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ABSTRACT 

Physicochemical Parameters; it pertains both physical and chemical properties, changes, and reaction. 

The present study conducted to investigate physicochemical parameters of Asebot town tap water quality 

using argentometric method, titration method, Ratio turbidimeters and inductive coupled plasma-optical 

emission spectroscopy method for metal analysis. For all analyses, the whole 3 representative samples 

were randomly selected from different areas of the town. The results were analyzed and interpreted using 

Microsoft excel spread sheet. The results obtained show that Total hardness, EC, Ca (hardness), Total 

alkalinity, iron and chromium metal were above the WHO permissible value. All the remaining 

physicochemical parameters and heavy metal were safe and within the range of acceptable for drinking 

water quality. The results for Total hardness, EC, Ca (hardness), Total alkalinity, total suspended solid, 

iron and chromium metal were found between the ranges387.3-430mg/l, 799-805μs/cm, 98.93-101.33mg/l 

357.33-373.33mg/l, 102.2-11omg/l, 0.737-0.769mg/l and 0.494-1.247mg/l. By contrast, all parameters 

were found within the range of WHO recommended values for drinking water quality. Further study was 

required to draw ultimate conclusion on physicochemical parameters, moreover any concerned body 

should to check the presence of the rest toxic heavy metal that causes health problems on human’s human 

being 

 

 

KEY WORDS: Physicochemical Parameters, WHO standards, ICP-OPS, Asebot, Oromia, 

Ethiopia. 
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CHAPTER ONE 

1. INTRODUCTION 

1.1. Back ground of the Study  

Water is one of the main important a biotic component of the environment. Approximately, 97% 

of the total water is found in oceans, which is not appropriate for drinking, and only 3% is 

considered as fresh water, out of this 2.97% is found as glaciers and ice caps. Only the remaining 

little portion, 0.03%, is obtainable as surface and ground water for human use [1]. Many 

developing regions suffer from either chronic shortage of water or pollution of readily accessible 

water resource [2]. According to UNICEF report, about 800 million in Asia and Africa living 

without access to safe drinking water, this has caused many people to suffer from various water 

related diseases [3]. Water quality is the measure of how good the water is, in terms of supporting 

beneficial uses or meeting its environmental standards. Potable water is the water which is suitable 

for drinking and cooking purposes. Portability considers both the safety of water in terms of health, 

and its acceptability to the consumer, usually in terms of taste, odor, color, and other sensible 

qualities [4].  

Despite the importance of assuring the quality of drinking water, less attention has been given to 

water quality monitoring in Ethiopia. Additionally, there are limited studies in the area of water 

quality monitoring in the country. Water is essential for survival and Our existence is intimately 

connected with the quality of water available to us. Safe drinking water is pivotal for human health. 

Drinking water can be obtained from two types of natural sources; Surface water and ground water 

[2]. The major source of fresh drinking water is found under the Earth’s surface. Groundwater and 

surface water are the two reservoirs mostly used by humans because of their accessibility. Fresh 

groundwater is about 100 times more plentiful than fresh surface water, but we frequently use 

more surface water since it is easily accessible. Much of the total groundwater volume lies deep in 

the crust and too saline for most uses [1]. Water is one of the essentials that supports all forms of 

plant and animal life, Surface water such as fresh water lakes, rivers, streams, etc. and ground 

water such as borehole water and well water [6]. Water has unique chemical properties due to its 

polarity and hydrogen bonds which means it is able to dissolve, absorb, adsorb or suspend many 
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different compounds [7], thus, in nature, water is not pure as it acquires contaminants from its 

surrounding and those arising from humans and animals as well as other biological activities [8].  

Fresh water resource (rain, sea, and ground water) is one of the major components of 

environmental resources that are under threat either from over exploitation or pollution by human 

activities on the earth surfaces [9].  

Among the two sources of water groundwater is found in underground or subsurface water. 

Groundwater comes from surface water percolating through overlying soils and it resides in the 

pore spaces between particles of soil and other geologic materials. Formations that have all the 

pore spaced saturated with water are called saturated zones or aquifers. The top of the aquifer is 

called the water table. Aquifers typically consist of gravel, sand, sandstone, or fractured rock, like 

limestone. These materials are permeable because they have large connected spaces that allow 

water to flow through.   The amount of ground water and the speed at which groundwater flows 

depends on the size of the spaces in the soil or rock and how well the spaces are connected [5]. 

Groundwater is located in an underground, saturated zone but can intercept surface water. Water 

wells extend into aquifers to allow water to be collected and pumped to the surface. Because of its 

capability to solubilize the pure water is not found in nature. Dissolved scrums include minerals, 

organic compounds and gases that change the physical (turbidity, color, temperature, electrical 

conductivity), chemical (chemical and biological demand for oxygen, pH, alkalinity, total organic 

carbon) and biological characteristics of water, whose effect depends on the composition, 

concentration and chemical reactions between pollutants [67]. Some impurities can be easily 

recognized only by evaluating the taste, odor and turbidity of the water because pure water remains 

tasteless, colorless and odorless. However, most impurities cannot be easily sensed and require 

testing to expose whether or not water is contaminated. Physicochemical parameters of water are 

vital to determine the quality of drinking water according to World Health Organization [66]. 
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1.2. Statements of the Problem 

The physicochemical parameters were very essential and important to test the water, before used 

for drinking purpose. Water must be tested with different physicochemical parameters, selection 

of the tested parameters is only depended on the purpose of using that water and extent we need 

its quality and purity. The physicochemical parameter is very important to get idea about the 

quality of water and then we compare the obtained results with international standard value [13]. 

Hard water considered to be water that requires great amount of soap to produce foam and that  

produce scale on water pipes, boilers, cooking utensils, also hard water is appropriate for human 

consumption but it have adverse action with soap for cleaning purpose, although  hard water is 

said to be  causes serious health problems such as  urolithiasis, cardiovascular disorder, kidney 

problems, anencephaly and cancer, because of the challenges raised by hardness in water,  

immediate measures to soften water are inevitable [14]. As a growing town population increase 

from time to time shortage of water and unsafe water was the major problems especially those 

with less economy income faces great challenge. Assessing the current status of Asebot town tap 

water quality is crucial and urgent need. The community says while using this water prevent lather 

formation with soap, develop white precipitation and scale formation on boilers cooking utensils 

this idea initiates me to investigative about current status of Aebot town water supply. This study 

tries to assess suitability of the town tap water for drinking purpose based on physiochemical 

parameters and some heavy metals and figure out the variation from standard of WHO for potable 

drinking water. The quality of drinking water is vital concern to mankind, since it is directly related 

with human lives and to ensure public health. The finding gives evidence that, some 

physicochemical parameters and heavy metal higher value standard this would pose technical 

effect and significant health problems to users unless prompt action under taken. 
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1.3. Objectives of the study  

1.3.1. General Objective 

 To investigate the physicochemical parameters in order to evaluate tap water quality in case of 

Asebot town, Oromia reginal state of Ethiopia.  

1.3.2. Specific Objectives 

• To investigate the physicochemical parameters like, pH, Alkalinity, Electrical conductivity, 

Hardness, Turbidity, Total dissolved solid, Total solid, chloride ion and sulfate ion.   

• To compare those physicochemical parameters with international standard (WHO). 

• To determine hardness of Asebot town tap water supply 

• To determine the concentrations of some selected heavy metal ions like iron, copper, chromium 

and manganese 

1.4. Significance of the study 

The research was conducted to investigate Asebot town tap water quality. The research even if 

conducted with a small number of samples, provide indicative information on physiochemical 

parameters. The research also provides basic information for the treatment and purification of 

water by identifying areas of the problem. Moreover, this study used as base line information about 

current status of tap water. The result of this study could be used by different researcher who 

conducts study in the same area.  

1.5. Limitation of the study 

The study mainly focused on investigation of physiochemical parameters. The tests were 

conducted on small number of samples and hence the results are indicative rather than definitive. 

Furthermore, only selected tests which are very important to achieve the objectives of the research 

have been included. Lack of enough budget, distance of the study area from laboratory some 

physicochemical parameters, bacteriological and some toxic heavy metals not considered in this 

final study 
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                                CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. Water Quality 

Water quality refers to the characteristics of a water supply that will influence its suitability for 

specific use i.e. how well the quality meets the needs of the user; quality is defined by certain 

physical, chemical, and biological characteristics water quality standard has been established to 

regulate substance that potentially affect human health and aesthetic qualities of water [46]. 

2.2. Human Health and Water Quality 

According to Organization for Economic Cooperation and Development [14], water quality is 

mainly related to drinking water, hygiene, sanitation and human health. In many developing 

countries, water supplies are of poor quality often is unsafe for human consumption [15]. The term 

water borne disease is used to describe all infections whose etiologic agents are carried by water 

[14]. These are cholera, bacillary dysentery, enter hemorrhagic Escherichia Coli(E-coli), viral 

hepatitis A, shigellosis, typhoid fever, cryptosporidiosis, giardiasis [16]. Likewise, household 

water treatments such as chlorination at point of use can also achieve 35-39% reduction in diarrheal 

diseases [17]. Human and animal wastes are primary sources of bacteria in drinking water. These 

sources include run off from feedlots, pastures, and other land areas where animal wastes are 

deposited [18,19]. Additional sources include seepage or discharge from septic tanks and sewage 

treatment facilities. Bacteria from these sources can enter wells that are either open at the land 

surface, or do not have water-tight casings or caps [20,18]. Drinking water quality is becoming an 

issue of global human health concern, principally due to water contamination with pathogens and 

potentially toxic chemicals [21]. Water quality refers to the chemical, physical and biological 

characteristics of water. It involves the process of evaluation of the physical, chemical and 

biological nature in relation to natural quality, human effects and intended uses, particularly uses 

which may affect human health and aquatic system. The most common standards used to assess 

water quality relate to health of ecosystems, safety of human contact and drinking water. Water 

quality depends on the local geology and ecosystem, as well as human uses such as use of water 

bodies as sink [22]. The parameters for water quality are determined by the intended use. Water 
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quality tends to be focused on water that is treated for human consumption, water for industrial 

use, or in the environment. Water contaminants that may be present in untreated water include 

microorganisms such as viruses and bacteria, inorganic contaminants such as salts and metals; 

organic chemical contaminants from industrial processes and petroleum use; pesticides and 

herbicides; and radioactive contaminants. Water Quality Standards have been established to 

regulate substances that potentially affect human health, environment and aesthetic qualities of 

water. The World Health Organization (WHO) guideline for Drinking Water Standards, United 

States Specification for Drinking Water and European Union Specification for Drinking Water are 

among the recognized water quality standards. Dissolved minerals may affect suitability of water 

for a range of industrial and domestic purposes. The most familiar of these is the presence of ions 

of calcium and magnesium which interfere with the cleaning action of soap, and can form hard 

sulfate and soft carbonate d Environmental water quality, also called ambient water quality, relates 

to wet significantly due to different environmental conditions, ecosystems, and intended human or 

bodies such as lakes, rivers, and oceans [23]. 

2.3. Water Quality Parameters  

Water quality parameters are classified in to three aspects such as physical, chemical, and 

biological characteristics of water in association to the set of standards. These parameters directly 

connected to the safety of the drinking water to human use. Water quality parameters deliver 

important information about the fitness of a water body. These limits are used to find out the quality 

of water for drinking purpose [24]. Physical aspects of drinking water quality mainly classified as; 

residual chlorine, temperature, color, odor, taste, turbidity, PH, electrical conductivity, and total 

dissolved solids and regards to examination of quality test categorized in to physiochemical and 

aesthetical parameters [83] In water quality, "Parameter" is the usual term used for a substance 

that can be present in raw or treated water. In drinking water, a parameter is not totally relevant, 

unless it is coupled with its concentration. This is highly important, because, as the toxicologists 

like to express: “It is not the substance that may be dangerous, but its concentration” or better 

paraphrased: "It is the dose that defines the poison". This explains why a certain parameter at a 

certain concentration can be considered normal or even desired, while at other concentrations, it is 

a contaminant. Although different drinking water quality standards use the terminology "quality 

criteria", "portability standard", "table of limits", "technical standard", "parameters of water 
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quality" and others, in this document it will use the term "table of parameters and concentrations" 

or "TPC". The TPC is the most visible part of the Drinking Water Quality Standards (DWQS). In 

fact, many professionals even think that the TPC is the standard itself. This stems from the fact 

that the TPC is one of the most consulted part of the standard. It is one of the most important tools 

in any program of drinking water quality surveillance and control, and it has an obvious 

relationship with the treatment demands Characteristics that affect the delicious properties of 

drinking water quality shall be conforming to the level specified [26].  

2.4. Physicochemical parameters of water quality  

It is very important to test the water before it is used for drinking, domestic, agricultural and 

industrial purposes.  Water must be tested with different physicochemical parameters.  Selection 

of parameters for testing water solely depends upon the purpose for what we are going to use the 

water and to what extent we need its quality and purity. Water contains different types of floating, 

dissolved, suspended and microbiological as well as bacteriological impurities. Some physical test 

should be performed for testing of its physical appearance such as temperature, color, odor, pH, 

turbidity, TDS etc. while chemical tests should be performed for its alkalinity, dissolved oxygen, 

hardness and other characters. For obtaining more and more quality and purity water, it should be 

tested for its trace metal, heavy metal contents and organic i.e. pesticide residue [12]  

2.5. Physical aspect of drinking water quality 

2.5.1. pH 

pH is measuring hydrogen ion concentration or activity of an aqueous solution and every aqueous 

solution can be measured to determine its pH value. This value ranges from 0-14 with below pH 

7 exhibiting acidic properties and value above pH 7 exhibiting basic or alkaline properties. pH 7 

is the center of the measurement scale, it is neither acidic nor basic. The pH scale is traceable to 

asset of standard solutions whose pH established by international agreement [80]. pH standard 

values are determined, using concentration cell with transference by a measuring potential 

difference between a measuring electrode and reference electrode such as silver chloride e 

electrode, hence measurement of pH for aqueous solution can be done with a glass electrode and 
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pH meter using indicator or water testing kit measurements area important in medicine, Biology, 

Chemistry, Agriculture, Food science, water treatment and purification and many other application 

[8].  Mathematically pH is the negative logarithm of the activity solvated hydrogen ion more often 

expressed as measurement of hydronium ion concentration [80] 

pH = -log[H-]. Guidelines for drinking water stated that the standard limit of pH for drinking water 

should be 6.5-8.5. [2,28]. pH is one of the most important operational parameters for water 

treatment practices such as disinfection [29,27]. It may be influenced by various factors and 

process, including Temperature, discharge of effluents, acid mine drainage, run off and decay 

process. Low pH level causes severe corrosion of metal in the distribution system while high pH 

values result in progressive decrease in the efficiency of chloride disinfection process [30].  

2.5.2. Electrical Conductivity   

Electrical conductivity is a function of total dissolved solids (TDS) known as ions concentration, 

which determines the quality of water [31]. Electric Conductivity or Total Dissolved Solids is a 

measure of how much, total salt (inorganic ions such as sodium, chloride, magnesium, and calcium) 

is present in the water the more ions the higher the conductivity. Conductivity itself is not a human 

or aquatic health concern, but because it is easily measured, it can serve as an indicator of other 

water quality problems. If the conductivity of a stream suddenly increases, it indicates that there 

is a source of dissolved ions in the vicinity. Therefore, conductivity measurements can be used as 

a quick way to locate potential water quality problems. All-natural waters contain some dissolved 

solids due to the dissolution and weathering of rock and soil. Some but not the entire dissolved 

solids act as conductors and contribute to conductance. Waters with high TDS are unpalatable and 

potentially unhealthy [32].  

2.5.3. Turbidity and Total Suspended Solids 

For water to be aesthetically accepted, its clarity must be ensured. Turbidity is defined as the light 

scattering and absorbing property that prevents light from being transmitted in a straight line 

through the sample. Turbidity may be due to organic and / or inorganic constituents, although it 

does not adversely affect human health, turbidity is an important parameter for effective 

disinfection; median turbidity should be below 1 NTU although turbidity of less than 5NTU is 
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usually acceptable to consumers (WHO, 2004). Turbidity and transparency of water is determined 

by the concentration and nature of Total Suspended Solids (TSS). TSS contains soluble organic 

compounds as well as fine particles of organic and inorganic matter [35]. TSS and turbidity differs 

with time based on biological activity in the water system and type of sediments carried by surface 

run-off. Turbidity highly is influenced by rainfall at a particular point. Turbidity can be related to 

TSS hence turbidity can be used as an indirect measurement for TSS [36]. Turbidity refers to the 

quantity of suspended material, which interferes with light penetration in the water column. Higher 

turbidity can cause temperature and DO stratification in water bodies [37].  

2.5.4. Total dissolved solid 

Total solid refers to the presence of material suspended or dissolved in water is related to both 

electrical conductivity and turbidity. Total solid include both total suspended solid (TSS), the 

portion of total solid retained by a filter and total dissolved solid (TDS), the portion that passes 

through a filter [38]. Total dissolved solid (TDS) are characterized mainly by major an ion and cat 

ions such as carbonate, bicarbonate, sulfate, chloride, nitrate, sodium, calcium, magnesium, and 

potassium [28,39]. World Health Organization has reported that about80% of the health hazards 

occur in world, due to the poor quality of water used for consumption. Water with high TDS 

indicates more ionic concentration, which is inferior and can cause physiological disorders to its 

user. TDS is one of the important factors that determine the suitability of water for various uses 

[40,41]  

2.6. Chemical aspect of drinking water quality 

2.6.1. Types of Hardness 

Temporary hardness and permanent hardness water are caused by a diversity of divalent cations, 

primarily calcium and magnesium. Those cations tend to associated with anions (negatively 

charged ions) in the water to form stable compounds known as salts. Water supply professionals 

do not completely agree on the descriptive terminology that should be used when categorizing the 

concentration of hardness in water nor what lower threshold concentration defends the investment 

in a water softener. Carbonate hardness is caused by metals combined with a form of alkalinity. 

While non-carbonate hardness forms when metals combine with anything other than alkalinity. 
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Carbonate hardness is sometimes called temporary hardness because it can be removed by boiling 

water. Non-carbonate hardness cannot be broken down by boiling the water, so it is also known as 

permanent hardness. Hard water interferes with almost every cleaning task from laundering and 

dishwashing to bathing and personal care [68]. 

2.6.2. Total Hardness  

There is no health risk linked to hardness, but certain concentrations of hardness may have negative 

impact on water distribution systems. If water is hard, with concentrations of calcium carbonate 

above 200 mg/l, it can result in scale deposits in boilers and pipe systems. Soft water, with calcium 

carbonate concentrations less than 100 mg/l, can lead to pipe corrosion due to the low buffering 

capacity in the water. Furthermore, hard water leads to excessive use of soap and detergents in 

households which neither is environmentally friendly nor sustainable. Absolutely, soft water is 

corrosive and dissolves metals. More cases of cardiovascular diseases are reported in soft water 

areas. Hard water is useful to growth of children due to presence of calcium [17]. 

2.6.2.1 Calcium Hardness 

Calcium is present in all waters as Ca2+ and is readily dissolved from rocks rich in calcium mineral, 

particularly as carbonates and sulfates, especially limestone and gypsum. The cat ion is abundant 

in surface and ground waters. The salts of calcium, together with those of magnesium, are 

responsible for the hardness of water. Industrial as well as water and wastewater treatment 

processes also contribute calcium to surface waters. Acidic rainwater can increase the leaching of 

calcium from soils. Calcium compounds are stable in water when carbon dioxide is present, but 

calcium level can fall when calcium carbonate precipitates due to increased water temperature, 

photosynthesis activity or loss of carbon dioxide due to increase in pressure. Calcium is an essential 

element for all organisms and is incorporated into the shells of many aquatic invertebrates, as well 

as the bone of vertebrates. 

2.6.2.2 Magnesium Hardness 

Magnesium is common in natural waters as Mg2+, and along with calcium, is a main contributor 

to water hardness. Magnesium arises principally from the weathering of rocks containing ferro-
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magnesium minerals and from some carbonate rocks. Magnesium occurs in many oregano-

metallic compounds and in organic matter, since it is an essential element for living organisms. 

Natural levels of magnesium in fresh waters may range from 1 to > 100 mgl-1, depending on the 

rock types within the catchment. Although magnesium is used in many industrial processes, these 

contribute relatively little to the total magnesium in surface waters. Water hardness is the 

traditional measure of the capacity of water to react with soap hard, water requiring considerably 

more soap to produce a lather. Hard water often produces a noticeable deposit of precipitate (e.g. 

insoluble metals, soaps or salts) in containers, including “bathtub ring”. It is not caused by a single 

substance but by a variety of dissolved polyvalent metallic ions, predominantly calcium and 

magnesium cat ions, although other cat ions (e.g. aluminium, barium, iron, manganese, strontium 

and zinc) also contribute. Hardness is most commonly expressed as milligrams of calcium 

carbonate equivalent per liter [33]. Temporary hardness of water is caused by the presence of 

dissolved carbonate minerals (calcium bicarbonate and magnesium bicarbonate )when dissolved 

these minerals yields calcium and magnesium cat ions  Ca2+ and Mg2+ )and carbonate and 

bicarbonate anion (CO3
2-,HCO3

-).The presence of the metal cat ions makes the water hard 

.However unlike the permanent hardness caused by sulfate and chloride compounds ,this 

‘’temporary” hardness can be reduced either by boiling the water ,or by the addition of 

lime(calcium hydroxide )through the process lime softening . Boiling promotes the formation of 

carbonate from and bicarbonates and precipitates calcium carbonate out of solutions leaving water 

soft [34]. 
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Table 1: Classification of Water Based on Hardness 

 

S/r no 
 

No Hardness mg/l as CaCO3 

 

Water Class 

1 0-75 Soft water 

2 75-150 Moderately hard 

3 Above150-300 Hard 

4 300 Very hard  

 

  2.6.3. Alkalinity  

Is capability to neutralize acid and also a measure of a water buffering capacity or its capability to 

resist changes in pH upon the addition of acids or bases. The presence of acid substances is 

indicated by pH below 7.0 and alkaline substances by pH greater than 7.0. Acidic water is corrosive 

to metallic pipes. Alkalinity is the presence of one or more ions in water including hydroxides, 

carbonates, and bicarbonates. It can be defined as the capacity to neutralize acid. Moderate 

concentration of alkalinity is desirable in most drinking water supplies to stable the corrosive 

effects of acidity. However, excessive quantities may cause a number of damages. The WHO 

standards express the alkalinity only in terms of total dissolved solids (TDS) of 500 mg/l [3]. 

Alkalinity is the acid-neutralizing capacity of water and is usually expressed in mg/l CaCO3. For 

water with less buffering capacity total alkalinity and acidity are inter-related with PH. When 

natural waters contain weak acids, alkalinity is usually determined as well as pH in water quality 

assessment. Total Alkalinity (TA), the concentration of bases in water is composed mainly of 

bicarbonate, carbonate and hydroxyl ions (WHO, 2006). Alkalinity is significant in many uses and 

treatments of natural waters and wastewaters. Because the alkalinity of many surface waters is 

primarily a function of carbonate, bicarbonate, and hydroxide content, it is taken as an indication 

of the concentration of these constituents. The measured values also may include contributions 

from borates, phosphates, silicates, or other bases if these are present. Alkalinity in excess of 

alkaline earth metal concentrations is significant in determining the suitability of a water for 
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irrigation. Alkalinity measurements are used in the interpretation and control of water and 

wastewater treatment processes [82]. 

2.6.4. Dissolved Oxygen 

Oxygen is the most abundant element of the earth's crust and waters combined. Dissolved oxygen 

(DO) is oxygen that is dissolved in water. It gets there by diffusion from the surrounding air; 

aeration of water that has tumbled over falls and rapids; and as by product of photosynthesis Algae 

utilize the dissolved oxygen during respiration and have the potential to remove large amounts of 

dissolved oxygen from the system. The break-down of dead, decaying algae and other organic 

materials also removes oxygen from the water [42], When there are too many bacteria or aquatic 

animal in the area, they may overpopulate, under these conditions, the numbers and size of water 

plants increases to a great deal. Then, if the weather becomes cloudy for several days, respiring 

plants will use much of the available DO. When these plants die, they become food for bacteria, 

which in turn multiply and use large amounts of oxygen. Despite speeding up corrosion in water 

pipes, a high DO level in a community water supply is good because it makes drinking water taste 

better [43]. Stream bank erosion and man-induced activities which remove/reduce vegetation 

along streams and rivers increase the amount of sunlight that reaches the water. Sunlight raises the 

water temperature, and the water's capacity to hold DO decreases [27]. 

2.6.5. Sulfate   

Sulphates occur naturally in drinking water. They have a detoxifying effect on the liver and 

stimulate the function of the gall bladder and thus aid the digestive function as well. In high doses, 

they have a laxative effect. Health concerns regarding sulphate in drinking water have been 

diarrhea which may be associated with the ingestion of water containing high sulphate levels. 

Sulphates in drinking water has a secondary maximum contaminant level of 250 milligrams per 

liter (mg/L), based on aesthetic effects (i.e., taste and odor). The presence of Sulphates in drinking-

water may also cause noticeable taste and may contribute to the corrosion of distribution systems. 

[28,44]. The turbid metric method depends on the fact that barium sulfate formed following barium 

chloride addition to a sample tends to precipitate in a colloidal form and this tendency is enhanced 

in the presence of an acidic buffer (consists of magnesium chloride, potassium nitrate, sodium 
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acetate, and acetic acid). These precipitates need to be separated through filtration (using a filter) 

before sample is analyzed for sulfate concentration. This is a very rapid method and can be used 

for samples with sulfate concentration greater than 10 mg/l[62]. 

2.6.6. Chloride  

The potentiometric method of chloride investigation by silver nitrate titration is an effective 

technique of chloride level determination. The effect of chloride is discomfort on stomach, 

irritation on Eye/nose etc. Sometimes special significance is given to the chloride contents of 

water, particularly sodium chloride and is mainly obtained from the dissolution of salts of 

hydrochloric acid as table salt (NaCl), Na2CO3 and sources of chlorides are mainly from road salts, 

wastewater, storm sewers and animal feed etc.  Surface water bodies often have low concentration 

of Cl- and are a home of main physiological processes. High chloride concentration demolition 

metallic pipes and structure as well as harms growing plants. Permitting to WHO guideline 

maximum permissible limits of the concentration of chloride should not exceed 250 mg/l [45]. 

Chloride in the form of chloride ion (Cl-) ion is one of the major in organic anions in the water and 

waste water it can originate from natural and anthropogenic activities such as sewage and industrial 

effluents. Ethiopian standard sets the chloride limit of 250mg/l chloride for drinking water [47] 

2.7. Heavy metals  

Heavy metals are elements that have specific gravity greater than 4.0 that is at least five times that 

of water which is 1.0 at 4oc. They exist in water in colloidal, particulate and dissolved phases. Even 

though some of the metals are essential to sustain life for example cobalt, copper, iron, manganese 

and zinc are needed at low levels as catalyst for enzyme activities [50]. Their occurrence in water 

bodies being either of natural origin (for example eroded minerals within sediments, leaching of 

ore deposits and volcanism extruded products) or of anthropogenic origin (that is solid waste 

disposal, industrial or domestic effluents, harbour channel dredging) [51].  

2.8. Natural source of heavy metals in ground water 

Ground waters its depth from the surface, quality for drinking water, and chance of being polluted 

varies from place to place generally, the deeper the well, the better the groundwater. The amount 
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of new water flowing into the area also affects ground water quality. The basic natural processes 

contributing in trace elements to water are chemical and physical Weathering of   rock and soil 

leaching. Ground water may contain some natural impurities or contaminants, even with no human 

activity or pollution. Natural contaminants can come from many conditions in the watershed or in 

the ground. The types and concentrations of natural impurities depend on the nature of the 

geological materials through which the groundwater moves and the quality of the recharge water 

[52]. 

2.9. Water and heavy metals 

Safe and good quality drinking water is the basis for good human health. Water provides some 

elements, but when polluted it may become the source of undesirable substances, dangerous to 

human health and cause disease such as, various cancers, adverse reproductive outcomes, 

cardiovascular disease, teeth decay and neurological diseases. The infants and younger population 

are more prone to the toxic effects of heavy metals, as the rapidly developing body systems in the 

fetus, infants and young children are far more sensitive [53].  

2.9.1. Iron   

Aeration of iron – containing layers in the soil can affect the quality of both groundwater and 

surface water if the groundwater table is lowered or nitrate leaching takes place. Dissolution of 

iron can occur as results of oxidation and decrease in pH [48]. In drinking water supply, iron (II) 

salts are unstable and are precipitated as insoluble iron (III) hydroxide which settles out as a rust 

colored silt. Anaerobic groundwater may contain iron (II) at concentrations of up to several 

milligrams per liter without discoloration or turbidity in the water when pumped directly from a 

well, although turbidity and color may develop in piped systems at iron levels above (0.05 –0.1) 

mg/l. Staining of laundry and plumbing may occur at concentrations above 0.3 mg/l [50]. Although 

iron has got little concern as a health hazard, it is still considered as a nuisance in excessive 

quantities. Long-time consumption of drinking water with a high concentration of Fe can lead to 

liver diseases such as cirrhosis. Iron also promotes a growth of iron bacteria. This gives a rusty 

appearance to the water 
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2.9.2. Copper 

Cu a reddish brown, malleable, ductile, high conductor of electricity and corrosion resistant metal 

is usually found in the metal ores containing sulfides, arsenide’s, chlorides, and carbonates [74]. 

Cu is mainly used in plumbing and electrical conductors. Cu oxidizes slowly in air and, in the 

presence of CO2, its surface exhibits a green color due to a film of Cu2(OH)2CO3[75]. It is usually 

existing in the +2-oxidation state. Cuo – copper (II) oxide which is black, but can also exist in the 

+1 state Cu2O– copper (I) oxide which is red. Trace amounts of copper are essential to life because 

it plays a major role in the enzyme function as a co-enzyme, but in large amount is toxic [63]. 

Copper is one of the world’s most widely used metals. The most common copper-bearing ores are 

sulfides, arsenates, chlorides, and carbonates [55]. It reaches aquatic systems through 

anthropogenic sources such as industry, mining, plating operations; usage of copper salts to control 

aquatic vegetation or influxes of copper containing fertilizers. The toxicity of copper in aquatic 

organisms is largely attributable to Cu2+ that forms complexes with other ions. A reduction in 

water dissolved oxygen, hardness, temperature, pH, and chelating agents can increase the toxicity 

of copper in water, particulate at high pH (alkaline) and is thus not toxic, while at low pH(acidic) 

it is mobile, soluble and toxic [56]. Organic and inorganic substance can easily complex the cupric 

form of copper, which is the most common speciation of this metal, and it is then absorbed on to 

particulate matter. Therefore, the free ion is rarely found except in pure acidic soft water. The 

chemical speciation of copper strongly depends on the pH of water [57]. 

2.9.3. Manganese 

Manganese is essential for normal physiological functioning of humans and animals and exposure 

to low levels of manganese in the diet is considered nutritionally essential in humans. The WHO 

has put the maximum limit for manganese in drinking water at 0.4 mg/l [58]. Reducing conditions 

in groundwater and some lakes and reservoirs are conducive to high levels; up to 1.3 mg/l in neutral 

water and 9.6 mg/l in acidic water [76]. 

2.9.4. Chromium 

This transition metal is found at a degree of oxidation from –II to +VI. The most common oxidation 

levels of Cr are +6, +3 and +2. In nature, Cr is found in the form of complex cubic isomorphic 
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minerals called Spinel. The most stable state of Cr is the +3-valence state which is common for its 

existence [76]. Cr is a rare industrial metal which is grayish-white in color very hard and has a 

high resistance to corrosion. An invisible oxide coating on the surface of Cr helps it to maintain 

brightness. This property allows Cr to become a protective and a decorative coating for other 

metals such as brass, bronze and steel. Chrome plate is used in the automobile parts such as 

bumpers but Cr is applied electrolytically [60]. Traditional approaches for chromium Cr (VI) 

removal from water and west waters include physicochemical method such as chemical reduction, 

adsorption on pours surface with site for ion exchange and electron coagulation These strategies 

also highly efficient for high content of Cr (VI), but some limitation is related to sludge production, 

large amount of chemicals required [77]. The risk for human health is depend on dose, exposer 

level and duration. A lasting and continuative exposer to chromium even at low concentration that 

is in the case of occupational exposure can damage the skin, eyes, blood, respiratory and immune 

system [54]. Chromium is beneficial as well as toxic. Cr+3 is an essential trace element for 

metabolism, it is also used for reducing blood sugar levels to control diabetes. Cr+3 can be found 

from various foods such as cheese, whole grain breads, cereals and broccoli [59]. Public concern 

with chromium is primarily related hexavalent compounds owing to their toxic effect on human, 

animals, plants and microorganism [25].  

2.10. Inductively Coupled Plasma –Optical Emission Spectroscopy (ICP-

OES) 

Inductively coupled plasma-optical emission spectroscopy (ICP-OES) is a powerful tool for the 

determination of metals in a variety of different sample matrices. With this technique, liquid 

samples are injected into a radiofrequency (RF)-induced argon plasma using one of a variety of 

nebulizers or sample introduction techniques. The sample mist reaching the plasma is quickly 

dried, vaporized, and energized through collisional excitation at high temperature. The atomic 

emission emanating from the plasma is viewed, collected with a lens or mirror, and imaged onto 

the entrance slit of a wavelength selection device. Single element measurements can be performed 

cost effectively with a simple monochromatic/photomultiplier tube (PMT) combination, and 

simultaneous multi-element determinations are performed for up to 70 elements with the 

combination of a polychromator and an array detector. The analytical performance of such systems 
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is competitive with most other inorganic analysis techniques, especially with regards to sample 

throughput and sensitivity [84]. 

2.10.1. Work Principle: 

The principle used in the inductively coupled Plasma Optical Emission Spectroscopy is when 

plasma energy is given to an analysis sample from outside; the component elements (atoms) are 

excited. When the excited atoms return to low energy position, emission rays (spectrum rays) are 

released and the emission rays that correspond to the photon wavelength are measured. The 

element type is determined based on the position of the photon rays, and the content of each 

element is determined based on the ray intensity [85]. To generate plasma, first, argon gas is 

supplied to torch coil, and high frequency electric current is applied to the work coil at the tip of 

the torch tube. Using the electromagnetic field created in the torch tube by the high frequency 

current, argon gas is ionized and plasma is generated. This plasma has high electron density and 

temperature (10000K) and this energy is used in the excitation-emission of the sample. Solution 

samples are introduced into the plasma in an atomized state through the narrow tube in the center 

of the torch tube [86] Has wavelengths, photo multiplier tube voltages, background correction 

points, and standards concentrations [87]. The ability to view spectral data displayed graphically 

with a minimum of effort is indispensable during the selection of these parameters. 

2.10.2. Instrumentation 

In inductively coupled plasma-optical emission spectrometry, the sample is usually transported 

into the instrument as a stream of liquid sample. Inside the instrument, the liquid is converted into 

an aerosol through a process known as nebulization [88]. The sample aerosol is then transported 

to the plasma where it is desolated, vaporized, atomized, and excited and/or ionized by the plasma. 

The excited atoms and ions emit their characteristic radiation which is collected by a device that 

sorts the radiation by wavelength [89]. The radiation is detected and turned into electronic signals 

that are converted into concentration information for the analyst.  
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2.10.3. Signal Processing  

The electronics used for signal processing in ICP-OES systems utilizing PMT detection are 

generally straight forward. The electrical current measured at the anode of the PMT is converted 

into information that can be used by a computer. The first step is to convert the anode current, 

which represents emission intensity, into a voltage signal and utilize digital signal processing; the 

voltage signal is converted into digital information via an analogue-to-digital, or A/D, converter. 

This digital information can then be used by a computer for further processing, the end result being 

information passed on to the computer [90]. 

2.10.4. Computers and Processors 

An important part of any ICP-OES instrument is the computer control incorporated into the 

instrument. The majority of automated functions of an ICP-OES instrument are directly controlled 

by an on-board computer. At the simplest level of multi element ICP-OES instrumentation, a 

computer is needed to handle the massive amounts of data that such an instrument generates. While 

virtually every commercial ICP-OES instrument available today uses some type of computer to 

control the spectrometer and to collect, manipulate, and report analytical data, the amount of 

computer control over other functions of the instrument varies widely from model to model [91]. 

The main analytical advantages of the ICP over other excitation sources originate from its 

capability for efficient and reproducible vaporization, atomization, excitation, and ionization for a 

wide range of elements in various sample matrices. This is mainly due to the high temperature, 

6000–7000 K, in the observation zones of the ICP. This temperature is much higher than the 

maximum temperature of furnaces (3300 K). The high temperature of the ICP also makes it capable 

of exciting refractory elements, and renders it less prone to matrix interferences. Other electrical-

discharge-based sources, such as alternating current and direct current arcs and sparks, and the 

MIP, also have high temperatures for excitation and ionization, but the ICP is typically less noisy 

and better able to handle liquid samples. In addition, the ICP is an electrode less source, so there 

is no contamination from the impurities present in an electrode material. The following is a list of 

some beneficial characteristics of the ICP source [61]. 
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CHAPTER THREE 

                                    3. MATERIALS AND METHODS 

3.1. Study Area   

Asebot is small town in eastern Ethiopia. Named after a nearby mountain, this is town located in 

West Harerghe zone of the Oromia Region, with a latitude and longitude 9º15῾N40º34῾E. It is 

served by a railway station on the Addis Ababa- Djibouti Railway. Between 1954 and 1967 

telephone service reached the town. Based on figures from central statistical Agency in 2005, this 

town has an estimated total population of 13130 of whom 6767 are men and 6363 are women. 

Physicochemical parameters were investigated in Ambo university environmental research 

laboratory and concentration of heavy metal ion was determined by ICP-OES in Debrezeyet, 

Horticoop Ethiopia PLC soil and water analysis laboratory. 

3.2. Study Design 

Experimental design to investigate Physio-chemical parameters were analyzed in selected 

locations of Asebot town was conducted from February 2020 to August 2020, the subsequent data 

analysis and document compiling process was extend up to beginning of September 2020. 

3.3. Instrument and Apparatus 

PH meter, analytical balance, conductivity meter, turbidity meter, electric heated blast dry 

box(oven), measuring cylinder, volumetric flask beaker, burette, and inductive coupled plasma-

optical emission spectroscopy. 

3.4. Chemicals and Reagents 

Reagents and chemicals used during the laboratory session were all analytical grade; sodium 

hydroxide (NaOH), silver nitrate (AgNO3), Barium chloride /BaCl2. sodium thiosulfate (Na2SO4), 

manganese sulfate (MnSO4), Nitric acid (conc. HNO3) Hydrochloric acid (conc. HCl), Sulphuric   

acid (98% conc H2SO4 India), potassium dichromate K2Cr2O7), Hydrogen Peroxide (H2O2), zinc 
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sulphate (ZnSO4   7H2O) copper chloride (CuCl2. 2H2O), EDTA, calcium carbonate, potassium 

water. chloride, phenolphthalein a deionized Eriochrome black T phenolphthalein  

3.5. Sampling 

Water sampling site, the water was labeled according to the source from which it was taken. Before 

sampling the bottle were washed with detergent and finally rinsed with distilled water. For this 

study water sample was collected in two-liter capacity plastic bottles from three random place of 

Asebot town water supply distribution. For metal analysis the sample was digested in order to 

preserve the metal and avoid precipitation [82].  

 

 

Figure: 1 Betekrstian sefer water supply 
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Figure: 2 Ganda koti water supply 

3.6. Physiochemical Parameters 

3.6.1 Determination of pH  

The pH of each water sample was measured with portable PH/ion meter. The accuracy of the 

instrument was calibrated in distilled water by considering temperature variation. 

3.6.2 Determination of Electrical conductivity 

Electrical conductivity of the sample could be measured Using Con/TDS/Sal/Res meter. For 

calibration of instrument potassium chloride or distilled water was used. The conductivity of 

standard solution (0.01M KCl) till the reading becomes 1412 µs/cm, then the conductivity of water 

samples was determined.
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3.6.3. Determination of turbidity  

Turbidity levels were measured in Nephelometric units (NTUs) using RATIO TURBIDI 

METER. 

3.6.4. Determination of Total Suspended Solid  

For total suspended solid (TSS) 250ml of water sample each filtered through a pre-weighted 

filter paper was taken. The filtered papers were dried at 103-105oc in oven and TSS was 

determined by the following formula: 

TSS (mg/l) = filter post weight_ filter pre-weight x 1000 

           Volume of sample (ml) 

3.6.5. Determination of Total dissolved solid  

TDS was measured in continuation of Total suspended solid. The procedure for TDS Petri dish 

was taken, record dry weight of Petri dish, filtered water from TSS is transferred in to Petri 

dish, kept in an oven at Temperature of 100℃TDS (mg/l) = Final weight-initial weight x 1000 

/ volume of sample taken. Or total dissolved solid can be measured by using Con/TDS/Sal/Res 

meter. 

3.6.6. Determination of Total Hardness 

EDTA Titrimetric Method was used to determine the total hardness in the samples. 

Determination of total hardness was carried out by measuring 50 ml of the water sample into a 

250 ml conical flask. About 4 ml of ammonium chloride in concentrated ammonia, the buffer 

solution and 6 drops of eriochrome black T indicator solution were added. Then content in the 

conical flask was titrated against 0.02N EDTA to the end point indicated by a distinct color 

change from violet to blue coloration. Titration was repeated for consistent liter values from 

which an average liter was calculated [48]. Total hardness was then calculated using the 

formula: 

Total hardness in CaCO3 (mg/l) = ml of EDTAxNx1000 /volume of sample(ml) 

Where N = Normality of EDTA 
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3.6.6.1. Determination of Calcium-hardness 

EDTA Titration Method was used to determine calcium hardness in the sample. Two millilitres 

(2.0 ml) of 1 M NaOH was added to 50 ml of the sample. The mixture was stirred and 0.1 g of 

the murexide (ammonium purpurate) indicator was added to it. Titration was done immediately 

after the addition of the indicator. EDTA titrant was slowly added with continuous stirring until 

the colour changed from Salmon to orchid purple. The end point was checked by adding 2 

drops of titrant in excess to make sure that no further colour change occurred [48]. 

The value was calculated using the formula: 

Ca hardness as CaCO3 (mg/l) = VxNx50x1000/volume of sample.  

               Where V     volume of EDTA 

                          N    normality of EDTA 

Ca hardness as mg Ca/l=V x N EDTAx20000/volume of sample  

3.6.6.2. Determination of magnesium hardness 

Total hardness and calcium hardness as CaCO3, determined by EDTA titration method. 

Magnesium hardness determined the difference between two parameters and multiplied by 

0.243.  

Mg(mg/l) = TH (mg/l)- Ca hardness as CaCO3x 0.243 

3.6.7. Determination of Alkalinity  

This was determined by measuring 50 ml sample into a conical flask. About 2 drops of 

phenolphthalein or bromo green cresol indicator was added and the resulting mixture titrated 

against a standard 0.02N H2SO4 solution until the pink color disappeared. The burette reading 

was recorded and 5-drops of methyl orange indicator was added to the solution and titrated 

against the standard 0.02N H2SO4 solution to the first permanent pink color at pH 4.5 [48].  

Alkalinity was calculated using the formula: 

Alkalinity mg/l =VxNx1000/ml of sample used 

Where V=Volume of acid 

      N= Normality of acid 
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3.6.8. Determination of dissolved oxygen  

Dissolved oxygen determined by using winkley method: By taking 100ml of waters sample 

then add 2ml of MnSO4, 2ml alkali iodized and 2ml of sulfur acid then titrated with 0.025M 

thiosulphate pentahydrate. Volume of sample taken for the analysis was 100ml. 

DO = 0.25(0.025MxVof thiosulphate x 800) 

            Volume of sample taken  

3.6.9. Determination of Sulfate using turbidimeters 

The sulfate ion in water sample converted into suspension of barium sulfate under controlled 

condition. The sulfate ion present in the sample is precipitated by the addition of highly 

acidified solution of barium chloride to form suspension  

The percent transmittance of the suspension was then determined by spectrophotometer, then 

mathematically converted in to turbidance. The turbidance of the sample compared with 

calibration curve drawn from standard solution of sulfate ion.  

3.6.10. Determination of Chloride ion   

Chloride is determined in a natural or slightly alkaline solution by titration with standard silver 

nitrate, using potassium chromate as an indicator. Silver chloride is quantitatively precipitated 

before red silver chromate is formed. Exactly 50 ml of filtered water sample was pipetted into 

a 250 ml conical flask. About 1ml of 0.25 M potassium chromate was added to the conical 

flask. Water sample was titrated against the standard AgNO3 solution slowly while stirring the 

sample using a magnetic bar and stir plate. The end point was indicated by the persistence of a 

reddish-brown color through the yellow solution for about 30 seconds.  Blank (distilled water) 

was titrated using the same procedure. Volume of AgNO3 for the blank was subtracted from 

the average used for the sample. This volume was used to determine the concentration of 

chloride ion in the water sample. The value was calculated using the following formula. 

Chloride mg/L = (A-B) x N x 35 ml sample 

Where A = ml AgNO3 required for sample 

      B = ml AgNO3 required for blank 

      N= normality of silver nitrate 
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3.7. Heavy Metal Analysis 

Using inductively coupled Plasma Optical Emission Spectroscopy instrument, when plasma 

energy is given to an analysis sample from outside; the component of elements (atoms) are 

excited. When the excited atoms return to low energy position, emission rays (spectrum rays) 

are released and the emission rays that correspond to the photon wavelength are measured. The 

type o element was determined based on the position of the photon rays, and the content of 

each element is determined based on the ray intensity. 

3.8. Water sample Digestion  

For elemental analysis wet digestion method involve the chemical degradation of sample 

matrices in solution, usually with a combination of acids to increase solubility. The various 

acid and flux treatments are carried out at high temperatures in specially designed vessels that 

help to minimize contamination of the sample with substances in the air, the local environment, 

and from the vessel walls. The use of closed systems, where the digestion reaction is completely 

isolated from the surroundings, may help to reduce both contamination and sample loss. The 

metal percentage found in water were estimated by digestion of the water samples with 3 mL 

concentrated HCl, 1mL concentrated HNO3 until a clear solution was observed. The clear 

solutions were diluted to 50 mL volumetric flask to make solution of known concentration and 

blank digestion was carried out in the same way [65].  

3.9. Data Analysis and Interpretation  

This data was analysed by water quality criteria standards and the related legislation to interpret 

water quality. The mean values for each physiochemical parameters and concentrations of 

heavy metal. Laboratory result was compared with the WHO standard. Any impact or deviation 

from such standard were discussed and interpreted in relation with the corresponding activities. 

The data obtained from laboratory was analysed by Microsoft Office Excel expressed in terms 

of descriptive statistics and the values are presented with mean ±standard deviation value. 
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                                         CHAPTER FOUR 

4. RESULTS AND DISCUSSION 

Physicochemical parameters of potable drinking water related to safety for human consumption 

and providing information about the quality of drinking water. Three randomly selected placed 

of Asebot town tap water supply sample taken. During the study the following physiochemical 

parameters were investigated pH, EC, TH, Ca(hardness), Mg(hardness), Alkalinity, Turbidity, 

TSS, TDS, TS, SO4
2-, Cl- and DO. Some heavy metals like iron, Copper, Manganese and 

Chromium. 

Table 2: The characteristics that affect physicochemical al and heavy metals in drinking 

water quality 

Parameters  Maximum permissible value  

PH 6.5-8 

EC (µs/cm) 400 

TH (mg/l) 300 

Ca hardness(mg/l) 75 

Mg hardness(mg/l) 50 

Alkalinity(mg/l) 200 

Turbidity (NTUs) 5 

TSS (mg/l) 30-35 

TDS (mg/l) 1000 

SO42-(mg/l) 250 

Cl-(mg/l) 250 

DO (mg/l) 6.5-8 

Iron(mg/l) 0.3 

Coper(mg/l) 2 

Manganese(mg/l) 0.4 

Chromium(mg/l) 0.05 

Sources: National Drinking Water Quality monitoring and surveillance strategies, 2011 and 

WHO  guide line  
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4.1. Physicochemical parameters        

4.1.1. pH  

pH of water sample measured by pH/ion meter and for accuracy the instrument calibrated using 

standard buffer solution. The results of investigation of Asebot tap water as follows   

Table 3: shows pH of Asebot town tap water 

 

Sample x±sd 

Ganda Koti 6.97±0.00 

Bomba Usman  7.12±0.01 

Betekristian sefer 6.99±0.00 

 

According to WHO, the minimum and maximum permissible value of pH ranges from 6.5-8.5 

for potable drinking water. pH value of Asebot town water supply was 6.97-7.17 which was 

within the recommended ranges, therefore concerning this parameter there were significant 

risk.  

4.1.2. Electrical conductivity  

Is a measure of ability of an aqueous solution to carry electric current depending on ions on 

their total concentration Electrical conductivity of water sample was measured using 

Con/TDS/Sal/Res meter model SX71. The following Table shows conductance of Asebot town 

tap water 

Table 4: shows electrical conductivity of Asebot town tap water 

 

Sample  x±sd 

Ganda koti 803±1.0 

Bomba Usman 799±1.0 

Betekristian sefer  805±1.0 

 

The conductivity of Asebot town tap water supply ranges from 799µs/cm-805 µs/cm. 

According to WHO standard electrical conductivity value drinking water not exceed 400µs/cm. 
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The laboratory result clearly shows that highest. This parameter had not technical effect but 

high value of EC indicates level of ionic concentration. 

4.1.3. Turbidity 

Turbidity in water sample caused by suspended and colloidal matter such as clay, silt, finely 

divided organic and inorganic matter. Expression of optical properties light to be scattered or 

absorbed rather than transmit ion. Using RATIO TURBIDI METER Model WGZ-200. Asebot 

town tap water turbidity value ranges from Ganda koti 0.32 NTU Bomba Usman 0.81NTU and 

Betekristian sefer 0.52 NTU. As stated by WHO standard maximum permissible value 5NTU. 

So, the result of the study clearly shows that within the limit of standard. 

4.1.4. Total suspended solid  

Total suspended solid was total quantity measurement of solid material per 250ml volume of 

water sample, specific measurement of all suspended solid organic and inorganic matter, those 

includes settled solid which comes from soil erosion stirred bottom sediment. Each water 

sample filtered through a pre-weighted filter paper, the filtered paper was dried at 105co in an 

oven. The result Total suspended solid values for Gand koti and Betekristian sefer was with 

mean value of 102mg/l and 110mg/l which were higher than permissible limit of standard (30-

35mg/l). High sediment loads interfere with coagulation, filtration and disinfection. High level 

of total suspended solid often associated diseases causing microorganism such as virus bacteria 

and. It can be removed by flocculation and filtration. 

 4.1.5. Total dissolved solid 

In drinking water, total dissolved solids are primarily made up of inorganic salts with small 

concentrations of organic matter. The major Contributory ions of total dissolved mainly 

carbonate, bicarbonate, chloride, sulphate, nitrate, potassium, calcium and magnesium. Total 

dissolved solid value of the Gand koti, Bomba Usman and betekristian sefer with mean value 

ranges from 551.33mg/l, 548.33mg/l and 551.33mg/l. Since natural water with TDS value up 

to 1000mg/l classified as fresh water [41]. The health risks are not significant as the value of 

TDS was less than 1000mg/l, which was within WHO standard maximum permissible limit 

[3]. 
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4.1.6. Total Hardness 

Total hardness was the sum of calcium and magnesium concentration both expressed as 

calcium carbonate in milligram per liter. Total hardness was determined by complexometric 

titration as calcium and magnesium with aqueous solution of disodium salt of EDTA. Despite 

all of the problems it causes, hard water is not considered to be a health hazard. Hardness of 

waters varies considerably from place to place. Hardness can be expected in regions where 

large amounts of limestone are found, since water with carbon dioxide will dissolve limestone, 

releasing the calcium ion [77].  

Table 5: shows Total hardness mg/l as CaCO3 

 

Sample x±sd 

Ganda Koti 430±6.93 

Bomba Usman 396±5.92 

Betekristian sefer 387±14.74 

 

Total hardness of Asebot town tap water mg/l as CaCO3 ranges from 387.33mg/l-430mg/l. 

According to WHO above 300mg/l considered as very hard water. The result of the study 

clearly shows that Asebot tap water was very hard, this confirms the problem stated by the 

community this water produces a noticeable deposit of precipitate on cooking utensil and 

boiler. Caused by dissolved polyvalent metal ion mostly calcium and magnesium other metal 

like iron also contribute for hardness.  

4.1.6.1 Ca-hardness 

Determination of calcium in the presence of magnesium was based on the same principle of 

total hardness but changing PH value to 12. In this condition magnesium ion were precipitated 

as hydroxide, so don’t interfere with determination of calcium. Calcium hardness Is a measure 

of the amount calcium ion presents in water sample and water with high level of calcium 

hardness have no known health effect. According to WHO maximum permissible value of was 

75mg/l, however Asebot town tap water had Ganda koti 98.93mg/l, Bomba Usman 99.2mg/l 

and Betekristian sefer 101.33mg/l which was higher concentration of calcium ion. Calcium had 

not hazardous effect on human health, but high concentration was not desirable for washing 

and batching due to suppuration of lather formation.  
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4.1.6.2. Mg-hardness  

Magnesium was the 8th most abundant element on the earth crust natural constituent of water. 

It is essential for proper functioning of living organism and found in minerals like dolomite, 

magnetite etc. Human body contains about 25g of magnesium (60% in bones 40% in muscles 

and tissue). According to WHO standard permissible value of magnesium in drinking water 

should be 50mg/l. In this study magnesium hardness of Asebot town tap water supply was 

Ganda koti 44.39mg/l, Bomba Usman 35.96mg/l and Betekristian sefer 32.56mg/l respectively. 

Therefore, magnesium hardness laboratory result was within the limit of WHO standard 

4.1.7. Determination of total alkalinity 

The alkalinity of natural drinking water was determined by the soil and bed rock through which 

it passes the main source of alkalinity was rocks which contains carbonate bicarbonate and 

hydroxide compound, but PH value of Asebot town tap water mean value ranges between 6.97-

7.17 considered as normal, however nutrient contributing for alkalinity due to carbonate ion.    

If alkalinity much greather than total hardness it indicates that water must pass through water 

softener and if alkalinity was much less than total hardness it may signify there was elevated 

levels of chloride, sulphate and nitrate. The result of study shows alkalinity and total hardness 

almost comparable values. parameter like chloride and sulphate was not expected. The result 

of the study also confirms sulphate and chloride value was within limit set by WHO. Asebot 

town tap water with mean range value Gand koti 360mg/l, Bomba Usman 357.33mg/l and 

Betekristian sefer 373.33mg/l high Concentration of alkalinity is desirable in most drinking 

water supplies to stable the corrosive effects of acidity and keeps the water save. 

4.1.8. Determination of sulphate using Turbidimeter 

The standard solution of SO4
2- ion was prepared with different concentration of 0ppm, 5ppm, 

10ppm, 20ppm, 30ppm and 40ppm, each standard solution of concentration was measured at 

30 second time interval by Ratio turbidimeter, Asebot town tap water was calculated by diluting 

twice.Turbidimeter read out as y-axis and solving for x-value. From calibration curve of 

standard solution, the concentration of sample obtained, finally multiplied by dilution factor. 

Sulphate concentration of Gand koti, Bomba Usman and Betekristian sefer were 42.63mg/l, 

44.86mg/l and 39.56mg/l respectively.    
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Figure: 3 shows calibration curve for standard solution of sulphate ions  

4.1.9. Determination of Chloride  

According to WHO the concentration of chloride should not exceed 250mg/l in this study 

chloride concentration of Ganda Koti 105.97mg/l, Bomba Usman 97.6mg/l and Betekristian 

Sefer were 102.3mg/l, which were below standard limit set by WHO guideline level. However, 

high concentration of chloride may damage metallic pipes and structure as well as harmful for 

growing plant. 

4.1.10. Determination of dissolved Oxygen  

Dissolved oxygen analysis measures the amount of gaseous oxygen dissolved in aqueous. 

amount of O2 needed by microorganisms for stabilization of decomposable organic matter 

under aerobic condition. solution. Laboratory result analysis shows that the concentration of 

dissolved oxygen Ganda koti.27mg/l, Bomba Usman 2.13mg/l and Betekristian sefer were 

2.05mg/l. Was below standard limit of WHO guidelines. Regarding to this parameter the water 

seems save to aquatic life including bacterial plants and invertebrate 

4.2. Calibration of the instrument   

Calibration of an instrument of involves making a comparison of a measured quantity against 

reference values. Instrumental calibration is particularly important and should be checked 
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periodically during each measurement. For ICP-OES calibration standard 1000mg/l of stock 

solution was used. From stock solution appropriate working standards (4, 4, 2.8 and 1.4 ppm) 

were prepared for each metal ion by serial dilution of the intermediate solutions using deionized 

water. 

Figure:4 The graph that shows Calibration curve of each metal analyzed 
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4.3. Limit of detection (LOD)   

The limit of detection is “the smallest quantity of analyte that is “significantly different” from 

the blank” [71]. Method detection limit is the smallest quantity of analyte that can be 

distinguished from statistical fluctuations in the blank, which usually corresponds to the 

standard deviation of the blank solution times a constant. The limit of detection is most 

commonly defined as the amount of analyte that gives a signal equal to three times the standard 

deviation of a blank [72]. 

4.4. Recovery Test  

One of the most important quality assessment tools is testing the recovery of a known addition 

or spike of analyte to be a method blank, field blank or sample. In situation of standard 

reference material are not available it is common practice to perform spiking experiment to 

evaluate the efficiency of method. In this study, the recovery tests were done by spiking known 

concentrations of each metal in the sample. The amount of spiked metals recovered after the 

digestion of spiked samples were used to calculate percentage recovery using the recovery 

formula [73]. 

% Recovery = (Amount after spike – Amount before spike) x 100 /Amount added 

Table 6:  recovery test for iron metal analyzed. 

 

Me

tal 

Sample  

 

Sample 

mg/l 

x±sd Amount 

added 

mg/l 

Spiked 

mg/l 

X±sd % Recovery 

Iro

n 

Ganda 

koti 

0.737 0.737±0.0

535 

4 5.011 5.011±0.09

39 

106.85 

 Bomba 

Usman 

0.295 0.295±0.0

214 

2 2.455 2.455±0.0.0

545 

108 

 Betekristi

an sefer 

0.769 0.769±0.0

185 

4 5.3127 5.312±0.13

03 

113.6 

 

The concentration of iron water sample taken from different place of asebot town Gand koti 

0.737mg/l and Betekristian sefer 0.769mg/l. According to WHO the concentration of iron in 

drinking water was not exceed 0.3mg/l. Those value was greater than standard, so the source 
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of iron may be corrosion of iron or steel pipes or other components of the plumbing system 

where the acidity of water if the pH was below 6.5. However, the pH value of Asebot town tap 

water ranges from 6.97-7.17 which was considered as normal, hence the source of iron was 

corrosion of pipes. Iron in drinking water doesn’t health risk our body need it to transport 

oxygen in blood, but iron can be linked to excessive bacterial activity. The concentration of 

iron for Bomba usman was 0.295mg/l this value lies on the limit of maximum permissible value 

of WHO 0.3mg/l. 

Table 7:  recovery test for manganese metal analyzed. 

 

Met

al 

Sample  Sample 

mg/l 

mean±sd Amount 

added 

mg/l 

Spiked 

mg/l 

mean±sd % 

Recovery 

Man

gane

se 

Ganda 

koti 

0.218 0.218±0.0

053 

4 4.328 4.328±0.11

87 

102.75 

 Bomba 

Usman 

0.089 0.089±0.0

045 

2 1.811 1.811±0.04

94 

86.07 

 Betekris

tian 

sefer 

0.223 0.223±0.0

064 

4  3.6133 3.6133±0.1

201 

84.77 

 

Mn naturally derived from rock water interaction. Mn is also likely to be present in ground 

water because ground water contains low dissolved oxygen. The reduced forms of Mn which 

are promoted by low oxygen present in ground water are more soluble than oxidized forms 

[78].  The concentration of manganese Ganda koti 0.218mg/l, Bomba Usman 0.089mg/l and 

Betekristian sefer 0.223mg/l. According to WHO the concentration of manganese in drinking 

water was not exceed 0.4mg/l, therefore concentration manganese where within the 

recommended range of WHO. 
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Table 8: recovery test for chromium metal analysed. 

 

Metal Sample  Sample 

mg/l 

x±sd Amount 

added 

mg/l 

Spiked 

mg/l 

X±sd % Recovery 

Chro

mium 

Ganda koti 1.067 1.067±0.030

6 

4 5.693 5.693±0.1362 115.6 

 Bomba 

Usman 

0.494 0.494±0.037

7 

2 2.871 2.871±0.0087 118.83 

 Betekristian 

sefer 

1.247 1.247±0.028

9 

4 5.9320 5.932±0.0563 117.12 

 

Laboratory result shows concentration of chromium for Ganda koti 1.067mg/l, Bomba Usman 

0.494mg/l and Betekristian sefer 1.247mg/l. According to WHO the concentration of 

chromium in drinking water not exceed 0.05mg/l. The most common forms of chromium that 

occur were hexavalent chromium occurs naturally in the environment from erosion of natural 

chromium deposit. In this area there was not industry the major source of chromium may be 

leaching from top soil and rocks is the most important source of chromium entry into water 

bodies.  Public concern with chromium was hexavalent compounds owing to their toxic effect 

on human can result in skin rashes, gastrointestinal upset and ulcers, respiratory problems, liver 

and kidney damage. 

Table 9:  recovery test for copper metal analyzed. 

 

Metal Sample  Sampl

e mg/l 

x±sd 

 

 

Amount 

added 

mg/l 

Spike

d mg/l 

X±sd % 

Recovery 

Coppe

r 

Ganda 

koti 

0.323 0.323±0.

0248 

4 3.545 3.545±0.0300 80.53 

 Bomba 

Usman 

0.142 0.142±0.

0307 

2 2.042 2.042±0.0186 95.03 

 Betekrist

ian sefer 

0.471 0.471±0.

0341 

4 3.972

0 

3.9720±0.0730 87.53 

 

The World Health Organization established that maximum permissible limit of Copper not 

exceed 2mg/l in drinking water supply. However excessive consumption of copper bearing 
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water would cause; nausea, vomiting, diarrhea, upset stomach, and dizziness sample taken from 

Ganda koti 0.323mg/l, Bomba Usman 0.142mg/l and Betekristian sefer 0.471mg/l which was 

less than 2mg/l, Therefore, there is no health effect regarding to this parameter on the 

consumers. Metal analysis using inductive coupled plasma optical emission spectroscopic, 

obtained result were in acceptable range which was not less than 70% and no greater than 125% 

and which revealed that the digestion method and the analysis utilized in the present study were 

acceptable [79]. 
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                                CHAPTER FIVE 

                   5.1. CONCLUSION AND RECOMMENDATION 

5.1.1. CONCLUSION  

Investigation of drinking water quality parameters were done using a total of 3 randomly 

selected representative samples of water from different locations of Asebot town water supply 

Comparison of physicochemical water quality parameters with permissible limit of the WHO 

guide line was made concerning safe and acceptable for user. The main physiochemical 

parameters considered for the investigation include pH, EC, TH, Ca(hardness), Mg(hardness), 

Alkalinity, Turbidity, TSS, TDS, SO4
2-, Cl-, Iron, Copper, Manganese and chromium. Based 

on the result of the investigation   the following points were concluded; some of the 

physicochemical parameters such as   TH, Ca-hardness, EC Total suspended sold and alkalinity 

of Asebot town tap water obtained result showed that higher than values reported by WHO. 

Mean value of Total hardness, EC, Ca(hardness), Total suspended solid and Total alkalinity 

were between the range of 387.3-430mg/l, 799-805μs/cm, 98.93-101.33mg/l, 101.8mg/l -

110mg/l and 357.33-373.33mg/l. The remaining physicochemical parameters investigated in 

this research were lower than the values reported by WHO. The concentration of copper and 

manganese investigated in this research were lower than values stated by WHO. But 

concentration of iron 0.737-0.769mg/l and concentration of chromium 0.494-1.247mg/l, which 

higher as compared to standard WHO, those parameters cause health problem on user. In 

conclude all high value of physicochemical parameters had no significant health problem but 

they cause technical effect. High concentration of chromium metal can cause significant health 

problems. 
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5.1.2. RECCOMENDATION 

➢ Hardness it is due to bicarbonates and carbonate, since bicarbonates readily get precipitated 

on boiling as a result temporary hardness easily removed. 

➢ Water service provider should add chelating agent to react with dissolved Ca
2+ 

prevent 

formation of calcium deposit. 

➢ Further work and detail soil profile studies should be made by geologist to clear 

understanding concerning toxic chromium metal. 

➢ Water service providers should replace steel pipe by plastic pipe to remove high the 

concentration of iron. 

➢ Any concerned body should to check the presence of the rest toxic heavy metals that causes 

health problems in humans  

➢ Further study should conduct by concerned body to alleviate the problems from the grass 

root 
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Appendix Table 1 Raw data of physicochemical parameters  
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Appendix Figure 1. Electrical conductivity measurement process 
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Appendix  Figure 2. Total dissolved solid measurement  
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Appendix Figure 3.  PH of sample measurement. 

 


