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ABSTRACT 
 

Metal contamination in water is a major determinant of water quality. People who consume this 

water suffer from water borne diseases. There are various natural and anthropological activities 

at the sample collection site leading to increase in concentration of trace elements in drinking 

water. Activities like corrosion of metal coated pipes, herbicides, insecticides, ceramic wastes, 

taking gravel from near water source, etc. may lead to pollution of drinking water by heavy 

metals like chromium. The objective of this study was to detect metal concentration in spring and 

tap water from selected residential areas in the Gelemso town. Tap water samples were collected 

from three different locations during the rainy season. Samples were analysed using atomic 

absorption spectrometry to determine the concentration of lead, chromium and copper. The 

results obtained were compared with guidelines for drinking water quality such as the World 

Health Organization (WHO) guidelines. The mean concentrations of heavy metals were 0.137mg 

for Pb and BDL for Cr and Cu. The mean pH
 
value was 7.4 and the mean electrical conductivity 

value 0.319mS.In general, the result of the present study have shown that the concentration of 

lead metal has shown values higher than the WHO recommended maximum admissible limits. 

This is an indication of pollution hazards and weak drinking water treatment practices. This 

study, therefore, recommends the government and other responsible authorities to take 

appropriate corrective measures.  

Key words: Drinking water, Lead, Chromium, Copper, Flame Atomic Absorption. 
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1. INTRODUCTION 

1.1. Back Ground of the Study 

Water is an essential component for survival of life on earth, which contains minerals, important 

for humans as well as for earth and aquatic life (Arian et al., 2008). Freshwater accounts 3% of 

the total water on the earth of which only a small percentage (0.01%) is available for human use 

(Arumugam et al., 2013). Even this small portion of freshwater is under immense stress. Rapid 

population growth, urbanization, industrialization, use of fertilizers in the agriculture and other 

human activities are some of the causes for the pollution of the freshwater with different 

contaminants (Aregawi T. and Meareg A., 2015). 

The presence of toxic chemicals in drinking water may risk human health among which cancer 

and chronic illness are worth mentioning (Ikem A., Odueyungbo S., Egiebor N. and Nyavor K. 

2002). Epidemiological studies have demonstrated a strong relationship between the prevalence 

of several diseases in humans, particularly cardiovascular diseases, kidney -related disorders, and 

various forms of cancer and the presence of many metals such as cadmium, mercury and lead (Al 

-Saleh I. and Al-Doush I. 1998).  

The heavy metals such as lead, iron, cadmium, copper, zinc, and chromium if found in drinking 

water beyond certain limit are often associated with human poisoning. Though these elements 

are required by the body in small amounts, but can also be toxic in large doses (Seema S., Swati 

L., Jeena H., Sulbha A. and Katari H.C., 2011). Trace elements are also essential for optimal 

growth, development and reproduction like zinc which is in small enough quantities to be 

considered. Trace metals serve mostly as catalysts for enzymatic activity in human bodies; 

however, their accumulation in the human body causes harmful effects ( Tayyeb Z.A, Farid S.M. 

and Otaibi K.A. 2004). Besides these elements, several metal ions such as sodium, calcium and 

magnesium are essential for proper functioning of biological life. 

In Ethiopia, wells and springs are the major source of drinking water for increasing urban and 

rural population. Even though there are no systematic and wide-ranging water quality assessment 

and monitoring programs in the country, there are increasing signs of drinking water pollution 

problems in some parts of the country. The most important causes of this pollution could be soil 

erosion, domestic and dramatically increasing industrial effluents and wastes (Tayyeb Z.A, 2004, 
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Patil. P.N,Sawant.D.V.and Deshmukh.R.N. 2012). Therefore, the analysis of the concentration of 

heavy metals and mitigation of their impact on human health and environment should be given 

due emphasis. 

The level of heavy metals in drinking water in Gelemso town has not been studied as far as the 

knowledge of the researcher is concerned. This study mitigation of their impact on human health 

and environment should be given due emphasis.is, thus, aimed at the determination of the level 

of heavy metals in tap water samples in Gelemso town of West Harerge, Oromia region, 

Ethiopia. 

1.2. Statement of the Problem 

The presence of toxic chemicals in drinking water may risk human health among which cancer 

and chronic illness are worth mentioning (Ikem A., Odueyungbo S., Egiebor N. and Nyavor K. 

2002). Epidemiological studies have demonstrated a strong relationship between the prevalence 

of several diseases in humans, particularly cardiovascular diseases, kidney-related disorders, and 

various forms of cancer and the presence of many metals such as cadmium, mercury and lead (Al 

-Saleh I. and Al-Doush I. 1998). 

Fresh water is the most important natural resources which support the life on Earth. Heavy 

metals may be accumulating in human body because of using fresh water. This problem leads 

extensive research determining the right concentration of heavy metal in drinking water using 

scientific method. 

The rise in population in Gelemso town has increased the number of dumpsite due to poor waste 

management schemes. It was a common practice to burn dumpsite wastes; this burning gets rid 

of organic matter and became ashes which were richer in metal contents. These ashes were either 

dissolved in rain water and leached into the soil contaminating the underground water, or washed 

away by runoff into streams and rivers, thereby contaminating the environment; it was based on 

these facts that this study was aimed at determining the total concentration of copper, lead and 

chromium in drinking water using scientific method. 
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1.3. Objectives of the Study 

1.3.1. General Objective  

The general objective of the study is to determine heavy metals (Pb, Cu and Cr) in drinking 

water using flame atomic absorption spectroscopy. 

1.3.2. Specific Objectives 

The specific objectives of this study  

 To determine the concentrations of heavy metals (Pb, Cu and Cr) in drinking water. 

 To compare the concentration of the heavy metals with standard limits of 

WHO/EPA. 

 To recommend the possible solutions of the problem. 

1.4. Significance of the Study 

Many literatures noted that accumulation of heavy metals in drinking water is one of the basic 

factors which compromise the quality of drinking water. Heavy metals in drinking water are very 

toxic to humans even in a very small concentration. Therefore, it is mandatory to assure the 

quality of drinking water in main distribution systems with regard to the concentration of these 

toxic heavy metals before the water is distributed to the general public. This study will provide 

scientific explanation about the concentration of toxic heavy metals in drinking water supply 

systems of Gelemso town. Furthermore, this study will provide baseline information for other 

researchers who are interested to conduct research regarding this topic. 

1.5. Limitation of the Study 

While conducting this study may some determining factors will be faced such as  

 Lack of enough time to conduct the experimental activities. 

 Lack of reference in local areas. 

 Unavailability of equipped laboratory with sufficient equipment. 



4 
 

1.6. Delimitation 

The study will be delimited in determining heavy metals in drinking water using scientific 

method. This is because the researcher will want to know the correct concentrations of each 

heavy metal in drinking water which are found in Gelemso town administration. 
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2. REVIEW OF LITERATURE 

2.1 Water Quality 

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 (Johnson et 

al., 1997). 

The parameters for water quality are determined by the intended use. Water 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 Environmental Protection Agency (EPA) and World Health Organization (WHO) set a 

maximum contaminant level in drinking water supplied to municipal or population (Review of 

the EPA Water Security Research and Technical Support Action Plan: Part I & Part II, 2003). 

When a standard or guideline is exceeded in the municipal or community water system, the states 

required to take proper action to improve water quality level including treating the water through 

filtration or aeration, blending water from several sources to reduce contaminants including 

inorganic chemicals such as salts, metals and minerals. These substances occur naturally in 

geological structures or sometimes caused by mining, industrial and agricultural activities. These 

chemicals can badly affect human health when they are consumed in large amount. 

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 sulphate and soft carbonate deposits 

in water heaters or boilers. Hard water may be softened by removing these ions. 
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Environmental water quality, also called ambient water quality, relates to water bodies such as 

lakes, rivers, and oceans. Water quality standards for surface waters vary significantly due to 

different environmental conditions, ecosystems, and intended human uses. Toxic substances and 

high populations of certain microorganisms can present a health hazard for non-drinking 

purposes such as irrigation, swimming, fishing, and rafting, boating and industrial uses. These 

conditions may also affect wildlife, which use the water for drinking or as a habitat. Modern 

water quality laws generally specify protection of fisheries especially endangered species and 

recreational use (Roosbroeck et al., 2006). 

2.2. Heavy Metal 

Heavy metals are metallic element with high atomic weight (e.g., mercury, chromium, cadmium, 

arsenic, and lead); can damage living things at low concentrations and tend to accumulate in the 

food chain (EPA, 2000). Heavy metals are generally referred to as those metals which possess a 

specific density of more than 5 g/cm3 and adversely affect the environment and living organisms 

(Järup, 2003).These metals are quintessential to maintain various biochemical and physiological 

functions in living organisms when in very low concentrations; however they become noxious 

when they exceed certain threshold concentrations. Although it is acknowledged those heavy 

metals have many adverse health effects and last for a long period of time, heavy metal exposure 

continues and is increasing in many parts of the world. They are stable elements i.e. they cannot 

be metabolized by the body and bio-accumulative i.e. passed up the food chain to humans. Even 

at very low concentrations, they are highly toxic and can cause damaging effects. About only 17, 

out of a total of 50 heavy metal elements, are taken to be both very toxic and relatively 

accessible. Among these, Mercury, lead, arsenic, cadmium, selenium, copper, zinc, nickel, and 

chromium weighs the balance in terms of water pollution (Dayal G. and Singh R.P. (1994).  

Heavy metals are significant environmental pollutants and their toxicity is a problem of 

increasing significance for ecological, evolutionary, nutritional and environmental reasons 

(Jaishankar et al., 2013; Nagajyoti et al., 2010). 

2.3. Sources Heavy Metals 

The earth’s crust is one of the major sources of heavy metals. Weathering of rocks and leaching 

of soils, aerosol particles from the atmosphere and anthropogenic activities could be among the 

several ways through which heavy metals enter into the aquatic System (Patil. P.N, 
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Sawant.D.V.and Deshmukh.  R.N.  2012). dramatically rising urbanization and industrialization 

have intensified the levels of heavy metals in drinking water supplies. The level of trace elements 

in water varies due to physiological, environmental and other factors (Alais C. and Linden G. 

1999). 

2.4. Human Exposure and Risks 

Human exposure is defined as the amount of a substance in contact, over time and space, with 

the outer boundary of the body (WHO, 2000). Although some individuals are primarily exposed 

to these contaminants in the workplace, for most people the main route of exposure to these toxic 

elements is through the diet (food and water). The contamination chain of heavy metals almost 

always follows a cyclic order: industry, atmosphere, soil, water, foods and human. Although 

toxicity and the resulting threat to human health of any contaminant are, of course, a function of 

concentration, it is well-known that chronic exposure to heavy metals and metalloids at relatively 

low levels can cause adverse effects (Agency for Toxic Substance and Disease Registry 

[ATSDR], 2003a, 2003b, 2007, 2008; Castro-González & Méndez-Armenta, 2008). 

There are 35 metals that are of concern for us because of residential or occupational exposure, 

out of which 23 are heavy metals (Jaishankar, 2014).At least five transition metals As, Cd, 

Cr(VI), Be, and Ni(I) are accepted as human carcinogens in one form or another or in particular 

routes of exposure (IARC, 2004b; NTP, 2002; US EPA, 2007) and inorganic Pb compounds are 

considered probable human carcinogens by EPA’s IRIS program, while IARC (2004a) has 

concluded that there is limited evidence of carcinogenicity to humans. According to Salem et al., 

(2000), strong relationship between contaminated drinking water with heavy metals from some 

of the Great Cairo Cities, Egypt and chronic diseases such as renal failure, liver cirrhosis, hair 

loss, and chronic anemia was identified in their study. These diseases were apparently related to 

contaminant drinking water with heavy metals such as Pb, Cd, Cu, Mo, Ni, and Cr. Renal failure 

was related to contaminant drinking water with lead and cadmium, liver cirrhosis to copper and 

molybdenum, hair loss to nickel and chromium, and chronic anemia to copper and cadmium. 

Studies of these diseases suggested that abnormal incidence in specific areas was related to 

industrial wastes and agriculture activities that have released hazardous and toxic materials in the 

groundwater and thereby led to the contamination of drinking water in those areas. 
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2.4.1. Lead  

Lead is a relatively corrosion-resistant, dense, ductile, and malleable metal that has been used by 

humans for at least 5,000 years. Lead is used in the production of lead acid batteries, solder, 

alloys, cable sheathing, pigments, rust inhibitors, ammunition, glazes and plastic stabilizers 

(WHO, 1989). Tetraethyl and tetramethyl lead are important because of their extensive use as 

antiknock compounds in petrol (WHO, 2006), but their use for this purpose has been almost 

completely phased out in North America and Western Europe, although not in Eastern Europe or 

many developing countries. From a drinking-water perspective, the almost universal use of lead 

compounds in plumbing fittings and as solder in water distribution systems is important. Lead 

pipes may be used in older distribution systems and plumbing (Quinn MJ,1990). 

According to Rastogi (2008), Pb is a non-essential metal with no biological function to human, 

animals and plants, although it is important in the industry. Most of the lead used by industry 

comes from mined ores (primary) or from recycled scrap metal or batteries (secondary). The 

main sources of lead pollution are lead smelters, battery manufacturers, paper and pulp 

industries, boat and ship fuels and ammunition industries. In addition, the production of 

television picture tubes, pigments, petroleum fuels, printing, glass industries, photographic 

materials, etc., also adds Pb (II) to the environment. People living near hazardous waste sites 

may be exposed to lead by breathing air, drinking water, eating foods, or swallowing or touching 

dust or dirt that contains lead (ATSDR, 1999a). For others (people who do not live near 

hazardous waste sites), exposure to lead may occur by eating foods or drinking water that contain 

lead, by spending time in areas where leaded paints have been used, by working in jobs where 

lead is used, by having hobbies in which lead may be used such as sculpturing (lead solder) and 

staining glass. Cigarette smoke also contains small amounts of lead. Lead may enter foods if they 

are put into improperly glazed pottery or ceramic dishes and from leaded-crystal glassware. 

Concentration of lead and duration of exposure are key factors in the measurement of lead 

toxicity (ATSDR, 1999). Acute poisoning occurs when one is exposed to high concentrations of 

lead for a short period of time and the adverse effect is pronounced and more severe. Acute 

poisoning is associated with seizure, coma and death. While, long-term and low level exposure 

leads to chronic poisoning which is commonly associated with diseases such as anemia, 

neurotoxicity, haemo toxicity, nephrotoxicity and toxic metabolic encephalopathy?  Furthermore, 
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lead toxicity cause brain damage and mental retardation especially in children (DEAT & DME 

2003) 

Lead is a general toxicant that accumulates in the skeleton. Infants, children up to 6 years of age 

and pregnant women are most susceptible to its adverse health effects. Lead also interferes with 

calcium metabolism, both directly and by interfering with vitamin D metabolism (WHO, 2006). 

Lead can substitute calcium even in picomolar concentration affecting protein kinase C, which 

regulates neural excitation and memory storage (Flora et al., 2008). Children are particularly 

sensitive to this metal because of their more rapid growth rate and metabolism, with critical 

effects in the developing nervous system (ATSDR, 2007; Castro-González & Méndez-Armenta, 

2008). 

Lead (Pb) is a well-known neurotoxin. Impairment of neurodevelopment in children is the most 

critical effect of lead poisoning. Exposure in the uterus, during breastfeeding and in early 

childhood may all be responsible for the effect. Lead accumulates in the skeleton and its transfer 

from bones during pregnancy and lactation causes exposure to foetuses and breastfed infants 

(ATSDR, 2007). Chronic exposure to Pb can affect physical growth and cause anemia, kidney 

damage, headache, hearing problems, speaking problems, fatigue or irritable mood (Simeonov et 

al., 2010). Duruibe et al. (2007) stated that an important effect of lead toxicity to human is 

abnormalities of physiological development. Besides that, lead toxicity also causes damage to the 

urinary tract, gastrointestinal tract, nervous system and brain (Duruibe et al., 2007).  The toxicity 

by Pb has multiple biochemical effects. It has the ability to inactivate enzymes, compete with 

calcium for incorporation into bones and interfere with nerve transmission and brain 

development (Ediin et al., 2000). It has been suggested that lead on a cellular and molecular level 

may permit or enhance carcinogenic events involved in DNA damage, DNA repair and 

regulation of tumour suppressor and promoter genes (Silbergeld, 2003). In addition, Ogwuegbu 

and Muhanga (2005) stipulated that lead toxicity could cause damage to the kidneys, nervous 

system, reproductive system, and synthesis of erythrocytes. Lead poisoning damages the nervous 

system, kidneys, liver and cause sterility, growth inhibition, developmental retardation (Von 

Schimding & Fuggle, 1996). Lead is toxic at all levels, hence lead based petrol, toys and paints 

have been banned (DEAT & DME, 2003). 
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2.4.2. Chromium 

Chromium is a naturally-occurring element found in rocks, animals, plants, and soil. Chromium 

exists in multiple oxidation states, of which the hexavalent (chromium VI) and trivalent 

(chromium III) states are most prevalent biologically. Chromium is known to undergo various 

chemical and biological reactions in natural systems. Both oxidation of chromium III and 

reduction of chromium VI can occur in geologic and aquatic environments (ECB, 2005). In the 

atmosphere chromium VI may react with dust particles or other substances and may be converted 

to chromium III (EPA, 1998). 

Chromium VI occurs in rare minerals and may be naturally occurring in groundwater (McNeill et 

al., 2012), however, chromium VI in the environment is almost totally derived from human 

activities (WHO, 1990; Kimbrough et al., 1999; Johnson et al., 2006). Occupational sources of 

chromium include protective metal coatings, metal alloys, magnetic tapes, paint pigments, 

rubber, cement, paper, wood preservatives, leather tanning and metal plating (Martin & 

Griswold, 2009). 

Major uses of chromium VI compounds include metal plating, manufacture of pigments and 

dyes, corrosion inhibitors, chemical synthesis, refractory production, leather tanning, and wood 

preservation (EPA, 2010). Chromium VI can be found in many consumer products such as wood 

treated with copper dichromate or leather tanned with chromic sulphate (EU Risk Assessment 

Report on chromates, ECB, 2005). 

Chromium (VI) compounds, such as calcium chromate, zinc chromates, strontium chromate and 

lead chromates, are highly toxic and carcinogenic in nature (IARC,.1990). Chromium.(III), on 

the other hand, .is an Essential nutritional supplement for animals and humans and has an 

important role in glucose metabolism (Jaishankar M., 2014). 

Exposure to chromium compounds can result in the formation of ulcers, which will persist for 

months and heal very slowly. Ulcers on the nasal septum are very common in case of chromate 

workers. Exposure to higher amounts of chromium compounds in humans can lead to the 

inhibition of erythrocyte glutathione reductase, which in turn lowers the capacity to reduce 

methaemoglobin to haemoglobin (Koutras et al., 1965; Schlatter & Kissling, 1973). Results 

obtained from different in vitro and in vivo experiments have shown that chromate compounds 

can induce DNA damage in many different ways and can lead to the formation of DNA adducts, 
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chromosomal aberrations, sister chromatid exchanges, alterations in replication and transcription 

of DNA (O’Brien et al., 2001; Matsumoto et al., 2006). 

2.4.3. Copper 

Copper is a transition metal that is stable in its metallic state and forms monovalent (cuprous) 

and divalent (cupric) cations (WHO, 2004).Metallic copper is malleable, ductile and a good 

thermal and electrical conductor. It has many commercial uses because of its versatility. Copper 

is used to make electrical wiring, pipes, valves, fittings, coins, cooking utensils and building 

materials. It is present in munitions, alloys (brass, bronze) and coatings. Copper compounds are 

used as or in fungicides, algicides, insecticides and wood preservatives and in electroplating, azo 

dye manufacture, engraving, lithography, petroleum refining and pyrotechnics. Copper 

compounds can be added to fertilizers and animal feeds as a nutrient to support plant and animal 

growth (Landner & Lindestrom, 1999; ATSDR, 2002). Copper compounds are also used as food 

additives (e.g., nutrient and/or colouring agent) (US FDA, 1994). Copper sulphate pentahydrate 

is sometimes added to surface water for the control of algae (NSF, 2000). Copper sulphate was 

once prescribed as an emetic, but this use has been discontinued owing to adverse health effects 

(Ellenhorn & Barceloux, 1988). 

Copper can be released into the environment by both natural sources (e.g. wind-blown dust, 

decaying vegetation, forest fires and sea spray) and human activities (mining, metal production, 

wood production and phosphate fertilizer production). Because copper is released both naturally 

and through human activities, it is very widespread in the environment. Copper is often found 

near mines, industrial settings, landfills and waste disposals. 

Copper also occurs naturally in plants and animals. It is an essential element for all known living 

organisms, including humans. However, very large single or long-term intakes of copper can 

cause health problems (Wisconsin Department of Health Services, 2019).Copper combines with 

certain proteins to produce enzymes that act as catalysts to help a number of body functions. 

Some help provide energy required by biochemical reactions. Others are involved in the 

transformation of melanin for pigmentation of the skin and still others help to form cross-links in 

collagen and elastin and thereby maintain and repair connective tissue. This is especially 

important for the heart and arteries (WQA, 2013). 
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Children on diets deficient in copper have ineffective collagen synthesis, and may develop bone 

disease. Subclinical copper deficiency has been suggested as a risk factor for cardiovascular 

disease. People with Menkes disease, in which there is a failure of copper transport in the 

intestinal mucosa, show mental retardation, depigmentation, severe anaemia and bone problems 

(WQA, 2013).Acute copper poisoning can cause symptoms of nausea, vomiting, diarrhoea, 

gastrointestinal illness, abdominal and muscle pain. Severe cases of copper poisoning have led to 

anaemia, liver poisoning, and kidney failure (WQA, 2013). 

Individuals.ingesting.large.doses.of.copper.present.with.gastrointestinal.bleeding,.haematuria,.int

ravascular haemolyse, methaemoglobinaemia, hepatocellular toxicity, acute renal failure and 

oliguria (Agarwal et al. 1993). 

Long-term exposure to copper can cause irritation of the nose, mouth and eyes and headaches, 

stomach aches, dizziness, vomiting and diarrhoea. Intentionally high uptakes of copper may 

cause liver and kidney damage and even death. Industrial exposure to copper fumes, dusts, or 

mists may result in metal fume fever with atrophic changes   in nasal mucous   membranes. 

Chronic copper poisoning results in Wilson’s disease characterized by hepatic cirrhosis, brain 

damage, demyelination, renal disease, and copper deposition in the cornea. People with Wilson's 

disease are at greater risk for health effects from overexposure to copper (ATSDR, 2002). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study area was Gelemso town which is found in West Harerge zone, Oromia Regional State, 

Ethiopia. It is situated 396 km from the capital Addis Ababa. Gelemso is situated at 8
0
49

l
 N 

latitude and 40
0
13

l
 E longitude in eastern Ethiopia. The town has total population of 67, 269. 

 

Figure 1.Map of the Study area 
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3.2. Sample Collection 

Water samples were collected in 1 litre capacity plastic bottles. Before sampling, the bottles were 

washed with detergent followed by tap water and finally several times rinsed with distilled water. 

The source for two water samples was tape water supplied by Municipal Corporation and one 

ground water sample from the countryside near to the town. The water at the sample site (A1, A2 

and A3) was allowed to flow for some time then the bottles was rinsed thrice with this water and 

1litre was taken as sample from each source of water. The samples were properly tagged. These 

samples were air tightened and stored in a refrigerator till the complete analyses were carried out 

(8 I. D. Popescu, 2005). 

 

Figure 2.Sample water 

3.3. Measurement of рΗ and Conductivity 

The physical parameters were determined at Debre Berhan University. pH of the samples was 

determined with a portable Hanna HI98129/30 pH meter. To use pH meter, the pH electrode was 

calibrated with three buffer solution that have a pH value 4, 7 and 10. To make a pH 

measurement, the electrode is immersed into a 50ml samples until a steady reading is reached. 

Electrical conductivity of the samples was determined with auto digital conductivity meter. To 

use conductivity meter, the conductivity meter electrode was calibrated with 0.1M KCl. To make 
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conductivity measurement, the electrode is immersed in to 50ml samples until a steady reading is 

reached. 

 

(a) (b). 

Figure 3 (a) pH meter and (b) Electrical Conductivity Meter 

3.4. Instrumentation and Apparatus. 

Flame Atomic Absorption Spectrometer apparatus (FAAS), Poly ethylene bottle, beakers, 

pipettes, different size volumetric flasks, filter Paper No.41 and hot plate. 
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3.5. Reagents and Chemicals 

All the chemicals used were of analytical reagent grade. HNO3 (69-72%) was used for acidifying 

the sample solutions during the analysis of heavy metal elements (Pb, Cr, and Cu). Calibration 

standards were prepared using spectroscopic Stock FAAS standard solutions containing 100 

mg/L, in 2% HNO3, of the metals, Pb, Cr, and Cu (BDH Chemicals Ltd Spectrosol, Poole 

England). The working standard solutions were obtained by suitable dilution from stock solution. 

Sample preparation and rinsing of apparatus prior to analysis were carried out using deionized 

water. 

3.6. Analytical Procedures for Sample Preparation 

For this study, three water samples (one from ground water and two from tap water) were 

selected. All the samples were analysed for heavy metals (Pb, Cr, and Cu) by FAAS within 12 

days from the time of sample collection. All samples were filtered using Whatman# 41/42 filter 

paper and the filtrate was acidified by adding 10 ml of concentrated nitric acid (69-72% HNO3) 

and 5 ml of concentrated hydrochloric acid into 100 mL of the sample solution. The acidified 

samples were heated at a temperature between 90–95
0
C for one hour and thirty minute. 

 

  

Figure 4. Hot Plate Digester 
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3.7. Analytical Procedures for Heavy Metal Analysis. 

Water.samples.were.analysed.for.heavy.metals.using.FAAS..The.heavy.metals.analysis.adjustme

nt.of.the.operating.condition.was.very.essential.target..Wavelength,.slit.width,.limit.of.detection.

was adjusted for the analysis of the metals Pb, Cr and Cu. 1000 mg/l Standard solutions of 

metals was prepared in 10ml HNO3 (0.1N) for calibration curve from the standard salt of each 

metal in 1000 ml volumetric flask. From this stock solution 100 mg/l of each metal was freshly 

prepared by diluting in 100 ml volumetric flask with distillated water and then the working 

solution (10 mg/l) of each metal was prepared. For the determination of these metals, three 

solutions was prepared for each sample from each source and five standard solutions were made 

for each metal which is shown below and rinse blank (distilled water) was used to flush the 

uptake system to reduce memory interferences (V. Chaitali , J. Dhote, , 2013). 

3.8. Determination of the Heavy Metal Concentrations in Water Samples by 

FAAS 

The concentration of Pb, Cr, and Cu were determined by FAAS using an air/acetylene flame. 

The analysis of the heavy metals involved further dilution of the acidified samples. Dilution was 

required to achieve concentration of the metals within the linear range of the calibration curve. 

All the analyses were carried out using FAAS at the specific wavelength of each heavy metal. 

Absorption mode of the instrument was used for the determination of the heavy metals. The real 

concentrations of metals in all water samples for these diluted heavy metals were calculated by 

multiplying the recorded results by the dilution factors. 

Table 1.Recommended instrument parameters for Flame Atomic Absorption Spectrometer 

Element Wave length(nm) Silt width 

(nm) 

Lamp 

current 

(mA) 

Fuel Supporter 

Lead 217.0 1.0 10.0 acetylene Air 

Chromium 357.9 0.2 7.0 acetylene Air 

Copper 324.8 0.5 4.0 acetylene Air 



18 
 

3.9. Statistical Analysis 

Analysis of data was carried out using SPSS software version 20.0. The mean concentrations of 

the heavy metals in the drinking water samples present in Gelemso town were compared by the 

use of one way ANOVA. The raw data was feed to the software and the mean value of the 

concentration of heavy metals was compared between each water samples. The significance 

value was compared with (P= 0.05) then, the conclusion about statistically significant difference 

or not was made according to the statistic rule. When the value (which is usually calculated p-

value in drinking water) was less than (p=0.05) indicated that there was significant difference 

between the mean of samples analysed. But in cases where the p-value was greater than or equal 

calculated (p=0.05), there was no significant difference between the means of heavy metals in all 

samples of drinking water. 
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4. RESULTAND DISCUSSION 

4.1. Calibration of the instrument 

Calibration of the instrument was done by the standards prepared before the determinations were 

done. Because the qualities of results obtained for heavy metals analysis using FAAS are 

seriously affected by the calibration and standard solution preparation procedures. The standards 

were prepared from the 100 mg/L of the elements which were prepared prior by taking 10 ml 

from the stock standard solutions containing 1000 mg element/L, in 10 ml of HNO3, of the 

metals and concentrations of the working standards for each trace metals are listed in Table 

4.1.The calibration curves of each of the metals (Pb, Cr and Cu) intended to be determined and 

the linear Regression (equation, 2) is given below. 

Table 2.Series of working standard and correlation coefficient of the calibration curves for the 

determination of metals in drinking water using FAAS. 

Metals Concentration of Standards (mg/L) Correlation Coefficient (R) 

Calibration Curves 

Pb 0.000, 0.500, 1.000, 2.000, 3.000, 4.000 0.9982 

 Cr 0.000, 0.500, 1.000, 2.000, 3.000, 4.000  0.9999 

Cu 0.000, 0.500, 1.000, 2.000, 3.000, 4.000 0.9999 

 

 

(a) 
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(b) 

 

(c) 

Figure 5.Calibration curves for analyte metals. (a) Pb,  (b)  Cr ,  and  (c) Cu. 

4.2. Concentration of heavy metals (Pb, Cr and Cu) in water samples 

As can be seen the calibration curve of Pb, Cr and  Cu from the above plots and using their 

respective calibration equation of each metal, the concentration of each metal in samples of the 

town were calculated from their corresponding absorbance value. Table 4.2 shows mean 

concentrations of these metals investigated in the water in Gelemso, Ethiopia. The values are 

given as mean ± SD and the results are means of three replicates. 
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Table 3.Mean ±SD values of heavy metals concentration in water of town. 

Area of 

Sample 

Pb (mg/L) Cr (mg/L) Cu (mg/L) 

A1 0.09± 0.069 BDL BDL 

A2 0.20± 0.034 BDL BDL 

A3  0.12± 0.017 BDL BDL 

*BDL= below detection limit of the method 

 

In this study, maximum level of Pb (0.20 mg/L) was found in drinking water samples from 

sampling area 2 (A2) and a minimum level of Pb (0.09 mg/L) was found in drinking water 

samples from sampling area 1 (A1). The concentration of lead at all sampling areas was found to 

be nine to twenty times higher than the permitted level by the WHO guidelines. 

Chromium (III) is an essential dietary mineral in low doses. It is required to potentiate insulin 

and for normal glucose metabolism. Chromium (III) deficiency has been associated with many 

chronic diseases such as diabetes, infertility, and cardiovascular disease (ATSDR, 2008). 

Chromium in excess amounts can be toxic especially in the hexavalent form. Sub chronic and 

chronic exposure to chromic acid can cause dermatitis and ulceration of the skin. Long-term 

exposure can cause kidney, liver, circulatory and nerve tissue damages. Chromium often 

accumulates in aquatic life, adding to the danger of eating fish that may have been exposed to 

high level of chromium (Hanaa et al., 2000; Pandey et al., 2010). In this study, chromium was 

not detected in all the sampling areas.   

Contamination of drinking water with high level of copper may lead to chronic anaemia 

(Acharya et al., 2008). In this study, copper was not detected in all the sampling areas 

presumably due to the low cupper related industrial and mining activities in the sampling areas. 

Since the WHO (2008) maximum admissible limit of copper in drinking water was well above 

the method detection limit; there was no health related risk due to the presence of copper in 

drinking water of the study areas (Gebrekidan, M and Samuel, Z, 2011). 
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4.3. Distribution of heavy metals in water of Gelemso town. 

All water samples collected from the study areas shows the presences of Pb but chromium and 

copper were not detected in all the sampling areas. Comparison of the level of Pb metal in water 

sample of the three areas is given in figure 4.2. 

 

 

Figure 6.Distribution of Pb concentration in the water 

As shown in the above figure, the concentration Pb is varied from 0.09 to 0.20 mg/l in all 

samples and its concentration have slight difference between the sampling areas of the town. The 

difference was found in the order of A2 > A3 > A1. In general, the concentration of lead was 

higher than the permissible level in all water sample of town. 

4.4. Analysis of Variation of Drinking Water Samples Currently Analysed. 

As described under the experimental section, the p-values for all the studied parameters were 

calculated using the SPSS version 20 software. According to the result, the calculated values of 

lead (p = 0.061) and pH (p = 0.339) at different sampling sites were not statistically significant 

difference and hence a pooled mean can be used as a representative of the values of each 

parameter at the three sampling sites. In contrast, the difference between the results obtained at 

the three sampling sites for conductivity (p = 0.000) was statistically significantly different. In 
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such case, a pooled mean cannot be used as a representative value of the studied parameter for its 

values at three sampling sites. The significant variation among sampling sites could be due to the 

difference in sampling time, anthropogenic influences and geographical location. 

4.5. The Comparisons between the Concentrations of Heavy Metals in 

drinking  

Water samples with international standards 

The standard mean concentrations of heavy metals are given by WHO, USEPA, EU and present 

study are given in the below. 

Table 4.The means concentration of heavy metal given by WHO, USEPA, EU and present study 

 

 

The.concentrations.of.Pb.in.drinking.water.was.above.the.maximum.desirable.limits.recommend

ed by WHO , USEPA and EU. Whereas the concentration of Cr  and  Cu in drinking water were 

not above the maximum desirable limits recommended. by WHO,  USEPA and  EU. 

4.6 The concentration of the heavy metals in drinking water in the study 

Comparison of area with other countries. 

The comparison of heavy metals in the study area and literature reports on drinking water from 

different countries is tabulated Table 5. The concentration of heavy metals was compared with 

countries like Malaysia, Iran, Australia, India and New Zealand. 

 

 

Heavy 

Meta 

 

WHO’s 

Permissible 

limits(mg/L) 

U.S.EPA’s 

Permissible 

limits(mg/L) 

EU 

Standards(mg/L) 

Gelemso, Ethiopia 

(Current Study (mg/l)) 

A1 A2 A3 

Pb 0.01 0.015 0.01 0.09 0.20 0.12 

Cr 0.05 0.1 0.05 BDL BDL BDL 

Cu 2.0 1.3 2.0 BDL BDL BDL 
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Table 5.Permissible limit for heavy metals of drinking water in some countries with the current 

study 

 

Heavy 

Metal

s  

 

Standard of drinking water in some countries and in current study (mg/L)  

 

Malaysia 

ESDMHM2

4 

 

Iran 

Sanay

i 

et 

al.25 

 

Australia 

ANZECC and 

ARMCANZ2

6 

 

India 

BIS2

7 

 

New 

Zealand 

NMH2

8 

 

Ethiopi

a 

CEA  

58 

 

 Gelemso, Ethiopia 

 

 

A1 

 

A2 

 

A3 

Pb 0.05 0.05 0.01 0.1 0.1 0.01 0.09 0.20 0.12 

Cr 0.05 0.05 0.05 0.05 0.05 0.05 BD

L 

BD

L 

BD

L 

Cu  1.00 2.00 1.5 2.00 2.00 BD

L 

BD

L 

BD

L 
   

4.7. Physico-chemical Parameters for Drinking Water Samples from Gelemso 

Town. 

The average results for the investigated physico-chemical parameters are summarized in Table 

4.5. As shown in the table, the pH value of the sample water of Gelemso town ranged from7.37 ± 

0.104 to 7.5 ± 0.1, the mean value being 7.42 ± 0.109. The pH value of samples analysed were 

within the US EPA admissible limit (6.5-8.5) and the (EU, 1998) admissible limit (6.5-9.5). 

Electrical conductivity (EC) which is a measure of water’s ability to conduct an electric current 

is related to the amount of dissolved minerals in water, but it does not give an indication of 

which element is present but higher value of EC is a good indicator of the presence of 

contaminants such as sodium, potassium, chloride or sulphate (Orebiyi et al., 2010).There is 

neither an Ethiopian national standard nor a WHO Guideline Value for electrical conductivity in 

drinking water. However, the Australian standard considers electrical conductivity of less <800 

μS/cm to indicate good quality. Analysis of the results  show that all the samples from Gelemso 

town are permissible for human being. 
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Table 6.Level of some physico-chemical parameters for drinking water samples from Gelemso 

town, Ethiopia. 

Sampling 

location  

pH  Conductivity, (mS/cm)  

Mean ±SD Range  Mean ±SD Range 

A1 7.4± 0.1 7.3 – 7.5 0.316 ± 0.003 0.313 – 0.319 

A2 7.37 ± 0.104 7.3 – 7.5 0.357 ± 0.0047 0.353 – 0.362 

A3 7.5 ± 0.1 7.4 – 7.6 0.285 ± 0.0025 0.282 – 0.287 

 

Water is one of the natural resources that support the existence of human beings and other living 

Organisms on earth (Musa et al, 2013). Water pollution is the leading worldwide cause of deaths 

and disease and it accounts for the deaths of more than 14,000 people daily (Larry, 2006). 

Accumulation of heavy metals in living organism can be toxic and carcinogenic due to their non-

biodegradable nature. So, water quality management and assessment with regard to levels of 

heavy metal is of prime importance. The overall water quality status and identification of source 

of origin of heavy metals are required for water quality management (Bodaghpour etal,2012). 

In the present study the mean lead concentration of the total water samples was 0.137 mg/l. This 

finding is in line with Ullah et al. (2009) and Gebrekidan and Samuel (2011). Ullah and his 

colleagues (2009) reported lead level of 0.81mg/l in water samples taken from industrial area of 

Pakistan (Ullah et al., 2009). Another study done in Tigray region, Ethiopia, by Gebrekidan and 

Samuel, (2011) has found lead levels of 1.347 mg/l in drinking water samples taken from 

indasilase (Gebrekidan, M and Samuel, Z, 2011). However, In this study the mean lead 

concentration of each water is higher than the Maximum admissible limit(MAL) of lead in 

drinking water set by WHO of 0.01mg/l (WHO, 2011) and the USEPA maximum contaminant 

level(MCL) of 0.015mg/l(USEPA, 2010).The possible explanation for this finding may be due to 

the elevated concentration of Lead ion as a result of composed manure deposited on the farms 

around the study area or it might be as a result of used littered petrol in cars and water pumps 

(Jarup, 2003, Barbee and Prince, 1999). Rajkovic and his colleagues (2008) suggested that high 

concentration of lead in the stream could be due to weathering and leaching of lead from waste 

rock and dumps (Rajkovic et al, 2008). Nkansah and his colleagues (2011) also suggested that 
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the source of lead in water sources could be from inappropriate disposal of waste from lead-acid 

batteries, metallic alloy, lead-based paints, used oil, waste incineration, scrap and junk auto parts 

( Nkansah et al, 2011). 

As described under the experimental section, the p-values for all the studied parameters were 

calculated using the SPSS version 20 software. According to the result, the calculated values of 

lead (p = 0.061) at different sampling sites showed there is no statistically significant difference 

and hence a pooled mean be used as a representative of the values of each parameter at the three 

sampling sites. As shown in the above figure 4.2, the concentration Pb is varied from 0.09 to 

0.20 mg/l in all samples and its concentration have slight difference between the sampling areas 

of the town. The difference was found in the order of A2 > A3 > A1. In general, the 

concentration of lead was higher than the permissible level in all water sample of town. The 

significant variation among sampling sites could be due to the difference in sampling time, 

anthropogenic influences and geographical location. The present study agreed with Sartor et al., 

(1981) and Wongsasuluk et al., (2014). The mean lead levels of tap water samples in all study 

areas are higher than the Maximum admissible limit of lead in drinking water set by WHO at 

0.01 mg/l (WHO, 2011), USEPA at 0.015 mg/l and EU at 0.01mg/l. 

Sartor and his colleagues, (1981) suggested that Lead pipes used in the older parts of the study 

area may be the possible cause of elevation of lead levels in tap water (Sartor et al, 1981). They 

also stated that in households which use plastic pipes, plastic pipes which are in close contact 

with their domestic rubbish dumps may be responsible for the increase in lead concentrations in 

tap water (Sartor et al, 1981). Salem and his colleagues, (2000) suggested that Lead in pipe borne 

water sources could be due to breakages and leakages in PVC piping which allows lead 

containing leachate into pipe borne water within the study area (Salem et al. 2000). 

Sub chronic and chronic exposure to chromium can cause dermatitis and ulceration of the skin. 

Long-term exposure can cause kidney, liver, circulatory and nerve tissue damages. Chromium 

often accumulates in aquatic life, adding to the danger of eating fish that may have been exposed 

to high level of chromium (Pandey et al., 2010).Chromium in drinking water is mainly a result of 

industrial waste. However, natural sources have been reported by a number of investigators (Ball 

and Izbicki, 2004).  
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In this study the researcher has found that the mean level of chromium in water samples 

collected from different parts of Gelemso town was below the detection level. This value of 

chromium is below the maximum admissible limit of chromium in drinking water set by WHO at 

0.05mg/l (WHO,2011) and it is also lower than the USEPA maximum contaminant level of 

chromium in drinking water set at 0.1mg/l (USEPA, 2010). The finding is in line with a study 

done by Raji et al., (2010).  It also agreed with a study done by Adelekan and Abegunde ,(2011) 

in Ibadan, Nigeria which showed that chromium concentration in hand-dug wells were lower 

than the limits set by WHO guideline for drinking water (Adelekan andAbegunde ,2011). This 

finding is also in agreement with studies done by Gebrekidan, M and Samuel, Z, (2011) in 

Tigray region, Ethiopia. They found that chromium concentration was below the WHO 

maximum admissible limit in water samples taken from Indasilase, Axum, Adwa, and Enticho 

towns (Gebrekidan, M and Samuel, Z, 2011). The possible explanation for this finding may be 

the limited extent of industrial activity in the study area (Adelekan and Abegunde, 2011). 

Contamination of drinking water with high level of copper may lead to chronic anemia (Acharya 

et al., 2008). In this study, copper was not detected in all the sampling areas presumably due to 

the low cupper related industrial and mining activities in the sampling areas. Since the WHO 

(2008) maximum admissible limit of copper in drinking water was well above the method 

detection limit; there was no health related risk due to the presence of copper in drinking water 

of the study areas. This finding is also in agreement with studies done by Gebrekidan, M and 

Samuel, Z, (2011) in Tigray region, Ethiopia. A study done by Gebrekidan, M and Samuel, Z, 

(2011) in Tigray region of northern Ethiopia showed copper is the only metal that was not 

detected in all the sampling areas. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. CONCLUSIONS 

The main goal of this paper was to assess the status of drinking water quality in areas of the 

Gelemso town, eastern Ethiopia, with special emphasis on trace heavy metals. A total of three 

drinking water samples were collected from different areas of Gelemso town. All the samples 

were analyzed for two physicochemical parameters (EC and pH) and three heavy metals (Pb, Cr 

and Cu) using standard procedures. The results show that value of electrical conductivity (EC) 

less than 800 μS/cm. There is neither an Ethiopian national standard nor a WHO Guideline 

Value for electrical conductivity in drinking water. However, the Australian standard considers 

electrical conductivity of less<800 μS/cm to indicate good quality. pH that was between 7.3 and 

7.6, which is recommended value of potable drinking water by WHO, USEPA and EU. The 

result of heavy metals: chromium and copper assay showed low detection limit, except lead 

which present value above the recommended value of potable drinking water. As shown in Table 

4.2, lead level is above the recommended value of potable drinking water by WHO , USEPA and 

EU. 

5.2. RECOMMENDATIONS 

This study, therefore, recommends the government and other responsible authorities to: (1) 

introduce relevant drinking water treatment techniques which can reduce the current levels of 

heavy metals, (2) Prevent any kind of waste disposal into rivers, canals or any reservoirs that 

supply domestic drinking water (3) educate the people to have better drinking water storage 

practices, and (4) support further study to be conducted on other physical, chemical and 

biological parameters of significant health concern and on identification of potential sources of 

the contaminants including heavy metal contaminants. This is an indication of pollution hazards 

and weak drinking water treatment practices in Gelemso town which, in turn, have implications 

on the health of the people. 
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