the waters of the Ethiopian Central Rift Valley (ECRV) are amongst the highest in the world, putting some 8 million people at risk of developing fluorosis. The ECRV is part of a larger basin that extends from Syria and Jordan to Malawi and Mozambique. Due to its geological and climatic characteristics, the ECRV has some of world’s highest concentrations of F, found mainly in deep wells in the semi-arid parts of the region (Datturi et al., 2015).
4.5.2 Economic Impact
 Natural contamination of groundwater can result in poor drinking water quality (high fluoride), loss of water supply, high cleanup costs, high costs for alternative water supplies and potential health problems. Fluoride is the main threat to these investments and related economic growth opportunities as the investors need access to safe water for drinking for their labourers.These indirectly affected the employment opportunity and income of the families and make them vulnerable economically when compared with communities living in good water quality areas.
 Travel of long distances leads to loss of more productive hours for searching of water from Bedessa, wolaita sodo and Hawassa.  The study area in age group > 51 (Table -9) or figure 23 indicated that Skeletal Fluorosis causes bones to weaken. In some cases, bone structure can change become deformed. This greatly limits mobility and work productivity (for example, tobacco production) of individuals affected by fluorosis in BTDF .People with skeletal fluorosis is forced to retire early from working life and become dependent on others.

















5. CONCLUSION AND RECOMMENDATIONS
Based on the findings of the results presented in the preceding chapters, this chapter attempts to draw general conclusion and recommendations.
5.1 CONCLUSION
Groundwater is an important source of drinking water for many people around the world. Groundwater contamination leads to chemical hazards, high cleanup costs and effects of public health. In the present Study, interpretation of physical, chemical and biological (microbial) analysis of the groundwater quality in BTDF was identified by laboratory techniques. 
Major physico-chemical analysis of groundwater quality (TDS, 50% of EC, K and F) were maximum permissible limit indicated low concentration of Ca, Mg and TH. The groundwater quality in BTDF has been slightly basic in nature and total hardness observed in all samples fall under very soft category. The total dissolved solids could be saline categories. 
The researcher based on the analysis, the entire study area water sample in region was naturally contaminated by climatic condition overlap with hard rock particles. Water sample at poor construction of MSWS8 to change the groundwater quality (For instance Nitrate, Sulphate and Ammonia) indicated due to geological setting rainy season effluent in to poor construction of sampling point and animal grazing around the area. 
The laboratory analysis of all water samples of the fluoride concentration compared with WHO and Ethiopian guideline more than maximum permissible limit .This showed the impact of human health (particularly dental and skeletal fluorosis) and Socio-economic status.
The Bacteriological examination of groundwater quality at the study area as eight water samples were showed that no coli form in hot water. Correlation value for bacteriological with all Physico-chemical parameter showed that cannot be computed because one of the variable is constant that means all sample values zero (Appendix-7). The variability analysis (ANOVA) test for dental and skeletal fluorosis in both sex (0.936) indicated that there was not significant level at P< 0.05 (Appendix-13).
I Concluded that Physico-chemical analysis implied all ground water samples were not used for drinking and washing your body because of high concentration of Fluoride and potassium while low concentration of calcium, magnesium and total hardness in the water samples. This is due to the influence of climate react with coal rock, granite, limestone, sandstone and silt-clay particles. 
Also the lack of knowledge, supervision, and financial budget stands in the way to assess the groundwater quality in BTDF. However, challenges that water utilities would faces managerial skills to design and manage water treatment systems, making people pay for treated water and awareness among communities about groundwater quality issues.
5.2 RECOMMENDATION 
Based on the findings discussed above, the following recommendations can be drawn to enhance improved impact of groundwater quality on the health status of the community.
· The firm to facilitate defluoridation technology (removing excessive fluoride from drinking water) by treating groundwater quality. For instance, Fluoride can be absorbed from water by passing it through a filter of bone-char, anion exchange, distillation and reverse osmosis.
· The government to aware the impacts of groundwater quality on the public health.
· Government should encourage and finance groundwater research by hydrologist and hydro geophysical scientists to detected areas that can easily pollute groundwater.
· To change climate condition of the area by using planting of tree and green area all  around the study area
· Both governmental and Non-governmental organization chiefly focuses the design of good water quality on the selected sites (locations) to the people.
· The study area of the research should emphasis both dry and wet season to know which season can have ion concentration becoming high and low. My research was done only wet season.
· Using alternative water resources include surface water, rainwater and low fluoride groundwater. 
· The popular technologies for the removal of fluoride from water include coagulation followed by precipitation, membrane processes, ion exchange and adsorption. In coagulation, trace amounts of fluoride ions tend to remain in solution due to solubility restriction. 
· Government bodies, businesses and communities should all take necessary action to improve this valuable resource. 
· Considerable work on the most economical adsorbent for fluoride removal from drinking water is activated alumina. Other adsorbents like fly ash, silica gel, soil, water hyacinth, bone charcoal, zeolites, bentonite , etc which controls the fluoride contamination.                               
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                     APPENDIXES 
Appendix: - 1 Selected parameters of Sampling methodology and preservation 
	parameters
	Unit
	container
	
	Preservation condition
	

	Maximum preservation duration

	Physical Parameters
	
	
	
	

	PH
	PH-Scale
	25ml of glass
	_
	Analyze immediately

	Temperature
	°C

	100ml of glass
	_
	Analyze immediately

	Turbidity 
	NTU
	100ml of glass
	4 °C
	48hr

	E c
	µs/cm
	25 ml of glass
	4 °C
	28 hr

	Chemical  Parameters
	
	
	
	

	Total hardness   

	CaCO3
mg/l
	50ml of glass
	4 °C
	2 days
	

	TDS
	mg/l
	100 ml of glass
	_
	28 hr
	

	Mg 
	mg/l
	100 ml of glass
	HNO3
	6 Month

	NH3 
	mg/l
	400ml of glass
	4 °C and H2SO4
	24 hr/7days

	COD 
	mg/l
	25ml of glass
	120°C
	2hr

	BOD 
	mg/l
	25ml of glass
	-
	5 days

	Cl 
	mg/l
	50 ml of glass
	4 °C
	7 days

	F 
	mg/l
	50 ml of glass
	4 °C
	7 days

	HCO3
	mg/l
	25ml of glass
	-
	48hr

	CO3
	mg/l
	25ml of glass
	-
	48hr

	Fe 
	mg/l
	100 ml of glass
	HNO3
	6 month

	NO3	
	mg/l
	50 ml of glass
	  4  o C 
	48 hours

	SO4 
	mg/l
	50 ml of glass
	4 °C
	7 days

	Biological Parameters
	
	
	
	

	E. Coli or Fecal coli forms
	Cfu/100ml
	300 ml of glass
	4 °C, Dark
	48 hours

	Total Coli forms 
	Cfu/100ml
	300 ml of glass
	4 °C, Dark
	48 hours


                                    
                                               Data source (EPA, 2006)












Appendix:-2 Variation of Range, mean and SD of each of the parameters between all samples
	Parameters
	Unit
	SMAS1
	LMAS2
	AHWS3
	BWS4
	WSBWS5
	GHWS6
	SHGWS7
	MSWS8
	Range
	 
	SD

	
	
	
	
	
	
	
	
	
	
	
	X̅
	

	PH
	PH-scale
	7.05
	7.3
	7.5
	7.35
	7.45
	7.8
	7.9
	7.55
	7.05– 7.9
	7.4875
	0.2722

	Temperature
	
°c
	34.2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	43
	41.3
	52
	42.1
	30.4
	56
	44
	30.4-56
	42.875
	8.3732

	Turbidity
	NTU
	0
	0
	0.05
	0.34
	0.7
	0.06
	0
	0.92
	0-0.92
	0.2587
	0.363

	TDS 
	mg/l
	635
	514
	896
	1330
	670
	871
	717
	844
	514-1330
	809.62
	247.6

	E C
	µs/cm
	1277
	1028
	1789
	2670
	1339
	1746
	1432
	1720
	1028-2670
	1625.12
	498.44

	 
	
	36
	 
	 
	 
	 
	 
	 
	 
	15-36
	 
	 

	TH 
	mg/l
	
	24
	29
	20
	30
	15
	31
	30
	
	26.875
	6.770

	K 
	
mg/l
	21
	
33
	
27
	
30
	
26
	
24
	
72
	
33
	21-72
	
33.25
	
16.21

	 
	
	400
	 
	 
	 
	 
	 
	 
	410
	395 -420
	407.5
	 8.847

	Alkalinity 
	mg/l
	
	395
	415
	410
	412
	398
	420
	
	
	
	

	 
	
	 
	 
	 
	 
	 
	 
	 
	 
	24 -55
	 
	 

	Ca 
	mg/l
	55
	44
	42
	34
	48
	24
	28
	50
	
	40.625
	10.966

	Mg
	mg/l
	7
	6
	3
	5
	3
	5.5
	6
	2
	2-7
	4.6875
	1.7915

	Fe
	mg/l
	0
	0.01
	0.03
	0
	0.02
	0.04
	0.02
	0
	0-0.04
	0.0128
	0.0138

	 
	
	140
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	COD
	
mg/l
	
	
40
	
75
	
1300
	
0
	
300
	
0
	
150
	
0-1300
	
250.62
	
435.36

	 
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	130.61

	BOD
	mg/l
	42
	12
	22.5
	390
	0
	90
	0
	45
	0-390
	75.187
	

	NH3 
	
mg/l
	0
	
0.21
	
0.71
	
0.3
	
0.9
	
0.08
	
0.03
	
0.96
	0 - 0.96
	
0.39875
	0.3973

	NO3 
	mg/l
	

1.67
	

1.25
	

1.78
	

1.32
	

1.92
	

1.27
	

1.47
	

2.01
	1.25-2.01
	

1.5862
	

0.3007

	SO4
	mg/l
	4
	
8
	
5
	
7
	
6
	
3
	4
	
9
	3 -9
	
5.75
	
2.12132

	F
	
mg/l
	3.2
	
5.3
	
4.4
	
18
	
12
	
4.2
	33
	
4.8
	3.2-33
	
10.612
	
10.38

	parameters
	Unit
	SMAS1
	LMAS2
	AHWS3
	BWS4
	WSBWS5
	GHWS6
	SHGWS7
	MSWS8
	Range
	


X̅
	


SD

	

HCO3
	

mg/l
	360
	

380
	

362
	

370
	

334
	

348
	393
	

320
	320 -393
	

358.37
	

23.88

	CO3
	mg/l
	10
	 
	 
	 
	 
	 
	 
	 
	10-44
	26.75
	12.464

	
	
	
	28
	18
	40
	32
	12
	44
	30
	
	
	

	Fecal coli form
	cfu/100ml
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	

	Total coli form
	cfu/100ml
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



                                     Data source (From: laboratory analysis, 2018)
Appendix:-3 Interaction between Sources of water and rock
Sample Code           Source of Water                   Surrounding Of Rock Particles
SMAS1                      protected                                   low hard rock
LMAS2                      protected                                  medium hard rock
AHWS3                     protected                                   medium hard rock
BWS4                        unprotected                               low hard rock
WSBWS5                  unprotected                               medium hard rock
GHWS6	       protected                                  low hard rock
SHGWS7                   unprotected                               high hard rock
MSWS8                     ½ protected                              medium hard rock




Appendix:-4 Socio-demographic characteristics of respondents

S/No              Characteristics         Frequency                                   Percentage (%)
1. Gender              (N=63)                                    
                                Male                 38                                                  60.3
                                Female             25                                                  39.7
2 .Age category

18-28                                      7                                                  11.11
29-39                                      20                                                31.75
40-50                                      18                                                28.57
51-61                                       8                                                 12.69        
>61	 10                                                15.87
3. Educational level
       Not educated                              11                                                 17.46
       Non formal education                 14                                                22.22
        Primary                                      12                                                19.05
        Secondary                                   9                                                 14.28
        College                                       10                                                15.87
        University                                    7                                                11.11
4. Occupation
       Farming                                      13                                                   20.63
       Daily labour                                22                                                   34.9
       Private employed                        20                                                   31.75
Government employed                8                                                    12.7

	Statistics




	   Appendix:- 5 Descriptive Statistics value for physico-chemical and bacteriological groundwater quality


	
	N
	Range
	Minimum
	Maximum
	Mean
	Std. Deviation
	Variance

	Parameters
	Statistic
	Statistic
	Statistic
	Statistic
	Statistic
	Std. Error
	Statistic
	Statistic

	PH         (PH-scale)
	8
	.85
	7.05
	7.90
	7.4875
	.09625
	.27223
	.074

	Temperature (°c)
	8
	25.60
	30.40
	56.00
	42.8750
	2.96038
	8.37321
	70.111

	Turbidity   (NTU)
	8
	.92
	.00
	.92
	.2588
	.12835
	.36302
	.132

	TDS        ( mg/l)
	8
	816.00
	514.00
	1330.00
	8.0962E2
	87.54202
	247.60622
	6.131E4

	EC          (µs/cm)
	8
	1642.00
	1028.00
	2670.00
	1.6251E3
	1.76228E2
	498.44686
	2.484E5

	TH          (mg/l)
	8
	21.00
	15.00
	36.00
	26.8750
	2.39372
	6.77047
	45.839

	K             (mg/l)
	8
	51.00
	21.00
	72.00
	33.2500
	5.73134
	16.21067
	262.786

	Alkalinity (mg/l)
	8
	25.00
	395.00
	420.00
	4.0750E2
	3.12821
	8.84792
	78.286

	Ca           (mg/l)
	8
	31.00
	24.00
	55.00
	40.6250
	3.87730
	10.96667
	120.268

	Mg           (mg/l)
	8
	5.00
	2.00
	7.00
	4.6875
	.63343
	1.79160
	3.210

	Fe            (mg/l)
	8
	.04
	.00
	.04
	.0150
	.00535
	.01512
	.000

	COD        (mg/l)
	8
	1300.00
	.00
	1300.00
	2.5062E2
	1.53926E2
	435.36879
	1.895E5

	BOD        (mg/l)
	8
	390.00
	.00
	390.00
	75.1875
	46.17783
	130.61064
	1.706E4

	NH3        (mg/l)
	8
	.96
	.00
	.96
	.3988
	.14048
	.39733
	.158

	NO3        (mg/l)
	8
	.76
	1.25
	2.01
	1.5862
	.10632
	.30071
	.090

	SO4        (mg/l)
	8
	6.00
	3.00
	9.00
	5.7500
	.75000
	2.12132
	4.500

	F             (mg/l)
	8
	29.80
	3.20
	33.00
	10.6125
	3.67027
	10.38109
	107.767

	HCO3     (mg/l)
	8
	73.00
	320.00
	393.00
	3.5838E2
	8.44295
	23.88028
	570.268

	CO3       (mg/l)
	8
	34.00
	10.00
	44.00
	26.7500
	4.40677
	12.46423
	155.357

	FC       (cfu/100ml)
	8
	.00
	.00
	.00
	.0000
	.00000
	.00000
	.000

	TC     (cfu/100ml)	
	8
	.00
	.00
	.00
	.0000
	.00000
	.00000
	.000

	Valid N (list wise)
	8
	
	
	
	
	
	
	









Appendix: -6 correlation values between Physico-chemical and bacteriological groundwater quality

	Parameters
	
	pH
	Temperature
	Turbidity
	TDS
	EC
	TH
	K
	Alkalinity
	Ca
	Mg
	Fe
	COD
	BOD
	NH3
	NO3
	SO4
	F
	HCO3
	CO3
	FC
	TC

	pH
	Pearson Correlation
	1
	.258
	.006
	.105
	.103
	-.342
	.619
	.448
	-.770*
	-.185
	.642
	-.173
	-.173
	-.011
	-.118
	-.303
	.504
	.071
	.323
	.a
	.a

	
	Sig. (2-tailed)
	
	.538
	.989
	.804
	.809
	.407
	.102
	.266
	.025
	.661
	.086
	.682
	.682
	.980
	.782
	.466
	.203
	.867
	.435
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	Temperature
	Pearson Correlation
	.258
	1
	.130
	.293
	.291
	.146
	.753*
	.687
	-.218
	-.086
	-.336
	.273
	.273
	.061
	-.049
	.345
	.833*
	.463
	.945**
	.a
	.a

	
	Sig. (2-tailed)
	.538
	
	.759
	.481
	.484
	.731
	.031
	.060
	.603
	.840
	.415
	.513
	.513
	.886
	.908
	.403
	.010
	.248
	.000
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	Turbidity
	Pearson Correlation
	.006
	.130
	1
	.189
	.203
	.123
	-.177
	.272
	.381
	-.787*
	-.342
	.075
	.075
	.822*
	.685
	.628
	-.097
	-.805*
	.311
	.a
	.a

	
	Sig. (2-tailed)
	.989
	.759
	
	.654
	.629
	.771
	.676
	.515
	.352
	.020
	.407
	.860
	.860
	.012
	.061
	.095
	.819
	.016
	.454
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	TDS
	Pearson Correlation
	.105
	.293
	.189
	1
	1.000**
	-.475
	-.113
	.305
	-.389
	-.227
	-.098
	.888**
	.888**
	.094
	-.149
	.081
	.184
	-.050
	.258
	.a
	.a

	
	Sig. (2-tailed)
	.804
	.481
	.654
	
	.000
	.234
	.790
	.463
	.341
	.590
	.818
	.003
	.003
	.825
	.725
	.850
	.663
	.906
	.538
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	EC
	Pearson Correlation
	.103
	.291
	.203
	
1.000**
	1
	-.471
	-.116
	.301
	-.379
	-.235
	-.110
	.888**
	.888**
	.102
	-.139
	.093
	.177
	-.064
	.257
	.a
	.a

	
	Sig. (2-tailed)
	.809
	.484
	.629
	.000
	
	.239
	.785
	.468
	.354
	.576
	.795
	.003
	.003
	.809
	.743
	.826
	.675
	.880
	.539
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	TH
	Pearson Correlation
	-.342
	.146
	.123
	-.475
	-.471
	1
	.188
	.364
	.707*
	-.074
	-.412
	-.519
	-.519
	.203
	.675
	.037
	.078
	-.044
	.011
	.a
	.a

	
	Sig. (2-tailed)
	.407
	.731
	.771
	.234
	.239
	
	.656
	.376
	.050
	.861
	.311
	.187
	.187
	.629
	.066
	.930
	.855
	.918
	.979
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	

Parameters
	


	pH
	Temperature
	Turbidity
	TDS
	EC
	TH
	K
	Alkalinity
	    Ca
	Mg
	Fe
	COD
	BOD
	NH3
	NO3
	SO4
	F
	HCO3
	CO3
	FC
	TC

	

K
	

Pearson Correlation
	

.619
	

.753*
	

-.177
	

-.113
	

-.116
	

.188
	

1
	

.577
	

-.446
	

.183
	

.041
	

-.187
	

-.187
	

-.262
	

-.158
	

-.098
	

.870**
	

.568
	

.695
	
.a
	
.a

	
	Sig. (2-tailed)
	.102
	.031
	.676
	.790
	.785
	.656
	
	.135
	.268
	.665
	.924
	.658
	.658
	.531
	.709
	.818
	.005
	.142
	.056
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	Alkalinity
	Pearson Correlation
	.448
	.687
	.272
	.305
	.301
	.364
	.577
	1
	-.146
	-.462
	.064
	-.008
	-.008
	.387
	.455
	-.030
	.663
	.067
	.602
	.a
	.a

	
	Sig. (2-tailed)
	.266
	.060
	.515
	.463
	.468
	.376
	.135
	
	.729
	.249
	.880
	.985
	.985
	.344
	.257
	.943
	.073
	.874
	.114
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	Ca
	Pearson Correlation
	-.770*
	-.218
	.381
	-.389
	-.379
	.707*
	-.446
	-.146
	1
	-.250
	-.599
	-.298
	-.298
	.447
	.661
	.450
	-.505
	-.425
	-.251
	.a
	.a

	
	Sig. (2-tailed)
	.025
	.603
	.352
	.341
	.354
	.050
	.268
	.729
	
	.550
	.117
	.474
	.474
	.267
	.074
	.263
	.202
	.293
	.549
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	Mg
	Pearson Correlation
	-.185
	-.086
	.787*
	-.227
	-.235
	-.074
	.183
	-.462
	-.250
	1
	-.066
	.091
	.091
	-.968**
	.734*
	-.493
	.201
	.704
	-.161
	.a
	.a

	
	Sig. (2-tailed)
	.661
	.840
	.020
	.590
	.576
	.861
	.665
	.249
	.550
	
	.877
	.830
	.830
	.000
	.038
	.214
	.634
	.051
	.704
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	Fe
	Pearson Correlation
	.642
	-.336
	-.342
	-.098
	-.110
	-.412
	.041
	.064
	-.599
	-.066
	1
	-.335
	-.335
	-.063
	-.184
	-.624
	-.019
	.046
	-.296
	.a
	.a

	
	Sig. (2-tailed)
	.086
	.415
	.407
	.818
	.795
	.311
	.924
	.880
	.117
	.877
	
	.418
	.418
	.882
	.663
	.099
	.965
	.915
	.477
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	COD
	Pearson Correlation
	-.173
	.273
	.075
	.888**
	.888**
	-.519
	-.187
	-.008
	-.298
	.091
	-.335
	1
	1.000**
	-.149
	-.398
	.166
	.161
	.105
	.272
	.a
	.a

	
	Sig. (2-tailed)
	.682
	.513
	.860
	.003
	.003
	.187
	.658
	.985
	.474
	.830
	.418
	
	.000
	.726
	.329
	.694
	.703
	.805
	.514
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	BOD
	Pearson Correlation
	-.173
	.273
	.075
	.888**
	.888**
	-.519
	-.187
	-.008
	-.298
	.091
	-.335
	1.000**
	1
	-.149
	-.398
	.166
	.161
	.105
	.272
	.a
	.a

	
	Sig. (2-tailed)
	.682
	.513
	.860
	.003
	.003
	.187
	.658
	.985
	.474
	.830
	.418
	.000
	
	.726
	.329
	.694
	.703
	.805
	.514
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	
Parameters
	

	pH
	Temperature
	Turbidity
	TDS
	EC
	TH
	K
	Alkalinity
	Ca
	Mg
	Fe
	COD
	BOD
	NH3
	NO3
	SO4
	F
	HCO3
	CO3
	FC
	TC

	


NH3
	

Pearson Correlation
	-.011
	.061
	.822*
	.094
	.102
	.203
	-.262
	.387
	.447
	.968**
	-.063
	-.149
	-.149
	1
	.796*
	.574
	-.259
	.722*
	.150
	.a
	.a

	
	Sig. (2-tailed)
	.980
	.886
	.012
	.825
	.809
	.629
	.531
	.344
	.267
	.000
	.882
	.726
	.726
	
	.018
	.137
	.535
	.043
	.723
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	NO3
	Pearson Correlation
	-.118
	-.049
	.685
	-.149
	-.139
	.675
	-.158
	.455
	.661
	-.734*
	-.184
	-.398
	-.398
	.796*
	1
	.258
	-.210
	-.690
	-.048
	.a
	.a

	
	Sig. (2-tailed)
	.782
	.908
	.061
	.725
	.743
	.066
	.709
	.257
	.074
	.038
	.663
	.329
	.329
	.018
	
	.537
	.618
	.058
	.910
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	SO4
	Pearson Correlation
	-.303
	.345
	.628
	.081
	.093
	.037
	-.098
	-.030
	.450
	-.493
	-.624
	.166
	.166
	.574
	.258
	1
	-.163
	-.297
	.419
	.a
	.a

	
	Sig. (2-tailed)
	.466
	.403
	.095
	.850
	.826
	.930
	.818
	.943
	.263
	.214
	.099
	.694
	.694
	.137
	.537
	
	.699
	.475
	.302
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	F
	Pearson Correlation
	.504
	.833*
	-.097
	.184
	.177
	.078
	.870**
	.663
	-.505
	.201
	-.019
	.161
	.161
	-.259
	-.210
	-.163
	1
	.557
	.816*
	.a
	.a

	
	Sig. (2-tailed)
	.203
	.010
	.819
	.663
	.675
	.855
	.005
	.073
	.202
	.634
	.965
	.703
	.703
	.535
	.618
	.699
	
	.151
	.014
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	HCO3
	Pearson Correlation
	.071
	.463
	.805*
	-.050
	-.064
	-.044
	.568
	.067
	-.425
	.704
	.046
	.105
	.105
	.722*
	-.690
	-.297
	.557
	1
	.297
	.a
	.a

	
	Sig. (2-tailed)
	.867
	.248
	.016
	.906
	.880
	.918
	.142
	.874
	.293
	.051
	.915
	.805
	.805
	.043
	.058
	.475
	.151
	
	.474
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	CO3
	Pearson Correlation
	.323
	.945**
	.311
	.258
	.257
	.011
	.695
	.602
	-.251
	-.161
	-.296
	.272
	.272
	.150
	-.048
	.419
	.816*
	.297
	1
	.a
	.a

	
	Sig. (2-tailed)
	.435
	.000
	.454
	.538
	.539
	.979
	.056
	.114
	.549
	.704
	.477
	.514
	.514
	.723
	.910
	.302
	.014
	.474
	
	.
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	FC
	Pearson Correlation
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a

	
	Sig. (2-tailed)
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	
	.

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	TC
	Pearson Correlation
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a
	.a

	
	Sig. (2-tailed)
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	

	
	N
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8

	

*. Correlation is significant at the 0.05 level (2-tailed).
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a. Cannot be computed because at least one of the variables is constant.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	**. Correlation is significant at the 0.01 level (2-tailed).
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




























Appendix: -7ANOVA results for groundwater sample

	

	Parameters
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Temperature
	Between Groups
	490.775
	7
	70.111
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	490.775
	7
	
	
	

	Turbidity
	Between Groups
	.922
	7
	.132
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	.922
	7
	
	
	

	TDS
	Between Groups
	429161.875
	7
	61308.839
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	429161.875
	7
	
	
	

	EC
	Between Groups
	1739144.875
	7
	248449.268
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	1739144.875
	7
	
	
	

	TH
	Between Groups
	320.875
	7
	45.839
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	320.875
	7
	
	
	

	K
	Between Groups
	1839.500
	7
	262.786
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	1839.500
	7
	
	
	

	Alkalinity
	Between Groups
	548.000
	7
	78.286
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	548.000
	7
	
	
	

	Ca
	Between Groups
	841.875
	7
	120.268
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	841.875
	7
	
	
	

	Mg
	Between Groups
	22.469
	7
	3.210
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	22.469
	7
	
	
	

	

	Parameters
	Sum of Squares
	      df
	Mean Square
	F
	Sig.

	


Fe
	

Between Groups
	

002
	
                7
	.000
	
	

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	.002
	7
	
	
	

	COD
	Between Groups
	1326821.875
	7
	189545.982
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	1326821.875
	7
	
	
	

	BOD
	Between Groups
	119413.969
	7
	17059.138
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	119413.969
	7
	
	
	

	NH3
	Between Groups
	1.105
	7
	.158
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	1.105
	7
	
	
	

	NO3
	Between Groups
	.633
	7
	.090
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	.633
	7
	
	
	

	SO4
	Between Groups
	31.500
	7
	4.500
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	31.500
	7
	
	
	

	F
	Between Groups
	754.369
	7
	107.767
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	754.369
	7
	
	
	

	HCO3
	Between Groups
	3991.875
	7
	570.268
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	3991.875
	7
	
	
	

	CO3
	Between Groups
	1087.500
	7
	155.357
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	1087.500
	7
	
	
	

	FC
	Between Groups
	.000
	7
	.000
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	.000
	7
	
	
	

	TC
	Between Groups
	.000
	7
	.000
	.
	.

	
	Within Groups
	.000
	0
	.
	
	

	
	Total
	.000
	7
	
	
	





	
Appendix: -8  Correlation results for sanitary condition


	Sanitation related issues
	 
	Solid wastes recycled for agriculture
	Water points should be periodically clean
	Drainage lines used for liquid waste disposal
	Rainy season wastes weredischarge into water points
	Around water points washing your body and clothes
	Toilet facility

	Solid wastes recycled for agriculture
	Pearson Correlation
	1
	-0.006
	.271*
	-0.073
	.281*
	.319*

	
	Sig. (2-tailed)
	 
	0.962
	0.032
	0.572
	0.026
	0.011

	
	N
	63
	63
	63
	63
	63
	63

	Water points should be periodically clean
	Pearson Correlation
	-0.006
	1
	-0.201
	-0.043
	-0.009
	-0.171

	
	Sig. (2-tailed)
	0.962
	 
	0.114
	0.74
	0.943
	0.181

	
	N
	63
	63
	63
	63
	63
	63

	Drainage e lines used for liquid waste disposal
	Pearson Correlation
	.271*
	-0.201
	1
	0.189
	0.15
	0.058

	
	Sig. (2-tailed)
	0.032
	0.114
	 
	0.139
	0.241
	0.651

	
	N
	63
	63
	63
	63
	63
	63

	Rainy season wastes were discharge into water points
	Pearson Correlation
	-0.073
	-0.043
	0.189
	1
	0.065
	-0.093

	
	Sig. (2-tailed)
	0.572
	0.74
	0.139
	 
	0.615
	0.469

	
	N
	63
	63
	63
	63
	63
	63

	Around water points washing your body and clothes
	Pearson Correlation
	.281*
	-0.009
	0.15
	0.065
	1
	0.194

	
	Sig. (2-tailed)
	0.026
	0.943
	0.241
	0.615
	 
	0.128

	
	N
	63
	63
	63
	63
	63
	63

	Toilet facility
	Pearson Correlation
	.319*
	-0.171
	0.058
	-0.093
	0.194
	1

	
	Sig. (2-tailed)
	0.011
	0.181
	0.651
	0.469
	0.128
	 

	
	N
	63
	63
	63
	63
	63
	63

	
*. Correlation is significant at the 0.05  level   (2-tailed).
	 
	 
	 
	 
	 



Appendix: -9 Correlation results for groundwater quality

	Assessing groundwater quality
	 
	Water points found in lowland
	Ground water is safe for human health
	Drinking water without pump comes from groundwater
	Firm and woreda to focus on the groundwater quality
	Groundwater is hot
	Factories waste discharge into water points
	Animal grazing around water points
	Water points polluted by agrochemicals

	Water points found in lowland
	Pearson Correlation
	1
	-0.031
	-0.106
	-0.097
	-0.141
	0.068
	0.101
	0.033

	
	Sig. (2-tailed)
	 
	0.812
	0.408
	0.449
	0.269
	0.597
	0.433
	0.799

	
	N
	63
	63
	63
	63
	63
	63
	63
	63

	Groundwater is safe for human health
	Pearson Correlation
	-0.031
	1
	-0.09
	0.018
	.267*
	0.074
	-0.089
	0.059

	
	Sig. (2-tailed)
	0.812
	 
	0.482
	0.891
	0.035
	0.565
	0.487
	0.645

	
	N
	63
	63
	63
	63
	63
	63
	63
	63

	Drinking water without pump comes from groundwater
	Pearson Correlation
	-0.106
	-0.09
	1
	0.061
	-0.125
	0.004
	-0.235
	0.124

	
	Sig. (2-tailed)
	0.408
	0.482
	 
	0.635
	0.329
	0.975
	0.064
	0.334

	
	N
	63
	63
	63
	63
	63
	63
	63
	63

	Firm and woreda to focus on the groundwater quality
	Pearson Correlation
	-0.097
	0.018
	0.061
	1
	-0.008
	.277*
	0.036
	0.146

	
	Sig. (2-tailed)
	0.449
	0.891
	0.635
	 
	0.953
	0.028
	0.781
	0.253

	
	N
	63
	63
	63
	63
	63
	63
	63
	63

	Groundwater is hot
	Pearson Correlation
	-0.141
	.267*
	-0.125
	-0.008
	1
	-0.2
	-0.064
	-0.015

	
	Sig. (2-tailed)
	0.269
	0.035
	0.329
	0.953
	 
	0.116
	0.618
	0.904

	
	N
	63
	63
	63
	63
	63
	63
	63
	63

	Factories waste discharge into water points
	Pearson Correlation
	0.068
	0.074
	0.004
	.277*
	-0.2
	1
	0.078
	0.068

	
	Sig. (2-tailed)
	0.597
	0.565
	0.975
	0.028
	0.116
	 
	0.541
	0.596

	
	N
	63
	63
	63
	63
	63
	63
	63
	63

	Assessing groundwater quality
	 Water points found in lowland
	Ground water is safe for human health
	Drinking water without pump comes from groundwater
	Firm and woreda to focus on the groundwater quality
	Groundwater is hot
	Factories waste discharge into water points
	Animal grazing around water points
	Water points polluted by agrochemicals

	Animal grazing around water points
	Pearson Correlation
	0.101
	-0.089
	-0.235
	0.036
	-0.064
	0.078
	1
	0.003

	
	Sig. (2-tailed)
	0.433
	0.487
	0.064
	0.781
	0.618
	0.541
	 
	0.98

	
	N
	63
	63
	63
	63
	63
	63
	63
	63

	Water points polluted by agrochemicals
	Pearson Correlation
	0.033
	0.059
	0.124
	0.146
	-0.015
	0.068
	0.003
	1

	
	Sig. (2-tailed)
	0.799
	0.645
	0.334
	0.253
	0.904
	0.596
	0.98
	 

	
	N
	63
	63
	63
	63
	63
	63
	63
	63

	

*. Correlation is significant at the 0.05 level (2-tailed).
	 
	 
	 
	 
	 
	 
	 















Appendix: -10 Descriptive statistics for dental and skeletal fluorosis
                         Dependent Variable: Dental fluorosis
	age 
	male
	female
	Dental fluorosis
	Mean
	Std. Deviation
	N

	
	0
	1
	0
	1.0000
	.00000
	7

	
	
	
	1
	.0000
	.00000
	18

	
	
	
	Total
	.2800
	.45826
	25

	
	
	Total
	0
	1.0000
	.00000
	7

	
	
	
	1
	.0000
	.00000
	18

	
	
	
	Total
	.2800
	.45826
	25

	
	1
	0
	0
	1.0000
	.00000
	11

	
	
	
	1
	.0000
	.00000
	27

	
	
	
	Total
	.2895
	.45961
	38

	
	
	Total
	0
	1.0000
	.00000
	11

	
	
	
	1
	.0000
	.00000
	27

	
	
	
	Total
	.2895
	.45961
	38

	
	Total
	0
	0
	1.0000
	.00000
	11

	
	
	
	1
	.0000
	.00000
	27

	
	
	
	Total
	.2895
	.45961
	38

	
	
	1
	0
	1.0000
	.00000
	7

	
	
	
	1
	.0000
	.00000
	18

	
	
	
	Total
	.2800
	.45826
	25

	
	
	Total
	0
	1.0000
	.00000
	18

	
	
	
	1
	.0000
	.00000
	45

	
	
	
	Total
	.2857
	.45538
	63

	Total
	0
	1
	0
	1.0000
	.00000
	7

	
	
	
	1
	.0000
	.00000
	18

	
	
	
	Total
	.2800
	.45826
	25

	
	
	Total
	0
	1.0000
	.00000
	7

	
	
	
	1
	.0000
	.00000
	18

	
	
	
	
	
	
	

	
	
	
	Total
	.2800
	.45826
	25

	
	1
	0
	0
	1.0000
	.00000
	11

	
	
	
	1
	.0000
	.00000
	27

	
	
	
	Total
	.2895
	.45961
	38

	
	
	Total
	0
	1.0000
	.00000
	11

	
	
	
	1
	.0000
	.00000
	27

	
	
	
	Total
	.2895
	.45961
	38

	
	Total
	0
	0
	1.0000
	.00000
	11

	
	
	
	1
	.0000
	.00000
	27

	
	
	
	Total
	.2895
	.45961
	38

	
	
	1
	0
	1.0000
	.00000
	7

	
	
	
	1
	.0000
	.00000
	18

	
	
	
	Total
	.2800
	.45826
	25

	
	
	Total
	0
	1.0000
	.00000
	18

	
	
	
	1
	.0000
	.00000
	45

	
	
	
	Total
	.2857
	.45538
	63




	

	
        










	

	      
                       Dependent Variable: skeletal fluorosis

	

	male
	female
	Skeletal fluorosis
	Mean
	Std. Deviation
	N

	0
	1
	0
	1.0000
	.00000
	18

	
	
	1
	.0000
	.00000
	7

	
	
	Total
	.7200
	.45826
	25

	
	Total
	0
	1.0000
	.00000
	18

	
	
	1
	.0000
	.00000
	7

	
	
	Total
	.7200
	.45826
	25

	1
	0
	0
	1.0000
	.00000
	27

	
	
	1
	.0000
	.00000
	11

	
	
	Total
	.7105
	.45961
	38

	
	Total
	0
	1.0000
	.00000
	27

	
	
	1
	.0000
	.00000
	11

	
	
	Total
	.7105
	.45961
	38

	Total
	0
	0
	1.0000
	.00000
	27

	
	
	1
	.0000
	.00000
	11

	
	
	Total
	.7105
	.45961
	38

	
	1
	0
	1.0000
	.00000
	18

	
	
	1
	.0000
	.00000
	7

	
	
	Total
	.7200
	.45826
	25

	
	Total
	0
	1.0000
	.00000
	45

	
	
	1
	.0000
	.00000
	18

	
	
	Total
	.7143
	.45538
	63



	

	

Appendix: -11  Descriptive values for dental and skeletal fluorosis with sex
                             
                        Dental fluorosis


	
	
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	Dependent variable
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Dental fluorosis
	0
	45
	1.0000
	.00000
	.00000
	1.0000
	1.0000
	1.00
	1.00

	
	1
	18
	.0000
	.00000
	.00000
	.0000
	.0000
	.00
	1.00

	
	Total
	63
	.7143
	.45538
	.05737
	.5996
	.8290
	.00
	1.00

	male
	0
	45
	.6000
	.49543
	.07385
	.4512
	.7488
	.00
	1.00

	
	1
	18
	.6111
	.50163
	.11824
	.3617
	.8606
	.00
	1.00

	
	Total
	63
	.6032
	.49317
	.06213
	.4790
	.7274
	.00
	1.00

	female
	0
	45
	.4000
	.49543
	.07385
	.2512
	.5488
	.00
	1.00

	
	1
	18
	.3889
	.50163
	.11824
	.1394
	.6383
	.00
	1.00

	
	Total
	63
	.3968
	.49317
	.06213
	.2726
	.5210
	.00
	1.00



	                                                skeletal fluorosis 

	

	
	
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	Dependent variable
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Skeletal fluorosis
	0
	18
	1.0000
	.00000
	.00000
	1.0000
	1.0000
	1.00
	1.00

	
	1
	45
	.0000
	.00000
	.00000
	.0000
	.0000
	.00
	.00

	
	Total
	63
	.2857
	.45538
	.05737
	.1710
	.4004
	.00
	1.00

	male
	0
	18
	.6111
	.50163
	.11824
	.3617
	.8606
	.00
	1.00

	
	1
	45
	.6000
	.49543
	.07385
	.4512
	.7488
	.00
	1.00

	
	Total
	63
	.6032
	.49317
	.06213
	.4790
	.7274
	.00
	1.00

	female
	0
	18
	.3889
	.50163
	.11824
	.1394
	.6383
	.00
	1.00

	
	1
	45
	.4000
	.49543
	.07385
	.2512
	.5488
	.00
	1.00

	
	Total
	63
	.3968
	.49317
	.06213
	.2726
	.5210
	.00
	1.00
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Appendix: -16 ANOVA values for effects of groundwater contamination on the community
                           Dental fluorosis





Appendix: -12 ANOVA results for dental and skeletal fluorosis

                                           Dental fluorosis
	Dependent variable
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Dental fluorosis
	Between Groups
	12.857
	1
	12.857
	.
	.

	
	Within Groups
	.000
	61
	.000
	
	

	
	Total
	12.857
	62
	
	
	

	male
	Between Groups
	.002
	1
	.002
	.006
	.936

	
	Within Groups
	15.078
	61
	.247
	
	

	
	Total
	15.079
	62
	
	
	

	female
	Between Groups
	.002
	1
	.002
	.006
	.936

	
	Within Groups
	15.078
	61
	.247
	
	

	
	Total
	15.079
	62
	
	
	


	
                       
                                              Skeletal fluorosis

	Dependent variable
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Skeletal fluorosis
	Between Groups
	12.857
	1
	12.857
	.
	.

	
	Within Groups
	.000
	61
	.000
	
	

	
	Total
	12.857
	62
	
	
	

	male
	Between Groups
	.002
	1
	.002
	.006
	.936

	
	Within Groups
	15.078
	61
	.247
	
	

	
	Total
	15.079
	62
	
	
	

	female
	Between Groups
	.002
	1
	.002
	.006
	.936

	
	Within Groups
	15.078
	61
	.247
	
	

	
	Total
	15.079
	62
	
	
	

	
	
	
	
	
	
	










Appendix: -13 Correlations analysis for impact of groundwater quality on human health

	
Effects of groundwater contamination
	male

	female

	dental fluorosis

	skeletal fluorosis


	male
	Pearson Correlation
	1
	-1.000**
	-.010
	.010

	
	Sig. (2-tailed)
	
	.000
	.936
	.936

	
	Sum of Squares and Cross-products
	15.079
	-15.079
	-.143
	.143

	
	Covariance
	.243
	-.243
	-.002
	.002

	
	N
	63
	63
	63
	63

	female
	Pearson Correlation
	-1.000**
	1
	.010
	-.010

	
	Sig. (2-tailed)
	.000
	
	.936
	.936

	
	Sum of Squares and Cross-products
	-15.079
	15.079
	.143
	-.143

	
	Covariance
	-.243
	.243
	.002
	-.002

	
	N
	63
	63
	63
	63

	Dental fluorosis
	Pearson Correlation
	-.010
	.010
	1
	-1.000**

	
	Sig. (2-tailed)
	.936
	.936
	
	.000

	
	Sum of Squares and Cross-products
	-.143
	.143
	12.857
	-12.857

	
	Covariance
	-.002
	.002
	.207
	-.207

	
	N
	63
	63
	63
	63

	Skeletal fluorosis
	Pearson Correlation
	.010
	-.010
	-1.000**
	1

	
	Sig. (2-tailed)
	.936
	.936
	.000
	

	
	Sum of Squares and Cross-products
	.143
	-.143
	-12.857
	12.857

	
	Covariance
	.002
	-.002
	-.207
	.207

	
	N
	63
	63
	63
	63

	
	
	



Appendix: -14 Research Questionnaires

Part One.  Research questioners’ for respondent’s background 
1. What is your sex? ________
2. How old are you? ___________
3. What is the highest level of education you have attained, please select the appropriate letter.
A. Primary B. secondary C. college D. University E. Not educated  F. non formal educ
4. What is your occupation? _________________________
 5. What is your annual household income? Please select the appropriate letter.
     A. 1000-3000 birr B. 4000-6000 birr C.7000-9000 birr D.>9000 birr
Part Two. Research questioners for assessing the sanitary condition of Bilate Tobacco Development Farm
1. Are there any Solid wastes recycled for agricultural purpose?
	Yes



	No


2.  Do you think water points should be periodically clean?
	Yes



	No


3. Is there any drainage lines used for Liquid waste disposal in the area? 
	Yes
	
	 No



4. Is there rainy season wastes were discharge into water points?
	Yes



	No


5. Contact between groundwater pipes with solid or liquid wastes? 
	Yes



	No



6. Is the area around water points washing your body and clothes?
	Yes


	No




7. Toilet facility 
	 Private


	common



                    
Part Three. Research questionnaire to assess the knowledge, attitude and practice of Bilate Tobacco Development Farm society on Groundwater Quality           
1. Have water points found in lowland area?
	Yes


	No


	

2. Do you know the groundwater is safe for human health?
	Yes


	No


                                             

3. If No what factors do you consider it has?__________________________________________
______________________________________________________________________________
4. Do you think groundwater is safe for dental health?
	Yes


	No



    
5. Do you think groundwater is safe for skeletal health?
	yes


	No


                           

6. Do you have drinking water without pump comes from groundwater?

	Yes



	No



7. Have spring water contains excessive amount of fluorine?
	Yes
	
	No


8. If yes what types of corrective measure you think? ___________________________________
______________________________________________________________________________
9. Is the firm and woreda to focus on the groundwater quality?
	Yes



	No


10. If No what is the problem do you imagine? _______________________________________
______________________________________________________________________________	
11. Are there groundwater is hot?
	Yes
	
	No


12. Is there factories waste discharge in to water points? 
	Yes


	No




13. If yes describe the reason behind? _______________________________________________
______________________________________________________________________________   
14. What are the sources of groundwater? Please select the appropriate letter.
A. protected B. unprotected   C. both  
15. Are there groundwater can be polluted by agrochemicals? 
	Yes


	No	n


16. Do you think animal grazing around water points?
	Yes



	No









 BIOGRAPHICAL SKETCH
Mr. Moges Gezume was born on December 13, 1989 G .C in SNNPR, Bilate tobacco development farm in Duguna Fango Woreda, Wolaita Zone. He attended his basic Education at Bilate tobacco primary school and Bedessa senior secondary education. Then he joined Dilla University Department of Chemistry and graduate with BSc in Chemistry .After his graduation he was employed by Ministry of Education at Damot Gale woreda , Gacheno secondary and preparatory School. Then he joined the school of Graduate study at Hawassa University in Department of Water Resource and Irrigation Engineering Specialization on Water Resources Engineering and Management.



PH	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	7.05	7.3	7.5	7.35	7.45	7.8	7.9	7.55	
TEMPERATURE(°C)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	34.200000000000003	43	41.3	52	42.1	30.4	56	44	
EC(µs/cm)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	1277	1028	1789	2670	1339	1746	1432	1720	
TOTAL DISSOLVED SOLIDS(mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	635	514	896	1330	670	871	717	844	
TURBIDITY(NTU)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	0	0	0.05	0.34	0.70000000000000062	6.0000000000000032E-2	0	0.92	
TOTAL HARDNESS (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	36	24	29	20	30	15	31	30	
TOTAL AKALINITY(mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	400	395	415	410	412	398	420	410	
AMMONIA (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	0	0.21000000000000021	0.71000000000000063	0.30000000000000032	0.9	8.0000000000000043E-2	3.0000000000000002E-2	0.96000000000000063	
POTASSIUM(mg/l) (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	21	33	27	30	26	24	72	33	MAGNESIUM(mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	7	6	3	5	3	5.5	6	2	
CALCIUM (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	55	44	42	34	48	24	28	50	
IRON (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	0	1.0000000000000005E-2	1.2999999999999998E-2	0	2.0000000000000011E-2	4.0000000000000022E-2	2.0000000000000011E-2	0	
NITRATE(mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	1.6700000000000021	1.25	1.78	1.32	1.9200000000000021	1.27	1.47	2.0099999999999998	
SULPHATE (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	4	8	5	7	6	3	4	9	BOD(mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	42	12	22.5	390	0	90	0	45	COD(mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	140	40	75	1300	0	300	0	150	FLUORIDE (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	3.2	5.3	4.4000000000000004	18	12	4.2	33	4.8	
BICARBONATE (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	360	380	362	370	334	348	393	320	
CARBONATE (mg/l)	SMAS1	LMAS2	AHWS3	BWS4	WSBWS5	GHWS6	SHGWS7	MSWS8	10	28	18	40	32	12	44	30	
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Dental Fluorosis in adult
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