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Abstract  
 

Lead is a metal with many attractive features such as abundance, low cost, and 

useful physical properties. Lead and its compounds have been widely used in a 

variety of products including paint, ceramics, pipes, solders, gasoline, batteries, 

and cosmetics. On the other hand, lead is a highly toxic substance, exposure to 

which can produce a wide range of adverse health effects. Consequently, 

extensive studies aimed at assessing the degree of awareness of its toxicity and 

determining the levels and forms of lead in various matrices have been made.  

 

In many countries regulatory standards together with education and monitoring 

system have helped to minimize or eliminate the amount of lead in consumer 

products and occupational settings. But, a requisite step to prevent or reduce 

lead exposure is creating awareness among the general public, especially the 

most vulnerable groups. To this end, the lead-acid battery charging garages and 

workshops located in Addis Ababa, Ethiopia were considered key routes of 

human exposure to lead and sources of lead to the environment. Consequently, 

these settings were surveyed to gain understanding on the level of awareness by 

workers and handling and disposal of exhausted batteries. It was concluded that 

lead is widely emitted to the environment by lead-acid battery charging garages 

and workshops in Addis Ababa.  

 

The results of the survey study partly warrant the determination of lead in water 

because water is the ultimate recipient of all forms of pollution in the 

environment. Hence, the second phase of this study involved determination of 

lead in piped drinking water in Addis Ababa.  

 

From the water analysis conducted, the mean concentrations of lead in raw 

waters from Dire, Gefersa and Legedadi reservoirs were 30.18 ± 3.44, 14.98 ± 

1.55 and 21.46 ± 1.73 (mean ±  Standard deviation, SD) �gPb/L, respectively. All 

samples taken from the Akaki ground water reservoirs contained higher values 
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than WHO recommended level of 10 �g Pb/L. However, the lead level in samples 

collected from the reservoirs receiving water from spring and spring-well was 

found within the WHO recommended limit.  

 

The first drawn water samples were observed to contain higher Pb content than 

the second and the third drawn samples in a remarkable segment of the 

reservoirs connected to Akakai (71.43%), Geferesa (50%), and Legedadi 

(81.8%), which showed significant accumulation of lead within the water delivery 

system. About 89.29%, 80.65% and 86.49% of households supplied water from 

Akaki boreholes, Gefersa and Legedadi, respectively, were observed to receive 

mean Pb concentrations higher than the permissible level of 10 �gPb/L.  

 
The mean concentrations of Pb in the samples taken from the treatment plants 

right after the treatment were (mean ± SD): 15.66 ± 2.31 (Gefersa) and 13.85 ± 

1.73 (Legedadi). In most samples drawn from randomly selected households, the 

mean concentrations of Pb increased beyond the concentrations determined in 

the respective reservoirs (6.70 ± 0.30 - 53.71 ± 4.20, mean ± SD), showing 

Potential contamination from the water distribution system. 
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CHAPTER 1 
INTRODUCTION 

 
Lead is a common industrial metal that has become widespread in air, water, soil, 

and food. It is a naturally occurring element that has been used almost since the 

beginning of civilization [1]. Studies have shown that the body lead levels of 

modern humans are about 500 times higher than those of pre-industrial times [2].  

Lead is ubiquitous in the environment as a result of its natural occurrence [3] and 

its industrial uses or anthropogenic activities [4, 5]. For instance, in the year 2000, 

the cumulative industrial age anthropogenic global production of Pb was 235 

million tones [6]. Lead is poisonous almost in all of its forms, the poison is 

cumulative and the toxic effects are many and severe [7, 8] and hence, nowadays 

it is considered one of the greatest concerns among the known toxic metals in the 

environment.  

 
Whereas measures to abate exposure to lead have been instituted in developed 

nations, reports that reveal the relative contributions to elevated lead levels 

including drinking water, food, lead-based paint and dust, ambient air and lead in 

soil, and occupational exposures are highly scarce in Addis Ababa.  

 
One significant source of environmental contamination is found to be associated 

with uncontrolled lead acid-battery recycling operations and the most highly 

exposed adults are those who work in these places. Legislation governing lead-

acid battery handling, recycling, and repair operations appears unavailable in 

Ethiopia. The informal sector involved in the charging and repair operations of 

lead-acid batteries appear to dispose of used batteries together with domestic 

wastes or store them in and around workplace environments. Moreover, there 

appears lack of awareness of any public education program or incentive systems 

for recycling of lead-acid batteries.  
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Matters of special concern related to lead acid battery include careless disposal or 

storage of leaded materials (discarded plates, terminals, battery cases), or whole 

batteries and incineration of batteries on open land freely accessible to grazing 

animals and the general public. Thus, there seems a strong need for sustained 

public education on the hazards posed by lead-acid batteries to occupational, 

public and environmental health. Yet another matter of concern is water, especially 

drinking water, which may act as ultimate recipient of contaminants, including lead.  

 
Addis Ababa, the capital city of Ethiopia, is located in tropical region, where human 

factors in combination with natural conditions of climate and geology, strongly 

influence water quality. Albeit, Addis Ababa does not have complex industries like 

in cities of developed countries, pollution due to anthropogenic activities is 

expected to negatively alter the quality of drinking water.  

Literature reports reveal that the modern system of supplying of drinking water in 

Addis Ababa was commenced in 1901 during the reign of Emperor Menelik II. This 

activity reached its peak when water supply from Gefersa (West of Addis Ababa) 

was started. The taping of the Gefersa water body since 1952 was a new turning 

point and the beginning of a big leap forward in the history of water supply system 

of Addis Ababa [9].  

 
Within the last half a century, there has been paucity of information on types and 

concentrations of heavy metals in drinking water. However, it is possible to 

anticipate the presence of some heavy metals like lead, in drinking water of Addis 

Ababa due to presence of uncontrolled anthropogenic activates. Lead occurs at 

extremely low concentrations in drinking water. The determination of such low 

concentrations in drinking water requires powerful analytical techniques with 

extremely low detection limits. A number of analytical methods are available for 

determination of lead in drinking water. However, owing to its better detection 

power and capability to measure isotope ratios, the Inductively Coupled Plasma - 

Mass Spectrometry (ICP-MS) has become superior tool for the determination of 
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lead in drinking water [10]. This study targets to assess the concentration of lead in 

piped drinking water of Addis Ababa and determine whether it complies with the 

existing Ethiopian [11] and WHO guideline limit of 10�g/L [12].  

 

1.1 Potential Sources of Lead  
 

1.1.1 Industrial activities  
 
The pre-industrial or natural blood lead level in humans is estimated to have been 

about 0.016 �g/L, which is about 50–200 times lower than the lowest reported 

levels of people today living in remote regions of the southern and northern 

hemispheres, 0.78 �gPb/L and 3.20 �g Pb/L respectively [13]. This level is about 

625 times lower than the current level of concern for children, 10�gPb/L, proposed 

by the Centers for Disease Control and Prevention in the USA [14]. Lead levels in 

human skeletal remains indicate that the body lead burden of today’s populations 

is 500-1000 times greater than that of their pre-industrial counterparts [15, 16]. Our 

existing environment can have numerous increased rates of exposures to this toxic 

metal, lead, during different production processes commencing from mining of raw 

materials to the finished goods. For example, lead(II) acetate which is used as 

fixative for some dyes, as a mordant, as active ingredient in hair coloring dyes, in 

textile printing dyes, etc., has been reported to cross placenta and to embryo 

leading to fetal mortality [17-19].  

 

Moreover, cement-mortar is widely used in lining water distribution pipes. Metals 

enter the cement manufacturing process in three ways: raw materials, primary 

fuels (i.e. coal) and waste fuels (Table 1) [20] through the use of hazardous waste 

fuels in cement kiln and there is no restriction is imposed on the lead and 

chromium contents of cement for any use, including the lining of drinking water 

pipes at this time [21]. This analysis provided metals data which accounted for all 

the feed streams going into the cement kiln for the cement manufacturing process.  
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Table 1. Concentration (ppm) of different elements observed in samples (RM1 - 
RM8) of raw materials (waste fuels) used in cement manufacturing plant [20] 
 
 
Element RM1  RM2  RM3  RM4  RM5  RM6  RM7  RM8  
Silver <0.25  <0.25  <0.25  <0.25  <0.25  <0.25  <0.25  <0.25  
Arsenic <0.85  <0.85  <0.85  <0.85  <0.85  6.89  0.987  0.871  
Barium 78.8  49.1  77.5  76.6  77.7  67.3  70.8  75.3  
Beryllium <0.15  <0.15  <0.15  <0.15  <0.15  <0.15  <0.15  <0.15  
Cadmium <0.25  <0.25  0.25  0.476  0.399  0.668  <0.25  <0.25  
Chromium 33.9  21.3  31.4  33.4  39  31.7  34.1  35.3  
Mercury <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  <0.1  
 Lead 2.98  2.29  2.68  3  3.14  2.65  3.01  3.07  
Antimony <2.8  <2.8  <2.8  <2.8  <2.8  <2.8  <2.8  <2.8  
 

1.1.2 Agriculturally applicable products  
 
To overcome the increasing shortage of food and increase agricultural production 

agriculturalists use fertilizers and pesticides. The control agents are intentionally 

produced and applied to protect agricultural plants against pests, weeds, herbs, 

rodents, and insects. Though these chemicals are important for the protection of 

plants, their toxic effects are deleterious to the environment. For instance, some 

compounds of lead, which are used on farm land as rodenticides and insecticides, 

(e.g. for the control of insects such as apple maggots, fruit flies, leaf rollers and 

other chewing insects on fruit trees), like lead arsenate, lead carbonate, and lead 

(II) hydroxide [22] elevate environmental lead levels.  

 

1.1.3 Food  
 
Today's lead exposure is caused by foodstuff and drinking water [23, 24]. There 

are small amounts of lead in foodstuff and surplus exposure for a proportion of the 

population with lead transferred by plumbing system to drinking water [25]. The 

total daily intake of lead varies according to the environment, but it is generally 

agreed that the average person in a developed country ingests up to 0.4 mg of 

lead per day [26, 27]. Under normal circumstances the diet contributes 90% of 
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man's total intake of lead [28]. Lead can appear in canned foods because some of 

the metal is dissolved by food acids from the solder of the can [28]. Acidic foods 

and beverages-including tomato juice, fruit juice, cola drinks, cider and brine or 

other liquid for preserving food, and other foods such as meats, grains, seafood, 

cigarette and wine may contain significant amounts of lead [22, 29].  

 
Lead is also found in breast milk [30] and a small amount of lead may enter into 

cow’s milk by binding to protein moiety during biological milk synthesis or during 

processing steps. Cows raised near industrial plants and highways can have high 

concentration of Pb in milk [31]. The milk concentration of some elements can be 

increased by increasing the amount in the diet. Table 2 shows the concentration of 

various elements in milk when fed a normal diet and a diet where that particular 

element was supplemented. The lead concentration is 40�gPb/L which is above 

WHO standard mean value, 20�g/L [32].  

 
Table 2. Trace elements in cow milk (�gPb/L) [31].  
 

Element  Normal Ration  Supplement of Element  

Aluminum  460  810  

Arsenic  50  450  

Boron  270  660  

Cadmium  26  No increase  

Chromium  15  -  

Cobalt  0.6  2.4  

Copper  130  No increase  

Fluorine  150  Increases  

Iodine  43  Up to 2700  

Iron  450  No increase  

Lead  40  Increases  
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1.1.4 Vehicle emissions  
 
As sources of power, motor vehicles use petroleum products and exert the 

greatest influence on water, soil and vegetation [33], especially of urban 

atmosphere. In the past and still in most developing countries, anti-knocking 

agents like tetraethyllead or tetramethyllead are used in gasoline [8]. In Ethiopia, 

gasoline contains 0.013g/L lead [34]. When combustion takes place tetraethyllead 

or tetramethyllead is converted into lead oxide which is very soluble in water and 

can readily be ingested with contaminated water. Recent studies have shown that 

garage mechanics, traffic policemen, parking-lot attendants and people living along 

highways have the highest lead concentration in their blood [23].  

 

1.1.5 Sewage sludge  
 
The domestic and industrial sewage sludges commonly carry significant quantities 

of inorganic as well as organic leaded chemicals that can have harmful 

environmental effects [35]. Untreated or inadequately treated municipal sewage is 

a major source of groundwater and surface water pollution. The organic materials 

that are discharged with municipal waste into the watercourses use substantial 

oxygen for biological degradation thereby upsetting the ecological balance of rivers 

and lakes. The inorganic lead contaminations occur around municipal waste 

dumping sites, landfill sites and at garages and car battery charging workshops. 

  

1.1.6 Lead acid-battery charging facilities  
 
The role of lead-acid battery charging and repairing facilities cannot be 

underestimated in reducing uncontrolled emissions of lead to the environment. 

Ironically, the sector serves as a source of lead in the environment. Many of these 

operations occur in residential areas placing public health at risk. In addition, many 

discarded batteries remain in and around homes, readily accessible to young 
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children. In view of the general lack of awareness of the hazards of lead from 

discarded batteries, many battery repair and recycling personnel demonstrate poor 

occupational health practices, including non-use of protective devices (gloves, 

masks or respirators, safety glasses) and constant exposure to battery wastes and 

acids, just to mention a few. Effluents from these sites often enter the general 

drainage system, especially during heavy rainfall, situations which maximize the 

impact of the sector on the surrounding environment and the health of inhabitants.  

 
 

1.2 Fate and Effects of Lead  
 

1.2.1 Environmental fate of lead  
 
The environmental pressures such as temperature, pH, light intensity, and salinity 

[21] on chemical substances determine bioavailability, transportation processes, 

toxicity and rate of transformation of lead [36]. Through various ways, lead can 

reach to and reside in the three compartments of the environment, i.e., air, water, 

and soil.  

 
Air: Lead can remain in the environment as dust indefinitely [1]. Lead particles 

could originate from welding processes, mining and smelters in the form of oxides, 

sulfates and sulfides and exist in the atmosphere as sulfate and carbonate [37].  

 
Water: The source of lead in water is mostly from the drainage and surface 

runoffs. Areas where lead based activities are high contribute to the lead levels in 

the final recipients such as river, stream or wells [2]. Lead has a tendency to form 

compounds of low solubility with anions present in natural water and the divalent, 

Pb2+, is the stable ionic species of lead. Furthermore, the oxides, carbonates, 

sulfates and sulfides may control the solubility of precipitating lead from water [37].  
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Lead rarely occurs naturally in water. Most lead contamination takes place at some 

point in the water delivery system [38]. This occurs as a result of corrosion, the 

reaction between the water and lead in parts of the water delivery system [39]. 

Moreover, the corrosion processes, depends on the water characteristics. Several 

factors cause water to be corrosive, including: acidity (low pH), high temperature, 

low total dissolved solids (TDS) content and high amounts of dissolved oxygen or 

carbon dioxide [39] increasing plumbosolvency [40].  

 
Lead in drinking water is due primarily to the presence of lead in certain pipes, 

service connections, and solder and brass fixture [41]. As a result, lead in drinking 

water from plumbing or fixtures are most often a problem in either very old or very 

new houses [30]. Lead in drinking water can increase total lead exposure, 

particularly the exposure of infants who drink baby formulas and juices mixed with 

water [8]. Infants who are fed formula could get 40 to 60 percent of their lead 

intake from water and on average about 10 to 20 percent of a child’s total lead 

exposure might come from drinking water [8, 42].  

 
Naturally soft water is more corrosive than hard water [43], because it is more 

acidic and has low TDS. Many household faucets, plumbing fittings, check valves 

and well pumps are manufactured with brass parts. While brass contains some 

lead to make casting easier and the machining process more efficient, the lead 

content of brass plumbing components is now restricted to 8% [44]. With decrease 

in lead exposure in developed countries from sources such as petrol, attention has 

been directed towards the increasing contribution to body burden of lead from 

other sources, such as drinking water. For example, Briskin and Marcus suggested 

that approximately 15-20% of the body burden of lead derives from drinking water 

[45].  

 
Soil: Soil lead is an important pathway of human lead exposure [46]. Lead levels 

in soils vary depending on the location and nearness to lead based activities and 

vehicular density [2]. One of the prominent sources contributing to increased load 
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of soil contamination is disposal of municipal and industrial wastes. These wastes, 

although useful as a sources of nutrients are also sources of carcinogens and toxic 

metals [47]. Discharges from industrial activities such as steel, glass and paint 

manufacturing, pollute the environment, albeit in small doses and accumulate 

overtime across trophic levels to pose serious health hazards to man [48]. Heavy 

metals absorption is governed by soil characteristics such as pH and organic 

matter content [49]. The fate of lead in soil is affected by the adsorption at mineral 

interfaces and its accumulation is a function of the rate of deposition from the 

atmosphere [50]. Among soil constituents, Pb is adsorbed preferentially to 

feldspars and organic matter while the presence of phosphate increases the 

strength of the Pb-bonding in phosphate-rich soils [51].  

 
 

1.2.2 Environmental and health effects of lead  
 

1.2.2.1 Environmental effects of lead  
 
Lead is a naturally occurring element and it does not break down in soil or in water 

[52] while it is in its elemental state but lead compounds can naturally be converted 

into different forms by sunlight, air, and water [42, 53]. On the other hand, the 

mineral soil and forest floor are the major pools of lead in the ecosystem [54]. 

Though lead is not a plants' nutrient [55], it can be absorbed by a plant very slowly 

and get accumulated in its body for a long duration of time [56]. Excess lead 

causes a number of toxicity symptoms, e.g. stunted growth, chlorosis, and 

blackening of root systems, inhibition of photosynthesis, upsets of mineral nutrition 

and water balance, changes of hormonal status and affects membrane structure 

and permeability [57].  

 
Furthermore, most lead concentrations that are found in the environment are a 

result of human activities. Due to the application of lead in gasoline an unnatural 

lead-cycle can take place. Lead compounds enter the environment through the 
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exhausts of cars [6, 58]. The larger particles will drop to the ground immediately 

and pollute soils or surface waters, the smaller particles will travel long distances 

through air and remain in the atmosphere. Part of this lead will fall back on earth 

when it is raining [59]. This lead-cycle caused by human production is much more 

extended than the natural lead-cycle [54], which has caused lead pollution to be a 

worldwide issue.  

 

1.2.2.2 Health effects of lead  
 
Lead is the number one environmental pollutant all over the world causing health 

hazards to humans and animals [60-62]. In humans, it can be absorbed through 

the digestive tract, the lungs and the skin [41, 63] where the absorption depends 

on age [64]; and adults absorb approximately 10% while children absorb up to 

40% of the ingested lead [65]. After absorption, lead enters the blood where 97% 

is taken up by the RBC [64, 66, 67] and the half life of lead in the RBC is 2 - 3 

weeks [68]. Due to its deposition in bones and teeth, it is possible to estimate past 

exposure to lead by x-ray analysis [42].  

 

Lead exerts its detrimental effects by combining with one or more reactive groups 

(ligands) in human bodies, which are very essential for normal physiological 

functions. These ligands in our body could contain the reactive sites: oxygen (-OH, 

-COO-, -OPO3H-, -CO-), sulfur (-SH, -S-S-), and nitrogen (-NH2, –NH-) [69] and 

can cause: disruption of the three-dimensional configuration of enzyme leading to 

loss of catalytic functions, structural change of DNA and inhibition of transport 

processes by cell membrane [8].  

 
Moreover, lead interferes with haem and porphyrin synthesis [4, 70]. The result of 

the effects on porphyrin synthesis are reduction in haemoglobin level, the 

appearance of coproporphyrin and aminolaevulinic acid (ALA) in the urine [41]. 

Free erythrocyte protoporphyrin is increased and ALA dehydrase (ALAD) is 
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inhibited [71]. The inhibition of ALAD is the most sensitive measure of exposure 

[39, 64, 65] and in human subjects there is a correlation between blood lead and 

the degree of inhibition of the enzyme [68, 74, 75] and the concentration of lead in 

blood is the most widely used biomarker of exposure [44].  

 
Workers in lead industries: The emergence of the industrial age and large-scale 

mining brought occupational diseases caused by various toxic metals [4, 7]. For 

example, lead toxicity associated with occupational exposure was first reported by 

370 B.C [4] as a case of lead poisoning was described by Hipocrates [68, 74] and 

Nicander first described the symptoms of lead poisoning over 2000 years ago [26]. 

The half-life of lead in bones can be over 20 years [76]-it may cause toxic effects in 

adults as it is slowly mobilized. Studies made on workers in lead industries have 

found chronic overexposure to lead may result in anemia [61], damage to the 

kidneys, gastrointestinal tract, peripheral and central nervous systems, 

reproductive system and blood-forming organs [41].  

 
Pregnant women: There is some evidence indicating the induction of abortion in 

women upon ingestion of lead in ancient times [44]. In the last century, female lead 

workers were known to have high rates of miscarriage and stillbirth [42, 77] and in 

many countries were restricted from employment in certain lead industries for this 

reason.  

 
Fetuses: Lead can enter a fetus through the placenta of the mother [78, 79] and 

can cause preimplantation loss, miscarriage, stillbirth, neonatal death, reduced 

gestational age, reduced birth weight, minor congenital/chromosomal anomalies, 

reproductive abnormalities (disorders), decreased placental functioning [77, 80], 

etc. When pregnant woman has an elevated blood lead level, it can easily be 

transferred to the fetus as there is no placental barrier for a heavy metal like lead 

[81]. In humans there was an increased and sustained mobilization of maternal 

skeletal lead during lactation compared with during pregnancy and high 
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concentration of lead was observed in breast milk that pose a potential hazard to 

the infant [30, 60, 82, 83].  

 
Children: Lead is considered the number one health threat to children, and the 

effects of lead poisoning can last a lifetime [84]. Children are susceptible to 

adverse effects of lead [42, 85] and the rate of absorption of lead after ingestion 

can range from 3% to 80% and it is heavily influenced by food intake, much higher 

rates of absorption occurring after fasting than when lead is ingested with a meal 

[64, 86]. Children under six years of age are mostly at risk [53] because their 

brains and nervous systems are still developing. Of these, children between ages 

one and three are especially vulnerable, since they are walking, playing, crawling 

and mouthing activities are pronounced [45] on the floors where lead dust can 

accumulate. Not only does lead poisoning challenges a child’s growth, damage the 

nervous system, and cause learning disabilities, but it is also now linked to crime 

and anti-social behavior in children [87]. Moreover, elevated lead levels continue to 

be a particular problem among socially and economically deprived children and 

poor people [4] because they are more likely to live in substandard housing and be 

near industry and heavy traffic areas.  

 
Adults: Based on the concentration level of lead altered testicular functioning [42], 

low sperm count, sperm weakness, sperm abnormalities, erectility dysfunction and 

impotence, decreased serum testosterone, sterility, infertility, effects on ovaries, 

decreased sex drive [78, 79, 88-90], hypertension, nerve problems, etc, health 

challenges may occur (Table 3).  
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Table 3. The effect of lead on both children and adults at different 
concentrations.  
 

Severity of health problems on  Pb levels in 
the blood 
(�gPb/L)  Children  Adults  
0-10  hearing, IQ, growth, Pb cross placenta 

and into the fetus  
hypertension  

10-20  interferences in ability to make RBC and 
brain developments, premature birth, 
reduced weight, decreased ability to use 
Vit.-D, etc.  

interferences in ability to 
make RBC  

20-30  nerve affected (slow reaction time), 
worsened sensation, etc.  

interferences in ability to 
make RBC, hearing loss 
increased blood pressure,  

30-40  decreased ability to Vi.-D  infertility in men, kidney 
damage,  

40-50  decreased ability to make RBC  nerve problems, decreased  
sensation and ability to 
move,  

50-100  kidney damage, coma/seizure, Frank 
anemia,  

decreased life span, Frank 
anemia, decreased ability 
to  

 
 
 
 

1.3 Treatment Therapy of Lead Toxicity 
 

Strategies for treating human subjects with elevated blood lead levels and for 

assessing the effects of these treatments are urgently needed. The modern 

system of medicine uses chelating therapy to cure Pb toxicity [91]. Chelating 

therapy is the use of a chelating agent to eliminate toxic metal ions. Although the 

most important part of treating lead poisoning is decreasing exposure to lead, 

there are some forms of chelating therapy that can be used to reduce existing 

blood lead level (BLL). Chelating therapy employs chemical agents such as 

calcium disodium ethylenediaminetetraacetate (CaNa2EDTA), Dimercaprol 

(British Anti-Lewisite, BAL), d-Penicillamine (Cuprimine), Succimer (Meso-2,3-

dimercaptosuccinic acid, DMSA) to remove Pb from critical organs, thereby 

ameliorating further toxicity and potentially allowing for biochemical and general 
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medical recovery [92]. The medication is specially recommended for children with 

blood lead levels  45µg/L) [93]. Lead chelating is known to reduce blood lead 

concentrations acutely from the lead victimized subjects.  

1.4 Strategies for Minimizing Exposure to Lead  
 
Developed countries have taken aggressive steps to combat lead poisoning. In 

developing countries, however, actions have been slower and sporadic. Within 

the last decade, reports of lead poisoning in humans have poured in particularly 

from the developing countries faced with environmental and occupational lead 

exposure. As highlighted earlier, sources that account for most lead exposure 

world-wide include the following:  

• gasoline additives;  

• food can soldering;  

• lad-based paints;  

• ceramic glazes;  

• drinking water systems;  

• cosmetic and folk remedies;  

• lead smelters and battery recycling and repair operations, which 

contaminate environments and people in the workplace and the 

surroundings.  

 

There are a wide range of strategies to minimize and ultimately prevent lead 

poisoning and to promote wellness. Efforts focused on eliminating significant 

sources of lead have played major role in this regard. These include phasing out 

leaded gasoline, banning leaded plumbing solder and lead solder on food cans, 

and lead-based paint. However, old homes that contain some lead paint, leaded 

gasoline emissions that were deposited over the years in the soil near highways 

and busy roads continue to contaminate many yards. Similarly, old lead pipes 

that continue to serve as water service lines in many older houses also continue 

to leach lead into drinking water.  
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Nevertheless, lead poisoning is preventable. In addition to banning potential 

sources, people need to be informed about the sources of lead and need to be 

vigilant in preventing exposure. Moreover, information on levels of lead in human 

subjects as well as various environmental compartments must be made available 

to enforcing bodies. Of the wide range of lead poisoning prevention strategies, 

two aspects have been considered in this study. The first of these include 

assessing awareness of workers engaged in lead-acid battery charging and 

repair operations. A second aspect of the study focused on determining the level 

of lead in various phases of drinking waters supplied to the consumer in Addis 

Ababa.  

 

1.5 Problem Statement and Objectives  
 

1.5.1 Problem statement  
 

Addis Ababa started getting its water supply since 1895 from different ponds and 

springs and the first modern dam and distribution lines were inaugurated in 1952 

[9]. Since then there has been a number of expansion projects undergone to 

fulfill the ever increasing demand for clean water from Addis Ababa dwellers. The 

old transmission lines have never been replaced and there could be corrosion 

problems resulting in leaching of heavy metals to the water system [94]. Lead in 

drinking water may come from contamination at the source, but it can also result 

from the water treatment and distribution systems. However, the authority 

running the water delivery and administration does not monitor the level of heavy 

metals in its drinking water. Nevertheless, an important study carried out on the 

rural and urban children incisors exfoliated in 1998-2000 showed higher 

concentrations of lead in the teeth of children from Addis Ababa than those from 

rural areas [95].  

 

The city also has been entertaining motor cars since 1907 and in the recent 

decades due to extremely high taxation imposed on new cars most of the 
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vehicles imported are old used cars from Europe that require fuels with anti-

knocking additives (such as ethylmethyllead), which in turn releases high 

percentage of the lead into the atmosphere [96]. The population also has been 

increasing from 65,000 in 1912 to several millions recently which also resulted in 

increasing number of construction works in new sites or by demolition of old 

houses with extensive use of paints [97].  

 

Increased human activities such as industrialization coupled with over-population 

amongst other factors, have become major environmental issues because they 

increase the demand for transportation systems which in turn broadens the 

application of lead acid car batteries for vehicles. There are many garages and 

workshops working on refilling and charging car batteries in Addis Ababa. On the 

other hand, there is no monitoring mechanism on ways of dumping the replaced 

acid solution and/or the old secondary accumulators. Moreover, no education is 

offered to the workers nor effective collection system for spent batteries is 

available. Shoe polishing boys and taxi fare collectors (locally known as 

Weyyala) are using the old car batteries as seats. Obviously, these activities 

temporally increase emission of lead in Addis Ababa. 

 

There is no official regulatory report on the nature of the paints used with regard 

to lead additives in the older times as well as in recent days. Moreover, cement – 

mortar is used for the construction of dams and lining of pipes and 

polyvinylchloride (PVC) pipes are also used for replacing of the metallic pipes. 

Despite existence of huge number of potential sources of lead, the drinking water 

of Addis Ababa has never been studied for its content of lead.  

 

1.4.2 Objectives of the study  
 

The general objectives of this study are to clarify the extent of knowledge about 

toxicity of lead by workers engaged in lead-acid battery charging and repair 

operations and quantify lead in drinking water supplies in Addis Ababa, Ethiopia.  
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The specific objectives of this study are to:  

 • assess the level of lead toxicity awareness by workers at car battery 

charging garages and workshops and potential emission of lead by these 

enterprises.  

 • collect water samples from Gefersa and Legedadi treatment plants 

before and after treatment, Akaki boreholes, reservoirs and from randomly 

selected households and determine concentrations of lead.  

 • to trace potential sources of lead in the drinking water of Addis Ababa 

(Viz: water delivery system, faucets, treatment plants, reservoirs, 

boreholes)  

 • suggest appropriate management systems for controlling the 

environmental pollution caused by lead.  

 
1.6 Outcome of the Study  

 

The outcome of this study will be extremely important for health personnel, 

environmentalists, administrators and the public at large. It is believed to initiate 

epidemiological study in urban settings and also urge educational psychologists 

to evaluate the effect of lead on the cognitive ability of young children in towns. 

Furthermore, it may motivate the Environmental Protection Authority, Ethiopian 

Petroleum Enterprise, Ministry of Health, Federal Police Commission, Addis 

Ababa Water and Sewage Authority, Cosmetics and Pharmaceutical companies 

and Ministry of Agriculture to conduct more dedicated and focused research in 

the area. Moreover, the findings could be used to compare the efficacy of some 

measures that would be taken to reduce the release of lead to the environment. 
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CHAPTER 2 

 

MATERIALS AND METHODS 

 

2.1. Emission of Lead into the Environment in Addis Ababa by 
Lead-Acid Car Battery Charging Garages and Workshops: Case 
Study  
 

This study was aimed at assessing the contribution of lead acid car battery 

(accumulators) charging garages and battery charging workshops to the 

environmental impact of lead. And the scope of this study is to evaluate the 

contribution of damaged lead-acid car batteries to environmental emissions of 

lead associated with the post consumer phase of batteries and particularly its 

emissions at the disposal phase of Municipal Solid Waste (MSW).  

 

2.1.1 Sampling techniques and sample size  
 

For the study conducted, 90 garages and battery charging workshops were 

randomly selected (87 private and 3 governmental garages and workshops) from 

a total of 300 existing in Addis Ababa (according to the data obtained from Addis 

Ababa Trade and Industry Bureau).  

 

2.1.2 Questionnaire  
 

The questionnaires are intended to assess old lead acid car battery disposals at 

different battery charging garages and workshops in Addis Ababa. The questions 

are to be responded by responsible person (one worker from each of the 

randomly selected garages and car battery charging workshops). The 

questionnaires have three parts: the first part enquires information about the 
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garage, the second gathers anonymous personal information such as sex, 

educational level, service year, etc. and the third part focuses on the services 

rendered by the lead acid charging garages and workshops. The questionnaires 

are open ended and do not include the name of the respondents (Appendix). 

  

2.2 Determination of Lead in Drinking Water of Addis Ababa  
 

2.2.1 Description of the drinking water supply system  
 

Addis Ababa’s drinking water starts from Legedadi, Gefersa, Dire dam, and 

spring waters and boreholes around the outskirts of the city mainly Akaki sub-

city. The water from Dire and Legedadi is treated at Legedadi treatment plant 

and the one at Gefersa has its own treatment plant at Gefersa. The waters from 

springs and boreholes are treated at their source and there is no treatment plant 

as such. Once the water leaves the treatment plants and/or the springs and 

boreholes it is distributed to different reservoirs around the city (there are 26 

reservoirs in Addis Ababa). From each reservoir it is distributed to several 

thousand households.  

 

2.2.2 Water sample collection and storage  
 

Sample collection has taken place between 27th October and 2nd November 

2007. All samples were collected in high density polyethylene (HDPE) bottles 

(100 mL), thoroughly washed with detergent and tap water, soaked in 10% 

HNO3 (M & B PRONALYS’ Analytical Reagent, RPE, 69.5-71.5%,w/w HNO3) for 

48 hrs and rinsed with distilled and de-ionized water prior to use. The sample 

volume taken was 50 mL throughout the experiment and a total of 346 water 

samples were collected detailed as follows. Nine raw water samples (three from 

each) were collected from Gefersa, Dire and Legedadi before its entry into the 

treatment plants; six water samples after the treatment from the two treatment 
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plants (three from each); 78 samples from all reservoirs (three from each) 

including spring waters and the Akaki boreholes; and 253 samples from 

randomly selected households who get their water from the nearby reservoir. At 

the site of sampling, the bottles were rinsed trice with sample to be collected.  

All the samples were collected during day time and were acidified to a pH < 2 

with HNO3 70% (Carlo Erba, Analytical Grade Reagent) immediately at the site 

of collection. The samples were transported to the Department of Chemistry and 

stored in a refrigerator before its shipment overseas for analysis. For the final 

analysis, the samples were transported to South Africa by Ethiopian Airlines 

(stored in a refrigerator) and analyzed for lead content by Inductively Coupled 

Plasma-Mass Spectrometry, ICP-MS (PerkinElmer SCIEX, Concord, Ontario, 

Canada) at Tshwane University of Technology (Pretoria), South Africa.  

 

2.2.3 Determination of the concentration of lead  
Chemicals and Reagents  

 

All chemicals were of analytical grade and used as received without any further 

purification. All laboratory equipment (autosampler cups, pipette tips, glassware) 

used for sample analysis were acid-cleaned with analytical grade nitric acid and 

rinsed several times with de-ionized water prior to use.  

All solutions were prepared using ultra pure reagents. The water used in this 

work was doubly de-ionized with the final stage of de-ionization provided by a 

Milli-Q water purification system (Millipore, Bedford, MA, USA). 65% HNO3 

(Suprapur, Merck, Darmstadt, Germany) was used throughout the analytical 

work. A stock standard solution of 1000 mg/L (Merck, Darmstadt, Germany) was 

used in preparing calibration standards. The calibration solutions containing 1% 

HNO3 were made from the stock solution using de-ionized water (18.2 M� cm) 

immediately before analysis. The mass calibration stock solution containing Ba, 

Be, Ce, Co, In, Mg, Pb, Rh and U at 10 �g/L was obtained from PerkinElmer 

(Concord, Ontario, Canada). Argon (N 4.8) of 99.998% purity was supplied by 

(Afrox Boc gases, South Africa). Trace elements in water reference material 
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(NIST SRM 1643e, Gaithersburg, MD, USA) were used to check the accuracy 

and precision of the method.  

 
Instrumentation  

 

ICP-MS measurements were performed by a quadrupole ELAN DRC-e 

spectrometer (PerkinElmer SCIEX, Concord, Ontario, Canada), equipped with a 

PerkinElmer auto sampler model AS-93 Plus. Details on the instrumentation and 

the operating conditions are given in Table 4.  

 

Table 4. Instrumental operating conditions of PerkinElmer ELAN DRC-e ICP-MS.  
 

Operating parameter  Setting  

Plasma power output  1350 W  

RF generatorfrequency    40 MHz  

Analog stage voltage(volts)    -1850  

Pulse stage voltage (volts)    800  

Lens voltage (volts)     7  

Argon flow rate (L min-1)  Plasma: 15, auxiliary: 1.2, nebuliser: 0.89-1.02  

Nebuliser type  Cross-flow  

Spray Chamber type  Ryton®, double-pass  

Interface  Ni sampler and skimmer cones, i.d. 1.1 and 0.9 

mm, respectively  

Torch  Standard quartz torch, 2 mm i.d.  

Data acquisition  Peak hopping; dwell time per AMU 40 ms, 

sweeps/reading 60, number of replicates 3  

Analytical masses  206,207,208Pb  

 

Analysis  

 

Before analysis, the operating conditions for ICP-MS measurements were 

optimized daily, by monitoring signals produced by a multi-elemental solution 

containing 10 �g/L Ba, Be, Ce, Co, In, Mg, Pb, Rh and U in the Graphics Mode of 
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Analysis. The selected conditions were those, which maximize 115In and equal 

24Mg and 208Pb signals. Water samples were acidified with ultrapure HNO3 to 

final concentration of 1% v/v. The method blank was 1% v/v ultrapure HNO3 

solution. Blank, standard and water sample solutions were nebulised and each 

solution of standard or sample was followed by introduction of de-ionized water 

for at least 1 min, to rinse the sampling system in order to avoid contamination of 

other solutions. Three independent replicates of each sample were measured, 

and the concentrations were calculated using the average of each value. The 

blank samples were also measured, and intensity of each analyte in the blank 

sample was subtracted from that of the sample. 

  

Evaluation of Detection Limit (DL), Accuracy and Precision  

 

Intensities of 10 blanks containing 1% Ultrapure HNO3 were measured. From the 

intensity readings of 10 blanks the standard deviation was calculated. The 

detection limit calculated based on 3� was found to be 0.016�g/L.  

The accuracy and precision of the of the ELAN DRC-e ICP-MS was checked by 

analyzing the Standard Reference Material (SRM 1643e) “Trace Elements in 

Water”, which is intended for use in evaluating methods used in the 

determination of trace elements in fresh water. The measured and certified 

values are presented in Table 5.  

 

Table 5. Lead concentration in certified reference material.  
 

Reference material  Observed  Certified  % Recovery  

SRM 1643e  16.35 ± 1.00 �g/L  19.63 ± 0.21 �g/L  83.29 ± 4.76  
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CHAPTER 3 
 

RESULTS AND DISCUSSIONS 

 

3.1 Emission of Lead into the Environment in Addis Ababa by Lead-Acid 

Car Battery Charging Garages and Workshops: Case Study  

 

Level of lead in soils from risky environments such as battery industry, 

mechanics villages, petrol stations are much higher as compared to those soils 

from the residential environment and residents near heavy traffic highways are at 

high risk for lead pollution [16]. For instance, the study carried out in Ibadan, 

Nigeria [98] confirms that lead level in soils vary depending on the location and 

closeness to lead based activities and vehicular density in the residential areas. 

The level ranged from (mg/kg): 364.0 ± 85.2 in high density area, 269.0 ± 133.9 

in medium density area and 307.0 ± 161.3 in low density area. In mechanic's 

villages the value ranged between 292.3 and 491.2. Near petrol stations, the 

value ranged between 190.0 to 1029 mg/kg on the top 10-cm level and 237.5 to 

3,862.8 mg/Kg in 11to 20-cm layer. Near a lead acid battery industry, the soils 

showed value of 7,339 in the top 10 cm layer and 6263 mg/kg in the 11 to 20 cm 

layer. Thus, one may expect the same result in poor settings of developing 

countries like Ethiopia where proper waste disposal procedures are not 

implemented.  

 

Addis Ababa, the capital city of Ethiopia, is the city in which various industrial 

activities are being conducted. Due to an alarming increase of vehicle fleets in 

the country in general and in the capital in particular as well as other 

socioeconomic factors vehicle maintenance garages and workshops are 

flourishing in Addis Ababa. About 300 legally registered garages and car battery 

charging workshops are estimated to exist in the city [Addis Ababa Trade and 

Industry Bureau, 1998]. There are also significant number of such garages and 
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workshops who are not legally registered but running the business in equal 

proportions to those registered. Due to lack of safe and proper waste disposal 

system in the city carelessly dumped lead acid batteries from these garages and 

workshops all over the city could be potential source of lead pollution. Because of 

these facts, the present investigation was designed to assess the awareness 

level of the garage and/or workshop workers as to how to handle and dispose 

used lead acid battery and their knowledge of the health risk long term exposure 

of it may cause.  

 

This study was focused on workers practicing their technical knowledge (mostly 

through informal on job training) in such garages and workshops. The minimum 

and maximum work experiences of the workers involved in this study were 

respectively 2 and 25 years and their educational status is to the maximum 

diploma holder. Although there are several technical schools providing certificate 

and diploma programs (such as Entoto Vocational and Technical College, 

General Wingate Technical College, Addis Ababa Technical College, etc.) in 

auto-mechanics, extremely few graduates are working in such garages and 

workshops this study is targeting. Even those few are playing supervisory role or 

enjoy the ownership of the garage and thus not directly involved in the actual 

maintenance work.  

 

Out of the 90 garages and battery charging workshops selected 94.4% are used 

to refill the diluted acid solution and dump this diluted acid solution into drainage 

systems, flood ditches, empty remote areas or at dirty corners nearby their 

working places. Almost 90% of the workers recognized that this acid solution has 

human health problems, damages skin, cotton clothes, plants, and ‘eats’ metals. 

Because lead is soluble in acidic medium, the decanted diluted acidic solution 

contains dissolved lead in it, which eventually ends up in the environment. 

Considering the crowded part of the city where such garages and workshops are 

situated, one can easily guess the human exposure such practice caused to the 

dwellers in the vicinity.  
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Almost all (99%) of the selected garages and battery charging workshops provide 

recharging services. The life span of a battery depends on the type of battery and 

the capacity of the car's electric regulatory system. If good conditions are 

maintained, a battery can serve at an average for about two years being charged 

when necessary.  

 

Seventy-three percent of the respondents disclosed that when a battery gets old 

they remove the lead part, collect it and sell out to those who reuse or recycle it 

where as 14.4% of them said they dispose it at any remote place or at any dirty 

corner nearby. About 11.1% of the workers said that they smelt forge and reuse 

for partial or complete recycling processes and the remaining 1.11% confirmed 

that they return it to the company from which they bought the new ones. 

Furthermore, 11.11% of the battery charging garages and workshops provide 

partially or fully recycling services. A few of the old car batteries also are used as 

seat (stool) in taxies and at shoe polishing corners astonishingly with some 

remnants of lead (Figure 1).  

 

 

 
 
Figure 1. Old car battery used as a seat for shoe polishing boys at Piasa centre.  
 
 

Pieces of Pb poles not 
removed from old Pb acid 
car battery used as a seat by 
shoe polishing boys 
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Despite the claim by almost all (98.9%) of the workers to partially or deeply know 

the components of the battery and mentioning of the main components (as lead 

poles, lead oxide or lead sponges, negative and positive plates, separators, 

sulfuric acid, distilled water and housing or plastic container) only 3.3% has 

knowledge about the health problem that could be caused by lead exposure. As 

explained above their main knowledge and concern is the effect of sulfuric acid 

but not the health effect of lead. All of the workers asserted that they have not 

come across any health and environmental damage caused by lead during their 

work tenure. This is extremely disturbing finding that indicates how carelessly 

they are handling the lead in the battery and dumping the old ones and its 

components haphazardly with very little concern to the environment and their 

health.  

 

Unanimously, all of the respondents indicated that so far no external regulatory 

body provided them information as to how to handle and where to dispose the 

old lead acid car batteries. This finding also puts the awareness of the authorities 

at the Addis Ababa city Council, the Health Bureau as well as the Environmental 

Protection Agency about the health effect of lead in doubt. Had they been aware 

of its grave health sequel they should have at least distributed a document that 

provides recommendations and suggestions about the handling and disposing of 

lead around garages and workshops.  
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Conclusion  

 
This study revealed that the vast majority of workers at garages and workshops 

in Addis Ababa do not have any knowledge about the health effects of lead in the 

battery they are handling every day and every hour for years. It also ascertained 

that the workers are disposing the diluted acid containing lead as well as old lead 

acid batteries carelessly with little concern (if at all) to their health and 

environment. The result also gave some concrete evidence regarding the role 

played by the car battery charging garages and workshops in the emission of 

lead into the environment. This study also unearthed a painful truth that no 

governmental authority showed a concern to this way of free emission of lead to 

the environment. One may put under question the awareness level of the experts 

at the government offices such as the Addis Ababa City Council, the Health 

Bureau as well as the Environmental Protection Agency on the environmental 

effects of lead. Even the licensing authority, the Trade and Industry Bureau 

should have put knowledge about the health effect of lead and disposal facility for 

acidic solution containing lead and old lead acid batteries as one of the criteria to 

issue the license. In any case, this is a wake-up call to all concerned authorities, 

governmental and non-governmental alike, environmental activists and able 

individuals. Further study on the lead level in the garage and workshop workers 

blood may indicate the extent of the damage caused by such lead exposure in 

their work environment.  

 

3.2 Water Analysis  
 

3.2.1 Raw waters  
 

The raw water samples were collected from the recently constructed Dire dam 

(air distance 20 km), Legedadi (air distance 19.50 km) and Gefersa (air distance 

18.20 km, from AAWSA office). The water catchments areas of the rivers 

supplying to these dams are surrounded by heavy agricultural activities with 
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highly pronounced deforestation. The water from dire dam merges to Legedadi 

for treatment and thus there are two water treatment plants in the city.  

 

The collected raw water samples were analyzed for lead content and the mean 

concentration of lead observed were (mean ± SD): 30.18 ± 3.44; 14.98 ± 1. 55 

and 21.46 ± 1.73�g/L for Dire, Gefersa and Legedadi respectively. The high level 

observation of Pb in the raw samples may be due to the natural occurrences of 

Pb in the vicinity or the uses of lead compounds in the agricultural activities or 

the leachates of Pb from cement- mortar lining of the dams [39].  

 

The lead concentration in treated water samples were 15.66 ± 2.31 and 13.85 ± 

2.23�g/L (mean ± SD) for Gefersa and Legedadi respectively. It is apparent from 

this result that the treatment procedure at Legedadi is better in removing lead. 

Where as there is no significant difference texp (texp is the Student’s t-test 

calculated from experimentally observed values) is 0.423 and ttab (ttab is the value 

obtained from t-distribution table) is 2.78 at 4 degrees of freedom and 95% 

confidence level) between the values obtained before and after treatment for the 

Gefersa water suggesting that the treatment procedure has no effect on the 

concentration of lead (Table 6).  

 

Table 6. Comparison of Pb concentration before and after treatment for Gefersa 
and Legedadi water supply systems.  
 

Conc.(�g Pb/L)  

Sampling site  

Before treatment 

mean ± SD 

After treatment 

 mean ± SD 

Dire Raw Water  30.18 ± 3.44  N/A  

Gefersa Raw water  14.98 ± 1. 55  15.66 ± 2.31  

Legedadi Raw water  21.46 ± 1.73  13.85 ± 2.23  
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The mean lead concentrations level observed after treatment in both treatment 

plants were higher than the 10 �g/L threshold put by WHO. These values are 

higher than that of the finished drinking water of Cairo (9.93 ± 0.5�g/L, mean ± 

SD) [99] and similar to the lead mean concentration in drinking water of Vienna 

(16.5�g/L) [100]. The decrease in Pb mean concentration for Legedadi treatment 

plant after treatment could be attributed to the age and the new technology of the 

plant as compared with that of aged Gefersa treatment plant. 

  

3.2.2 Gefersa water supply system  

 
Gefersa water supply system, located on the western side out of Addis Ababa in 

the Oromia regional state, is the oldest water supply systems in the city which 

supplies 24500 m3/day of treated water to segmented part of Addis Ababa 

especially to Asko, Gullalle, Kolfe and subpart of Markato. There are four 

reservoirs getting their water from the treated water outlet of Gefersa. Water 

samples were collected from each of these reservoirs and the concentration of 

lead was determined using ICP-MS (Table 7). The level of lead in all but one of 

the reservoirs is the same (no statistical difference at 4 degrees of freedom and 

95% confidence level, ttab is 2.78) as that in the water collected immediately 

after treatment.  

 

Table 7. Lead concentrations determined in water samples collected from four 
reservoirs connected to Gefersa treatment plant (n = 3).  
 

Sampling site  Conc.(�g /L) 

 mean ± SD 

texp*  

Gefersa Reservoir 1  16.13 ± 0.26  0.350  

Gefersa Reservoir 2  15.6 ± 1.25  0.040  

Gefersa Reservoir 3  15.76 ± 1.80  0.059  

Gefersa Reservoir 4  21.53 ± 0.64  4.242  

 

• Calculated in comparison to the concentration of lead in treated Gefersa water.  
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The concentration of lead in water obtained from reservoir 4 is significantly higher 

than the value obtained in water collected immediately after Gefersa treatment. 

According to the unofficial information obtained from Addis Ababa Water and 

Sewerage Authority (AAWSA) reservoir 4, which is located at Asko area is the 

oldest of all. The distribution system starts from Gefersa treatment plant and 

directly goes to reservoir 1 located at Gulalle (Ras Hailu) and then to reservoir 2 

and 3 built nearer to Rufael church. Reservoir 4 accepts water from reservoir 3. 

This value is more than double of the threshold recommended by WHO and it 

needs thorough investigation as to where the source of further contamination of 

the Asko reservoir comes from.  

 

Water samples were also collected from randomly selected households getting 

their water from the four Gefersa-associated reservoirs and analyzed for lead 

content (Table 8).  
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Table 8. Lead concentrations determined in water samples collected from 
randomly selected households connected to reservoirs from Gefersa treatment 
plant (n = 3).  

 
 

reservoir  Sampling site  Conc.(�g/Lmean ± SD)  texp*  

Gefersa Reservoir 1  Household 1  16.45 ± 5.20  0.106  
                                           Household 2  23.39 ± 3.20  3.917  
                                           Household 3  8.37 ± 1.40  9.439  
                                           Household 4  17.86 ± 2.28  1.306  
                                           Household 5  17.16 ± 5.72  0.312  
                                           Household 6  10.31 ± 2.31  4.336  
                                           Household 7  16.94 ± 1.46  0.946  
                                           Household 8  10.53 ± 0.94  9.945  

Gefersa Reservoir  2  Household 1  14.63 ± 0.09  1.341  
                                           Household 2  10.47 ± 3.09  2.666  
                                           Household 3  29.84 ± 5.13  4.671  

Gefersa Reservoir 3  Household 1  17.24 ± 0.82  1.296  
                                           Household 2  7.24 ± 1.65  6.043  
                                           Household 3  26.95 ± 0.63  10.163  
                                           Household 4  17.77 ± 1.63  1.434  
                                           Household 5  25.67 ± 3.23  4.642  
                                           Household 6  21.43 ±3.42  2.541  

Gefersa Reservoir 4  Household 1  31.84 ± 4.76  3.718  
                                           Household 2  23.25 ± 6.11  0.485  
                                           Household 3  11.48 ± 2.88  5.900  
                                           Household 4  15.45 ± 0.09  16.294  
                                           Household 5  22.88 ± 5.54  0.419  
                                           Household 6  19.12 ± 0.59  4.795  
                                           Household 7  24.64 ± 3.24  1.631  
                                           Household 8  21.53 ± 5.71  0.000  
                                           Household 9  19.13 ± 2.25  1.777  
                                           Household 10  14.92 ± 1.20  8.418  
                                           Household 11  12.09 ± 1.13  12.590  
                                           Household 12  41.12 ± 9.72  3.483  

 
 
• Calculated in comparison to the concentration of lead in the water from the respective reservoir.  
 

    
Out of the eight households getting water from reservoir 1, only household 2 is 

getting water with significantly higher concentration of lead as compared to the 
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value for reservoir 1. Households 3, 6 and 8 are getting water which has 

significantly lower lead concentration as compared to that of the water at 

reservoir 1 (at 4 degrees of freedom and 95% confidence level, ttab is 2.78). The 

other four households are getting water with almost similar concentration of lead 

as that of the reservoir they are connected to. The reason why household 2 has 

the highest value and households 3, 6 and 8 have lower value needs further 

investigation.  

 

Similarly, out of the three households getting water from reservoir 2, household 3 

is getting water with significant amount of lead in it. There are 6 households 

sampled from those getting their water from reservoir 3, two of them are having 

water with significantly higher amount of lead and one is getting water with 

significantly lower amount of lead in it. By the same token, out of the 12 

households sampled from those getting their water from Gefersa reservoir 4 two 

of them are getting water with significant amount of lead and five of them are 

getting water with lead value significantly lower than that of reservoir 4. As said 

earlier the discrepancy can not be explained with the current data and further 

research is required to solve the mystery.  

 

3.2.3 Legedadi water supply system  
 

The Legedadi water supply system is the largest of all in volume which supplies 

165000 m3/day of water everyday. The water starts flowing from the treatment 

plant, entered to reservoirs 2 and 3 (located at Kotobe), then to reservoir 4 and 5 

(near Israeli embassy) and then to Jan Meda, Entoto, Semen Gebeya , Markato, 

Bole, Legehar, Nefas Silk and some mix with Akaki borehole waters. There are 

12 reservoirs getting their water mainly from the outlet of Legedadi treatment 

plant. Water samples from these reservoirs were taken and analyzed for their 

lead content (Table 9).  
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Table 9. Lead concentrations determined in water samples collected from twelve 
reservoirs connected to Legedadi treatment plant (n =3).  
 

Sampling site  Conc. (�g/Lmean ± SD)  texp*  

Legedadi Reservoir 1  28.95 ± 2.33  8.109  

Legedadi Reservoir 2  9.06 ± 0.01  3.720  

Legedadi Reservoir 3  23.53 ± 3.39  4.132  

Legedadi Reservoir 4  11.21 ± 1.48  1.708  

Legedadi Reservoir 5  11.00 ± 1.39  1.879  

Legedadi Reservoir 6  10.71 ± 1.34  2.090  

Legedadi Reservoir 7  25.21 ± 1.72  6.987  

Legedadi Reservoir 8  11.66 ± 2.83  1.053  

Legedadi Reservoir 9  20.57 ± 3.96  2.561  

Legedadi Reservoir 10  14.54 ± 2.10  0.390  

Legedadi Reservoir 11  9.79 ± 0.07  3.152  

Legedadi Reservoir 12  13.59 ± 2.16  0.145  

 
           texp* is the student’s t-test calculated from experimentally observed values. 

 

Out of the 12 reservoirs three (reservoir 1, 3, and 7) have water with significantly 

higher amount of lead as compared to the treated water leaving Legedadi and 

reservoirs 2 and 11 are getting water significantly lower in lead content than the 

water leaving Legedadi treatment plant. The others have water that contains 

almost similar amount of lead as that of the water immediately after treatment at 

Legedadi. Reservoir 1, which is located at Jan Meda, is larger in size and can 

accommodate larger volume of water. It stores water for longer period of time 

and it is a distribution point to many households. When water stays in the 

reservoir, it gets longer time of contact with the wall of reservoir which may lead 

to the contamination of water by Pb from the cement-mortar which was used for 

the reservoir construction [39].  

 

3.2.4 Akaki water supply system  
 

The source of Akaki water supply system is located on the Eastern side of the 

city. This water supply system is the youngest of all the three supply systems, 

which gets water from the ground water through boreholes. It has a capacity of 
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supplying 44,000 m3/day. The water is directly pumped from the underground 

through the boreholes and collected into the first reservoir located at the hillside 

of Tullu Dimtu, near the road to Nazarette (at Akaki customs check point). The 

flow direction of the water is from the lower area to the higher and reaches 

Sebategna, western part of Markato. In the cases of some of the reservoirs it 

mixes with the Legedadi supply system. This water supply system moves in the 

area where heavy industrial activities are undergoing. It is also an area where 

high density of vehicles movement is taking place. Mainly PVC pipelines are 

used for the water distribution systems around Akaki. Except the chlorination 

procedures, the water does not undergo any treatment procedure, it is directly 

supplied to the reservoirs and then to the households.  

 

There are seven reservoirs getting water from Akaki boreholes and water 

samples were collected from those reservoirs. The water samples were analyzed 

for their lead content (Table 10). All of them exhibited lead concentration above 

the threshold recommended by WHO (i.e. 10�g/L).  

 

Table 10. Lead concentrations determined in water samples collected from 
seven reservoirs connected to Akaki boreholes.  
 

Sampling site  Conc.(�g /L, mean ± SD)  
Akaki Reservoir 1        15.66 ± 1.85  
Akaki Reservoir 2        11.24 ± 2.21  
Akaki Reservoir 3        12.58 ±1.40  
Akaki Reservoir 4        14.82 ± 1.84  
Akaki Reservoir 5        19.66 ± 0.09  
Akaki Reservoir 6        13.67± 1.44  
Akaki Reservoir 7        12.45 ± 1.65  
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3.2.5. Spring and well waters  
 

There are two reservoirs getting water from springs and wells from Entoto and 

hillside of Ferensay Legasion. The water samples taken from these reservoirs 

(getting water from spring and spring + well water) showed Pb content within the 

WHO recommended limit (Table 11). This might be because of the naturally low 

concentration of Pb in the aquifer or less chance of contamination because these 

areas are free from industrial activities.  

 

Table 11. Concentration of Pb determined from reservoirs connected to spring 
and well waters.  
 

Sampling site  Conc.(�g /L, mean ± SD )  
Spring water + well water, Quskuam.           8.29 ± 1.42  
 Spring water Reservoir, Ferensay           7.42 ± 1.31  

 
 
In general, the increase in mean concentration of Pb at the points of use can be 

rationalized to the uses of solders and brass fixtures in their pipeline systems. 

Lead may enter drinking water from a building’s plumbing systems. The age of 

the building is not relevant when addressing lead concerns because new 

plumbing fixtures may leach lead into drinking water. Additionally, the PVC 

plastic pipes used for water supply systems might also contribute to the increase 

of Pb concentration in drinking water [23]. Furthermore, the length of time that 

water remains in contact with a lead source is the greatest factor to lead in 

drinking water. The longer water remains standing in the plumbing systems, the 

more lead it can absorb from any lead sources accessible to it [23, 25, 68]. Due 

to this fact, the lead concentration may be highest after the water has remained 

unused for a length of time, for example, overnight, weekends and extended 

breaks. Furthermore, additional factors such as water chemistry and climatic 

conditions (temperature, rainfall, etc.) also affect the rate at which water absorbs 

lead.  
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3.2.6. Comparison of lead level of different water sources of Addis 
Ababa  
 

The range of the concentration level of Pb in reservoirs connected to Gefersa 

and Akaki boreholes are almost similar (12.93 ± 2.18 – 21.53 ± 0.63�g/L( mean ± 

SD)  for Gefersa and 11.24 ± 2.1 – 19.66 ± 0.09 �g/L, mean ± SD, for Akaki 

boreholes) while that of Legedadi the maximum concentration level is higher than 

the two water supply systems (28.95 ± 2.33 �g/L, mean ± SD ) and the minimum 

mean concentration of Pb was also registered at this supply system (9.06± 0.01, 

mean ± SD, Figure 2).  

 

The maximum and minimum mean concentration of 
Pb determined in reservoirs connected to 

Gefersa, Legedadi and Akaki water supply systems
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Figure 2. The maximum and minimum mean concentration of Pb determined in 
reservoirs connected to Gefersa, Legedadi and Akaki water supply systems.  
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3.2.7 Comparison of lead mean concentration analyzed in drinking 
water of Addis Ababa with other different cities  
 

The developed cities with complex industrial activities are expected to experience 

increased lead content in their water, air and environment. For example, in USA, 

in District of Columbia, Washington, DC, the study conducted on drinking water 

in 2003-2004 to evaluate lead content revealed that the lead concentration was 

59�g/L (for 68% of 6,170 homes). From this study, the first drawn sample of lead 

concentration was averaged to be 14�g/L. During this period, the lead 

concentration for some homes exceeded 300 ppb which is unprecedented in the 

history of recent water management [101]. Furthermore, lead content was 

analyzed in raw water from Nile River and treated drinking water at four 

treatment plants in Greater Cairo, Egypt (Northern Africa). The concentration of 

lead in the raw and treated waters were respectively 22.6 ± 8.74�g /L and 9.93 ± 

0.5�g /L, mean ± SD, [99]. In addition to this, samples of 36 surface waters 

intended for domestic use in Ibadan, Nigeria (Western Africa) were analyzed for 

their lead content. The observed lead levels were in the ranges of 0.41 ± 0.5, 

1.25 ± 0.2 and 0.39 ± 0.5mg/L, mean ± SD for high, medium and low density 

areas [16].   

 

Similarly, the research conducted in Nairobi, Kenya (Eastern Africa), which is 

neighbor to Ethiopia, by UNEP on lead content in river, boreholes, tap and rain 

waters, disclosed that lead concentration in these water bodies were 

respectively: 19.1, 13.4, 5.5 and 5.8�g/L [54]. From these observed results, the 

Pb content in tap water in Nairobi is much lower than that of the analyzed Pb 

concentration in Addis Ababa. On the other hand, the Pb concentration observed 

from river water in Nairobi is almost similar to that of Pb content determined in 

samples from Akaki boreholes in Addis Ababa (11.24 ± 2.21 - 19.66 ± 0.09�g/L 

mean ± SD L).  

Addis Ababa which is located in the Eastern part of Africa, nearer to the equator, 

is the less developed city with relatively low industrial activities. This study 

revealed that mean lead concentration observed in the drinking water of Addis 
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Ababa is lower than that of Washington, DC, higher than that of Nairobi and 

Greater Cairo. Also the lead concentration in the surface water of Ibadan is 

higher than that of Gefersa and Legedadi (Table 12). 

 

Table 12: Comparison of lead mean concentration in four cities.  
 

Cities                                     Pb mean conc.(�gPb/L) 
Nairobi                                 5.5 
Cairo                                    9.93 
Addis Ababa                       19.95 
Washington, DC                  59 
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CHAPTER 4 

CONCLUSIONS AND RECOMMENDATIONS 
 

4.1 Conclusions  
 

The focal point of this study was to assess the concentration level of Pb in 

drinking water of Addis Ababa and to make comparison with WHO recommended 

value (10�g/L). This study is essential because in Ethiopia so far there is no 

study conducted regarding the assessment of the concentration level of trace 

metals. Lead, one of the trace metals, highly toxic, which seriously harm the 

children, the great hopes of the future society. Therefore, lead cases should be 

studied in any environmental elements which do have in touch with the societies. 

From the study conducted, significant concentration of Pb were observed in 

household tap water, raw water samples, treated water samples (sampled right 

at the treatment plant) and samples from reservoirs. Exposure to environmental 

lead is clearly a major public health hazard of global dimensions. As measures to 

control the transfer of lead to the environment are implemented in most 

developed countries, for example, through the phasing out of lead in fuel, paints 

and other consumer products and tighter control of industrial emissions, 

environmental exposure to lead can, in general, be expected to continue to 

decline. However, because of rapid industrialization and the persistence of lead 

in the environment, exposure is likely to remain a significant public health 

problem in most developing countries for many years to come. Much work needs 

to be done on the environmental and human health protection, for example, to 

examine concentration levels of trace metals in drinking water, to identify and 

treat children with elevated blood lead levels and reduce lead exposure in the 

community. Screening, monitoring, intervention and evaluation are critical for the 

development of rational, cost-effective and science-based public health policies 

aimed at achieving these targeted goals. Therefore, the study concluded that the 
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treatment process needs to be reviewed to identify the possible sources of lead, 

improving the efficiency of the treatment plants, taking measures on the complete 

banning of leaded petrol imports and above all creating awareness to the 

societies about the harmfulness of lead to human and environment and 

conducting blood lead level (BLL) test on children at selected primary schools in 

Addis Ababa on time.  

 

4.2 Recommendations  
 

From the available data (from Case Study and Assessment of Lead 

Concentration Level in Piped Drinking Water of Addis Ababa), in Addis Ababa, it 

could be concluded that the lead distribution in various environmental samples: 

Piped drinking water, surface and ground waters, dust, soils and foods would 

happen because of lead-acid car battery activities and therefore the following 

measures are recommended: Monitoring and evaluation of lead levels in the 

environment at regular intervals and maintaining data base either by Regional or 

Federal EPA of Ethiopia, Strengthening of laboratories in the country with 

adequate and up to date equipment to handle the environmental samples and to 

ensure quality assurance, Conducting research and monitoring of blood lead 

levels among populations particularly children in risk environments, Educational 

programs for various population groups on the health and ecological effects of 

lead, specially for those who are working on activities employing lead, Exchange 

of information with other countries, which have worked many researches on lead 

through networking and other modern media, Periodic review of lead levels in 

drinking water, soils, and air (in the environment) through conferences and other 

means, Involvement of Non Governmental Organizations and Activist Groups in 

campaigning against lead emissions Conducting of research on the assessment 

of the concentrations and sources of trace metals (lead, mercury, copper, zinc, 

chromium, arsenic, etc.) in drinking waters, Monitoring of lead composed 

insecticides, rodenticides, herbicides, etc., in agricultural sectors, Setting up of 

remediation processes and procedures using clean-up technologies and 
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phytoremediations, Conducting Research to identify the exact sources of Pb in 

the piped drinking water of Addis Ababa, Ecoeducation at the beginning of this 

new millennium can be taken into consideration.  
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Appendix 

 
Interview Questionnaires 

 
Addis Ababa University 

Faculty of Science 
Environmental Science Post Graduate Program 

Assessment of Environmental Distribution of Lead Sources in Addis Ababa City 
Interview Questionnaires: 

Questionnaires intended to assess old lead-acid car batteries disposals at different 
Garages in Addis Ababa (The questions to be responded by responsible person at the 
garage and car battery charging workshops).  
 
A. Name of the garage_______________________________________ 
B. Personal Information:  
1) Sex _______ 2) Age _____3) Education status__________________________  
4) Responsibilities__________________________________________________  
5) For how long you have been working here? ________________________________  
C. Concerning lead -acid car battery services:  
      a) Does the garage provide refilling services? ____________________________  

b) Where do you dump the diluted acid solution discarded from the battery?  
______________________________________________________________  
c) Do you know that this discarded solution has human and environmental effects? 
_______________________________________________________  
d) Does the garage provide recharging services? ________________________ 
____________________________________________________________  
e) For how many times at the maximum the battery can be charged? __________  
_____________________________________________________________  
f) Where do you dump when a battery gets old? _________________________  
_____________________________________________________________  
g) Do you know the components of car battery? _________________________  
would you Please mention some?_______________________________________  
_____________________________________________________________  
h) How much do you know the health effects of lead?  
i ) Is it non-poisoning?___________________________________________  

      ii) Is it poisoning?______________________________________________  
iii) Would you please mention some human health and environmental effects of lead 
from your experiences (if any)? ____________________________ 
__________________________________________________________  
i) Have you ever been informed so far by external regulatory bodies how and where 
to dump the old car batteries? _______________________________________  
Who are these external bodies? ___________________________________  
j) Is there any person who has faced health problems because of the concomitant 
contacts of lead -acid battery-------------------------------------------?  

      k) Do you recycle the car battery? ______________________________________  
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